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Preface to the Eighth Edition 

Woelfel's Dental Anatomy is primarily intended as a 
srndy guide for dental students, dental hygiene stu­
dents, dental assistants, and dental laborator)' techni­
cians as they master the details of tooth morphology 
and their usefulness in the dental office. The book 
provides dental and dental hygiene students with basic 
knowledge required when answering dental anatomy 
questions on the national board examinations, but 
it goes well beyond by discussing the application of 
tooth morphology and terminology to the practice of 
dentistry. Chapters are included on periodontics, endo­
dontics, restorative dentistry, and forensic dentistry. 
The book with its Power Point lecture slides and test 
items for teachers and its many learning exercises was 
designed for insrrncLOrs of dental anatomy courses as 
a Leaching manual during lectures, discussion periods, 
and laboratory sessions, as well as during early clinical 
experiences. IL is also useful as a reference in the dental 
office. 

NEW IN THIS EDITION 

Most illustrations are now in color to highlight impor­
tant features better than in past editions, and many new 
illustrations have been added as well. 

The eigh th edition is now organized inlO three 
parts. Part l , Comparative Tooth Anatomy, includes 
six chapters. The fi rst chapter begins with an intro­
duction LO terminology and concepts related to tooth 
morphology that lays the foundation for the next four 
chapters on adult tooth traits. ln these chapters, the 
author presents similarities and differences using 
drawings, photographs, and many summary tables. 
Primary teeth and their eruption patterns are discussed 
in Chapter 6. ln order to make it easier for students 
to focus on the most important details of tooth anat­
omy, specific data from Dr. Woelfel's original research 
statistics were moved 10 the end of each chapter but 
can still be easily referenced by referring to the let­
ters placed as superscripts throughout these chapters. 
Also, interesting facts rela ted to ethnic variations and 
animal teeth were moved to separate sections at the 
end of the chapters. 

Part 11, Application of Tooth Anatomy in Dental 
Practice, has seven chapters. The first two chapters 
include a discussion of roots of the adult teeth related 
to periodontal procedures (with new illustrations 
on the use of instruments for removing mineral-

/:.==:;;;~ &om u,;qu, co"'•"" oa rno, mfac<s) 

and endodontic procedures. Other chapters include a 
comemporary overview of ideal occlusion, operative 
and restorative dentist!:)', and forensic dentistr)'. Final!)', 
there is an extensive discussion about many commonly 
encountered dental anomalies as well as a chapter 
designed LO help sLUdents draw, carve, and sketch teeth. 

Part lll, Anatomical Structures of the Oral Cavity, 
includes two chapters. One chapter presents the relation­
ship of the teeth to landmarks of the skull, the Lemporo­
mandibular joints, and the muscles, nerves, blood supply, 
and lymph drainage associated with the oral cavity. The 
other chapter includes a description of normal oral struc­
tures observed during a head and neck cancer screen­
ing examination, and shows sites for injections for local 
anesthetic relative to the underlying nerve locations. 

BOOK FEATURES 

Each chapter includes methods designed to help you, 
the reader, master the content and put iL to practice 
immediately. 

• Topic list: Each chapter begins with a list of top­
ics that are presented within that chapter. The topics 
are presented in the same order as the section out­
line headings within that chapter. 

• Learning objectives: In each chapter, important 
learning objectives are presented to help you appre­
ciate what you can expect to learn as you read. You 
can refer to the objectives to ensure that you are 
mastering the appropriate knowledge and skills. 

• New terms: As each new term is encountered for 
the first time, it is high lighted in bold print and is 
defined within the text al that time, often with refer­
ences to figures or diagrams 10 improve understand­
ing. The bold print is helpful when using the text 
as a reference for understanding terms that can be 
found within the text's index. 

• Index (instead of a glossary): The extensive index 
has been used instead of a glossary since many terms 
in dentistry are best appreciated by referring to illus­
trations or photographs for a complete understand­
ing. ln most cases, the first page where a term is 
referenced in the index is the page where you can 
find the term (in bold) and can refer to the suggested 
illustrations for the best learning. 

• Pronunciations: New terms that may be difficult to 

pronounce have phonetic suggestions placed within 
brackets [Uke this] immediately after the word is 
first encountered. 

Ka dose.com 
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• Review questions with answers: Many chapters or 
sections end with a series of review questions to test 
the learner's mastery of the objectives. These ques­
tions, in many cases, cover top'ics similar to those 
included on past dental and dental hygiene national 
examinations. For the convenience of quick and 
conveniem ree<lback, Lhe answers are presemed 
immediately following the questions. Available for 
instmctors who use this edition is a CD that includes 
a bank of additional test items. 

• Learning exercises: Practically every chapter pro­
vides the reader with a series of learning exercises. 
These exercises are presented within the body of 
each chapter at intervals where the authors feel 
an active learning experience would be helpful for 
you to understand and/or apply the topic. These 
exercises may suggest that you examine extracted 
teeth or tooth models, or skulls (or skull models), 
or perform specific self- or partner examinations. 
More advanced exercises (as in Chapter 13) provide 
methods for drawing and sketching teeth, and carv­
ing teeth from wax, thus helping you to become inti­
mately familiar with tooth shape and terminology. 

• Summary Tables: Throughout the text, the authors 
have placed numerous Lables to summarize the many 
facts presented within the text. These tables are help­
ful when reviewing the highlights of content found 
within each section. 

• Original illustrations and drawings: For complete 
understanding and clinical application of each topic, 
the authors have included a variety of photographs, 
illustrations, and 01iginal colorized drawings selected 
and designed to illustrate key points and improve 
learning. A number of new illustrations and sum­
mary tables have been added to this edition, and all 
of the new illustrations are in color. Since a picture is 
worth a thousand words, it is critical that you refer to 
figures whenever they are referenced within the text 
in order to maximize your learrting. Many figures are 
designed so you can cover up the names of struc­
tures and test yourself. In some instances, important 
additional informatio n is presented or clarified in 
the illustration legends. Also, on the Point compan­
ion Web site, there is an image bank for instructors 
comaining all of the illustrations and drawings in the 
text that can be 1.1sed when lecturing. 

• Appendix of comparative dental anatomy: This 
text's unjque appendix is designed to help the learner 
visualize the many tooth similari ties and differences 
that are often difficult to understand with words 
alone. Each adult tooth class is referenced on two 
appendix pages. The first page includes traits (each 

Preface co the Eighth Edition v 

trait is identified with a different letter) that are com­
mon to all teeth within that class. The second page is 
devoted lo the differences (each identified with a let­
ter) between the types of teeth within each class and 
differences between teeth in each arch. Two addi­
tional appendix pages are included that illustrate the 
uni4ue characteristics of anterior antl posterior pri­
mary teeth. The layout on Lhese pages makes it easy 
to compare the differences between teeth because 
views of each tooth type are lined up on the same 
page next to other teeth in that class. As each tooth 
characteristic is described within the chapters on 
tooth morphology (Chapters 1-6), reference is fre­
quently made to the illustrated representation of that 
characteristic on an appendix page as follows: The 
word "Appendix" is followed by the page number 
and letter denoting items being discussed (for exam­
ple, "Appendix la" refers you to the Appendix, page 
1, item "a"). Appendix pages are printed on heavier, 
perforated paper to perm.it removal and placement 
in a separate loose-leaf notebook. When used in this 
fashion, these pages provide you with increased con­
venience (since fewer page turns are required when 
referencing tooth characteristics within each chap­
ter) , easier learning (since the complex terminology 
used to describe each cl1aracteristic is best learned 
by visualizing thaL characteristic and comparing it LO 

other similar teeth), and a separate study guide (since 
all labeled characteristics for each type of tooth are 
described on the back of each appendix page). 

• Research data: This text is unique in providing you 
with both original and reviewed research findings 
based on the study of thousands of teeth, casts, and 
mouths. Information on crown and root dimensions 
was obtained from measurements of a convenient 
sample of 4,572 teeth extracted by Ohio dentists and 
studied by Dr. Julian Woelfel and his dental hygiene 
students at The Ohio State University between 1974 
and 1979. The data from these studies are presented 
throughout the text by using superscript letters like 
this (dataA) that refer to the statistics listed by let­
ters at the encl of the chapters. For example, the text 
s tates that a mesial marginal groove is a distinguish­
ing characteristic of the maxillary first premolar'\ 
and at the end of the chapter under A, you are told 
that this occurred in 97% of the 600 premolars stud­
ied, which means that, on the average, 3% may not 
have this groove, whereas only 37% of maxillary sec­
ond premolars are likely to have this groove. 

• The best resource for learning about teeth is a col­
lection of as many intact extracted teeth as you are 
able co acquire. A demist, if presented with a quart 

a use.com 
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vi Preface ro the Eighth Edition 

jar of bleach, wil l remember his or her own student 
days and will probably be glad to put extracted teeth 
in the jar. Do not expect these teeth to be clean or 
sorted out; sorting is your job. While handling these 
teeth, it is critical to follow the guidelines for infec­
tion control presented here: 

GUIDELINES FOR STERILIZING AND STUDYING 
EXTRACTED TEETH 
Using protective gloves and a mask, tooth specimens 
should be scraped clean with a knife. Soaking for sev­
eral hours in hydrogen peroxide before scraping is 
helpful. After scraping LO remove hard deposiLS and soft 
tissue, tooth specimens should be further cleansed by 
soaking for 20 minutes in 4 ounces of household bleach 
comaining 2 tablespoons of Calgon (a water softener). 
Teeth can then be placed in water (in a beaker cov­
ered with tin foil) Lo be autoclaved for 40 minutes at 
121 °C and 15 psi (Pantera E, Schuster G. J Dent Ed 
1990;54[51:284). Once prepared, teeth should be kept 
moist, either by soaking in water or, as suggested by Dr. 
Kim Loos, D.D.S., by soaking in 25% glycerin and 75% 
water (paremsplace.com, Feb. 28, 2001). 

As you begin learning the characteristics that differ­
entiate each type of tooth as described in Part l, you 
need to be aware of the considerable variation in tooth 
morphology that can occur from one patient to the 
next. You must keep in mind that relative tooth sizes 
and characteristics cited within the text do 1101 apply 
to all patients' teeth but are based on average sizes or 
particular morphology occurring with the greatest fre­
quency. 

As you read the description of tooth morphology, 
not only identify each structure visually but also use 
a dental explorer on an actual t0oth or model 10 "feel" 
the comours being described since you will eventually 
be required to evaluate, reproduce, ancVor clean the 
surfaces of these tooth contours with specific dental 
ins truments. As you become familiar with the many 
similarities and differences of tooth morphology, you 
can later apply this information during patient treat­
ment, evaluation, and education. 

Hopefully, you will spend some Lime thinking about 
and comprehending the concepts as you read. After 
all , you are learning the "foreign" language of dental 

anatomy that you will be i1sing for the rest of your 
professional lives. Have fun looking at teeth as though 
you were a tooth detective. Take notes, sketch different 
views of each tooth, and take advantage of all learning 
exercises, references to ugures, and the appendix. Ask 
questions until your curiosity is satisfied. Most impor­
tantly, Lhe authors hope Lhis book will stimulate your 
interest and involvement in the wonderful and fascinat­
ing field of dentistry and that you will consider it to be 
a wonhwhile addition to your library even aft.er your 
forma l education is complete. 

ADDITIONAL RESOURCES 
Woelfel's Dental Anatomy includes additional resources 
for both instructors and sLUdents that are available on 
the book's companion Web site at http://thePoint.lww. 
com/Scheid8e. 

Instructor Resources 

Approved adopting instructors will be given access LO 

the following additional resources: 

• PowerPoim Presentations 
• Interactive image bank with the option of displaying 

images with or without labels 
• Test Generat0r 
• Answers to end-of-chapter Critical Thinking 

Questions 

Student Resources 

Students who l1ave purchased Woelfel's Dental Anatomy 
have access co the following additional resources: 

• lmage labeling exercises 
• lnteractive image bank with the option of displaying 

images with or without labels 
• PowerPoim Presentations 

ln addition, purchasers of the text can access the 
searchable Full Text Online by going to the Woelfel's 
Dental Anatomy Web site at http://LhePoint.lww.com/ 
Scheid8e. 

See the inside front cover of this text for more details, 
including the passcode you will need to gain access to 

the Web site. 

Ka dose.com 
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COMPARATIVE TOOTH ANATOMY 

The six chapters in this part of the book provide a detailed description of each type 
of 100th in an adult and in a chHd. 
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Basic Terminology for Understanding 
Tooth Morphology 

The background terminology and concepts presented 
in this chapter are divided into nine sections as 
follows: 
I. Naming teeth based on location within the normal, 

complete human dentition 
A. Complete primary dentition 
B. Complete permanent dentition 

II. Tooth identification systems: Universal, World 
Dental Federation (International), and Palmer 
Numbering Systems 

111. Terminology used to describe the parts of a tooth 
A. Four tissues of a tooth 
B. Anatomic versus clinical crown and root 

IV. Introduction co the periodontium 
V. Terminology used to define tooth surfaces 

A. Terms chat identify outer surfaces (coward 
che cheeks or lips) of anterior versus posterior 
teeth 

B. Terms that identify inner surfaces (toward the 
tongue) of maxillary versus mandibular teeth 

C. Terms that differentiate biting surfaces of 
anterior versus posterior teeth 

D. Terms that differentiate approximat ing 
surfaces of teeth 

OBJECTIVES 

This chapter is designed to prepare the learner to 
perform the following: 

Based on location in the normal, complete primary 
dentition, name all 20 teeth by dentition, arch, 
quadrant, type (when applicable), and class. 
Based on location in the normal, complete perma­
nent dentition, name all 32 teeth by dentition, arch, 
quadrant, type (when applicable), and class. 
Use the Universal Numbering System to identify 
permanent and primary teeth. 
Use the Palmer and International Tooth Numbering 
Systems to identify teeth, and "translate" them to 
the Universal System. 
Identify and describe the supportive structures of 
the teeth (periodontium). 
Identify and describe the four tissues of a tooth and 
their location, mineral content, and function. 
Differentiate an anatomic crown and root from a 
clinical crown and root. 
Name each tooth surface for anterior and posterior 
tee . 

E. Terms to denote tooth surface junctions or 
dimensions 

F. Divisions (thirds) of the crown or root 
(for purposes of description) 

G. Root-to-crown ratio 
VI. Terminology used to describe the morphology of a 

tooth 
A. Morphology of an anatomic crown 
B. External morphology of the anatomic root 
C. Cervical line (CEJ) curvature 
D. Relative size 

VII. Terminology related to the ideal tooth alignment of 
teeth in dental arches 
A. Mid-root axis line 
B. Height of contour on the facial and lingual 

surfaces 
C. Contact areas ( or proximal heights of contour) 
D. Embrasure spaces 

VIII. Ideal occlusion: inter (between) arch relationship 
of teeth 

IX. Tooth development from lobes 
X. Interesting variations in animal teeth compared to 

human teeth 

From all views, divide a tooth crown and root into 
thirds and label each third. 
Define terms used to denote a specific dimension 
of a tooth. 
Describe and identify (by name) common tooth 
rounded elevations, ridges, depressions, and 
grooves for each type of tooth. 
Describe and recognize the parts of a root. 
Describe and identify the attributes of ideal tooth 
alignment and embrasure spaces relative to other 
teeth within the arch, including the cusp or incisal 
edge position relative to the tooth's mid-root axis 
line (proximal view), location of heights of contour 
and proximal contacts (facial or lingual views), and 
relative sizes of embrasure spaces (facial, lingual or 
occlusal/incisal views). 
Describe and identify the ideal interarch relation­
ship of teeth in class I occlusion, especially the rela­
tionship of first molars and canines. 
Identify the number of developmental lobes that 
form each tooth, and recognize the anatomic land­
marks of a tooth that form from these lobes. 

a use. 3 
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hen we enter into any new field of study, 
it is initially necessary to learn the par­
ticular language of that field. Without 
an adequate vocabulary, we can neither 

understand others nor make ourselves understood. 
Definitions and explanations of terms used in descriptive 

tooth morphology are the basic foundation for under­
standing subject matter presented in subsequent chap­
ters of this text. You need to learn some basics, similar 
to learning a foreign language. You will soon become 
familiar with these dental terms as you continue to use 
them throughout your professional dental career. 

SECTION I 
NAMING TEETH BASED ON LOCATION WITHIN THE NORMAL, 
COMPLETE HUMAN DENTITION 

This section is designed to introduce you to terms used 
when naming teeth based on their normal location in 
the mouth. All of the teeth in the mouth together are 
referred to as the dentition [den TISH un ]. Humans 
have two dentitions throughout life: one during child­
hood, called the primary dentition , and one that will 
hopefully last throughout adulthood, called the per­
manent (also known as secondary) dentition. The 
teeth in the upper jawbones (called the maxillae I mak 
SIL eel) collectively form an arch shape known as the 
maxillary [MACK si lair eel arch, and those teeth in 
the lower jawbone (called the mandible) collectively 
form the mandibular I man DIB yoo ler) arch. Each 
arch can further be divided into the left and right 
halves (also known as left and right quadrants since 
each quadrant contains one fourth of all teeth in that 
dentition). 

A. COMPLETE PRIMARY DENTmON 

The complete primary dentition is normally present in 
a child from the ages of about two to six years. There 
are 20 teeth in the entire primary dentition (shown in 
Fig. 1-1): ten in the upper maxillary arch and ten in the 
lower mandibular arch. This dentition is also called 
the deciduous [de SlDJ oo us] dentition, referring co 
the fact that all of these teeth are eventually shed by 
age 12 or 13, being replaced sequentially by teeth of 
the permanent dentition. The complete primary den­
tition has five teeth in each quadrant. The primary 
teeth in each quadrant are further divided into tliree 
classes: incisors [in 51 zerzl, canines, and molars. 
Based on location, starting on either side of the mid­
line between the right and left quadrants, lhe two 
front teeth in each quadrant of the primary denti tion 
are incisors()), followed by one canine (C) , then two 
molars (M). Using these abbreviations for the classes 
of teeth, followed by a ratio composed of a top number 
representing the number of teeth in each upper quad-

~ onom uumbe, ,epn,seohng m, ,mmbe, 

of teeth in each lower quadrant, a formula can be used 
to represent the teeth in the human primary dentition 
as follows: 

l ½Cf M f = S upper and S lowerteeth in each 
quadrant; 20 teeth in all 

The classes of primary teeth contain ing more than 
one tooth per quadrant (incisors and molars) are sub­
d ivided into types within each class. Each type can 
also be iden tified by its location within the complete 
quadranL. The primary incisor closest to the mid­
line separating the right and left quadrants is called 
a cen tral incisor. The incisor next to, or lateral to, 
the central incisor is called a lateral incisor. Next in 
each quadrant is a canine, followed by two types of 
molars: a first molar behind the canine and then a 
second molar. 

LEARNING EXERCISE 

Using either models of the complete primary 
dentition or Figure 1-1 while covering up the 
labels, identify each primary tooth based on its 
location in the arch. Include, in order, the denti­
tion, arch, quadrant (right or left), type (when 
applicable), and class. For example, the tooth 
next to the midline in the lower left quadrant 
would be identified as the primary mandibular 
left central incisor. 

B. COMPLETE PERMANENT DENTITION 

The complete pemianent (or secondary) dentition is 
present in the adult. It is composed of 32 teeth : 16 in 
the upper maxillary arch and 16 in the lower mandibu­
lar arch (shown in Fig. 1-2). The permanent dentition 
has eight teeth in each quadrant, which are divided into 

a use.com 
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PRIMARY TEETH 

MAXILLARY 

Anterior teeth 

2nd Molars •. . . 

1 sl Molars •. 
', 

LEFT 

Molars , , Canines . • 
'• Molars 

, . , . , . 
Lateral incisors • 

--~ --_) 

(>,~<$' I 
Uncisors 

Anterior teeth 

MANDIBULAR 

Maxillary and mandibular primary dentition. 

four classes: incisors, canines, premolars (PM; a new 
class for permanent teeth), and molars. Based on loca­
tion, the cwo permanent front teeth in each quadrant 
are incisors (l), followed by one canine (C), then two 
premolars (PM), and finally three molars (M). The 
dental formula for the human permanent dentition is 
as follows: 

If Cf PM f Mf = 8 upper and 8 lower teeth 
on either side, 32 teeth in all 

The classes of permanent teeth comaining more 
than one tooth per qi1adrant (namely, incisors, premo­
lars, and molars) are subdivided into types within each 
class. Each type can be identified by location within the 
quadran t. As in the primary dentition, tJ1e permanent 

~ '" <o the midline b"ween the ,ight ,nd the 

left quadrants is called a central incisor; the incisor next 
to, or lateral to, the central incisor is called a lateral 
incisor. Next in the arch is a canine, followed by a first 
premolar, then a second premolar. Continuing around 
coward the back in each quadrant are three molars: a 
fi rst molar, a second molar, and finally a third molar 
(sometimes referred to as a wisdom tooth). 

As noted by comparing the formulas for primary 
and permanent teeth, differences exist. Although cen­
tral and lateral incisors and canines are similarly posi­
tioned in both dentitions, permanent dentitions have 
a new category of teeth called premolars, which are 
located between canines and molars. Premolars are 
positioned in the spaces left where the primary molars 
were located earlier in life. Behind the premolars, there 
are three instead of two molars. 

Ka dose.com 
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PERMANENT TEETH 

MAXILLARY 

RIGHT LEFT 

1st Molars _., 

2nd-.. 
• I · ., 

.. .. 1$1 Ptorno&(II'$ ....... 

. , I , • 
,' c.nnes --

MANDIBULAR 

FIGURE 1·3 M axillary and mandibular permanent dentition. 

Two oLher terms are used to categorize or distinguish 
groups of Leeth by their location: anterior and poste­
rior teeth. Anterior teeth are those teeth in the front 
of the mouth, specifically, the incisors and the canines. 
Posterior teeth are those in the back of the mouth, spe­
cifically, the premolars and the molars. 

LEARNING EXERCISE 

Using either models of the complete permanent 
dentition or Figure 1-2 while covering up the 
labels, identify each permanent tooth based on 

Learning Exercise, cont. 

its location in the arch. To identify each tooth 
accurately, include in order, the dentition, arch, 
quadrant, type (if applicable) and the class. For 
example, the last adult tooth in the lower right 
quadrant is correctly identified as the permanent 
mandibular right third molar. 

Ka dose.com 
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Review Questions 
Select the one best answer. 

1. How many teeth are present in one quadrant of a 
complete adult (permanent) dentition? 

a. S 
6.8 
C. 10 
d. 20 
e. 32 

2. What class of teeth is present in the permanent den-
tition that is NOT present in the primary dentition? 

a. Incisors 
b. Canines 
c. Premolars 
d. Molars 

3. In a permanent dentition, the fifth tooth from the 
midline is a 

a. Canine 
b. Premolar 
c. Molar 
d. Incisor 

4. Posterior teeth in the permanent dentition include 
which of the following? 

a. Premolars only 
b. Molars only 
c. Premolars and molars only 
d. Canines, premolars, and molars 

S. Which permanent tooth erupts into the space 
previously held by the primary second molar? 

a. First molar 
b. Second molar 
c. First premolar 
d. Second premolar 

p- s 'J - f;, 'q- [ '1 - z 'q-l :Sl:13MSN\f 

SECTION II 
TOOTH IDENTIFICATION SYSTEMS: UNIVERSAL, WORLD 
DENTAL FEDERATION (INTERNATIONAL), AND PALMER 
NUMBERING SYSTEMS 

The making and filing of accurate dental records is an 
important task in any dental practice. To do so expedi­
tiously, it is necessary LO adopt a type of code or num­
bering system for teeth. Od1erwise, for each tooth being 
charted, one must write something like "maxillary right 
second molar mesio-occlusodistal amalgam restora­
tion with a buccal extension" (11 words, or 81 leners). 
Simplified by using the Universal Numbering System 
(and other standard abbreviations to denote tooth 
restoration surfaces described later in Chapter 10), 
this same information would be "2MODBA" (only six 
symbols). 

The Universal Numbering System was first sug­
gested by Parreidt in 1882, and officially adopted by Lile 
American Dental Association in 1975. ll is accepted by 
third-party providers and is endorsed by the American 
Society of Forensic Odontology. Basically, the Universal 
Numbering System uses No. 1 through 32 for Lile 
32 teeth in Lhe permanent dentit.ion, starting wiLh 1 
for the maxillary right third molar, going around the 

~ l """'""' ,,r, "''"' mol" ,s 16; dmppi"g 

down on the same side, Lile left mandibular third molar 
becomes 17, and then the numbers increase around the 
lower arch lO 32, which is the lower right dl ird molar. 
This numbering system is used for each permanent 
tooth in the illusLraLion in Figure 1-3. 

for the 20 Leeth in the primary dentition, 20 letters 
of the alphabet are used from A through T. The letter 
A represents the maxillary right second molar, sequen­
tially around the arch and through the alphabet to J for 
the max.illary left second molar, then dropping clown 
on the same side to K for the mandibular left second 
molar, and men clockwise around the lower arch to T 
for the mandibular right second molar. This system is 
used to identify each primary tooth in the illustration 
in Figure 1-4. 

There are also two other numbering systems, the 
Palmer Tooth Notation System, and the World Dental 
Federation {International) System used in other coun­
tries. The World Dental Federation notation (also 
known as the Federation Demaire Internationale or 
FDI System) uses two digits for each tooth, permanent 
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PERMANENT TEETH 

MAXILLARY 

RIGHT LEFT 
3td Molars ...... .. 

.. --.. - 2.nd Molars ... . .. 

Molars Molars 

-·· .. • ts.t Molars _ .. 

2nd P1emo1ars 
• I ... 

, '" 1st Pcetn01ats .. '"' 
• I • 

, ' ' canine$ ...... . . . . -

MANDIBULAR 

The occlusal and incisal surfaces of the maxillary and mandibular adult dentition 
are shown here. The Numbers 1 co 32 on the teech represent the Universal Numbering System 
commonly used for record keeping in the United Scates, and used in chis book. 

or primary. The first digit denotes the quadrant (right or 
left) and arch (maxillary or mandibular) and dentition 
(permanent or primary) as follows: 

PERMANENT DENTITION 
1 = Permanent dentition, maxillary, right quadrant 
2 = Permanent dentition, maxillary, left quadrant 
3 = Permanent dentition, mandibular, left quadrant 
4 = Permanent dentition, mandibular, right quadrant 

PRJMARY DENTITION 
5 = Primary dentition, maxillary, right quadrant 
6 = Primary dentition, maxillary, left quadrant 
7 = Pr~dentition, mandibular, left quadrant 

,All••s,,.r•, C 
11 

dentition, mandibular, right quadrant 

The second digit denotes the woth posmon in each 
quadrant relative to the midline, from closest to the 
midhne to farthest away. Therefore, the second digits 
1 through 8 stand for the permanent central incisor (1) 
through the permanent third molar (8) and 1 through 
5 stands for the primary central incisor (1) through the 
primary second molar (5). The adult tooth Nitrobers 1 
to 8 within each quadrant (1 through 4) are illustrated 
in Figure 1-5. Combining the first and second digits, 
numbers within the range 11 through 48 represent per­
manent teeth. For example, 48 is a permanent mandib­
ular right third molar since the first digit, 4, indicates 
the mandibular right quadrant for a permanent tooth, 
and the second digit, 8, indicates tlieeightfi tQQth from n 
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PRIMARY TEETH 

MAXILLARY 

Anterior teeth 

RIGHT LEFT 

2nd Molars __ . _ 

1st Molars . . 

Molars Molars 
,,, ' Canines •••. 

, La'.?ral inci~rs • ·, 

Q,'ffi\1 

"¾,,.,11,:\# I 
Incisors 

Anterior teeth 

MANDIBULAR 

FIGURE 1~11 The occlusal and incisal surfaces of the maxillary and mandibular primary dentition are shown here. The letters 
A to T represent the Universal Numbering Sys tem for primary teeth commonly used for record keeping in the United States. 

the midline in that quadrant, namely, the third molar. 
Numbers within the range 51 through 85 represent 
primary teeth. For example, 51 is a primary maxillary 
right central incisor since the first digit, 5, indicates the 
maxillary right quadrant for a primary tooth, and the 
second digit, 1, indicates the first tooth from the mid­
line in that quadrant, namely, the central incisor. If the 
Un iversal number for a tooth were 32, the World Dental 
Federation number would be 48. All of the tooth num­
bers are shown in Table 1-1. 

The Palmer Notation System is used by many ortho­
dontisLS and oral surgeons. It utilizes four different 
bracket shapes to denote each of the four quadrants. 
The f.eiJ-rc bracket surrounds a number (or letter), 
~ <t ~otes the specific tooth within that quadranl. .----.J, 

The specific brackets are designed to represent each of 
the four quadrants of the dentition, as if you were fac­
ing the patient as seen in Figure 1-5. 

_J is upper right quadrant 
L is upper left quadrant 
7 is lower right quadrant 
r is lower left quadrant 

The permanent teeth in each quadrant are num­
bered from l (nearest to the arch midline) to 8 (far­
thest from the midline) as in the International System. 
For example, 1 is a cemral incisor, 2 is a lateral incisor, 
3 is a canine, and so forth. The bracket shapes used 
to identify each quadrant as you are facing a patient. 
and the tooth numbers (1-8) with:i, ~ch quadran~ are 
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Table 1-1 MAJOR TOOTH IDENTIFICATION SYSTEMS 

UNIVERSAL 

TOOTH Rig!!, Wt 

1:1 
Central incisor E F 

~ ~ ~ 
Lateral incisor D G 
Canine C H 

~ ~ ~ First molar B I 
Z I 

Second molar A J uJ 
0 

& "' Central incisor p 0 
<( s Lateral incisor Q N 
~ § ffi ii1 Canine R M 
CL ~ ~ First molar s L < 

I Second molar T K 

Central incisor 8 9 
Lateral incisor 7 10 

1:1 Canine 6 11 

~ ffi First premola r 5 12 

z ~ ~ Second premolar 4 13 
0 I First mola r 3 14 
E Second molar 2 15 'z Third molar 16 UJ 
0 
I- Central incisor 25 24 z 

Lateral incisor 26 23 UJ z 
Canine 27 22 <( 

"' ~ 5 First premolar 28 21 
UJ :i :c 
0. 5~ Second premolar 29 20 

z I- First molar 30 19 
< 
I Second molar 31 18 

Third molar 32 17 

illustrated in Figure 1-5. To identify a specific tooth, 
you place the number of the correcL tooth within the 
bracket that indicates Lhe correct quadrant. For exam­
ple, the lower lefL central incisor would be fI, the lower 
left second premolar would be 5, and the upper right 
canfoe would be 3l. For primary teeth, the same four 
brackeLS are used to denote the quadrants, but five let­
ters of the alphabet A through E represent the primary 
teeth in each quadrant (with A being a cemral inci­
sor, B a lateral incisor, C a canine, etc.). Comparing 
the Universal System with the Palmer System, the per­
manent maxillary right second molar would be No. 2 
using the Universal System, but would be Zl using the 
Palmer system. lf you are confused, refer to Table 1-1 
for clarification. 

Unless otherwise stated , the Universal System of 
tooth numbering is used throughout this text. To mas­
ter the Universal System, it may be helpful to memorize 
the number or letters for key teeth, possibly the central 
incisors (Numbers 8, 9, 24, and 25) or the first molars 
(Numb , 14, 19, and 30). 

PALMER NOTATION INTERNATIONAL (FOi) 

Rig!!t Left Right Left 

Al IA 51 61 
BJ lB 52 62 
Q LC 53 63 
DJ ID 54 64 
.El If. 55 65 

Al fA 81 71 
Bl rs 82 72 
L1 IC 83 73 
01 ro 84 74 

"El [E' 85 75 

jJ Ll 11 21 
2J l2 12 22 
JJ !3 13 23 
.4l ~ 14 24 
_5J lS. 15 25 
.6l 1.6. 16 26 
.zJ 12 17 27 
_8J LS. 18 28 

11 rr 41 31 
°21 rr 42 32 
~ f3" 43 33 
41 Pf 44 34 
"51 rs 45 35 
ol lo 46 36 
i1 f7 47 37 
-81 fg" 48 38 

FIGURE 1-~J Two methods are shown for denoting each 
quadrant of adult dentition. The Palmer System uses a different 
"bracket" shape for each quadrant, as indicated, whereas che 
International System uses the Numbers 1 through 4 co denote 
each adult quadrant. The numbers on each tooth denote the 
method for identifying teeth within each quadrant beginning at 
the midline with No. 1 for the central incisors, No. 2 for lateral 
incisors, etc. m 
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SECTION Ill TERMINOLOGY USED TO DESCRIBE THE PARTS OF A TOOTH_~ 

A. FOUR TISSUES OF A TOOTH 

The tooth is made up of four tissues: enamel, dentin, 
cementum, and pulp. The first three of these (enamel, 
dentin, and cementum) are relatively hard since they 
contain considerable mineral content, especially cal­
cium (so these tissues can also be described as calci­
fied). Only two of these tissues are normally visible in 
an intact extracted tooth: enamel and cementum. The 
other two tissues (dentin and pulp) are usually not vis­
ible on an intact tooth. Refer to Figure l-6 while read­
ing about each tissue. 

Enamel (ee AM ell is the white, protective external 
surface layer of the anawmic crown. It is highly cal­
cified or mineralized, and is the hardest substance in 
the body. Its mineral content is 95% calcium hydroxy­
apatite (which is calcified). The remaining substances 
include 5% water and enamel matrix. It develops from 
the enamel organ (ecroderm) and is a product of spe­
cialized epithelial cells called ameloblasts lah MEL o 
blasts!. 

Cementum lse MEN tum] is the dull yellow exter­
nal layer of the tooth root. The cementum is very thin, 
especially next to the cervical line, similar in thickness 
to a page in this text (only 50-100 µm thick where one 
µmis one millionth of a meter). It is composed of 65% 
calcium hydroxyapatite (mineralized and calcified), 
35% organic matter (collagen fibers), and 12% water. 
(Another author, Melfi, states that the mineral content 

of cementum is about 50%.) Cementum is about as 
hard as bone but considerably softer than enamel. 
It develops from the dental sac (mesoderrn), and is 
produced by cells called cementoblas ts lse MEN toe 
blasts I. 

The cementoenamel ]se MEN toe ehn AM el) junc­
tion (also called the CEJ) separates the enamel of the 
crown from the cementum of the anaromic root. This 
junction is also known as the cervical (SER vi kal] line, 
denoting that it surrounds the neck or cervix ISER 
viks] of the tooth. 

Dentin (DE tin! is the hard yellowish tissue under­
lying the enamel and cementum, and makes up the 
major bulk of the inner portion of each tooth crown 
and root. lt extends from the pulp cavity in the center 
of the tooth outward to the inner surface of the enamel 
(on the crown) or cementum (on the root). Dentin is 
not normally visible except on a dental radiograph, 
or when the enamel or cementum have been worn 
away, or cut away when preparing a tooth with a bur, 
or destroyed by decay. Mature dentin is composed of 
about 70% calcium hydroxyapatite, 18% organic mat­
ter (collagen fibers), and 12% water, making it harder 
than cementum but softer and less brittle Lhan enamel. 
Dentin develops from the embryonic dental papilla 
(mesoderm). The cells that form dentin, called odon­
toblasts lo DON toe blasLSI, are located al the junction 
between pulp and dentin. 

-

1

~---- --,,....,~ ~--- Apical foramen ----=:. 

+--+I---- Root canal ----t-t---r1 

8 a: 
(.) .E 
B :g 
ct Cementodentinal 

junction 
- 1---++- Pulp chamber 

Cementoenamel junction 

Enamel 

A ma.xillary anterior 
tooth sectioned longicudinally through 
the middle to show the distribution of 
the tooth tissues and the shape of the 
pulp cavity (made up of pulp chamber 
and root canal). On the right is a 
close-up of rhe apical portion depicting 
the usual expected constriction of the 
root canal near the apical fora men. The 
layer of cementum covering the root of 
an actual tooth is proportionately much 
chinner than seen in these drawings. 

m 
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Oentinoenamel junction 

-----Enamel 

------+-Dentin 

--~------Pulp 

Radiographs (x-rays) showing 
tooth crown$ covered with enamel, and the 
tooth roots embedded within the alveolar 
bone. You can distinguish the whiter outer 
enamel shape from the darker inner dentin, 

-=----.-Periodontal ligament 
and the darkest pulp chamber in the middle of 
che cooth. The very thin, dark periodontal 
ligament can a lso be seen between the root and 
the bone, but the cementum cannot be seen. 

(dark line) 

------====~::• - Alveolar bone 

The dentinoenamel [DEN tin o elm AM el] junction 
is the inner surface of the enamel cap where enamel 
joins dentin. This junction can be best seen on a radio­
graph (Fig. J-7). The cementodentinal [se MEN Loe 
DEN tin al] (or dentinocemental) junction is the inner 
surface of cemenrnm where cementum joins dentin. 
Cementum is so thin that it is difficult to identify this 
junction on a radiograph. 

Pulp is the soft (not calcified or mineralized) tissue 
in the cavity or space in the center of the crov.rn and 
root called the pulp cavity. The pulp cavity has a coro­
nal portion (pulp chamber) and a root portion (pulp 
canal or root canal). The pulp cavity is surrounded 
by dentin, except at a hole (or holes) near the root tip 
(apex) called an apical [APE i. kal] foramen [fo RAY 
men] (plural foramina I fo RAM i nal). Nerves and 
blood vessels enter the pulp through apical foramina. 
Like dentin, the pulp is normally not visible, except on a 
dental radiograph (x-ray) or sectioned tooth (Fig. 1-7). 
lt develops from the dental papilla (mesoderm). Pulp is 
soft connective tissue containing a rich supply of blood 
vessels and nerves. Functions of the dental pulp are as 
follows: 

• Formative: Dentin-producing cells (odontoblasts) 
produce dentin throughout the life of a tooth. This is 
called secondary dentin. 

• Sensory: Nerve endings relay the sense of pain caused 
from heat, cold, drilling, sweet foods, decay, trauma, 
or infection to the brain, so we feel it. However, the 
nerve fibers in a dental pulp are unable lo distin­
guish the cause of the pain. 

• Nutritive: Blood vessels transport nutriems from 
the bloodstream to cells of the pulp and the odon­
toblasts that produce dentin. (Surprisingly, blood in 
tl1e tooth pulp had passed through the he.an only 
6 seconds previously.) 

~ 

• Defensive or protective: Pulp responds to injury 
or decay by forming reparalive dentin (by the 
odontoblasts). 

8. ANATOMIC VERSUS CLINICAL 
CROWN AND ROOT 

1. ANATOMIC CROWN AND ROOT 
DEFINITION 

The anatomic crown is that part of the tooth (in the 
mouth or handheld) normally covered by an enamel 
layer, and the anatomic root is the part of a tooth cov­
ered by cementum (Fig. 1-6). A cervical line (or cemen­
toenamel junction) separates the anatomic crown from 
the anatomic root. This relationship does not change 
over a patient's lifetime. 

2 . CLINICAL CROWN AND ROOT (ONLY 
APPLIES WHEN THE TOOTH IS IN THE 
MOUTH AND AT LEAST PARTIALLY 
ERUPTED) 

The clinical crown refers specifically to the amount 
of tooth visible in the oral cavity, and the clinical root 
refers to the amoum of tooth that is not visible since it 
is covered with gingiva (gum tissue). Clinically, the gin­
gival margin in a 25-year-old patienL with healthy gin­
giva approximately follows the curvature of the cervical 
line, and under these conditions, the clinical crown is 
essentially the same as the anatomic crown. However, 
the gingival margin is not always at the level of the cer­
vical line because of the emption process early in life or 
due to recession of the gingiva later in life. For example, 
the gingiva on a partially erupted tooth of a 10-year-old 
covers much of the enamel of the anatomic crown of 
the tooth, resulting in a clinical crown (exposed in the 
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Anatomic 
crown 

Clinical 
crown 

IU3fojj, = 1 Th' .,, , h , ,. • , ,s max, ary mo ar as a very ong c in,ca 
aown since all of the anatomic crown and much of the anatomic 
root are exposed due to recession of the gingiva and loss of bone. 

mouth) that is much shorter than the anat0mic crown. 
The clinical root (not visible in the mouth) would be 
longer tlian the anatomic root (consisting of the ana­
tomic root plus the part of the anatomic crown covered 
with gingiva). 

ln contrast, the gingival margin in a 70-year-old per­
son may exhibit gingival recession, especially after hav­
ing periodontal disease or periodontal therapy, exposing 

more of the anatomic root. This results in a clinical 
crown that is longer than the anatomic crown since the 
clinical crown in this mouth consists of the entire ana­
tomic crown plus the pan of the anatomic root that is 
exposed (Fig. 1-8). ln this situation, the clinical root is 
shorter than the anatomic root. 

LEARNING EXERCISE 

Examine the mouths of several persons of differ­
ent ages to see if the cervical line of the anatomic 
tooth is visible or hidden. As the individual grows 
older, the location of the margin of the gingiva 
may recede toward the root tip (apically) because 
of periodontal disease or injury (such as from the 
faulty use of oral hygiene aids). Of course, the 
location of the cervical line on the tooth remains 
the same. In other words, the distinction between 
the anatomic crown and root does not change 
over a lifetime. 

SECTION IV INTRODUCTION TO THE PERIODONTIUM 

The periodontium [per e o DON she um] is defined 
as the supporting tissues of the teeth in the mouth, 
including surrounding alveolar bone, the gingiva, the 
periodontal ligament, and the outer, cementum layer of 
the tooth roots (Fig. 1-9). Alveolar bone is the portion 
of the upper (maxillary) or lower (mandibular) bones 
that surrounds the roots of the teeth. The gingiva is 
the part of the soft tissue in the mouth that covers the 
alveolar bone of the jaws, and is the only part of the 
periodontium that is visible in a healthy mouth. Part of 
it is firmJy bound to the underlying alveolar bone and 
is called attached gingiva. The other part is free gin­
giva (or marginal gingiva) which is a collar of thin gin­
giva that surrounds each tooth and, in health, adapts to 
the tooth but provides access into the potential space 
between the free gingiva and the tooth which is called a 
gingival sukus (crevice). The gingival margin (or free 
gingival margin) is the edge of the gingiva closest tO the 
biting or chewing surfaces of the teeth (Fig. I-10). 

The gingival sulcus is not seen visually but can be 
evaluated with a periodontal probe, since it is actually 

a space (or potential space) between the tooth surface 
and the narrow unattached cervical collar of free gin­
giva. lf you insert a thin probe intO this sulcus, it 
should extend only 1 to 3 mm deep in a healLhy per­
son. The interdental ( interproximal) papilla [pah PILL 
ah] (plural is papillae [pa PILL eel) is that pan of the 
collar of free gingiva that extends between the teeth. 
A healthy papilla conforms to the space between two 
teeth (interproximal space), so it comes to a point near 
where the adjacent teeth contact. The papilla also has a 
hidden sulcus where dental floss can fit once it passes 
between the teeLh. 

The periodontal ligament is a very thin ligament 
composed of many tissue fibers that attach the outer 
layer of the tooth root (covered with cementum) to 
the thin layer of dense alveolar bone surrounding each 
tooth. The groups of fibers of the periodontal ligament 
represented in Figure 1-9 are greatly en larged. The 
entire thickness of the ligament would only be about as 
thick as a page or two in this text. 
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• Gingival sulcus 
(a potential space) 

Gingival margin 
1----Free Glngiva 

Cementum of root 

This diagram is a tooth suppol\ed within the periodontium. The healthy periodoncium 
is made up of alveolar bone which surrounds the anatomic root, gingiva (gum tissue) which covers the 
bone, cementum which covers the tooth root, and the periodontal ligament which connects the bone to 
the cementum of the root~. 

glngi 
vert 
spa 
sulc Gingival 

margin 

Gingiva surrounds each 
tooth forming a characteristic scalloped shape 
gingival margin. lntei:proximal papillae fill the 
spaces between most teeth. The potential 
space beC'<'feen the free gingiva and the tooth 
can be accessed with a th in periodontal probe. 
The attached gingiva is rhe gingiva which is 
firmly attached to the underlying bone. 
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SECTION V TERMINOLOGY USED TO DEFINE TOOTH SURFACES 

AU teeth have surfaces that are named accordjng to 
their usual alignment within the dental arch. Refer to 
Figure 1-11 when studying Lhe Lerms to denote tooth 
surfaces. 

A. TERMS THAT IDENTIFY OUTER 
SURFACES (TOWARD THE CHEEKS 
OR LIPS) OF ANTERIOR VERSUS 
POSTERIOR TEETH 

The facial surface of a tooth is the surface toward the 
face , that is, the surface of a tooth in the mouth rest­
ing against or next to the cheeks or lips. Facial may 
be used to designate this surface of any tooth, ante­
rior or posterior. Another name for the facial surface 
of posterior teeth is buccal !BUCK k'IJ, located next 
to the cheek (labeled on tooth No. 3 in Fig. 1-11). It 
is incorrect to use this term when speaking about the 
incisors or canines because they do not approximate 
the cheeks. The facial surface of anterior teeth is prop­
erly called a labial !LAY bee al] surface, located next LO 

Midline of dental arch ---. 

Occlusal --'tl:!J 
surface 

Mesial side ---,Jja::~ 
of 3rd molar 

Distal side 
of 3rd molar 

the Ups (labeled on tooth No. 6 in Fig. 1-11). This term 
should not be used when referring to the premolars or 
the molars. 

B. TERMS THAT IDENTIFY INNER 
SURFACES (TOWARD THE TONGUE) 
OF MAXILLARY VERSUS 
MANDIBULAR TEETH 

The lingual [LIN gwal) surface is the surface of a max­
illary or mandibular tooth nearest Lhe tongue. In the 
maxillary arch, this surface can also be called the pala­
tal surface clue to its proximit)' wiLh the palate (labeled 
on tooth No. 5 in Fig. 1-11). 

C. TERMS THAT DIFFERENTIATE BITING 
SURFACES OF ANTERIOR VERSUS 
POSTERIOR TEETH 

The occlusal [ahk KLOO zall surface is the chewing 
surface of a posterior tooth (Labeled on tooth No. 2 in 

Central incisor 

3rd Molar 

Maxillary 
alveolar 
process 

Maxillary dental arch of teeth with a sampling of tooth surfaces labeled. Rememberthat the 
ial surface of an anterior tooth and the buccal surface of a posterior tooth are both referred to as facial 

surfaces. Also, the mesial and distal sides o r surfaces are both correctly called proximal surfaces. Se.CO m 
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Fig. 1-11). Anterior teeth (incisors and canines) do not 
have an occlusal surface but do have a cutting incisal 
edge or ridge (labeled on tooth No. 8 in Fig. 1-11). 

D. TERMS THAT DIFFERENTIATE 
APPROXIMATING SURFACES 
OFTEETH 

The proximal [PROCK se mall surfaces are the sides of a 
tooth generally next to an adjacent tooth. Depending on 
whether the tooth surface faces toward the arch midline 
between the central incisors or away from the rniclli..11e, it 
is either a mesial [MEE zi al] surface (closer to the mid­
lme) or a distal [DIS tall surface (farther from the mid­
line). Mesia! and distal sui·faces are labeled on tooth No. 
1 in Figure 1-11. NOLe that the mesial surface of a tooth 
LOuches, or is closest to, the distal surface of an adjacent 
tooth EXCEPT between the cemral incisors where the 
mesial surface of one central incisor faces another mesial 
surface. Also, the distal surface of the last molar in each 
arch does not approximate another tooth. Proximal 
surfaces are not naturally cleaned by the action of the 
cheeks, Lips and tongue when compared 10 most of the 
facial or lingual surfaces which are more self-cleansing. 

E. TERMS TO DENOTE TOOTH SURFACE 
JUNCTIONS OR DIMENSIONS 

The junction line where two tooth surfaces meet is called 
an external line angle. To name a Line angle, combine the 
names of the two surfaces, but change the "al" ending of 
the first surface to an "o." (A guideline has been sug­
gested for the order used when combining terms. Use the 
following order: mesial is used first, then distal, facial, 
lingual, and lastly occlusal or incisal. Using this guide­
line, it is better to say mesio-occlusal than occlusome­
sial, and it is better to say dis tolingual than linguodistal.) 

Mesiolablal 
line angle 

lncisocervical dimension 

--- Distolingual 

ANTERIOR TOOTH 

line angle 

istolabial 
e angle 

Examples of external line angles of a molar crown 
include mesio-occlusal, mesiolingual, mesiofacial, disto­
occlusal, distolingual, distofacial, bucco-occlusal, and 
lmguo-occlusal. Point angles are the junctions of three 
tooth surfaces at a point, such as a mesiobucco-occlusal 
point angle. Examples of these external line angles and 
point angles are seen in Figure 1-12. 

To describe a dimension of a tooth, terms can be com­
bined to denote the direction over which a dimension 
is taken. For example, the length of an incisor crown 
from the incisal edge 10 the cervical line is called the 
incisocervical dimension or the dimension incisocervi­
cally (Fig. 1-12). Other similar terms used Lo describe 
a crown dimension include mesiodistal , faciolingual or 
buccolingual, and occlusocervical. The length of a root 
could be described as its cervicoapical dimension. 

F. DIVISIONS (THIRDS) OF THE CROWN 
OR ROOT (FOR PURPOSES OF 
DESCRIPTION) 

A tooth can be divided into thi rds in order to define 
more precisely the location of its specific landmarks 
(Fig. 1-13). When viewing a tooth from the facial , lin­
gual, mesial, or distal surface, l1orizontal lines can divide 
the tooth crown into the following thirds: cervical, mid­
dle, and occlusal (or incisal). Similarly, horizontal lines 
can divide the root into thirds: cervical, middle, and 
apical ( toward the root tip or apex). 

When viewing a tooth from the facial (or lingual) 
surface, vertical lines can be used to divide the crown or 
root into mesial, middle, and distal thirds. When view­
ing a tooth from the proximal (mesial or distal) sur­
face, vertical Imes can be used to divide the crown or 
root into facial , middle, and lingual thirds. When view­
ing a tooth from the occlusal (or incisal) surface, lines 
rnnning mesiodistally can be used LO divide the crown 

Mesiobuccal­
occlusal 
point angle 

Mesiodistal dimension 
Buccolingual dimension 

~ Linguo-occlusal 
line angle 

~- Distolingual tine angle 
~-+- - Distobuccal line angle 

POSTERIOR TOOTH 

Diagrammatic representation of an incisor and molar crown shows some external tooth line angles 
point angles. Three examples to denote dimensions are a lso included. .com 
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Division of teeth in thirds 

Facial or labial view Mesial view Facial or buccal view Distal view 

Occlusal views 

ffi 
..... . 
·--~~~al 3rd 

Middle 3rd 
----- --

Lingual 3rd ----- --

Diagrams of a maxillary canine· and mandibular molars to show how a crown or 
root may be divided into thirds from each view for purposes of describing the location of anatomic 
landmarks, contact areas, and so forth. 

into facial, middle, and lingual thirds. and lines run­
ning faciolingually can be used to divi.de Lhe toolh into 
mesial, middle, and distal Lhirds. 

G. ROOT-TO-CROWN RATIO 

If we know Lhe length of a tooth root from Lhe cervical 
line r.o the tip of the root (or tip of the longest buccal 
root of teeth with multiple roots) and the length of the 
crown (from the cervical line to the Lip of the longest 
cusp or highest part of the incisal edge), we can calculate 
a root-to-crown ratio. The root-to-crown ratio is Lhe root 
lengLh divi.ded by crown length. Since Lhe roots of teeth 
are normally longer than their crowns, the root-to-crown 
ratios for teeth are nom1ally >LO. For example, the aver­
age root length of a maxillary cemral incisor is only 
13.0 mm and the crown length is 11.2 mm; these lengths 
are not that different compared to other Leeth. The root­
to-crown ratio is 13 divi.ded by lJ .2, which equals 1.16. 
When this number is dose to 1, it indicates that the root 
is not much longer than Lhe crown. Compare this with a 
maxillary canine, where the average rooL is much longer, 
at 16.5 mm, but the crown is only 10.6 mm, for a much 
larger root-to-crown ratio of 1.56. This larger ratio indi-
cates that the root is over one and a half Limes ( l.56x) 
longer than the crown. The obvious difference between 
Lhe ro~ot-to-crown ratio on these two teeth is apparent in 
Figuc✓J . The ratio can be clinically significant, since 

.---#~ ~M ith a small root-to-crown ratio (closer to 1) 

J, 

is not the best choice for attaching and supporting false 
teeth, because the additional attached teeth would apply 
even more force on a LOoth that already has a shon root 
compared to its crown length. 

16.5 : 
' ' 

10.6 ; 
' ' ' 

I v 
I 

I 

D ' 

FACIAL VIEWS 

Right maxillary canine Right maxillary 
central incisor 

M 

Compare the root-to-crown ratio of the 
maxillary central incisor where the root is not much longer than 
the crown ( and the racio is only 13 d ivided by 11. 2, or 1.16), and che 
maxillary canine where che rooc is considerably longer than the 
crown (and the ratio is much larger: 16.s'divided b_y 10'6, or ¼56), 7 
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SECTION VI 
TERMINOLOGY USED TO DESCRIBE THE MORPHOLOGY 
OF A TOOTH 

A. MORPHOLOGY OF AN 
ANATOMIC CROWN 

Teeth are made up of many rounded elevations, ridges, 
depressions, and grooves. Specific tooth structures that 
occur with some frequency on teeth within a class have 
been assigned specific names. To identify the followi ng 
anatomic structures, reference will be made LO rep­
resentative drawings of various teeth seen in figures 
throughout this section. 

1. ELEVATIONS (ROUNDED) 
AND RIDGES (LINEAR) 

A cusp (with a cusp tip or apex) is a pyramidal eleva­
tion, or peak, located on the occlusal surfaces of molars 
and premolars, and on the incisal edges of canines. 

m 

Two-cusp 
premolar 

2-cusp 

VIEWED FROM OCCLUSAL 

m 

Three-cusp 
premolar 

3-cusp 

A cusp is named according LO its location on the tooth. 
For example, 011 a two-cusped premolar, the two cusps 
are named after the surface adjacent to each cusp: buc­
cal or lingual. On a four-cusped molar, the four cusps 
are named after the adjacent line angles: mesiobuccal, 
distobuccal, mesiolingual, and distolingual. Refer to 
Figure 1-15 for examples of cusp names on teeth with 
two, three, and four cusps. 

Each cusp has four cusp ridges (linear prominences 
of enamel) converging toward the cusp tip. These 
four ridges form the shape of a four-sided, somewhat 
rounded pyramid. lf you drew a line along the great• 
est linear bulge of each of these four ridges, the lines 
would intersect at the cusp tip (indicated by the "X" 
on Fig. 1-16). On this example, three of the ridges are 
named after the circumferential tooth surface they 

Four-cusp 
molar 

mesiobuccaJ 

distolingual 

mesiolingual mesiolingual 

VIEWED FROM BUCCAL 

One visible cusp Four visible cusps 

m 

distobuccal 

l@@IJ;Jiiii Cusp names on 

teeth having two, three, and four 
cusps, viewed from the occlusal 
and buccal views. Notice that the 
cusps are named after the adjacent 
surface or line angle. 
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All cusps are basically a gothic pyramid: 

The cuspal gothic pyramid produces 4 ridges: 
1. Mesia! cusp ridge 
2. Distal cusp ridge 
3. Buccal cusp ridge (labial ridge on canines) 
4. Triangular ridge on posterior teeth (lingual ridge on canines) 

Htiii);jjm,1 Buccal cusp of a two-cusped premolar showing 
the pyramidal design ( actually, the pyramid with rounded sides is 
called a gothic pyramid) formed by the four cusp ridges that make 
up each cusp. These are numbered 1 to 4 and converge at the cusp 
tip (X). (Courtesy of Ors. Richard W. Huffman and Ruth Paulson.) 

extend toward: the more subtle facia l (buccal or labial) 
ridge actually extends onto the facia l surface, the mesial 
cusp ridge extends from the cusp lip toward the mesial 
surface, and the distal cusp ridge extends from the cusp 
tip toward the distal surface. The fourth ridge from the 
cusp tip to the facio lingual middle of the tooth is called 
a triangular ridge. 

The mesial and distal cusp ridges are also known 
as cusp slopes or cusp arms. When viewed from the 
facial or lingual aspect, they are the inclined surfaces 
or slopes that converge wward the cusp tip to form an 
angle (seen on the facial cusps of a premolar and molar 
in Fig. 1-17, and on the lingual cusp of a premolar from 
the occlusal view in Fig. 1-19A). For some teeth, the 
sharpness or bluntness of a cusp angle could be an 
important trait. 

On ante,-ior teeth, mesial and distal marginal ridges 
are located on the mesial and distal border of the lingual 
surface and converge toward l11e cingulum seen on the 
lingual surface of an incisor in figure 1-18. On posterior 
teeth, marginal ridges are located on the mesial and dis-

ta! borders of the occlusal surface. The mesial marginal 
ridge on a premolar is shaded red in Figure l-19A. 

Triangular ridges are located on each major cusp of 
posterior teeth. Each triangular ridge extends from a 
cusp tip toward the depression (sulcus) in the middle 
of the occlusal surface faciolingually (Fig. 1-19A ancl 8). 
Wht:11 a triangular ridgt: from a fada l <.:usp juius with a 
triangular ridge from an adjacent lingual cusp, the two 
ridges together form a longer ridge called a transverse 
ridge. A transverse ridge crosses the occlusal surface 
of posterior teeth in a more or less buccolingual direc­
tion , rutming between the buccal and lingual cusps on 
a premolar (Fig. 1-19) or connecting the buccal and 
lingual cusps that are lined up across from one another 
on a molar (seen on the two-cusped premolar and on 
a mandibular molar in Fig. 1-20). An oblique ridge is 
found only on maxillary molars. It crosses the occlusal 
surface obliquely (diagonally) and is made up of one 
ridge on the mesiolingual cusp joining with the trian­
gular ridge of the distobi1ccal cusp (seen in Fig. 1-20 
on the maxillary molar). According to Ash, 1 the ridge 
of the mesiolingual cusp that forms the lingual half of 
the oblique ridge is the distal cusp ridge of the mesio­
lingual cusp. 

Perhaps the most indistinct ridge emanating from 
the cusp tip is the facial (labial or buccal) ridge. The 
buccal (cusp) ridge is a sublle ridge running cervico­
occlusally in the middle third of the buccal surface of 
premolars (Fig. l-19A). Similar in appearance to a buc­
cal ridge on posterior teeth, a canine has a labial ridge 
that runs cervicoincisally and can be very prominent on 
maxillary canines. 

When viewing posterior teeth from the occlusal view, 
it is important to distinguish the crown outline of an 
entire tooth from the occlusal table of that tooth. The 
crown outline is the outer outline of the entire tooth 
crown from the occlusal view, whereas the ocdusal 
table is the outline of the smaller occlusal surface that 
is bounded by adjoining rnesial and distal cusp ridges 
and marginal ridges that surround it (Fig. 1-21). 

distal cusp ridge mesial cusp ridge 

of bucc~✓cal cusp 

distal cusp ridge of 
mesiobuccal cusp 

m p m 

Premolar Molar 

mesiat cusp ridge of 
mesiobuccal cusp 

H@•l;!ji f) I Cusp ridges (cusp slopes) are labeled on the facial cusp ofa premolar, and on the 
mesiobuccal cusp of a four-cusped molar. 
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A 

Buccalrtdge-----, 

Distobuocal groove 

cingulum 

Crest of curvature 

■a@ijiJjj:u:, The mesial and distal margina.l ridges and 
cingulum shaded red on the lingual surface of an incisor. 

Buccal cusp tip 

Mesiobuccal groove 
-~m---Mesia! contact 

Triangular ridge '----',...,,..,;.---1 

Mesia! marginal ridge (red) 

~ ~..;i,,.• -- Central developmental groove 

Distal cusp slope ___ __, 
of lingual cusp (red) 

Cervix 

Crest of curvature -

Tip of buccal cusp 

Mesia! cusp slope 
of lingual cusp (red) 

Lingual cusp tip 
---- Crest of curvature 

Cementoenamel 
junction (cervical line) 

='"•="------'~- Depression on crown 

Crest of curvature 

_____ ..,.__ Groove crossing 

mesial marginal 
ridge 

Tip of lingual cusp 

H@ijiJjifi '\. Occlusal surface of a 
two-cusped premolar. Notice the cusp 
ridges: the buccal and triangular ridges 
shaded red on the buccal cusp, and the 
mesial and distal cusp ridges and triangu lar 
ridge shaded red on the lingual cusp. One 
marginal ridge (the mesial) is also shaded 
red. The two connecting triangular ridges 
form one transverse ridge. B. Mesial surface 
of a two-cusped premolar. The two triangu­
lar ridges join at the depth of rhe occlusal 
su lcus co form one transverse ridge . 
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distal l!J 
marginal 

lingual triangular 

A Premolar, two cusp type 

transverse 

rn 
_[triangular of MB 

transverse L triangular of ML !~angular of DB} transverse 
triangular of DL 

distal marginal ridge 

DI 
B Mandibular molar ia[i\lJ;Jj$ tJ Three teeth show 

transverse and oblique ridges. 

rn 
mesiobuccal triangular 

A. Two triangular ridges on a two• 
cusped premolar form one transverse 
ridge. B. Two pairs of triangular ridges 
on a mandibular molar form two 

transverse ridges. C. One pair of 
triangular ridges on a maxillary molar 
is aligned buccolingually and forms 

bl !triangular of DB 
0 ique ~iangular of ML 

(also called 
distal ridge of 

ML cusp) 

mesiolingual triangular 

DI 
C Maxillary molar 

Other bulges or ridges can be seen on the cervical 
third of certain teeth facially or lingually. On the lin­
gual of all anterior teeth, a cingulum (SING gyoo Lum) 
is the enlargement or bulge on the cervical Ll1ird of the 
lingual surface of the crown on anterior teeth (incisors 
and canines) (figs. 1-18 and 1-23). 

On the facial surface of permanent molars (and all 
primary teeth) , the subtle ridge running mesiodistaUy 
in the cervical one third of the facial surface of a crown 
is called the cervical ridge. It is most pronounced on 
the outline of the mesiobuccal cusp o[ mandibular sec­
ond molars as seen in FigLu-e 1-24. 

Distal marginal--,,,. 
ridge 

Distal cusp ridge __ ....., 
oflingualcusp 

~--Mesial cusp ridge 
of buccal cusp 

Occlusal view of a two-cusp premolar showing 
tween rhe outer ocdusal outline, and the 

~ii e lusal table ( or occlusal chewing surface). 

one transverse ridge, and another pair 
of ridges is aligned obliquely ( diago• 
nally) to form an oblique ridge. 

Mamelons are three small tubercles or scallops, 
each formed from one of the three facial developmen­
tal lobes on the incisal edges of newly erupted incisors 
(fig. 1-25). (Lobes will be described in more detai l in 
the last section of this chapter.) Usually mamelons are 
not evident on aduh dentition since they are worn off 
after the tooth comes into functional contact with its 
opposing teeth. U you have the opportunity, observe 
a 7-year-old smile LO see these mamelons on newly 
erupted incisors. When rnamelons remain 011 an aduh, 
it is because these teeth do not contact opposing teeth in 
function, as may occur when maxillary and mandibular 
anterior teeth do not t0uch together during function 
(called an anterior open-bite relationship) . When a 
palient desires, the dentist can reduce the mamelons tO 

make the incisal edge more uniformly curved. 
Finally, perikymata I pear i KY mah Lah] are the numer­

ous, minute horizontal ridges on the enamel of newly 
erupted permanent teeth (fig. 1-26). They form from the 
overlapping of layers of enamel laid down during tooth 
formation. These lines are closer together in the cervical 
thi rd of the crown than in the incisal third. Perikymata 
are more prominent on the teeth of young people than 
on the teeth of older persons because peri.kymata, like 
mamelons, wear away from ongoing abrasion due to eat­
ing and even tooth brushing with a}:irasi e to?thfastes. 
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Buccal 

1. ----------------------

2. - ---------------------
3. _____________________ _ 

4. ----------------------
5. _____________________ _ 

6. ----------------------

7. ----------------------

8. ----------------------

9. ---------------------- lingual 

10. Transverse 

·</sn:, 1rm'tu!JJO a'tp!..1..101nZuouJ- 6 ~</sn:, 1onnqjo a'tpu ..101n'tuouJ- 8 .'a'tp!J 1ou/t..1ow /0'1S!P- L 
~dsn:, 1on'tu!JJO a'tp1..1 <lsn:, /U1Sfp- 9 '.dsn, 1on'tu11Jo a'tpf..1 dsn, /OfSaw- 5 '.a'tpu 1ouf't..1ow /OfSaw- 17 

~dsn:, /tmnqjo a'tpf..1 </sn:, 101saw- r .'a'tpu (dsn:,) 10:1:,nq- z .'</sn:, 11mnqjo a'tpu dsn:, /OJSfP- t =5113MSNV 

HfriGi\ii l'1 Identify the ridges numbered on chis maxillary premolar. 

Root axis line 

LEARNING EXERCISE 

The diagram in Figure 1-22 represents the ridges 
seen from the occlusal view that bound the occlusal 
table of a two-cusped premolar. Name each ridge 
next to its corresponding number. (Note that ridges 
labeled 1, 3, 4, S, 6, and 7 form a continuous out­
line around the occlusal surface. The area inside of 
this line is called the occlusal table.) 

Cementoenamel 
• junction B 

. B 
uccal cervical 

--1-+- Cervical line ridge 

--+--.-Clngulum 

M -o 

cusp 

H@ijijjfi\- 'v1axillary canine wich a cingulum bulge located 
on the lingual surface in che cervical third . 

2, DEPRESSIONS AND GROOVES 

A tooth sukus [SUL kuss] (plural sulci !SU L sye)) is 
a broag,;J~ - aped depression or valley running mesi­

,-•• £_,,d,:list'a11 J. n the occlusal surfaces of posterior teeth. 

J, 

L 

H@imjf ji A mandibular four-cusped molar has a buccal 
cervical ridge ( most prominent on the outl ine of the mesiobuc· 
cal cusp). m 
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present on the incisal edge of a mandibular incisor. 
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The buccal and lingual "sides" that form the sukus 
are the triangular ridges that often converge toward a 
developmental groove in the depth of the sulcus (see 
Fig. l-19B). Grooves and their sulci are important 
escape-ways for food morsels when the teeth of the 
lower jaw move from side to side and protrude for­
war<l agai nst tli t: uppt:r lt:t:Ll1 <luring du::wing. ParLially 
chewed food squirts out through grooves toward the 
tongue and cheeks. 

Developmental grooves are the major, sharply 
defined narrow, linear depressions formed during tooth 
development and usually separat ing the lobes or major 
portions of a tooth (described in the last section of this 
chapter). Like cusps, the major grooves are named 
according to their location. For example, on the premo­
lar in Figure 1-27, the central groove is located in the 
buccolingual center of the tooth sulcus and runs mesi­
odistally. At each encl of the central groove both mesially 
and distally, fossa developmental grooves (or triangu­
lar fossa grooves) may be found splitting off toward the 
line angles of the tooth. These grooves can be named for 

Perikymata 

ENAMEL 
SURFACE 

ENAMEL 

C ENAMEL SURFACE ENLARGED 

■atffl)djfJ3 A. Perikymata are the small ridges visible on the labial surface of this incisor. B. Magnified cross section of enamel 
shows perikymata ridges on che cooch surface (on che righc) a nd che long, rightly packed enamel rods ofche enamel (on the left). 
C. High~ gnificacion {220x) ofche enamel surface shows enamel rod ends on the perikymata waves. Enamel rods are about 4 ~1m 
in di ete . (These scanning electron micrographs were kindly provided by Dr. Ruch B. Paulson, Associate Professor Emeritus, 

,41••,,-a_,J~•v; o fOral Biology, The Ohio State University.) U 
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Central developmental groove (C) 

Fossa developmental grooves (F) 

Supplemental grooves (S) 

Marginal ridge groove (M) 

Hii•mjf f I 
This occlusal surface of a two-cusped premolar 

has developmental (major) and supplemental (extra) occlusal 
grooves. (Courtesy of Ors. Richard W. Huffman and Ruth Paulson.) 

the line angles of the tooth coward which they aim, for 
example, Lhe mesiobuccal fossa developmental groove 
(sometimes just called mesiobuccal groove). On many 
molars and Lhree-cusped premolars, major develop­
mental grooves separate adjacent cusps. For example, 
on mandibular molars, a buccal groove runs from the 
centrnl groove onto the buccal surface separating the 
mesiobuccal from distobuccal cusps, and on maxillary 
molars, a lingual groove extends from the cemral sul­
cus onto the lingual surface separating the mesiolingual 
from the distolingual cusps (fig. 1-28). 

central groove 

transverse groove 
of oblique ridge 

buocal groove 

buccal groove 

Mandibular molars 

Additional grooves that are not developmental 
grooves are called supplemental grooves. These small 
irregular (extra) grooves on the occlusal surface do not 
occur at the junction of the lobes or major portions of 
the tooth (Fig. l-27). 

A fissure is a very narrow cleft or crevice at the 
dt::ptlt or any gruuvt::, cau:;t::d by tht: i11curnpktt:: ru:;iu11 
of enamel during tooth development ( the white arrow 
in Fig. 1-29). Tooth decay (also called dental caries 
l CARE eez I) often begins in the deepest pan of a fis­
sure (seen in dentin as the dark area between the two 
black arrows in Fig. 1-29) and described in more detail 
in the Operative Dentistry chapter. 

A fossa [FAH sah) (plural, fossae [FAH see]) is a small 
hollow or depression found between the marginal ridges 
on the lingual surfaces of anterior teeth (particularly max­
illary incisors, Fig. 1-30), and at specific locations on the 
occlusal surfaces of posterior teet.h (denoted by the circles 
in Fig. 1-31). Pits often occur at the depth of a fossa where 
two or more grooves join. For example, within the distal 
fossa on a premolar, there is a distal pit at the junction of 
the cemral groove with the distobuccal and distolingual 
fossa grooves (Fig. 1-31). Like fissures that are found al 
the depth of grooves, pits are enamel defects where den­
tal decay may begin. Most two-cusped premolars have 
two fossae (mesial and distal), whereas most molars and 
three-cusped premolars have at least three fossae (mesial, 
central, and distal) seen in Figure 1-32. 

I \ 
m 

mesiobuccal 
triangular 

groove 

mesiolingual 
triangular 
groove 

Maxillary molars 

m 

lingual groove 

m ■#M•i&if!:M Grooves labeled on [WO molars. 
The buccal, lingual, and central grooves are 
considered developmental. 
The buccal ( developmental) groove extends onco 
the buccal surface on the mandibular molar, 
and che lingual (developmental) groove extends 
onco the lingual surface ofche maxillary molar. 

m 
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OM•hJiif£1 A cross section of a mandibular molar shows 
an occlusal groove (white arrow), which actually has a fissure 
(crack-like fault) extending through the outer enamel and into 
the dentin. The black arrows show how the dental decay spreads 
out once it reaches so~er dentin at the depth ofche fissure. 

Hint: ln summary, i( you compare tooth morphology 
to a mountain range, the mountain peak would be the 
cusp tip. Ridges emanating frnm the mountain peak are 
l.ike the cusp ridges and triangular ridges. The depres­
sion between the mountains (or cusps) is a valley, like 
the tooth occlusal sulcus. The dried river bed at the bot­
tom of the valley (sulcus) is like a groove, and if it is 
cracked open, it is like a fissure. Where river beds con­
verge (grooves or fissures converge), the whirlpools and 
eddies may have formed a depression, like a fossa, pos­
sibly with a pit at its depth. Needless to say, it is hard to 
define exactly where a mountain stops and the valley 
starts, just as it would be hard to define exactly where a 
tooth cusp stops and a sulcus or fossa begins. Just real­
ize that these terms are not precise, but that they are 
helpfol when learning how to reproduce tooth fonn 
during construction of crowns and placement of fillings, 
or when learning to finish and polish an existing filling. 

Distal buccal triangular 

lingual pit (if present) 

■i@ijiJjjj, The lingual surface of an incisor shows the 
shallow lingual fossa and an adjacent lingual pit. 

8 . EXTERNAL MORPHOLOGY 
OF THE ANATOMIC ROOT 

Refer to Figure J-33 while studying the external mor­
phology of tooth roots. Recall that the anatomic root 
is the pan of a tooth that is covered with cementum. 
The apex of the root is the tip or peak at the encl of the 
root, often with visible openings called apical foram­
ina, where the nerves and blood vessels enter into the 
tooth pulp. The cervix [SUR viks] or neck of the tooth 
is the slightly constricted region of union of the crown 
and the root. 

Some new terms apply to multi-rooted teeth 
(Fig. l-33B). The root trunk or trunk base is the part 
of the root of a mulLi-rooted molar or two-rooted pre­
molar next to the cemencoenamel junclion that has 
not yet split (like a stubby tTee trunk before it gives off 
branches). The furcation [fur CAY shun] is the place 
on multi-rooted teeth where the root trunk divides into 
separate roots (called a bifurcation on two-rooted teeth 
and a trifurcation on three-rnoted teeth). The furcal 
region or interradicular space is the region or space 
between two or more roots, apical to the place where 
the roots divide from the root trunk. 

(fossa) groove -----~ 
~---Buccalcusp 

Distal lingual triangular 
(fossa) groove 

Mesia! contact 
Mesia! triangular fossa (circle) and pit 

'-----Lingual cusp 
--- Crest of curvature 

l$[ijii;Jii ll The mesial and 
distal fossae are circled in red on 
this two-cusped premolar . 

.com 
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lilil 

FOSSAE AND PITS 

Two-cusped premolar 

mesial Iossa 
andpil 

distal fossa 
and pit 

lilil 

Three-cusped premolar 

mesial triangular Iossa 
and pit 

IJ::,JL....(~fl:}---if----distal triangular 
fossa and pit 

l!I central fossa and pit 

Four-cusped molar 

l!I 

mesial triangular fossa 
and pit 

central fossa and pit 

distal triangular Iossa 
and pit 

hi,l•mii fi fossae labeled on teeth with two, 
three, and four cusps. Two-cusped teeth have two 
fossae (mesial and distal), while three• or four-cusped 
teeth are more likely to have three fossae (mesial, 
central , and d istal). (Maxillary molars have four fossae 
and will be discussed lacer.) 

Apex -i Apex of lingual root 

Apex of root-....--

Root axis line 

Cervical line --

A 

.. , 
' ., •· 

Tip of 
cusp 

Root bifurcation 

,,_.....,..~- Longitudinal 
depression on root 

Root trunk 

I Cementoenamel 
,--,11---,I-- , junction 

• Cervical line 
Cervix { 

·. i'i )I 
·:· ·~:3:,~1~;,·t; ·• :, Cementoenamel 

·,,.~ . ..... , ,!.,.- ·' junction (cervical 

line) 

B 

A. Root anatomy on a single-rooted canine. B. Bifurcated (split) root of a maxillary first premolar. 

ad use.corn 
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Table 1-2 SUMMARY OF CURVATURES OF THE CEMENTOENAMELJUNCTION 

Proximal surfaces: mesial curvature 
vs. distal curvature 

Generally, teeth have a greater proximal cervical line curvature on the 
mesial than the distal. 

Proximal surfaces: anterior teeth vs. 
posterior teeth 

Proximal cervical line curvatures are greatest on the mesial 
surfaces of central incisors, and for most teeth rend co gee smaller 
when moving from the anterior teeth coward the last molar where 
there may be no curvature at all. 

Posterior teeth: facial vs. lingua l 
surface 

On many posterior teeth , the cervical line is in a more occlusal 
position on the lingual than on the facial. 

Table 1-3 IMPORTANTTOOTH DIMENSIONS 

IMPORTANT TOOTH DIMENSIONS TO MEMORIZE 

Tooth with longest crown 
Longest tooth overall 
Widest tooth mesiodistally 
Widest tooth buccoli ngually 
Narrowest tooth mesiodistally 

C. CERVICAL LINE (CEJ) CURVATURE 

When viewed from Lhe mesial or distal aspecL, the cervi­
cal line of a tooth curves (is convex) toward the incisal 
or occlusal surface (Fig. 1-33). ln general, Lhe amount 
of curvature is greater on the mesial surface than on the 
distal surface of Lhe same tooth, and the amounL of cur­
vature is greaLesL for central incisors and diminishes in 
size for each tooth when moving distally around each 
quadrant (Table 1-2). 

Mandibular canine (Woelfel research: maxillary incisor) 
Maxillary canine 
Mandibular first molar 
Maxillary first molar 
Mandibular central incisor 

0. RELATIVE SIZE 

In order LO document Lhe relative sizes of tooth crowns 
and roots, Dr. Woelfel studied a convenient sample 
of 4572 extracted teeth. His findings are presented in 
Tables 1-7 at the end of this chapter. This table should 
noL be memorized, but it can be useful when compar­
ing the average dimensions of each tooth , and appre­
ciating the wide range of dimensions for each LOOth. 
A summary of the most important highLights of Lhat 
data is presemed in "foble I-3. 

SECTION VII 
TERMINOLOGY RELATED TO THE IDEAL TOOTH 
ALIGNMENT OF TEETH IN DENT AL ARCHES 

When viewed from the occlusal aspect, each den­
tal arch is somewhat U-shaped or parabolic Like Lhe 
famous landmark in Missouri, Lhe St. Louis Arch (recall 
Fig. 1-2). The incisal edges and the buccal cusp tips 
follow a curved line around the outer edge of Lhe den­
tal arch; the lingual cusp tips of the posterior teeth 
follow a curved line nearly parallel to Lhe buccal cusp 
tips. l3etween the buccal and lingual cusps is the sulcu­
lar groove, wh.ich runs anteroposteriorly the lengLh of 

~ ' ""h '" e,ch qu,dram. 

When the arches are viewed from the buccal aspect, 
an anteroposterior curve (curve of Spee) is evident 
where the cusp tips of posterior teeth follow a gradual 
curve anteroposteriorly (see Fig. 1-34). The curve that 
connects the cusp tips in the maxillary arch is convex, 
while the curve in the mandibular arch is concave. 

Maxillary posterior teeth are Li lLed with Lhe crowns 
more facial, and mandibular posLerior teeLh are Lilted 
with the crowns more lingual (Fig. 1-35) . Therefore, i.n 
the mouth, lingual cusps of maxillary ~osterior teeth 
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■acijlmji£Q A wax strip placed between stone 
models of the maxillary and mandibular teeth demon• 
strates the anteroposterior curve (curve of Spee), which 
is concave in the mandibular arch and convex in the 
maxillary arch. 

ii@iljjif N Dental stone casts viewed 
from the distal with a wax strip used 

Mandibular arch 

to demonstrate the mediolateral curve ( of 
Wilson). It is convex in the maxillary arch, 
but concave in rhe mandibular arch. Note 
che lines that denote posterior tooth align­
ment within each arch: maxillary molar 
crowns cilt coward che facial, and mandibular 
molar crowns cilt coward the lingual. 

appear longer than the buccal cusps, and the lingual 
cusps of mandibular posterior teeth appear shorter 
than the buccal cusps due LO their alignment (lingual 
tilt) within the mandible. When a line connects the 
buccal and lingual cusps of the same type of molars and 
premolars on opposite sides of the arch, this side-to• 
side curve is the mediolateral curve (of Wilson). The 
mediolateral curve of the maxillary arch is convex, 
whereas that of the mandibular arch is concave. 

A. MID-ROOT AXIS LINE 

The mid-root axis line (or root axis line) is an imagi­
nary line through the center of the tooth root. lt can be 
visualized on the facial or lingual surface as a line that 
divides the tooth at the cervix into mesial and distal 
halves (Fig. 1-36A). When viewing the mesial or distal 
surface, it divides the tooth at the cervix into facial and 
lingual halves (Figs. 1-36B). It is an important reference 

~ b;ag ,h, lo,,.;oa of too,h \,adm.,ks. Fo, 

example, you will learn that the incisal edge of a man­
dibular canine is more likely to be lingual to the mid­
root axis line, whereas the incisal ridge of a maxillary 
canine is more likely to be labial to the mid-root axis 
line (as seen in Fig. 1-36B). 

8. HEIGHT OF CONTOUR (CREST 
OF CURVATURE) ON A FACIAL 
OR LINGUAL SURFACE 

The shape and extent of the greatest bulge on the facial 
and lingual crown surfaces help determine the direction 
that food particles are deflected in as they are pushed cer­
vically over the tooth surfaces during mastication. When 
we chew food, these natural tOoth convexities divert food 
away from the thin free gingiva and gingiva sulcus sur­
rounding the cervix of Lhe tooth, and toward the firmer 
tissues of the mouth, thus minimizing trauma to the gin­
giva. lf teeth were flat facially and lingually, food could 
more likely damage the gingiva (Fig. 1-37). Needless lO 

n 



همیار دندانسازان و دندانپزشکان لابراتوار دندانسازی های دنت

t.me/highdent www.highdentlab.com instagram.com/high_dent

Chapter 1 I Basic Terminology for Understanding Tooth Morphology 29 

Distal contact 
area and crest 

of curvature 

A 

Cervical line 
( cementoenamel 
junction) 

Mesia! contact 
area and crest 
ol curvature 

Apex ol root 

Cervical line 
Labial crest -
ol curvature 

(height ol 
contour) 

B 

Root axis line 

Cementoenamel 
junction 

--,--+- Cervical line 

- Lingual crest 
of curvature 

Clngulum 
(red) 

■atfflmjf£·1 I A,, Mesia/ and distal heights of contour that touch lines parall el to the root axis line are essentially the same as the 
contact areas of these teeth. On the facial view of chis canine, the contact areas are positioned more incisally on the mesial surface 
than on the distal. B. The facial and lingual heights of contour are the part of the crown outli ne from the proximal view that touch 
lines chat are parallel to the root axis line. They are located in che cervical third on both the facial surface, and on the lingual surfaces 
( on the cingulum), for all anterior teeth. 

say, it is best for the dentist, dental hygienist, and/or den­
tal teclmician to reproduce and maintain these natural. 
convexities when restoring a tooth, when finishing and 
polishing filHngs near the gum line, or when replacing a 
tooth with a bridge or dental implant. 

The facial or lingual height of contour (crest of cur­
vature) is the point on a crown outline where a line 
drawn parallel to the mid-root axis line touches the 

B 

greatest bulge (Fig. 1-368). lL is usually located in either 
the cervical third or the middle third (not normally 
in the occlusal or incisal third). The location of the 
height or contour on the facial surface of most crowns 
is located in the cervical third. The location of the lin­
gual height of contour depends on whether the tooth is 
anterior or posterior. The lingual height of contour on 
anterior teeth is in the cervical thi rd, on the cingulum 

b@imjf fj A. Normal facial and 
lingual heights of contour help divert 
food away from the gingival sulcus. 
B. When heights of contour are not 
adequate, food can more readily 
damage the gingival sulcus. 

com 
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Distal contact 

A 

Apex --, 

Root bifurcation 

Root trunk 

Cervix { 

Crest of curvature 
(cervical third) 

B 

~ ---Buccalcusp 

Mesial contact 
Mesia! triangular fossa (circle) and pit 

'-----Lingual cusp 
'---- Crest of curvature 

r- Apex of lingual root 

~~=- Apical foramina 

,,,._ ,..___ Depression on root, 
which extends 
onto crown 

.R~ --~ t-- Midroot axis line (in red) 

Cementoenamel 
junction (cervical line) 

Depression on crown 

Crest of curvature (middle third) 

HfBbiJlifij I\. The mesial and distal 

contact areas seen on the occlusal view of 
this two-cusped premolar are located buccal 
to the center of the tooth buccolingually, 
which is typical of most posterior teeth. 
B. On the proximal view o f this premolar, the 
buccal height of contour ( crest of curvature) 
is located in the cervical third, while the 
lingual height of contour is located more 
occlusally, in the middle third. Th is is typical 
of most posterior teeth. 

T bl 
1

_
4 

SUMMARY OF THE LOCATION OF FACIAL AND LINGUAL HEIGHTS OF CONTOUR 
a e (GREATEST BULGE) OF THE CROWN (BEST SEEN FROM THE PROXIMAL VIEW) 

Anterior teeth (incisors and canines) 

Posterior teeth (premolars and molars) 

GeneraJ lea.ming guidelines: 
1. Facial crest of curvature for aJI ceech is in cervical third. 

FACIAL {HEIGHT OF CONTOUR) 

Cervical third 
Cervical third 

2. lingual crest of curvature for" all anterior ttt(h is in the cervical rhir'd (on the cingulum). 

LINGUAL (HEIGHT OF CONTOUR) 

Cervical third (on cingulum) 
In or near m iddle third 

3. Lingual ere.st of curvature for posterior retth is in the middle third (slightly more occ:lusal in mandibular tteth due to lingual tilt). 

Ka dose.com 
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(Fig. 1-36B). The lingual height of contour on poste­
rior teem is most often located in the middle l.h.ird (Fig. 
1-38B). Refer to Table 1-4 for a summary of the location 
of the facial and lingual heights of comour for amerior 
teeth compared to posterior teetl1. 

C. CONTACT AREAS (OR PROXIMAL 
HEIGHTS OF CONTOUR) 

When the teeth are in normal, ideal alignment within 
an arch, the location of the mesial or distal height of 
comour (when viewed directly from the facial or lin­
gual sides) is essentially the same location as contact 
areas (seen from the facial view in Fig. l-36A and Crom 
the occlusal view in Fig. l-38A) . Contact areas are the 
greatest heights of comour or location of the greatest 
bulges on the proximal surfaces of tooth crowns, where 
one 100th t0uches an adjacent LOOth. Floss must pass 
through comact areas to clean the proximal surfaces, 
which are otherwise inaccessible to the toothbrush. 

In a young person, comact areas on teeth start off 
between recently erupted teeth as contact points. Then, 
as the teeth rub t0gether in function, these points 
become somewhat flattened and truly become contact 
areas. (lt has been shown by careful measurements 
that, by age 40 in a healthy mouth with a complete den­
tition, 10 mm of enamel has been worn off the con­
tact areas of the teeth in an entire arch. This averages 
0.38 mm per contact area on each tooth and certainly 
emphasizes the amount of proximal wear that occurs. 
Therefore, we would expect contact areas on teeth of 
older people to be large and somewhat flattened.) 

The proximal comact of each LOoth with the adja­
cent teeth has important functions: 

• The positive contact of all teem within each den­
tal arch stabilizes the position of teeth within each 
arch. 

• Contact helps prevem food impaction which can 
contribute to decay and gum and bone disease 
(periodomal disease). 

• Contact protects the interdental papillae of the gin-
giva by diverting food buccally and lingually. 

A diastema [di ah STEE mah) is a space that exists 
between two adjacent teeth in the same arch that is not 
the result of a missing tooth. lt is most commonly seen 
between the maxillary 1ight and left central incisors, 
but can occur between any teeth (Fig. 1-39). 

Before learning the location o[ the proximal con­
tacts for each type of tooLh, it will be helpful to learn 
Lhe following general guidelines that apply to most per­
manent teeth. Exceptions to these general rules will be 

~ n '"" ch,p«na. 

H@ijijjfti) I This maxill ary stone model has a space 
between maxillary central incisors called a diastema. 

• When viewi.ng teeth from the fac ial, contact areas 
are located in one of three places: in the incisal (or 
occlusal) third, at the junction of the incisal 
(or occlusal) and middle thirds, or in the middle 
third of the crown. Comacl areas are not normally 
located in the cervical third. 

• On most teeth, the distal contact is more cervical 
than its mesial comact (Fig. l-36A). 

• Mesia! contact areas of the central incisors are posi­
tioned most i1-1cisaliy, and contacts are located more 
cervically (in or near the middle third) on molars. 

• When viewing posterior teeth from the occlusal 
view, comacLS are often located slightly tO the facial 
of the tooth midline buccolingually (Fig. l-38A). 

• When viewing anterior teeth from the incisal view, 
comactS are nearly cemered faciolingually. 

D. EMBRASURE SPACES 

When adjacent teeth contact, the continuous space 
that surrounds each contact area can be divi.ded imo 
four separate triangular embrasure spaces (fig. 1-40). 
These spaces are narrowest closest to the contact area 
where the teeth are in Light contact, and widen facially 
to form a buccal or labial embrasure, widen lingually to 
form a lingual embrasure, and widen occlusally (or 
incisally) to form an occlusal or incisal embrasure. The 
fourth space, cervical tO the contact area and between 
two adjacent teeth, is properly called the interproximal 
space. 

The interproximal space, when viewed from the 
facia l or lingual, is a triangular embrasure space 
between adjacent teeth located cervical to their contact 
areas. The sides of the triangle are formed by the proxi­
mal surfaces of adjacent teeth, with the apex of the tri­
angle at the contact between two teeth. This space is 
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A 
lncisal 
embrasure 
space 

Facial 
embrasure 
space 

lnterproximal 
space (cervical 
embrasure Lingual 
space) embrasure 

space 

B C 

■i@ijiliii,• ':mbrasure spaces. A. These photographs are of large plastic tooth models a nd give an indication of the location of 
contact points between adjacent teeth . The quadrant of teeth on the left contains the occlusal and incisal surfaces of the permanent 
maxillary dentition; on the right is the mandibular dentition. Red triangles can be seen from the occlusal view fill ing a smaller facial and 
larger lingual embrasure space, and from the facial view, filling an occlusal (incisal) embrasure space and a n interproximal space 
(sometimes called a gingival embrasure space). B. This close•up of mandibular incisors in a skull (without tissue) shows the inter· 
proximal space below the proximal contact (gingival embrasure space). In a person with gingival health, chis space would be filled 
with the gingival papilla. The very small triangu lar space above the proximal contact is the incisal embrasure space. C. This occlusal 
view of two contacting molars shows a triangular-shaped space buccal to the proximal contact call ed the buccal embrasure space, 
and another ( normally larger) space lingual to the contact called the lingual embrasure space. 

completely filled with the interdental papilla in peri­
odontally healthy persons (see Fig. 1-42). Sometimes 
Lhis interproximal space is referred LO as the cervical or 
gingival embrasure. 

The lingual embrasure is ordinarily larger Lhan the 
facial embrasure because most teeth are narrower on 
Lhe lingual side Lhan on Lhe facial side, and because 
their contact points are located facial to Lhe faciolin­
gual midline of the crown. The triangles in Figure 1-40 
illustrate Lhese embrasure spaces. 

The occlusal or incisal embrasure is usually shallow 
from Lhe occlusal surface or incisal edge Lo Lhe contacL 
areas anf is arrow faciolingually on anterior teeth but 
br~ sterior teeth. The occlusal embrasure is Lhe 

J, 

area between the marginal ridges on two adjacent teeth 
and occlusal to their contact area. This is where we place 
the dental floss before passing it through the contact area 
to clean LOOth surfaces in the interproximal space. 

Embrasures surrounding well-formed proximal 
contact areas serve as spillways LO direct food away 
from the gingiva. When the embrasures are incor• 
rectly shaped (as with a poorly contoured dental res­
toration), or when Lhere is a space between the teeth, 
fibrous food may readily lodge in the inteq>roximal 
spaces requiring demal noss for its removal. This food 
impaction is not only an annoyance, but it can contrib­
ute LO the forma tion of dental decay and periodontal 
disease (bone loss). 

a 
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SECTION VIII 
IDEAL OCCLUSION: INTER (BETWEEN) ARCH 
RELATIONSHIP OF TEETH 

lL is important to learn the relationships of teeth in 
ideal occlusion in order to identify malocclusions that 
could contribute to dental problems. Occlusion [ah 
KLOO zhunJ is the contacting of occlusal or incisal 
surfaces of opposing maxillary and mandibular teeth. 
To occlude literally means to close, as in closing 
your teeth together. The imponance of proper occlu­
sion cannot be overestimated. It is essential for both 
dental health and general health, and for a patient's 
comfort and ability to speak, chew, and enjoy food. 
Understanding occlusion requires not only a knowl­
edge of the relation of the mandible to the maxillae, 
blll also of the jaw joints, their complexities, and the 
muscles, nerves, ligaments, and soft tissues that affect 
the position of the mandible. These topics will be 
covered in much more depth later in this book. The 
arrangement of teeth within the dental arches (align­
ment, proximal contacts, and embrasure spaces) was 
discussed in the previous section of this chapter, and 
the ideal relationship of the mandibular dental arch of 
teeth to the maxillary dental arch of teeth will be pre­
sented in this section. 

Ideal tooth relationships were described and clas­
sified in the early 1900s by Edward H. Angle. He clas­
sified ideal occlusion as class I and defined it based 
on the relationship between the maxillary and man­
dibular dental arches. When closed together, the teeth 
are in their maximum intercuspal position, or best 
fitting together of the teeth, as shown in Figure 1-41. 
This relationship can be achieved on hanclheld mod­
els when the maxillary teeth fit as tightly as possible 
against the mandibular teeth (that is, are most stable). 

The following specific tooth relationships define class l 
ideal occlusion: 

• Horizon tal overlap of anterior teeth: The incisal 
edges of maxillary anterior teeth overlap the man­
dibular teeth such that the incisal edges of maxillary 
teeth are labial to the incisal edges of mandibular 
teeth (best seen in Fig. 1-41). 

• Vertical overlap of anterior teeth: The incisal edges 
of the maxillary anterior teeth extend below (over­
lap vertically) the incisal edges of the mandibular 
teeth so that, when viewed from the facial , lhe incisal 
edges of mandibular incisors are hidden from view 
by the overlapping maxillary incisors (Fig. 1-42). 

• Relationship of posterior Leeth: The maxillary pos­
terior Leeth are positioned slighdy buccal to the man­
dibular posterior teeth (fig. 1-43) so that: 
• The buccal cusp tips and buccal surfaces of the 

maxillaty teeth are buccal ro those in the man­
dibular arch. 

• The lingual cusps of maxillary teeth rest in 
occlusal fossae of the mandibular teeth. 

• The buccal cusps of the mandibular teeth resl in 
the occlusal fossae of the maxillary teeth. 

• The lingual cusp tips and lingual surfaces of the 
mandibular teeth are lingual to those in the max­
illary arch. 

• Relative alignment: The vertical (long) axis rnidline of 
each maxillary tooth is slightly distal to the vertical axis 
of its corresponding mandibular tooth type so t11at: 
• The tip of the mesiobuccal cusp of the maxillary 

f1rst molar is aligned directly over the mesiobuccal 

-.--.--.... .__ Anteroposterior curve 

■i@•f:!MfSN l"Jental stone casts with adult 
teeth fitting together in the maximum intercus• 
pal position (tightest fit). Notice that, from this 
view, each tooth has the potential for contacting 
two opposing teeth except the maxillary third 
molar. The vertical red line marks the relation­
ship of first molars in class I occlusion: the 
mesiobuccal cusp of the maxillary first molar 
occludes in the mesiobuccal groove of the 
mandibular first molar. 

(curve of Spee) 

a use.com 
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■:j@ijijiifj tvlaxillary and mandibularceeth of the perma­
nent dentition are in the maximum intercuspa l position. Observe 
the interproximal spaces filled with the interdental papillae 
between each pair of teeth. Notice how each tooth is in contact 
with its adjacent reerh. Nore how the incisal edges and cusp rips 
of maxillary teeth overlap and hide the incisa l edges and cusp 
tips of the mandibular reech, and how the wide maxillary central 
incisors overlap not only the mandibular central incisor, but also 
ha lf ofrhe mandibular lateral incisor. 

Linqual s urface -
of maxillary 
molar 

Linqual surface _ 
of mandibular 
molar 

Buccal surface 
of maxillary 
molar 

Buccal surface 
of mandibular 
molar 

■atbGQii!M This proximal view of a maxillary and man­
d ibular molar in normal interarch alignment reveals the align­
ment a nd position ofbuccal and lingual cusps in ideal 
occlusion. 

■:j@ij;jiii\1 I The left cheek has been drawn back to reveal 
how each of these maxillary teeth occlude with rwo opposing 
mandibular teeth. Tooth No. 19 has two buccal grooves: 
mesiobuccal (with the buccal fi ll ing) and distobuccal (not visible). 

groove (the mesial of two buccal grooves) on the 
mandibular first molar (Fig. 1-44). This relation­
ship of first molars (the first pennanent teeth to 
erupt) is a key factor in the definition of class 
I occlusion. Further, the maxillary canine fits 
into the facial embrasure between the mandibular 
canine and first premolar. 

• Most teeth in an ideal dental arch have the poten­
tial for occluding with two teeth in the opposing 
arch. For example, the distal surface of the maxil­
lary first molar in Figure 1-41 is posterior to the 
distal surface of the mandibular first molar and 
therefore occludes with both the mandibular first 
and second molar. Exceptions include the man­
dibular central incisor which, due to its size and 
location, only occludes with the maxilla1y central 
incisor (as seen in Fig. 1-42) and the maxillary 
third molar which only occludes with the man­
dibular third molar. 

To summarize, ideal occlusion involves a class I rela­
tionship between the maxillary and mandibular first 
molars in maximum intercuspal position. Also, there 
should be 110 large facets and/or bruxing habi ts, bone 
loss, crooked teeth, loose teeth, or joint pain. 1 Other 
classes of occlusion (malocclusion) will be discussed in 
detail in Chapter 9. 

SECTION IX TOOTH DEVELOPMENT FROM LOBES 

Tooth crowns develop from lobes or primary growth 
centers (Fig . .l-45). All normal teeth show evidence of 
having developed (rom three or more lobes. As a gen­
eral rule, the facia l portion of incisors, canines and pre­
molars forms from three lobes, and the cingulum area 
or 117i~l/sp(s) each form from one lobe. Therefore, 

,A11•-.:i;n~1,~evelop from four lobes: three facial lobes 

(forming three incisally located mamelons) and one 
lingual lobe forming the cingulum area. Canines, and 
premolars with one buccal and one lingual cusp, also 
develop from four lobes: three facial lobes forming the 
facial portion, and one lingual lobe forming the cingu-
lum area on the canine or the one lingual cusp on the 
premolar. Premolars with one buc9al and two lingval ll 
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A 

E 

cusps (mandibular seconds), form from five lobes: 
three forming the facial cusp, and two forming the two 
lingual ci1sps (one lobe per cusp). Th1·ee very subtle 
vertical ridges separated by two subtle depressions pro­
vide evidence that three lobes fo rm the facial surfaces 
of anterior teeth and premolars. 

As a general rule, each molar cusp forms from one 
lobe. For example, maxillary or mandibular molars 

D 

li[ifi);Jidd Lobes or primary anatomic 
divisions on teeth. Drawings A, 8 , and C 
show the facial, mesial , and incisal views of a 
maxi llary central incisor that, li ke all anterior 
teeth, forms from four lobes. The lingual 
cingulum develops from one lobe (la beled 4) 
seen in views 8 and C. Mamelons may 
appear on the incisal edge of newly erupted 
incisors, an indicatio n of the three labial 
lobes. Drawings D and Gare the mesia l a nd 
occlusal view of a two-cusped premolar chat 
also forms from four lobes. As with a nterior 
ceeth, the facial cusp forms from chree lobes, 
and one lingual lobe forms che li ngual cusp. 
The divisions between the facia l a nd lingua l 
lobes are evidenced by the marginal ridge 
developmental grooves. Each cusp of a 
molar is formed by o ne lobe. Drawing Eis a 
mandibular first molar with five lobes, three 
buccal, and two lingua l, which is one lobe 
per cusp. Drawing F is a maxillary first molar 
wich three larger lobes and one smaller lobe, 
or one per cusp. A very small fifth (Carabelli ) 
cusp , when present, may form from a pare of 
the large mesioli ngual lobe, o r may form 
from a separate lobe. 

with five cusps form from five lobes, and those with 
four cusps form from four lobes. Some maxillary 
molars have as fow as three cusps and fo rm from three 
lobes. Two types of tooth anomalies, peg-shaped maxil­
lary lateral incisors and some extra teeth (also called 
supernumerary teeth), form from less than three lobes. 
Guidelines for detem1ining the number of lobes that 
form each tooth are presented in Table 1-5. 

Table 1-5 GUIDELINES FOR DETERMINING THE NUMBER OF LOBES FORMING ADULT TOOTH 

TOOTH CLASS 

~ 0 ~ All incisors 
Q ~ ~ All canines 
~ ~ ~ Two-cusped premolars 
z w ~ Three-cusped premolars 
< f- C. 

NO. LINGUAL CUSPS OR CtNGUWM 

Cingulum 
Cingulum 
1 lingua l 
2 lingual 

Guideline for determining the number of lobes for anterior teeth and premolars: 

~ 
'.5 
0 
~ 

Number of lobes • 3 facial lobes+ 1 lobe per lingual cusp or cingulum. 

MOLAR NAME NO. TOTAL CUSPS 

Three-cusped molars 3 
Four-cusped molars 4 
Five-cusped molars s 
(includ ing large Carabelli cusps) 

Guideline for determining the numb~r or mo1ar lobes; 
Number of molar lobes • 1 per cusp (including Cambelli), 

NO. OF LOBES 

3+1• 4 
3+1 • 4 
3+1 • 4 
3+2= 5 

NO. OF LOBES 

3 
4 

s 

a 
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SECTION X 
INTERESTING VARIATIONS IN ANIMAL TEETH 
COMPARED TO HUMAN TEETH 

It is interesting to note that the dentition of animals 
can be represented by the same type of formula as 
described earlier in this chapter. Look at the formulas 
for animals in Tab le 1-6 and note that cows have no 
upper incisors or upper canines. They have three upper 
and three lower premolars on each side. Did you kn ow 
that dogs have twice as many premolars as humans if 
you include uppers and lowers, as well as the right and 
left sides? Diel you know that the tusks on an elephant 
are maxi11ary central incisors? Elephants have the larg­
est diastema in the world , large enough fo r the massive 
trunk between their cemral incisors. 

LEARNING EXERCISE 1 

Sketch a tooth and adjacent gingiva in cross sec­
tion (similar to Fig. 1-9) and label the following 
structures: enamel, dentin, cementum, pulp cav­
ity, pulp chamber, apical foramen location, den­
tinoenamel junction, cementoenamel junction, 
dentinocemental junction, periodontal ligament 
space, a lveolar bone, gingiva, gingival sulcus, 
anatomic crown, and anatomic root. 

T bl 
1 

_
6 

SOME DENT AL FORMULAE (ORDER OF TEETH PER QUADRANT) AND INTERESTING 
a e FACTS ABOUT TEETH IN ANIMALS2...a 

Humans, Old World monkeys, t½ctPf M l • Porcupines and beavers l7(%P-f Mf 
and apes 
New World monkeys t½ctPf Mf Bears and pandas lfC{Pf Mf 

Dogs, wolves, and foxes lfCfP¾ Mf Squirrels 1f(%Pf Mi 
J 

Cats lfefP½ Ml t Rabbit• 1fC%Pf M.l 
J 

Cows tiqPf Ml 
J Mice and rats 1f(%P* Ml 

J 

Horses and zebra* lfcfP¾ Ml. 
' 

Moles ifcfPf MJ 

Walruses l¾CfPf M* Vampire bats ifefPf M.!!. 
0 

Elephants1 1¾(%Dm1 f Mt Shrews lfef Pf Mt 

•Pigs and h1ppopotam• have the same formula, except that: they hove two or three upper and two or three tower incisors. 
lElephanc.s have deciduous molatS (Om) bur no premolars. An e.tephanr's skull is not lar-g.er than necessary co house its bmin. The s,te is needed to provide me<:hani• 
cal support for ch• rusks ( one rhird of theklengrh is embedded ,n <he skull) and che enormous molars. Each molar weighs about 9 pounds and is nearly a foot long 
mes,odiscally on the ocdusal surface. Tusks (the central inc.tsors) can be as long as. 11½ feet and weigh 440 pounds,s 
1Guinea pigs have the same formuta, except that they have only one maxillary incisor. 

The beaver has four strong curved inc:iso,s. They have very hard, bl'ighc orange enamd on the labiaJ surfac:e and muc:h softer' e)(poscd de.ndn on the lingual 
surface. As the dencin wtat.S off. chis leaves very sharp c:ucting edgts of enamel. The inc:isotS continue to grow throughout lifo. The posccriol' teeth have flat, mugh 
edges on the occlusal surface, and chey stop growing at 2 yea.rs of age. There 15 a large diastema immediately posterior to the inc,sol'S, and flaps of skin fold inward 
and meec behind che incisors to seal off the back part of the mouch during gnawing:. 

Therefore. splinters are kept out. The Raps of skin relax for cat1ng and drinking. 
The shr-ew has cwo hooked cusps on the upper first incisor. Its primary denritiol'I ,s shed in urem. The shl'cw's 1- to 1 '/ .tyear life span is lim1ttd by the wear on 

their molars. Death occurs by starvation once the molars wear out. Also, their smaJI body can nore only enough food fo,.. 1 to 2 h, so they mu.st feed almost con­
tinually. Their diet consists of small invertebrates, woodlice. and fi-u it. 

The vampire bar has latgc canints, but its highly specialized uppet incisors, whi<h afe V,shaped and ra.2:or.c~:dged, a l'e what l'em~ a piect. ofrhe V.ctim's skin. 
The bat's saliva conrajns an anricoagtilanr, and its tongue rolls up in a rubt ro suck or lap the exuding blood. 

Some vertebrates do not have any teeth (comp1ete anodontia) but have descended from ancestors that possessed teeth. 8 irds have beaks but de~nd on a 
gizzard co do the grinding that molars would usually perform. Turtles have heaivy jaw coverings, which a.re thin edged in che incisor region and w;de posteriorly for 
ctUshlng. The duck-billed platypus ha$ irs early-lift tttth replaced by keracinous plans,. which it uses co crush aquatic insects,. CfUStact"ans, and molluscs. The whale­
bone whale attd antrateis also have no ret.ch. but their diers do nor l"tquire chewing. 

Ka dose.com 
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LEARNING EXERCISE 2 

Identify the teeth visible in Figure 1-46A using the 
Universal Numbering System. Remember that as 
you are viewing this mouth, the left side of the 
photograph is the right side of the mouth. Begin 
with the second molar in the maxillary arch and 
continue to the central incisor. Then drop to the 
mandibular central incisor and continue numbering 
back to the mandibular second molar. Compare 
your responses to the answers that follow. Then 
identify the same teeth using the International 
System, and finally the Palmer System. 

Second 
molars 

First 
molars 

A 

B 

O(ijij;jjiti Identify all visible teeth using the 
Universal number as per the directions for this Leaming 
Exercise. Then identify the same teeth using the International 
System, then the Palmer System. A. Teeth visible on a 
person's right side when the cheek and lips are retracted. 
B. Most teeth visible in a person with cheeks and lips retracted. 

Then do the same thing for the teeth visible in 
Figure 1-468, beginning with the maxillary first 
molar on the left side of the photograph, continue 
numbering through the maxillary first molar on 
the right side. Then drop down to the mandibular 
first molar and continue numbering through the 
first molar on the other side. 

Answers for teeth in Figure 1 -46A. Universal 
tooth numbers for teeth in order: 2,3,4,5,6,7,8; 
25 for central incisor, 26,27,28,29,30,31. The 
correct numbers using the International System are 
17, 16, 15, 14, 13, 12, 11; 41 for central incisor, 

3,44,45,46,47. Then use Table 1-1 to 

Leaming Exerc:ise 2, c:ont. 

confirm the correct method for identifying each of 
these teeth using the Palmer system. 

Answers for teeth in Figure 1-46B. 
Universal tooth numbers for teeth in order: 
3,4,5,6,7,8,9, 10, 11, 12, 13, 14; then 19 for man­
dibular first molar, 20,21,22,23,24,25,26,2 7,28, 
29,30. The correct numbers using the International 
System are: 16, 15, 14, 13, 12, 11,21,22,23,24,25, 
26; then 36 for mandibular left first molar, 35,34, 
33,32,31,41,42,43,44,45,46. Then use 
Table 1-1 to confirm the correct method for identi­
fying each of these teeth using the Palmer system. 

LEARNING EXERCISE 3 

One tooth in Figure 1-47 is a mandibular left second 
premolar with three cusps ( cusp tips are indicated 
by the three small circles), and the other tooth is 
a mandibular left first molar with five cusps ( cusp 
tips indicated by five small circles). Based on this 
information, you should be able to identify each 
of the structures ( except maybe i) indicated 
in Figure 1-47. Confirm your answers below. 

e g h 

■i@!Jijjifl As per the directions for th is Leaming 
Exercise, name each structure on ch is mandibular left 
second premolar with three cusps ( cusp tips denoted by 
three small circles) and chis mandibular left firsr molar 
with five cusps (cusp t ips denoted by five sma ll circles). 

Answers for structures in Figure 1-47: (a) 
lingual groove; (b) mesial pit; (c) mesial marginal 
ridge; ( d) mesial cusp ridge of the buccal cusp; 
( e) triangular ridge of the buccal cusp; (f) distal 
cusp ridge of the mesiobuccal cusp; (g) mesiobuccal 
groove; (h) distobuccal groove; (i) distal cusp tip; 
(j) transverse ridge made up of the triangular 
ridges of the distobuccal cusp and the distolingual 
cusp; (k) mesial marginal ridge groove . 

... e.com 
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Review Questions 
These questions were designed to help you con­
firm that you understand the terms and concepts 
presented in this chapter. Answer each question by 
circling the letter ( or letters) of the correct answer 
( or answers). More than one a nswer may be correct. 

1. If you read an article in a British dental journal 
that refers to tooth No. 48, you would suspect 
that the authors were using the International 
Numbering System. What universal number 
(or letter) would they be talking about? 

a. 25 
b. J 
C. 30 
d. T 
e. 32 

2. Using the Universal Numbering System, what num-
bers are used to identify maxillary canines? 

a. 6 
b. 8 
C. 10 
d. 11 
e. 27 

3. Which tooth junctions are NOT normally visible on 
a handheld intact tooth? 

a. Cementoenamel junction 
b. Dentinoenamel junction 
c. Dentinocemental junction 
d. Dentinopulpal junction 

4 . Which statement(s) is (are) likely to be true on a 
person with a barely erupted tooth No. 9? 

a. The clinical crown is larger than the 
anatomic crown 

b. The clinical crown is smaller than the 
anatomic crown 

c. The clinical root is larger than the anatomic 
root 

d. The clinical root is smaller than the anatomic 
root 

5. Which tooth surface(s) face(s) the lips or cheeks? 
a. Facial 
b. Distal 
c. Buccal 
d. Occlusal 
e. Labial 

6. Which pairs of teeth have a mesial surface 
touching a mesial surface? 

a. 25 and 26 
b. 16 and 17 
c. 7 and 8 

f :Vand 32 
8 and 9 

7. When viewing tooth No. 8 from the distal view, it 
can be divided into thirds from the incisal to the 
cervical and from the facial to the lingual. Which 
third is NOT possible to see from the distal view? 

a. Facial 
b. Cervical 
c. Middle 
d. Mesial 
e. lncisal 

8. If you were observing the faciolingual dimension of 
a tooth, what surface(s) could you be viewing? 

a. Mesial 
b. Occlusal 
c. Proximal 
d. Labial 
e. Distal 

9. If the root-to-crown ratio of a maxillary molar (No. 
14) is 1. 72 and that of another molar, No. 16, is 
1.49, which tooth has the longest root relative to 
its shorter crown? 

a. No. 14 
b. No. 16 
c. More information is required in order to 

answer this question 

1 O. Which of the following bumps or ridges is NOT 
likely to be found on a maxillary premolar? 

a. Oblique ridge 
b. Cingulum 
c. Mesial marginal ridge 
d. Transverse ridge 
e. Triangular ridge 

11. Which ridges surround the perimeter of the 
occlusal surface (occlusal table) ofa two-cusped 
premolar? 

a. Mesial marginal ridge 
b. Distal marginal ridge 
c. Mesial cusp ridge of the buccal cusp 
d. Distal cusp ridge of the lingual cusp 
e. Transverse ridge 

12. What is the correct order of anatomic landmarks 
of a tooth with two roots from the cementoenamel 
junction to the root tip? 

a. Cervix, trunk, furcation, apex 
b. Trunk, cervix, furcation, apex 
c. Trunk, furcation, cervix, apex 
d. Cervix, trunk, apex, furcation 
e. Furcation, trunk, cervix, apex 

Ka dose.com 
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13. When viewed from the proximal views, what is the 
location of the greatest bulge ( crest of curvature or 
height of contour) on the facial surface of all teeth? 

a. Occlusal third 
b. Lingual third 
c. Buccal third 
d. Middle third 
e. Cervical third 

14. Which space(s) contain(s) the part of the gingiva 
known as the interdental papilla? 

a. The buccal embrasure 
b. Occlusal embrasure 
c. Lingual embrasure 
d. Cervical embrasure 
e. lnterproximal space 

15. Ideal class I occlusion involves an important 
first permanent molar relationship where the 
mesiobuccal cusp of the maxillary first molar is 
located within the 

a. Mesiobuccal groove of the mandibular first 
molar 

b. Distobuccal groove of the mandibular first 
molar 

c. Buccal groove of the mandibular second 
molar 

d. Mesiobuccal groove of the mandibular 
second molar 

e. Distobuccal groove of the mandibular 
second molar 

16. Where do lingual cusps of maxillary teeth occlude 
in ideal class I occlusion? 

a . In the buccal embrasure space between 
mandibular teeth 

b. In the lingual embrasure space between 
mandibular teeth 

c. In occlusal fossae of mandibular teeth 

17. How many developmental lobes form a premolar 
with two cusps (one buccal cusp and one lingual 
cusp)? 

a. 1 
b. 2 
C. 3 
d. 4 
e. S 

P-Ll .':1-9i ~0- Sl ~a 'p- t;,l ~a-[l ~o- zi 
.'p •, 'q 'o- t l ~q 'o- ot ~r:>- 6 ~a', 'q 'o- g ~P- L ~a- 9 :a', 'v- 5 ~, 'q- t;, ~p ', 'q- f ~p 'v- i ~a-i =SH3MSN\f 

Critical Thinking 
1. A. Using good light source (like a small flashlight), a large mirror (magnifyi ng if possible), and a small, 

clean d isposable dental mirror (which can be purchased from most d rug stores), evaluate the facial and 
lingual surfaces of a maxillary right lateral incisor in your own mouth. Describe the tooth in as much detail 
as possible trying to use as many of the terms presented in this chapter as possible. Underline each term 
you use. For example, "There is a pit on the lingual or pa latal surface in the cervical o r g ingival third in the 
lingua l fossa adjacent to the cingulum that is deeply stained." 

8 . Repeat chis exercise for the maxillary left lateral incisor, the maxillary right central incisor, and the maxil­
lary left central incisor. 

2. This exercise is designed to assure student mastery of the three common systems used to identify teeth. 

A. In the chart that follows record the universa l tooth number to identify each of the four permanent first 
molars. Next identify each of these teeth using the International System. Finally, use the Palmer Sys tem. 

~ Kaduse.com 
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Maxillary Right Maxillary Left Mandibular Left Mandibular Right 
First Molar First Molar First Molar First Molar 

Universal . ~ 
International ~, \..\J:.....:,, 
Palmer n \~· - . 

B. In this chart, record the correct answers for each of the four permanent central incisors. 

Maxillary Right Maxillary Left Mandibular Left Mandibular Right 
Central Incisor Central Incisor Central Incisor Central Incisor 

Universal 

International 

Palmer 

REFERENCES 

l. Ash MM. Wheeler's dental anatomy, physiology, and occlu­
sion. 7th ed. Ph iladelphia. PA: W.B. Saunders, 1993, 

2. Osborn J R, ed. Dental anatomy and embryology. Oxford: 
Blackwell Scien Lific Publications, 1981: 133. 

3. Palmer RS. Elephants. World book encyclopedia. Vol 6. 
1979:178C. Chicago: World Book lac. 

4. Brant D. Beavers. World book encyclopedia. Vol. 2. 
1979: 147. Chicago: World Book Inc. 

5. Zoo Books: Elephants. Wildlife Education Lhnited. San 
Diego: Frye & Smith, 1980:14. 

GENERAL REFERENCES 

Jordan R, Abrams L, Kraus B. Kraus' dental ;llllltomy and occlu­
sion, St. Louis MO: Mosby Year Book, 1992. 

Melfi RC. Oral embryology and microscopic anatomy, a textbook 
for sJUdents in denial hygiene. 101h ed. Philadelphia PA: 
Lippincott Will iams & Wilkins, 2000. 

Renner RP An introduction 10 denial anatomy and esthctics. 
Chicago IL: Quintessence Publishing, 1985. 

Dr. Woelfel's Original Research Data 

Data obtained from Dr. Woel[el's original research 
on tooth dimensions were used to draw conclusions 
throughout th is book. Average measurements obtained 

on a sample of 4572 extracted teeth obtained from den­
tists in Ohio from 1974 through 1979 are presented 
here in Table 1-7. 
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CROWN ROOT ROOT- OVERALL CROWN CERVIX CROWN CERVIX MESIAL DISTAL 
LENGTH LENGTH TO-CROWN LENGTH WIDTH MO WIDTH WIDTH Fl WIOTHFL CERVICAL CERVICAL 

(mm) (mm) RATIO (mm) (mm) MO (mm) (mm) (mm) CURVE (mm) CURVE(mm) 

Central incisor (398) 11,2A 13.0 1.16 23.6 8.6 6.4 7.1 6.3 2.8c 2.3 
Lateral incisor (295) 9.8 13.4 1.37 22.5 6.6 4.7 6.2 5.8 2.5 1 .9 
Canine (321) 10.6 16.5 1.56 26.3c 7.6 5.6 8. 1 7.6 2.1 1.4 
First premolar (234) 8.6 13.4 1.56 21.5 7. 1 4.8 9.2 8.2 1.1 0.7 
Second premolar (224) 7.7 14.0 1.82 21.2 6.6 4.7 9.0 8.1 0.9 0.6 

~ 
First molar (308) 7.5 12.9 1.72 20. 1 10.4 7.9 11.5' 10.7 0.7 0.3 

MB root 

~ 12.2 DB 

~ 13.7 L 

:s Second molar (309) 7.6 12.9 1.70 20.0 9.8 7.6 11.4 10.7 0.6 0.2 
..J MB root 
~ 12.1 DB 
~ 13.5 L 

Third molar (305) 7.2 10.8 1.49 17.5 9.2 7.2 11 . 1 10.4 0.5 0.2 ('\ 
7 .. 

MB root 'll ;; 
10.l DB -, 

11.2 L 
Avg. for 2392 upper teeth "' 8.77 13.36 1.55 21.59 8.23 6.11 9.20 8.48 1.40 0.97 e: ,, 
Central incisor (226) 8.8 12.6 1.43 20.8 5.3° 3.5 5.7 5.4 2.0 1.6 1 
Lateral incisor (234) 9.4 13.5 1.43 22.1 5.7 3.8 6.1 5.8 2.1 1.5 3· 

~ Canine (316) 11.08 6.8 
0 

15.9 1.45 25.9 5.2 7.7 7.5 2.4 1.6 0 
First premolar (238) 8.8 14.4 1.64 22.4 7.0 4.8 7.7 7.0 0.9 0.6 ~ 

~ g' 
~ 

Second premolar (227) 8.2 14.7 1.80 22. l 7.1 5.0 8.2 7.3 0.8 0.5 
C 

:s First molar (281) 7.7 14.0 M root 1.83 20.9 11.4E 9.2 10.2 9.0 0.5 0.2 ::, 
c,, 

:::, 13.0 D ~ co 
Second molar (296) 7.7 13.9 M root 1.82 20.6 10.8 9. 1 9.9 8.8 0.5 0.2 15 :, 

c,, z 13.0 D 3 ' 
< 00 

~ Third molar (262) 7.5 11.8 M root 1.57 18.2 11.3 9.2 10.1 8.9 0.4 0.2 'c} 

~ 10.8 D 0 
;. 

~ 
Avg. for 2180 lower teecl1 8.62 13.85 1.62 21.61 8.17 6.24 8.22 7.44 1.20 0.80 ~ 

0 

Q. Size ranges are shown in cables in each chapter. -a 
KEY FOR TOOTH SURFACE ABBREVlAITONS: 0, distal; 08, d iscobuccal; FL, fac,olingually; L, lingual: M, mesial; MB, mesiobuccal; MO, mosiodistal. 7 

~ I 
0 

A, longest crown by Woelf'e.l; 8, longest <rown by Kraus; C, longest tooth overall: 0 , narrowest ctown mesiodisraUy; E. widest crown mesiodistally: F, widest crown fae,olinguafly; G, grea,~t (crvical line curve. 0 
~ 

('t) 
• 
~ 
0 ~ 
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Morphology of the Permanent 
Incisors 

Topics covered within the three sections of this 
chapter include the following: 
I. General description of incisors 

A. Functions of incisors 
B. Morphology of incisors 
C. Class traits for all incisors 
D. Arch traits that distinguish maxillary from 

mandibular incisors 
II. Maxillary incisor type traits: similarities and differ­

ences useful to distinguish maxillary centra l incisors 
from maxillary lateral incisors (from all views) 
A. Maxillary incisors from the labial view 
B. Maxillary incisors from the lingual view 

W_ 
hile using the maxillary right lateral incisor 
as a represemative example for all incisors, 
refer to page 1 of the Appendix while read­

_,, __ ing Section l of this chapter. Within this 
text, the word "Appendix" followed by a number and 
lener (e.g., Appendix la) is used to denote the appendix 
page (number 1) and item (letter a) being referenced. Tear 
out the perforated appendix pages to facilitate study and 
minimize page turns as you read the main text. This chap­
ter will focus on Appendix pages 1 and 2. Notice that the 
trail being demonstrated by each letter on the appendix 
pages is described on the back of each appendix page. 

C. Maxillary incisors from the proximal views 
D. Maxillary incisors from the incisal view 

Ill. Mandibular incisor type traits: similarities and dif­
ferences useful to distinguish mandibular central 
incisors from mandibular lateral incisors (from all 
views) 
A. Mandibular incisors from the labia l view 
B. Mandibular incisors from t he lingual view 
C. Mandibular incisors from the proximal views 
D. Mandibular incisors from the incisal view 

IV. Interesting variations and ethnic d ifferences in 
incisors 

Further, in the study of any type of human tooth, 
you should be aware that each tooth varies in form in 
different people as much as facia l features vary from 
one person to another. One sLUdy of a collection of 100 
maxillary central incisors showed considerable differ­
ence in such characteristics as size, relative proportions, 
and color. 1 Also, statistics obtained from Dr. Woelfel's 
original research on Leeth have been used lo draw con­
clusions throughout this chapter, and are referenced 
with superscript letters like this (data") that refer to 
data presented at the end of this chapter. 

SECTION I GENERAL DESCRIPTION OF INCISORS 

OBJECTIVES 

This section is designed to prepare the leamer to 
perform the following: 

Describe the functions of incisors. 
List class traits common to all incisors. 
List arch traits that can be used to distinguish 
maxillary from mandibular incisors. 

Refer to Figtll'e 2-1 or, better yet, to a model of the com­
plete set of permanent teeth while becoming familiar 
with the location and universal number of each inci-
sor. There are four maxillary incisors: two central inci­
sors ([irst maxillary incisors: universal Numbers 8 
and 9) and two lateral incisors (second maxillary inci-

J:.=.::s~?f 7 ,nd 10). Thm '" '°"' m,ndibul" 

From a selection of all teeth, select and separate 
out the incisors. 
Divide a selection of all incisors into maxillary and 
mandibular (using arch traits). 

incisors: two cemral incisors (first mandibular incisors: 
Numbers 24 and 25) and two lateral incisors (second 
mandibular incisors: Numbers 23 and 26). 

Central incisors are located on either side in their 
respective arch (maxillary or mandibular) with their 
mesial surfaces next to one another at the midline, 
usually in contact. Their distal surfaces contact the 
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PERMANENT TEETH 

MAXILLARY 

.. ...... 
2l'IO Molars 

3rd Mol#rs • .. • • .. 

3rd Molars 

2nd Premolars 
, , • I • .. ., 

, ' 1~ Premolars " 
• I • 

, • · c,,.,.,.. ••. 
, , . ~ .. 

Antenor teetn 

MANDIBULAR 

mesial surfaces of the lateral incisors. lateral incisors 
are therefore just distal to central incisors, while their 
mesial surfaces are in contact with the distal surfaces of 
the adjacent central incisors. Their distal surfaces con­
tact the canines. 

A. FUNCTIONS OF INCISORS 

The mandibular incisors function with the maxillary 
incisors to (a) cut food (mandibular incisors are movi11g 
blades against the maxillary incisors), (b) enable articu­
late speech (consider the enunciation of a toothless per­
son), and (c) help to support the lip and maintain an 
esthetic appearance. By current standards, a person lack­
ing one or more incisors has an undesirable appearance. 
(Did you ever hear the song "All I want for Christmas are 

~ m tuth"?) The;, founh function, by fi<Hng 

Chapter 2 I Morphology of the Permanent Incisors 43 

LEFT 

Adult dentition with 
Universal numbers on the incisors 
high lighted in red. 

the incisal edges of the mandibular incisors against the 
lingual surfaces of the maxillary incisors, is to (cl) help 
guide the mandible posteriorly during the final phase of 
closing just before the posterior teeth contact. 

B. MORPHOLOGY OF INCISORS 

The morphology, or anatomy, of a tooth can best be 
studied by considering the shape (outline) and contours 
(ridges and grooves) visible on each tooth surface. All 
coot/1 crowns have five surfaces, that is, four side surfaces 
plus a chewing or cutting surface or edge, depending on 
whether it is a posterior tooth where chewing occurs or 
an anterior tooth where culling occurs. ln the study of 
tooth morphology, the description and location of the 
ridges, grooves, convexities, and concavities on each 
tooth surface should be well fixed in your mind in order 
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to describe and identify teeth by arch, class, type, and 
side of the mouth; lO reproduce tooth contours when 
constmcting crowns, bridges, and fillings; to skillfully 
remove deposits ( tartar and calculus) (rom crowns and 
roots; or to finish and polish existing restorations. 

When discussing traits , the external morphology of 
au inc6ur is cu::Hurnarily <l~cril.H::<l rrom each ur five 
views: (a) facial (or labial), (b) lingual (tongue side), 
(c) mesial, (d) distal , and (e) incisal. Due to similari­
ties between the mesial and distal, these surfaces will 
be discussed t0gether in this text under the heading of 
proximal surfaces. 

C. CLASS TRAITS FOR AU INCISORS 

First, consider the class traits o( incisors, that is, traits 
that apply 10 all incisors. 

Developmental lobes: Recall from Chapter 1 that the 
facial surface of all anterior teeth forms from three labial 
lobes: the mesial, middle, and distal lobes. Incisors usu­
ally have two shallow vertical developmental depres­
sions separating the three lobes that form the facial 
surfaces. Subtle shading h ighlights these depressions 
on the drawings in Figure 2-5. The three lobes also con­
tribute to three rounded elevations on the incisal edge 
called mamelons, located on the incisal edges of newly 
erupted incisor teeth (Fig. 2-2). Finally, remember that 
a fourth (lingual) lobe forms the lingual bulge called a 
cingulum. See Table 2-l for a summary of the number 
of lobes forming each type of incisor. 

1. GENERAL SIMILARITIES OF MOST INCISORS 
FROM THE FACIAL VIEW 

Refer tO page l of the Appendix while studying the 
similarities of most incisors. Note that there may be 
exceptions to the general incisor traits presented here, 
and these are noted in capital letters. 

All incisor crowns, when viewed from the facial, have 
a relatively straight or slightly curved incisal edge ( vs. 
all other teeth that have one or more pointed cusp tips). 
Their crowns are relatively rectangular, longer incisogin­
givally than wide mesiodistally (Appendix la). They taper 
(narrower) from the widest mesiodistal areas of proxi­
mal cumact toward the cervical line, am! are therefore 
narrowest in the cervical third and broader toward the 
incisal third (Appendix lb). Incisor crown outlines are 
more convex on the distal than on the mesial surfaces 
EXCEPT on mandibular central incisors, which are sym­
metrical (Appendix le). Incisor mesioincisal angles are 
more acute (sharper) than dis toincisal angles EXCEPT on 
the symmetrical mandibular central incisors, where the 
angles are not noticeably different (Appendix ld). Incisor 
crown contact areas (greatest height of contour proxi­
mally) on mesial surfaces are located in the incisal third. 
On the distal surfaces, tl1e contact areas are more cervical 
than the mesial EXCEPT on Lhe distal of the mandibular 
central, which is at the same level as the rnesial due tO its 
symmetry (Appendix le). Before wear, the incisal edge 
of al l incisors EXCEPT the symmetrical mandibular cen­
tral slopes cervically (appears shorter) toward the distal. 
Finally, the cervical line curves toward the apex in the 
middle of the facial (and lingual) surfaces (Appendix 11). 

lncisor roots, when viewed from the facia l, taper 
(become more narrow) from the cervical line to the 
apex (Appendix 10. They are wider faciolingually 
than mesiodistally EXCEPT on maxillary central inci­
sors, where the mesiodistal width is approximately the 
same as the faciolingual thickness (observe this differ­
ence in root widths by comparing the facial and mesial 
root views in Appendix lg). Incisor roots may bend in 
the apical one third EXCEPT maxillary central incisor 
rootS, which are not as likely to bend; this bend is more 
often toward the distal (Appendix lh). All incisor roots 
are longer than the crowns (Appendix li). 

Left and right maxillary central 
incisors, lingual views. Both teeth are "shovel shaped" 
due to their deep lingual fossae along with pro­
nounced lingual marginal ridges a nd cingula. Both 
teeth have three rounded protuberances on their 
incisal edge called mamelons (arrows). The right 
tooth has a stained pit on the incisal border of the 
cingulum where caries can penetrate without being 
easily noticed. 
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Table 2-1 GUIDELINE FOR DETERMINING THE NUMBER OF LOBES FOR INCISORS 

TOOTH NAME 

Maxillary central incisor 
Maxil lary lateral incisor 
Mandibular central incisor 
Mandibula r lateral incisor 

Number of lobes • 3 fuc1al lobes + 1 lobe per c1ngulum. 

2. CHARACTERISTICS OF ALL INCISORS 
FROM THE LINGUAL VIEW 

Incisor crowns, when viewed from the lingual, have a 
narrower lingual surface because the mesial and dis­
tal surfaces converge lingually (best appreciated from 
the incisal view, Appendix lj). The mesial and distal 
marginal ridges converge toward the lingual ci.ngulum 
(Appendix lk). 

3. CHARACTERISTICS OF ALL INCISORS 
FROM THE PROXIMAL VIEWS 

lncisor crowns, when viewed Crom Lhe proximal, are 
wedge shaped or triangular (Appendix lm). They have 
a facial outline that is more convex cervically than 
incisally, and the facial height of comour (greatest bulge) 
that is in the cervical third, just incisal to the cervical 
line (Appendix 1 n). The lingual height of contour is also 
in the cervical third, on the cingulum, but the contour 
of the incisal two thirds of the lingual surface is concave 
from cingulum area to the i.ncisal edge. Therefore, the 
lingual outline is S-shaped, being convex over the cingu­
lum and concave from the cingulum nearly to the incisal 
edge (Appendix lp). The concave portion of the lingual 
surface on the maxillary anterior teeth is a most impor­
tant guiding factor in the closing movements of the lower 
jaw because the mandibular incisors fit into this concav­
ity and against marginal ridges of the maxillary incisors 
as maximum closure or occlusion is approached. 

The cervical line proximally curves toward the incisal 
edge. The resultant curve is greater on the mesial sur­
face than on the distal (compare the mesial and distal 
views in Appendix lo). 

The incisor roots, when viewed from the proximal, 
are widest in the cervical third and gradually taper to a 
rounded apex (Appendix 10. 

4. CHARACTERISTICS OF ALL INCISORS 
FROM THE INCISAL VIEW 

wns, when viewed from the incisal, have a 
a that is concave just incisal to the cingulum. 

CINGULUM? 

Yes 
Yes 
Yes 
Yes 

NO.OF LOBES 

3 + 1 • 4 
3 + 1 • 4 
3 + 1=4 
3 + 1 = 4 

They have an incisal ridge that terminates mesiodis­
tally at the widest portion of the crown (Appendix lq). 
The labial outJine is broader and less curved than the 
convex lingual outline (Appendix lr). Marginal ridges 
converge toward the cingulum (Appendix lk), and the 
crown outline tapers from proximal contact area toward 
the cingulum (Appendix lj), resulting in a narrower 
lingual than labial surface. 

D. ARCH TRAITS THAT DISTINGUISH 
MAXILJ.ARY FROM MANDIBULAR 
INCISORS 

Refer to page 2 of the Appendix while reading about 
these arch traits that can be used to distinguish man­
dibular incisors from maxillary incisors. 

Mandibular incisors are generally smaller than max­
illary incisors. Manclibular central and lateral incisors 
look more al ike and are more nearly the same size 
in the same mouth, compared to greater differences 
between maxillary central and lateral incisors (Fig. 2-3). 
Mandibular incisor crowns are flatter than maxil­
lary incisor crowns on the mesial and distal surfaces 
(Appendix 2q) and have contact areas located closer LO 

Relative size and shape of incisors in the 
mouth show that maxillary central incisors are the largest, fol­
lowed by maxillary laterals, then mandibular laterals and finally, 
the narrowest teeth in the mouth, the ma odibular central incisors. 

7 
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FIGURE 2-11 A. Proximal view of the normal relationship of 
incisors when posterior teeth are biting tightly together. B. The arrow 
indicates the direction of movement of mandibular incisors when 
the mandible moves forward (protrudes) with the incisors couching 
until they align edge to edge. The resultant wear pattern or facecs on 
the incisal edges of maxillary incisors occurs more on the lingual 
surface (wear facets slope cervically coward the lingual), whereas 
wear occurs primarily on the facial surface of mandibular incisors 
(wear facets slope cervically toward the labial). 

Lhe incisal ridge than maxillary incisors (Appendix 2r 
and 2i). Mandibular incisor crowns are relatively wider 
faciolingually than mesiodistally compared to maxil­
lary central incisors, which are wider mesiodistally 
(Append ix 2h). Mandibular incisor crowns also have 
smoother lingual surfaces with less prominent anatomy 
than maxillary crowns, which have deeper fossae and 

more pronounced marginal ridges (Appendix 2m) . 
Finally, mandibular incisor roots are longer in propor­
tion LO their crowns than are maxillary incisor roots. 

lncisal ridges of mandibular incisors are usually posi­
tioned lingual to the mid-root axis line, whereas the 
incisal ridges of maxillary incisors are more often on or 
labial LU Liu~ ruuL axis lim: (b t:sl seen from Ll1t: proximal 
views on Appendix 2o). Attrition (wear) on the incisal 
ridges of incisors that occurs when shearing or incising 
food results in tooth wear that is in a different location 
on maxillary incisors compared LO mandibular incisors 
(Fig. 2-4). This wear occurs when the labial pan of the 
incisal edges of mandibular incisors slides forward and 
downward while contacting the lingual surface and part 
of the incisal edge of opposing maxillary incisors. The 
wear results in a shiny, llat, polished surface of enamel on 
the incisal edge called a facet [FAS it). Assuming a normal 
tooth relationship, facets that commonly form on man­
clibular incisors are more on the labial slope of the i.ncisal 
edge, sloping cervically toward the labial. ln contrast, fac­
ets on maxillary incisors occur more on the lingual slope 
of the Lncisal edge, sloping cervically toward the lingual 
fossa and may occur on the lingual marginal ridges. 

LEARNING EXERCISE 

Refer to Table 2-2 for a summary of the noticeable 
arch traits that distinguish maxillary from mandibu­
lar incisors and see how many of them can be used 
to differentiate the rows of maxillary and mandibu­
lar incisors from various views in Figures 2-5, 2-6, 
2-8, 2-10, and 2-13 through 2-15 and 2-17. 

Table 2-2 MAJOR ARCH TRAITS THAT DISTINGUISH MAXILLARY FROM MANDIBULAR INCISORS 

MAXILLARY INCISORS 

Wider crowns mesiodiscally 
Less symmetrical crown 
More rounded mesial a nd distal incisal angles 
Contact areas more cervical 

Lingual a natomy more distinct: 
Pronounced marginal ridges 
Deeper li ngual fossa 
Sometimes lingual pi ts 
Larger cingulum 

lncisal edge o n or labial co mid-root axis li ne 
Facets on li ngua l slope ofincisal edge 

MANDIBULAR INCISORS 

Narrower crowns mesiodiscally 
More symmetrical crowns 
More square mesial and d istal incisal a ngles 
Contact areas very incisal 

Lingual surface smoother: 
Almost no marginal ridges 
Shallower lingual fossa 
No pits 
Smaller cingulum 

lncisaJ edge on or lingual to mid-root axis line 
Facets on labial slope ofincisal edge 

Crowns wider faciolingually than mesiodiscally 

Plus t raits seen from lingual view can a lso be seen from che incisal view 

a u e om 
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Right maxillary 
lateral incisor 

D 

FACIAL VIEWS 

Right maxillary 
central incisor 

MAXILLARY INCISORS (labial) 
Maxillary right central Incisors Maxillary left central incisors 

Maxillary right lateral incisors Maxillary left lateral incisors 

TRAITS TO DISTINGUISH MAXILLARY CENTRAL FROM LATERAL INCISOR: LABIAL VIEW 

CENTRAL INCISOR 

Larger crown, wider cervically 
Mesia! incisal a ngle is a right angle 
Distal conracc closer co incisal ridge 
Less likely root cip bend co disral 
lncisal edge closer to horizontal 

LATERAL INCISOR 

Smaller crown, narrower cervicatly 
Mesia! incisal angle is rounder 
Distal contact is near middle third 
Root rip often bends co distal 
I ncisal edge slo pes cervically co distal 

TRAITS TO DIFFERENT MAXILLARY RIGHT FROM LEFT INCISOR: LABIAL VIEW 

CENTRAL INCISOR ANO LATERAL INCISOR 

Mesia! crown outli ne Aatter, distal more rounded 
Distoincisal angle more rounded than mesioincisal angle 

Distal contact more cervical than mesial contact 
I ncisal edge slo pes shorter toward the distal 

Maxillary central and lateral incisors, labial views , with type traits that distinguish maxillary cmf~ral l oip la,ieral m 
, ,wnd traits that distinguish right and left sides. 
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MAXILLARY INCISORS (lingual) 
Maxillary left central incisors Maxillary right central incisors 

Maxillary left lateral incisors Maxillary right lateral incisors 

TRAITS TO DISTINGUISH MAXILLARY CENTRAL FROM LATERAL INCISOR: LINGUAL V IEW 

CENTRAL INCISOR 

Larger shallow lingual fossa 
Cingulum distally positioned 
Less frequent lingual pit 

LATERAL INCISOR 

Deep but small fossa 
Cingulum centered 
More common lingua l pit 

Plus outline characterisdcs seen from facial apply to li ngual outline 

TRAITS TO D IFFERENTIATE MAXILLARY RIGHT FROM LEFT INCISOR: LINGUAL V IEW 

CENTRAL INCISOR 

Cingulum toward distal 
Distal marginal ridge more curved than mesial 
Both have longer mesiolingual marginal ridge 

LATERAL INCISOR 

Longer a nd straighter mesial margina l ridge 

Plus outline characteristics from facial also apply to li ngual outline 

Maxillary central and lateral incisors, lingual views, with type traits that distinguish maxillary central from la teral 
incisors, and traits that distinguish right and left sides. 

Ka dose.com 
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SECTION II 
MAXIUARY INCISOR lYPE TRAITS: SIMILARmES AND DIFFERENCES 
USEFUL TO DISTINGUISH MAXILLARY CENTRAL INCISORS FROM 
MAXIUARY LATERAL INCISORS (FROM ALL VIEWS) 

OBJECTlVES 

This section is designed to prepare the learner to 
perform the following: 

Describe the type traits that can be used to distin­
guish the permanent maxillary central incisor from 
the maxillary lateral incisor. 
Describe and identify the labial, lingual, mesial, 
distal, and incisal surfaces for all maxillary 
incisors. 

Within this section, maxillary central and lateral inci­
sors are compared for similarities and differences. 
These traits are presented for each view or the tooth: 
facial, lingual, proximal (including mesial and distal), 
and incisal. 

A. MAXILLARY INCISORS FROM 
THE LABIAL VIEW 

LEARNING EXERCISE 

Examine several extracted maxillary central and 
lateral incisors and/ or tooth models as you read. 
Hold these teeth root up and crown down, as they 
are positioned in the mouth. Also, tear out and 
refer to Appendix page 2 and refer to Figure 2-5 as 
you study the labial traits of incisors. 

1. CROWN SHAPE OF MAXILLARY INCISORS 
FROM THE LABIAL VIEW 

Based on Woelfel's studies, the crown of the maxillary 
central incisor is the longest of all human tooth 
crowns (although at least two other authors describe 
the mandibular canine crown as the longest crown 
overall9•

10
). The maxillary central also has the widest 

crown of all incisors. The crown is usually longer (inci­
sogingivally) than wide (mesiodistally)A (Appendix 
2a). The crown is narrowest in the cervical third and 
becomes broader toward the incisal third. 

The crown of the maxillary lateral incisor is con­
siderably narrower mesiodistally than the crown of the 
maxillary central incisor. and the root is longer, giving 
this entire tooth a longer, slender look6 (Appendices 2a 
and , . ~e crown ouLline is less symmetrical than 

Assign a Universal number to maxillary incisors 
present in a mouth ( or on a model) with complete 
dentition. If possible, repeat this on a model with 
one or more maxillary incisors missing. 
Select and separate maxillary incisors from a selec­
tion of all teeth on a bench top. 
Holding a maxillary incisor, determine whether it is 
a central or a lateral, and right or left. Then assign 
a Universal number to it. 

on the central incisor. Normally, the labial surface of 
the maxillary lateral incisor is more convex or less flat 
mesiodistally than on the maxillary central. Mamelons, 
and particularly labial depressions, are less prominent 
and less common than on the central incisor. 

2. INCISOPROXIMAL LINE-ANGLES 
OF THE MAXILLARY INCISOR FROM 
THE LABIAL VIEW 

On the outline of maxillary central incisors, the angle 
formed by the mesial and incisal surfaces (called the 
mesioincisal angle) is nearly a right angle. The distoin­
cisal angle is more rounded, and the angle is slightly 
obtuse or greater than a right angle (Appendix 2b). 

On maxillary lateral incisors, both the mesioincisal 
and distoincisal angles are more rounded than on the 
central incisor (Appendix 2b). The mesioincisal angle 
is more acute than the distoincisal angle, accentu­
ated by the incisal edge sloping cervically t◊ward the 
distal (more so than on the maxillary central incisor) 
(Appendix 2c). 

3. PROXIMAL CONTACT AREAS 
OF MAXILLARY INCISORS FROM 
THE LABIAL VIEW 

The mesial contacts of both a maxillary central and lat­
eral incisor are in the incisal third, very near the incisal 
edge for the central and slightly more cervical on the 
lateral. The distal contacts of both incisors are more 
cervical than the mesial. For a maxillary central incisor, 
the distal contact is near the junction of the incisal and 
the middle thirds; for the maxillary lateral incisor it is 
even more cervical, in the middle third (making this 
distal contact the most cervical for any incisor). 

com 
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4. ROOT-TO-CROWN PROPORTIONS 
OF MAXILLARY INCISORS FROM 
THE LABIAL VIEW 

On a maxillary central incisor, the root is only slightly lon­
ger than the crown resulting in a root-to-crown ratio that 
is the smallest of any permanent tooth (Appendix 2d). The 
maxillary lateral incisor root is longer than on the central.c 
This results in a root that appears longer in proportion to 
the crown than on the maxillary central incisor. 

5. ROOT SHAPE OF MAXILLARY INCISORS 
FROM THE LABIAL VIEW (COMPARED 
WITH THE PROXIMAL VIEW) 

The root or the maxillary central incisor is thick in the 
cervical third and narrows through the middle to a blunt 
apex. Its outline and shape is much like an ice cream 
cone. An apical bend is not common in the maxillary cen­
tral incisor. The central incisor root is the only maxillary 
tooth that is as thick at the cervix mesiodistally as facio­
linguaUy. Compare the root width seen on the proximal 
view to the root width seen on the labial view in Appendix 
2n. All other types of maxillary teeth have roots that are 
thicker faciolinguaUy than mesiodistally0 Because of its 
shonness and conical shape, the maxillary central incisor 
root may be a poor choice to support a replacement tooth 
as part or a dental bridge (i.e., a replacement tooth crown 
attached to, and supported by, two adjacent teeth). 

The root of a maxillary lateral incisor tapers evenly 
toward the rounded apex, and the apical end is com­
monly hem distally (seen in 12 of the 14 maxillary 
lateral incisors in Fig. 2-5, lower row). 

8 . MAXILLARY INCISORS FROM 
THE LINGUAL VIEW 

Refer to Figure 2-6 while studying the lingual traits of 
maxillary incisors. 

1. LINGUAL FOSSAE OF MAXILLARY INCISORS 
FROM THE LINGUAL VIEW 

Large lingual fossae are located immecliately incisal to 
the cingulum and bounded by two marginal ridges. The 
fossae of both maxillary incisors are most often deeper 
than fossae in mandibular incisors. The lingual fossa of 
the maxillary lateral incisor, although smaUer in area, is 
orten even more pronoimced than on the central incisor. 
Note the deeper lingual fossae on many maxillary lateral 
incisors compared to central incisors in Figure 2-6. 

2. CINGULUM OF MAXILLARY INCISORS 
FRO M THE LINGUAL VIEW 

The ci11;~~~ on the maxillary central incisor is usu­

,-•• ¾4...,J; 1b 
1

~veloped and is located off-center, distal to 

the root axis line that bisects the root longitudinally. 
(This can also be seen from the incisal view.) The cin­
gulum on the maxillary lateral incisor is narrower than 
011 the central, and it is almost centered on the root axis 
line (Appendix 2e). 

3. MARGINAL RIDGES OF MAXILLARY 
INCISORS FROM THE LINGUAL VIEW 

The mesial and distal marginal ridges vary in promi­
nence on all maxillary incisors from one person to 
another. They may be prominent or inconspicuous. 
Maxillary incisors with a deep lingual fossa and 
prominent mesial and distal marginal ridges are called 
"shovel-shaped incisors"E (as seen in Fig. 2-2).2-6 They 
may also have been worn smooth (forming facets) from 
attrition or chewing by the mandibular incisors. 

On the bo(h types of maxillary incisors, mesial mar­
ginal ridges (from the incisal edge to the cingulum) are 
longer than distal marginal ridges because of the taper 
of the incisal edge from mesial to distal (Appendix 21). 
This is also accentuated on the maxillary cemral incisor 
because its cingulum is off center toward the distal. Also 
the shorter distal marginal ridges are more curved com­
pared LO the mesial marginal ridges that are straighter 
incisocervically (seen in most incisors in F ig. 2-6). 

4 . PITS AND ACCESSORY RIDGES 
OF MAXILLARY INCISORS FROM 
THE LINGUAL VIEW 

On both types of maxillary incisors, but more frequently in 
lateral incisors, a lingual pit may be detectable at the incisal 
border of the cingulum where the mesial and distal mar­
ginal ridges converge. This pit may need to be restored or 
sealed in order to prevem or aITest decay. (Notice the deep 
lingual pits in several maxillary lateral incisors in Fig. 2-6.) 

Small, narrow accessory lingual ridges may extend ver­
tically from the cingulum toward the cemer of the fossa 
in both types of maxillary incisors (fewer in maxillary 
laterals). Accessory ridges may be 1, 2, 3, or 4 in num­
ber (tooth No. 9 in fig. 2-7 shows these accessory ridges 
most clearly). Tiny grooves separate these ridges.1,c 

The lingual surfaces of these maxillary incisors 
reveal accessory ridges, especially on toot~ No. 9 rat the .irrow). ll 
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MESIAL VIEWS 

Right maxilla,y 
central incisor 

Right maxillary 
lateral incisor 

MAXILLARY INCISORS (proximal) 
Maxillary left central Incisors 

Maxilla,y left lateral incisors 

MESIAL SURFACES 

+ --- Lingual 

Maxillary right central incisors 

Maxilla,y right lateral incisors 

DISTAL SURFACES 

Facial ---► 

TRAITS TO DISTINGUISH MAXILLARY CENTRAL FROM LATERAL INCISOR: PROXIMAL VIEWS 

CENTRAL INCISOR 

Deeper lingual crown concavity 
Root outline more curved on lingual than facial 

LATERAL INCISOR 

Slightly shall ower lingual crown concavity 
More even root taper facially and lingually 

TRAITS TO DIFFERENTIATE MAXILLARY RIGHT FROM LEFT INCISOR: COMPARING PROXIMAL VIEWS 

CENTRAL INCISOR AND LATERAL INCISOR 

Larger cervical line curvature o n mesial than distal 
Flatter mesial root surface contour than distal contour 

: Maxillary central a nd lateral incisors, proximal views, with cype traits chat distinguish maxilli"ry cenrpi.l froip lacera,I 
nd tra its that distinguish right and left sides. 
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S. ROOT SHAPE OF MAXILLARY INCISORS 
FROM THE LINGUAL VIEW 

The root contour of all maxillary incisors, like all ante­
rior teeth, is convex and tapers, becoming narrower 
toward the lingual surface (Fig. 2-6). 

C. MAXILLARY INCISORS FROM 
THE PROXIMAL VIEWS 

Refer to Figure 2-8 while studying the proximal traits of 
maxillary incisors. 

1. INCISAL EDGE OF MAXILLARY INCISORS 
FROM THE PROXIMAL VIEWS 

On both maxiUary incisors, the incisal edge is com­
monly just labial to the root axis line or may be on the 
root axis line (Appendix 2o). From the mesial side, the 
slight distolingual twist of the incisal ridge of the maxil­
lary central incisor places the distal portion at the ridge 
even somewhat more lingual than on the mesial (barely 
visible in Fig. 2-8). 

2 . CERVICAL LINE OF MAXILLARY INCISORS 
FROM THE PROXIMAL VIEWS 

As on all anterior teeth, the cervical line of both types 
of maxillary incisors curves incisally on the mesial and 

FIG~ E 2■ Lingual view of a mandibular canine shows the 
greater am~lj)f curvature of che cementoenamel j unction (CEJ) 
on che 1a1,lersus distal surface of the tooth. This trait is evident 

..fnc fs and canines (and most posterior teeth as well). 

distal tooth surfaces, and this curvature is greater on 
the mesial surface than on the distal surface (as seen in 
Fig. 2-9 where a drawing of a mandibular canine is used 
to demonstrate this concept for all anterior teeth). This 
difference is most pronounced on anterior teeth. The 
mesial curvature of the cervical line of the maxillary 
ct::n trnl inci:;u r b /urger than fur any lllht::r toolh, t::Xlt::11<l­

ing incisally one fourth of the crown length, whereas 
the distal cervical line curves less. The curvature of 1.he 
mesial cervical line of the maxillary lateral incisor is 
also considerable but sligh1.ly less than on the central. fl 

3. HEIGHT (CREST) OF CONTOUR 
OF MAXILLARY INCISORS FROM 
THE PROXIMAL VIEWS 

On 1.he labial outline, 1.he height of contour on both 
types of maxillary incisors is in 1.he cervical third, jus1. 
incisal to the cervical line. The labial outline becomes 
nearly nat in the middle and incisal thirds. The lingual 
outline is "Sn shaped, and the height of contour is also 
in the cervical third, on the cingulum. 

4 . ROOT SHAPE AND ROOT DEPRESSIONS 
OF MAXILLARY INCISORS FROM THE 
PROXIMAL VIEWS 

The root of the maxillary central incisor is ,vide facio­
li.ngually at the cervix and tapers lO a rounded apex. 
The lingual outline is nearly straight in the cervical 
third, and then curves labially toward the tip in the 
mi.dclle and apical thirds. The labial outline is even 
straighter. In contrast, the root of the maxillary lateral 
incisor tapers more evenly throughout the root LOward 
1.he blunt apex. From the proximal view, this natter 
facial root outline and more convex lingual root outline 
is evident in many central incisors in Figure 2-8. 

The clistal rool. surfaces of both types of maxillary 
incisors are likely to be convex, without a longitudinal 
depression, bu1. the mesial root surfaces could have a 
s light depression in the middle third cervicoapically, 
slightly lingual to the center faciolingually. A slight 
111esia/ root depression is discernible in the shaded line 
drawings in Figure 2-8. 

D. MAXILLARY INCISORS FROM 
THE INCISAL VIEW 

Refer LO Figure 2-10 when studying the incisal view. To 
follow 1.his description, a maxillary incisor should be held 
in such a position that the incisal edge is toward you, the 
labial surface is at the top, and you are looking exactly 
along the root axis line. You should see slightly more 
lingual surface than labial surface i11 the inosa;I tidg,e ~ "" ll 
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L 

INCISAL VIEWS 

Right maxillary 
lateral incisor 

Right maxillary 
central incisor 

MAXILLARY INCISORS (incisal) 
Maxillary right central incisors Maxillary left central incisors 

Ma ·ua • ht lat al ·nc·so s Maxillary left lateral incisors 
------

4, b,., 
---- Distal -------,..,. 

TRAITS TO DISTINGUISH MAXILLARY CENTRAL FROM LATERAL INCISOR: INCISAL VIEW 

CENTRAL INCISOR 

Crown noticeably wider mesiodistally 
chan faciolingually 
Crown outline roughly triangular 
Cingulum off center co distal 
lncisal edge curves mesiodistally 

LATERAL INCISOR 

Crown minimally wider mesiodistally 
than faciolingually 
Crown outline more round or oval 
Cingulum centered 
lncisal edge straighter mesiodistally 

TRAITS TO DIFFERENTIATE MAXILLARY RIGHT FROM LEFT INCISOR: INCISAL VIEW 

CENTRAL INCISOR LATERAL INCISOR 

Cingulum more dist.al Best to use other views 

Maxillary central and lateral incisors, incisal view s, with type traits chat distinguish maxill ary central from lateral 
incisors, and traits chat distinguish right and left sides. 

located somewhat labial to the root axis line (as in many 
teeth, especially the lateral incisors, in Fig. 2-10). 

1. CROWN PROPORTION FACIOLINGUALLY 
VERSUS MESIODISTALLY FOR MAXILLARY 
INCISORS FROM THE INCISAL V IEW 

The incisal outline of the maxillary central incisor 
is noticeably wider mesiodistally than faciolingually 
(Appendix 2h). The rnesiodistal measurement of the 
laterpr ·"' lsor crown is also greater than the Iabiolingual 

,All••'~J;l6'rJra1nenL but less so than on the central incisor.1 On 

J, 

some lateral incisors, the two dimensions of the crown 
are almost the same size faciolingually as mesiodistally 
(Appendix 2h). Notice this difference in the proportion 
of maxillary central incisors (relatively wider mesiodis­
tally) compared to lateral incisors in Figure 2-10. 

2. OUTLINE SHAPE AND CINGULUM 
LOCATION OF MAXILLARY INCISOR 
CROWNS FROM THE INCISAL VIEW 

The incisal outline of the maxillary central incisor 
is somewhat triangular. The labial omlip ts brofldly 
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curved (on some Leeth the middle third may be nearly 
OaL) forming the base of the triangle, and Lhe other two 
sides of the triangle converge toward the cingulum. As 
was seen from the lingual view, the cingulum of the 
maxillary central incisor is slightly off-center to the 
distal, resulting in the mesial marginal ridge measuring 
lo ragt: r than th t: clhtal ma rginal riclgt: (:st:t:11 ut::sl from 
tl,e lingual view in Appendix 2f). 

The crown o[ the lateral incisor resembles the cen­
tral incisor from this aspect, but its outline is more 
row1d or oval than triangular since the labial outline 
is noticeably more convex than on the central inci­
sor. The cingulum of the lateral incisor is nearly cen­
tered mesiodistally. Compare the triangular shape of 
the maxillary central incisor to the more round or 
s lightly oval shape of the maxillary lateral incisor in 
Figure 2-11 . These differences in outline shapes are 
eviclem when comparing the more triangular central 
incisors with the more oval or round lateral incisors 
in Figure 2-10. 

3. INCISAL RIDGE CONTOUR OF MAXILLARY 
INCISORS FROM THE INCISAL VIEW 

The incisal ridge or edge of the maxillary central inci­
sor is 1.5 to 2 mm thick faciolingually and is slightly 
curved from mesial LO distal, the convexity being on the 
labial side. IL terminates mesially and distally at the wid­
est portion of tl,e crown (Appendix l q). The position of 
the distoincisal angle is slightly more lingual than the 
position of the mesioincisal angle, which then gives the 
incisal edge its slight distolingu al twis t as though some­
one took the distal half of the incisal edge and twisted 

Right maxillary 
lateral incisor 

INCISAL VIEWS 

Right maxillary 
central incisor 

The outline of the maxillary lateral incisor ( on 
che left) is almost round or slighcly oval (slightly wider mesiodis• 
cally than faciolingually), whereas the outline of the maxillary 
central i ncisor is more triangular in shape. 

it to the lingual (Appendix 2g). The incisal ridges on 
lateral incisors are straighter mesiodistally than on the 
central incisors. 

Be aware that for maxillary cemral incisors, the two 
traits just discussed (the cingulum displaced to the dis­
tal and the distolingual twist of tl,e incisal edge) are 
dt:pt:ndt: nl 0 11 b ow tht: LooLh i:; hdd. W ht:n vit:wt:d from 
Lhe incisal, tl,e distolingual twist of the incisal edge is 
more obvious when tl,e cingulum is aligned vertically 
(Appendix 2g), whereas the displacemenL of the cin­
gulum to the distal is more obvious when the incisal 
edge is aligned horizontally (Appendix 2e). This is why 
these two trai ts are shown on page 2 of the Appendix, 
showing two views of the same tooth, each having a 
slightly different alignment to accentuate the trait being 
discussed. 

LEARNING EXERCISE 

In determining a right from a left central incisor 
when it is not in the mouth (e.g., on the bracket 
cable with ocher incisors after multiple extrac­
tions), you need to distinguish the mesial from the 
distal surface. If you look at the facial surface of a 
tooth with its root al igned correctly for the correct 
arch and are able to identify the mesial or distal 
surface, you can place the tooth in its correct 
quadrant (right or left) and assign its Universal 
number. Evaluate the photographs of maxillary 
incisors in the figures in this chapter and, using 
the chart in each figure, see how many "mesial 
versus distal" traits can be used to differentiate 
the mesial from the distal surfaces and therefore 
right from left incisors. For example, in Figure 
2-5 look at the labial surfaces for the shape of 
the incisal angles (more rounded on distal) and 
the position of the contact areas ( more cervical 
on distal), or look at Figure 2-8 for the amount 
of cervical line curvature on the mesial and distal 
sides (more curved on mesial), as well as the flat­
ter or concave mesial versus convex distal root 
surfaces. From the lingual view, look at Figure 2-6 
for the length of the marginal ridges ( mesial is lon­
ger, especially noticeable on maxillary lateral inci­
sors), and from the incisal view on the maxillary 
central ( Fig. 2-10), look for the distal location of 
the cingulum on many maxillary central incisors. 

Ka dose.com 
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SECTION Ill 
MANDIBULAR INOSOR TYPE TRAITS: SIMILARfTIES AND DIFFERENCES 
USEFUL TO DISTlNGUISH MANDIBULAR CENTRAL INCISORS FROM 
MANDIBULAR LATERAL INCISORS (FROM ALL VIEWS) 

OBJECTIVES 

This section is designed to prepare the learner to 
perform the following: 

Describe the type traits that can be used to dis­
tinguish the permanent mandibular central incisor 
from the mandibular lateral incisor. 
Describe and identify the labial, lingual, mesial, distal, 
and incisal surfaces for mandibular lateral incisors, 
and the labial, lingual, and incisal surfaces for the 
symmetrical mandibular central incisor (where the 
mesial may be difficult to distinguish from the distal). 

A. MANDIBULAR INCISORS FROM 
THE LABIAL VIEW 

Examine several extracted teeth and/or models as 
you read. Also, refer to page 2 of the AppendLx and 
Figure 2-13 while you study the labial surface of mandib­
ular incisors. Hold mandibular teeth with the root down 
and crown up, the position of the teeth in the mouth. 

1. CROWN SHAPE OF MANDIBULAR INCISORS 
FROM THE LABIAL VIEW 

Mamelons are usually present on newly emerged man­
dibular incisors and reflect the formation of the facial 
surface by three labial lobes (Fig. 2-12). Ordinarily, 
they are soon wom off by functional contacts against 
the maxillary incisors (attrition). 

All mandibular incisor crowns are quite narrow rela­
tive to their crown length, but the mandibular central 
incisor crown is the narrowest crown in the mouth and 
is considerably narrower than the maxillary central 
incisor} Unlike maxillary incisor crowns in the same 
mouth where the central is larger than the lateral, the 
mandibular lateral incisor crown is a little larger in all 
dimensions than the mandibular central incisor in tl1e 
same mouth, as seen when comparing many central and 
lateral incisors in Figure 2-13. Further, the mandibular 
central incisor is so symmetrical that it is difficult to 
tell lefts from rights unless on full arch models or in the 
mouth. About the only notable difference to be found 
is the greater mesial than distal curvature of the cervi­
cal line (normally visible only on extracted teeth). This 
trait \V'Ould not be helpful in identifying one remaining 

~ soc ,rcec ,n onhodomist h,s codigned the 

Assign a Universal number to ma.ndibular incisors 
present in a mouth ( or on a model) with complete 
dentition. If possible, repeat this on a model with 
one or more mandibular incisors missing. 
Select and separate mandibular incisors from a 
selection of all teeth on a bench top. 
Holding a mandibular incisor, determine whether it 
is a central or a lateral and right or left. Then assign 
a Universal number to it (which may not be pos­
sible for the symmetrical mandibular central incisor 
which you could identify as No. 24 or 25). 

teeth and closed the spaces on either side. The fai rly 
straight mesial and distal crowi1 outlines taper, becom­
ing narrower toward the convex cervical line. 

The crown of the mandibular lateral incisor resem­
bles that of the mandibular central incisor, but it is 
slightly wider and is not as bilaterally symmetrical. ILS 
crown tilts distally on the root, giving the impression 
that the tooth has been bent at the cervix (Appendix 21). 
This makes the curved distal outline of the crown (from 
proximal contact area to cervical line) shorter than the 
straighter mesial crown outline. Look at the incisors 
in Figure 2-13 and notice the lack of symmeLTy of the 

These mandibular incisors have remnants of 
three mamelons that reflect the formation of the labial surface 
of incisors from three labia l lobes (plus one lingual lobe forming 
the cingu lum). These mamelons are partially wom away due to 
these teeth biting against maxillary incisors during function. 

Jm 
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Right mandibular 
lateral inciS-Or 

,-.-.-· ...... ~ 
D ~ • M 

\ 

, > 

\" 

\ . 

\ -1 
V 

FACIAL VIEWS 

Right mandibular 
central incisor 

MANDIBULAR INCISORS (labial) 
Mandibular right central incisors Mandibular left central inciS-Ors 

Mandibular right lateral incisors Mandibular left lateral Incisors 

TRAITS TO DISTINGUISH MANDIBULAR CENTRAL FROM LATERAL INCISOR: LABIAL VIEW 

CENTRAL INCISOR 

More symmetrical crown 
Minimal distal and mesial bulge of crown 
Proximal contacts on same level mesial and distal 
Smaller than latera l in the same mouth 

LATERAL INCISOR 

Less symmetrical crown 
Obvious distal bulge on crown, crown appears to tilt distally 
Mesial proximal contact more incisal 
Larger than central in the same mouth 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT INCISOR: LABIAL VIEW 

CENTRAL INCISOR 

Very symmetrical: cannot easily tell right from left 

LATERAL INCISOR 

Distal crown outline bulges more than mesial 
Distal proximal contact more cervical 

Mandibular centra l and lateral incisors, labial views, with type traits that distinguish mandibular central from 
nd traits that distinguish right and left sides. "Om 
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outline of most mandibular lateral incisors relative lo 
the symmetry of the central incisors. When comparing 
these teeth, be aware that the incisal edges may have 
worn unevenly. 

The labial surfaces of botl, types of mandibular inci­
sors are most often smooth, but could have two shallow 
tlt:vduprrn::ntal dt:prt:~iuns in tht: im.:isal th irtl if yuu 
examine the surface closely.K 

LEARNING EXERCISE 

Look at your mouth in the mirror while you place 
your anterior maxillary and mandibular teeth edge 
to edge, and align the arch midlines (the proximal 
contacts between central incisors) over one another. 
Notice that the distal outline of each maxillary cen­
tral incisor extends distal to its opposing mandibu­
lar central incisor because the maxillary central is 
wider by about 3.3 mm. Also, notice that the maxil­
lary central incisors are wider and larger than the 
maxillary lateral incisors and wider than both of the 
mandibular incisors, but that the mandibular cen­
tral incisors appear narrower and smaller than the 
adjacent mandibular lateral incisors. 

2. INCISAL PROXIMAL ANGLES OF MANDIBULAR 
INCISORS FROM THE LABIAL VIEW 

The crown of the mandibular central incisor is 
nearly bilaterally symmetrical, so the mesioincisal and 
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distoincisal angles are very similar, forming nearly right 
angles (Appendix 2j). The distoincisal angle may barely 
be more rounded than the mesioincisal angle. The dis­
toincisal angle of the mandibular lateral incisor, how­
ever, is noticeably more rounded than the mesioincisal 
angle (Appendix 2j). This helps to distinguish rights 
[rum lefts prior LO attrition (wear). 

3. PROXIMAL CONTACT AREAS 
OF MANDIBULAR INCISORS FROM 
THE LABIAL VIEW 

The mesial and distal contact areas of the mandibular 
central incisor are at the same level: in the incisal third 
(Appendix 2i) almost level wilh the incisal edge. The 
mesial and distal contact areas of the lateral incisor are 
not at the same level (Appendix 2i). Although both the 
mesial and distal contacts are in the incisal third fairly 
close t0 the incisal edge, the distal contact is notice­
ably cervical to the level of the mesial contact on lat­
eral incisors. Refer to Table 2-3 for a summary of the 
location of proximal contacts for all incisors. 

4. ROOT-TO-CROWN PROPORTIONS 
OF MANDIBULAR INCISORS FROM 
THE LABIAL VIEW 

Long incisocervically, mandibular incisor roots appear 
proportionally longer compared to their crown length 
than the maxillary incisors. Therefore, the root-to­
crown ratio is larger for both mandibular incisors com­
pared to maxillary central and lateral incisors.t 

T bl 
2
_
3 

LOCATION OF PROXIMAL CONTACTS (PROXIMAL HEIGHT OF CONTOUR) 
a e ON INCISORS (BEST SEEN FROM FACIAL VIEW) 

Cencral incisor 
Latera l incisor 

Central incisor 
Lateral incisor 

MESIAL SURFACE 
(WHICH THIRD OR JUNCTION?\ 

lncisal third (near incisal edge) 
lncisal third 

lncisal third (near incisal edge) 
lncisal third (near incisal edge) 

General learning guidelines for Incisors: 

DISTAL SURFACE 
(WHICH THIRD OR JUNCTION?) 

lncisal/middle junction 
Middle third (most cervical of incisor contacts) 

lncisal third (near incisal edge; same as mesial) 
lncisal third (bur more cervical) 

1. On the same ,ncjso,, the dis.r.al proximal contact 1s more cervical than the mesial contact EXCEPT on mandibular ce.ritral incisors, where the mesial 
at1d distal conracrs art- ar the same height. 

2. AJI com:accs for both cypes of mand1b-ulor incisors are in the inc1sal rhird, as are che mesiol conracu on m<1Xillory incisors. Oiscal concaccs of maxiUary 
cemral incisors are near the incisal/ m1ddle junccion, and che distal contacts on maxillary lateral Inc1sors are most ceiv,cal: In the middle third. 

Ka dose.com 
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S8 Part 1 I Comparative Tooth Anatomy 

S. ROOT SHAPE OF MANDIBULAR INCISORS 
FROM THE LABIAL VIEW 

The roots of both types of mandibular incisors appear very 
narrow mesiodistally but wide facioli ngually (ribbon­
like) (compare proximal to labial surfaces in Appendix 
2n) and taper uniformly on both sides from the cervical 
line Lo the apex. The apical end may curve slightly to the 
distal (seen in some incisors in Fig. 2-13). 

B. MANDIBULAR INCISORS 
FROM THE LINGUAL VIEW 

Refer to Figure 2-14 while studying the lingual surface 
of mandibular incisors. 

1. CINGULUM OF MANDIBULAR INCISORS 
FROM THE LINGUAL VIEW 

As seen from the lingual view (or from the incisal view 
in Appendix 2k), the ci.ngulum of the mandibular 
central incisor is convex, small , and centered on the 
axis line of the root. The cingulum of the lateral incisor 
lies slightly distal to the axis line of the root (similar to 
the maxillary central incisor). 

2. LINGUAL ANATOMY (MARGINAL RIDGES 
AND FOSSAE) OF MANDIBULAR INCISORS 
FROM THE LINGUAL VIEW 

The lingual fossae of hoth types of mandibular incisors 
are barely visible, smooth (withom grooves, accessory 

MANDIBULAR INCISORS (lingual) 
Mandibular left central incisors Mandibular right central incisors 

Mandibular left lateral incisors Mandibular right lateral incisors 

TRAITS TO DISTINGUISH MANDIBULAR CENTRAL FROM LATERAL INCISOR: LINGUAL VIEW 

CENTRAL INCISOR 

Cingul um centered 
Same length mesial and distal marginal ridges 

LATERAL INCISOR 

Cingul um distal to center 
Longer mesia l marginal ridge 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT INCISOR: LINGUAL VIEW 

CENTRAL INCISOR 

Very symmetrical: cannot tell right from left 

LATERAL INCISOR 

Cingul um distal to center 
Shorter distal marginal ridge 

Mandibular central and lateral incisors, lingual views, with type traits that distinguish mandi6u1ar central q-om 
la,, , ors, and traits that distinguish right and left sides. om 
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ridges, or pits), and shallow,just slightly concave in the 
middle and incisal thirds (Appendix 2m). 

The adjacenL marginal ridges, if distinguishable, are 
scarcely discernible, unlike on maxillary incisors, where 
they are more likely to be quite prominent. With the length 
of the incisal edge sloping shorter toward the distal on the 
m,mdibular latt:rnl im:burs, and Ll1t: d11i:;ulum lu1.:att:d LU 

the distal, the mesial marginal ridge on these teeth appears 
slightly longer than the distal marginal ridge. 

3. ROOT SHAPE OF MANDIBULAR INCISORS 
FROM THE LINGUAL VIEW 

As with other incisor roots, the roots of both types of 
mandibular incisors are mostly convex and slightly 
narrower on the lingual side than on the labial side. 
You may see evidence of mesial and distal longitudinal 
root depressions from these views. 

C. MANDIBULAR INCISORS FROM 
THE PROXIMAL VIEWS 

Refer to Figure 2-15 while studying the proximal sur­
faces of mandibular incisors. 

1. INCISAL EDGE ON MANDIBULAR 
INCISORS FROM THE PROXIMAL VIEWS 

The incisal edges of both types of mandibular incisors 
are normally located on or lingual to the mid-root axis 
(Appendix 2o). From the mesial side, the discolingual 
twist of the incisal ridge of the mandibular lateral inci­
sor p laces the distal portion at the ridge even somewhat 
more lingual than 011 the mesial (fig. 2-16), unlike the 
mandibular central that has no twist. Recall that the 
maxillary central incisor also exhibits a slight distolin­
gual twist of the incisal edge. 

2. CERVICAL LINE ON MANDIBULAR 
INCISORS FROM THE PROXIMAL VIEWS 

The cervical line on the mesial of botli types of man­
dibular incisors normally has a relatively large curva­
ture that extends incisally over one fourth of the sbort 
crown length. As on otl1er anterior teeth, the curvature 
on the distal is less.M 

3. HEIGHT (CREST) OF CONTOUR 
OF MANDIBULAR INCISORS FROM 
THE PROXIMAL VIEWS 

As on the labial outline of maxillary incisors, the labial 
heights of contour on botlt types of mandibular incisors 
are i~, ervical third, just incisal to the cervical line. .----»-_. €1. • outline becomes nearly nat in the incisal third. 

J, 
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The lingual outlines are "$" shaped, and the heights of 
contour are also in the cervical third, on the cingula. 

4 . ROOT SHAPE ANO DEPRESSIONS 
OF MANDIBULAR INCISORS FROM 
THE PROXIMAL VIEWS 

The relatively large faciolingual dimension of the rooLS 
at the cervix on both types of mandibular incisors is 
very apparent from the proximal view. The facial and 
lingual outlines of the roots of all mandibular incisors 
are nearly straight from the cervical line to the middle 
third; then the root tapers with its apex on the axis line 
(seen in most roots in Fig. 2-15) . The cervical portion 
of the rooLS on mandibular incisors is considerably 
wider faciolingually than mesiodistally.N 

There is usually a slight longitudinal depression on 
the middle third of the mesial and distal root surfaces 
of both types of mandibular incisors. The distal depres­
sions are somewhat more distinct. See Table 2-4 for a 
summary of incisor root depressions. 

D. MANDIBULAR INCISORS FROM 
THE INCISAL VIEW 

To follow this description, the tooth should be held 
in such a position that the incisal edge is toward 
the observer, the labial surface is at the top, and the 
observer is looking exactly along the root axis line as in 
Figure 2-17. You will see slightly more of the labial than 
the lingual surface if the incisal ridge is j ust lingual to 
the root axis line. 

1. CROWN PROPORTIONS 
OF MANDIBULAR INCISORS FROM 
THE INCISAL VIEW 

The crowns of both types of mandibular incisor are 
slightly wider labiolingually than mesiodistally.0 This is 
differem from the measuremenLS of the maxillary inci­
sors, especially maxillary central incisors, which are 
considerably wider mesiodistally than faciolingually. 

2. CROWN OUTLINE OF MANDIBULAR 
INCISORS FROM THE INCISAL VIEW 

The mandibular central incisor is practically bilaterally 
S)'lllmetrical with little to differentiate tbe mesial half 
from the distal half. The labial height of comour is cen­
tered, and the lingual height of contour is centered on 
the smooth, narrow cingulum. The mandibular lateral 
incisor is not bilaterally symmetrical. If you align the 
incisal edge of the lateral incisor exactly horizontal, the 
cingulum of the mandibular lateral incisor is located 
distal to the mesiodistal midlin (4pp1mdix 2k and 
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MESIAL VIEWS 

Right mandibular 
oentral incisor 

L 

Right mandibular 
lateral incisor 

MANDIBULAR INCISORS {proximal) 
Mandibular left central incisors ( distal) Mandibular right central incisors (mesial) 

Mandibular left lateral incisors (distal) Mandibular right lateral incisors (mesial) 

TRAITS TO DISTINGUISH MANDIBULAR CENTRAL FROM LATERAL INCISOR: PROXIMAL VIEWS 

CENTRAL INCISOR LATERAL INCISOR 

No distolingual twist Distal ofincisal ridge may be more lingual 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT INCISOR: COMPARING 
PROXIMAL VIEWS 

CENTRAL INCISOR LATERAL INCISOR 

Di'stal ofincisal ridge even with mesial of incisal ridge Distal ofincisal ridge may be more lingual 

Mesial cervical line curve greater than distal on both central and lateral incisors 

Mandibular central and lateral incisors, proximal views, with type traits that distinguish ma1diE,4J;1r,centr<1,I ![om m 
ors, and traits chat distinguish right and left sides. 
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Mesial view of a mandibular lefi lateral incisor 
has a pronounced "distolingual twist" ( i.e., the distal portion of 
the incisal edge curves li ngually) so chat some o f the li ngual 
surface is visible from this mesial view. 

Fig. 2-17). Recall that this was also seen on the maxil­
lary cenu·al incisor. 

3. INCISAL RIDGE CONTOUR (ALIGNMENT) 
OF MANDIBULAR INCISORS FROM THE 
INCISAL VIEW 

The incisal ridge of the symmeLrical mandibular cen­
tral incisor is at right angles to the labiolingual root 
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axis plane. 1L is nearly 2 mm thick and runs in a s traight 
line mesiodistally toward both contact areas. 

The incisal tidge of both types of mandibular incisor 
is lingual to the mid-rooL axis. Lf you hold an extracted 
mandibular incisor with the root facing directly away 
from your sight line, slightly more of Lhe labial than 
lingual surfac.:e:: b visible:: be::c.:ause:: uf Lhe:: lingually posi­
tioned incisal ridge. 

If you were to align a mandibular lateral incisor 
with its lingual cingulum directed exactly downward 
or vertically ( represented roughly by the dotted verti­
cal line with the arrow in Appendix 2k) , the distal half 
of the incisal edge would be perceived as twisted lin­
gually (called a distolingual twist) . This twist is evident 
in most mandibular lateral incisors in Figure 2-17 and 
is an excellent way to distinguish mandibular central 
from lateral incisors, and to dis tinguish the right from 
left mandibular lateral incisors. (Note that the other 
way LO describe this asymmetry is to align the incisal 
edge exactly horizontally and note that Lhe cingulum is 
off center to the distal.) 

4 . LABIAL CONTOUR 
OF MANDIBULAR INCISORS 
FROM THE INCISAL VIEW 

The labial surfaces of all mandibular incisors are only 
slightly convex in the incisal third labial to the incisal 
edge, but the outline in Lhe cervical third is decidedly 
convex. 

T b l 
2

_
4 

PRESENCE AND RELATIVE DEPTH OF LONGITUDINAL ROOT DEPRESSIONS 
a e ("ROOT GROOVES") ON INCISORS 

TOOTH MESIAL ROOT DEPRESSION? DISTAL ROOT DEPRESSION? 

i'i1 
j~ Maxillary central incisor No ( or slight or flat) No (convex) 

~~ Maxill ary la reral incisor Yes (sometimes no) No (convex) 

:E 
Ci! 

~ 

~~ Mandibular central incisor Yes Yes ( d eeper) 

0 ~ Mandibular lateral incisor Yes Yes ( deeper) 
~ 
:E 

General learning guidelines for mcisors: 
1. Ma,c,illary inci.sors are nor likely to have dis,al root depressions buc could have mes,al depress,ons, 
2. Mandibular incisors usually have mes,al and distal ( deeper) root depressions. 

Ka dose.com 



همیار دندانسازان و دندانپزشکان لابراتوار دندانسازی های دنت

t.me/highdent www.highdentlab.com instagram.com/high_dent

62 Part 1 I Comparative Tooth Anatomy 

D M D 

INCISAL VIEWS 

Right mandibular Right mandibular 
lateral incisor central incisor 

MANDIBULAR INCISORS (incisal) 
Mandibular left central incisors Mandibular right central incisors 

Mandibular left lateral incisors Mandibular right lateral incisors 
---- -- - - - - - - - - -

_. ,-"'1J. • •• ,. ~·~--~~~ 
----- Distal ---• 

TRAITS TO DISTINGUISH MANDIBULAR CENTRAL FROM LATERAL INCISOR: INCISAL VIEW 

CENTRAL INCISOR 

No distolingual twist of incisal edge 
Cingulum is centered 

LATERAL INOSOR --------
Distolingual twist ofincisal edge 
Cingulum is off center co d istal 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT INCISOR: INCISAL VIEW 

CENTRAL INCISOR 

Very symmetrical: cannot cell right from lerr 

LATERAL INCISOR 

Distolingual twist ofincisal edge 
Cingulum is off center co distal 

Mandibular central and lateral incisors, incisal views, with type t raits that distinguish mandibular central from 
lateral incisors, and t raits that distinguish right and lerr sides. 

SECTIO N IV 
INTERESTING VARIATIONS AND ETHNIC DIFFERENCES 
IN INCISORS 

There is great morphologic variation in the maxillary 
lateral incisor. It may be missing alLOgether; it may 
resemble a smaU slender version of a maxillary central 
incisor; it may be quite asymmeui cal; or it may be peg 
shaped (as seen later in the chapter on anomalies). 

Racial differences in the maxillary incisor teeth have 
been reported in dental literature. Shovel-shape is the 
term commonly used to designate incisor teeth that 

~ "" m,cg;n,J ridges ,nd , deep fossa o" 

their lingual surfaces (Fig. 2-1 BA). A high incidence of 
shovel-shaped incisors has been observed in Mongoloid 
people, including man)' groups of American Indians ..... 9 

(Mongoloid pertains LO a major racial division marked 
by a fold from the e)'elid over the inner canthus, promi­
nent cheekbones, straight black hair, small nose, broad 
face, and yeUowish complexion. Included are Mongols, 
Manchus, Chinese, Koreans, Arctic coastal popularions, 
Japanese, Siamese, Burmese, Tibetans, and American 
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A. Shovel-shaped permanent incisors from a 
young Native American dentition (incisa l views). Note che prom­
inent marginal ridges on the lingual surface. B. The range of 
prominent labial ridges on double shovel-shaped incisors varies 
from barely discernible labial ridges on the left co prominent 
labial ridges on the right. 

lndians.) White and black people are reported to have 
less frequent occurrences of this characterist ic. 

A study of the skulls of American Indians who lived 
in Arizona about 1100 AD has disclosed Lhe occurrence 
of incisor teeth that have a 111esial marginal ridge on 
the labial surface and a depression, or concavity, on the 
mesial part of the labial surface j ust distal to this ridge. 10 

In these teeth, the distal part of the labial surface is 
rounded in an unusual manner. Such teeth have been 
referred to as "three-quarter double shovel-shaped," a 
descriptive, if ponderous, term. Labial "shoveling" has 
also been reported in some Arctic coastal populations 
(see Fig. 2-18B). 

There is more uniformity of shape in the mandibular 
incisor teeth than in oLher teeth. In some Mongoloid 
people, the cingulum of mandibular incisors is char­
acteristically marked by a short deep groove rnnnin<> 
cervicoincisally. This groove is often a site of dental 
caries. 

Later, in the chapter on anomalies, y01.1 will read 
about more variations: palatal gingival grooves, peg 
sl1aped incisors, fused mandibular incisors, congeni­
tally missing central incisors, and even a lateral incisor 
emerged distally to the canine. 
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LEARNING EXERCISE 

Assign a Universal number to a handheld 
incisor: 
Suppose a patient just had all of his or her perma­
nent teeth extracted. Imagine being asked to find 
tooth No. 8 from among a pile of 32 extracted 
teeth on the oral surgeon's tray because you 
wanted to evaluate a lesion seen on the radio­
graph on the root of that incisor. How might you 
go about it? Try the following steps: 

From a selection of all permanent teeth 
( extracted teeth or tooth models), select only 
the incisors (based on class traits). 
Determine whether each incisor is maxillary or 
mandibular using arch traits. Review Table 2-2 if 
needed. You should never rely on only one char­
acteristic difference between teeth to name them· • 
rather, make a list of many traits that apply to 
a maxillary incisor, as opposed to only one trait 
that makes you think it belongs in the maxilla. 
This way you can play detective and become an 
expert at recognition at the same time. 
Once you determine that the tooth is maxillary, 
position the root up; ifit is mandibular, 
position the root down. 
Use appropriate traits in order to identify the 
facial surface. This will permit you to view 
the tooth as though you were looking into a 
patient's mouth. 
Next, using type traits, determine the type of 
incisor you are holding ( central or lateral). 
Refer to the tables and teeth in the figures 
throughout this chapter as needed. 
Next, determine which surface is the mesial. 
Refer to figures throughout this chapter as 
needed. While viewing the incisor from the 
facial and picturing it within the appropriate 
arch ( upper or lower), the mesial surface can 
be positioned toward the midline in only one 
quadrant, the right or left. 
Once you have determined the quadrant, 
assign the appropriate Universal number for 
the incisor in that quadrant. For example, the 
central incisor in the upper right quadrant is 
tooth No. 8. 

Ka dose.com 
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64 Part 1 I Comparative Tooth Anatomy 

l 

Review Questions 
For each of the traits listed below, select the letter(s) of the permanent incisor(s ) that normally exhibit(s) that 
trait. More than one answer may apply. 

a. Maxillary central incisor 
b. Maxillary lateral incisor 
c. Mandibular central incisor 
d. Mandibular lateral incisor 

'I. Mesiodistal dimension of the crown is larger than the labiolingual dimension. a b C 

2. The incisal ridge exhibits a distolingual twist. a b C 

3. The root is very narrow mesiodistally with mesial and distal root depressions a b C 

4. The incisal edge is positioned more to the lingual of the root axis line. a b C 

5. The distal proximal height of contour is more cervical than the mesial height of contour. a b C 

6. This tooth has the widest (mesiodistally) incisor crown. a b C 

7. This tooth has the shortest root relative to its crown. a b C 

8. This tooth is the most symmetrical incisor. a b C 

9. This tooth has the largest curvature of the mesial cervical line. a b C 

10. This tooth has the narrowest incisor crown ( mesiodistally). a b C 

Critical Thinking 
1. You are recording which teeth are present in the mouth of Mrs.Jenny James, and you notice that she has 

only three mandibular incisors. How might you determine which specific teeth are still present? Think of 
things you have learned about incisors, and try to recall facts you may already know about landmarks in 
the mouth. 

2. Using a good light source (like a small Aashlight), a large mirror (magnifying if possible), and a small, 
clean disposable dental mirror, carefully compare the maxillary and mandibular incisors in your own 
mouth while referring to the traits in Table 2-2 from the labial view and lingual view that can be used to 
differentiate maxillary from mandibular incisors. Write down each trait that can be useful to differentiate 
the maxillary from the mandibular incisors in your own mouth, and also make note of any of the traits in 
the text book that do not apply in your mouth. 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 
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Dr. Woelfel's Original Research Data 

StaListics obtained from Dr. Woelfel's original research 
on teeth have been used 10 draw conclusions tluough­
ouL this chapter, and were referenced with superscript 
letters that refer lO the data stated here. Data from his 
original research is presented in Tables 2-5A and 2-5B. 

A. The crown of the maxillary central incisor averages 
11.2 nnn long incisocervically making it the lon­
gest incisor crown. This crown averages 2.6 111111 

longer incisogingivally than mesiodistally. 
B. The crown of the maxillary lateral incisor averages 

about 2.0 111111 narrower 111esiodistally than on the 
central incisor, and the root is 0.4 mm longer. 

C. The maxilla1y lateral incisor root is 0.4 mm longer 
than on the maxillary central, and iLS root-to-crown 
ratio is 1.37 when comparing measurement of 398 
maxillary central incisors and 295 lateral incisors. 

D. The maxillary central incisor root at the cervix 
averages about 6.4 mm wide mesioclistally and 
faciolingually. All other types of maxillary teeth 
have roots that are tl1icker faciolingually than 
mesiodistally by 1.1 to 3.4 mm. 

E. Or. Woelfel examined the maxi.llary incisors on 
casts of 715 dental hygiene stuclentS and found 
that 32% of the central incisors and 27% of the lat­
eral incisors have some degree of shoveling. The 
rest had smooth concave lingual surfaces without 
prominent marginal ridges or deep fossae. 

F. Inspection of 506 maxillary central incisors by Dr. 
Woelfel revealed 36% width no accessory lingual 
ridges, 27% with one small ridge, 28% with two 
accessory ridges, 9% with three ridges, and only 
three teeth with four small ridges. 

Table 2-SA SIZE OF MAXILLARY INCISORS (MILLIMETERS) 

398 CENTRALS 295 LATERALS 

DIMENSION MEASURED Avt:rage Range A verage Range 

Crown length 11.2 longest incisor 8.6- 14.7 9.8 7.4- 11.9 
crown 

Root length 13.0 6.3-20.3 13.4 9.6- 19.4 
Overall length 23.6 16.5- 32.6 22.5 17.7- 28.9 
Crown wid th (mesiodistal) 8.6 7.1- 10.5 6.6 5.0-9.0 
Root width ( cervix) 6.4 5.0-8.0 4.7 3.4- 6.4 
Facioli ngual crown size 7 .1 6.0-8.5 6.2 5.3-7.3 
Facio li ngual root (cervix) 6.4 5.1-7.8 5 .8 4-5-7.0 
Mesia! CEJ curve 2.8 greatest CEJ curve 1.4-4-8 2.5 1.3-4-0 
Distal CEJ curve 2.3 0.7-4-0 1.9 0.8-3.7 
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Table 2-58 SIZE OF MANDIBULAR INCISORS (MILLIMETERS) 

226 CENTRALS 

DIMENSION MEASURED Ave.rage 

Crown length 8.8 
Root length 12.6 
Overall length 20.8 
Crown width (mesiodiscal) 5.3 narrowest adult 

crown 
Root width ( cervix) 3.5 
Faciolingual crown size 5.7 
Faciolingual root (cervix) 5.4 
Mesia! CEJ curve 2.0 
Distal CEJ curve 1.6 

G. Inspection of 488 maxillary lateral incisors 
by Dr. Woelfel revealed 64% wiLh no lingual 
accessory lingual ridges, 32% with one small 
accessory ridge, and only 4% with two ridges. 

H. The largest curvature of a proximal cervical line 
averages 2.8 mm on the mesial of a maxillary cen­
tral incisor, and the distal curve is only 2.3 mm. 
The curvature of the mesial of the maxillary lat­
eral incisor averages 2.5 mm or one fourth of the 
crown length. 

I. The crown of the maxillary central incisor aver­
ages 1.5 mm wider mesiodisLally than faciolin­
gually. The crown of the maxillary lateral incisor 
averages only 0.4 mm wider mesiodistally than 
facioli.ngually. 

J. The narrowest tooth in the mouth is the mandibu­
lar central incisor and averages only five-eighths, 
or 62% as wide as the maxillary central incisor. 

234 LATERALS 

Range Average Range 

6.3- 11.6 9.4 7.3- 12.6 
7.7- 17.9 13.5 9.4-18.l 
16.9-26.7 22.l 18.5-26.6 
4.4-6.7 5.7 4.6-8.2 

2.7-4.6 3 .8 3.0-4.9 
4.8-6.8 6.1 5.2-7.4 
4.3-6.5 5.8 4.3-6.8 
l .0-3.3 2.1 l .0-3.6 
0.6-2.8 1.5 0.8-2.4 

K. Dr. Woelfel found two shallow developmental 
depressions on 48% of 793 mandibular cemral 
incisors, and on 51 % of 787 mandibular lateral 
incisors. 

L. The root-to-crown ratio for both types of man­
dibular incisors is 1.43 compared to 1.16 for the 
maxillary cemral incisor and 1.37 for the maxil­
lary lateral. 

M. The curve of the CEJ on the mesial of the man­
dibular central incisor averaged 2.0 mm, which is 
0.4 mm greater than on the distal. On the man­
dibular lateral incisor, the mesial CEJ curvature is 
0.6 mm greater than the distal. 

N. The cervix of the root of the both types of man­
dibular incisor averages 2.0 mm wider faciolin­
gually than mesiodistally. 

0. Both types of mandibular incisor crowns average 
0.4 mm wider labiolingually than mesiodi.stally. 
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Morphology of the Permanent 
Canines 

Topics covered within the three sections of this chap­
ter include the following: 
I. General description of canines 

A. Functions 
B. General characteristics or class traits 

( similarities) of canines (both maxillary 
and mandibular) 

s in Chapter 2, "Appendix" followed by a 
number and letter (e.g., "Appendix 3a") 
refers LO the page (number 3) and item (let­
ter a) on that Appendix page. Tear out the 

appendix pages tO facilitate s tudy and minimize page 
turns as you read the main text. This chapter focuses 
on Appendix pages 3 and 4. 

II. Arch traits for canines: how to distinguish maxillary 
From mandibular canines (from each view) 
A. Canines from the labial view 
B. Canines from the lingual view 
C. Canines fro m t he proximal views 
D. Canines from the incisal view 

Ill. Interesting facts and variations in canine teeth 

Also, remember that statistics obtained from 
Dr. Woelfel's original research on canines have been 
used to draw conclusions throughout this chapter 
and are referenced with superscript letters like Lhis 
(dataA) that refer to data presented at the end of this 
chapter. 

SECTION I GENERAL DESCRIPTION OF CANINES 

OBJECTIVES 

This section is designed to prepare the learner to 
perform the following: 

Describe the functions of canines. 
List the class traits that apply to all canines. Include 
the incisor class traits that also apply to the canines. 

Use a cast of all permanent teeth and/or Figure 3-1 
while studying about the position of the canines within 
the arch. There are four canines: one on either side in 
the maxillary arch (Universal Numbers 6 and 11) and 
one on either side of the mandibular arch (Numbers 22 
and 27). They are the longest of the permanent teeth.A 
The canines are dist.al to the lateral incisors and are the 
third teeth from the midline. The mesial surface of the 
canine is in contact with the distal surface of the lateral 
incisor. The distal surface of each canine contacts the 
mesial surface of the first premolar. 

The fo ur canines are justifiably considered corner­
stones of the arches, as they are located at the corners 
of the mouth or dental arches. They are often referred 
to as cuspids, eyeteeth, and fangs (nicknames and slang 
terminology). The use of such slang terminology should 
be discouraged. Frequently, the canines are often the 

~ o b, lost from d,n<al dls,a,e (d,c,y ,nd/ 

From a selection of all permanent teeth 
( or from drawings or photographs of all teeth 
from various views), select and separate out the 
canines. 

or periodontal problems). Have you known or seen an 
elderly person who is edentulous (toothless), except 
for one or more of the canines? 

A. FUNCTIONS 

In dogs, cats, and other animals wiLh long, prominent 
canine teeth, the functions of these Leeth are catching 
and tearing food and defense. As a matter of fact, ca11i-
11us in Latin means "dog." Canines are essential to their 
survival. In human beings, these teeth usually function 
with the incisors (a) to support the lips and the facial 
muscles and (b) to cut, pierce, or shear food mor­
sels. A steep overlap of the maxillary and mandibular 
canines, when present, serves as (c) a protective mecha­
nism since the longer, opposing canines ride up over 
each other when the mandible moves Lo either s ide, 
causing all of the posterior teeth to separate. This canine 

..,..., 67 
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RIGHT 

PERMANENT TEETH 

MAXILLARY 

' --------· 3rd Mo&ara: 

Molars 
..... • 2tld Moltlq 

Anterior tee\t\ 

MANDIBULAR 

guidance relieves the premolars and molars from poten­
tially damaging horizontal forces while chewing. 

Canines, because of their large, long roots, are good 
anchor teeth (abunnents) to attach replacements for lost 
teeth as with a fixed dental bridge or removable partial 
denture. As such, they often continue to function as a 
solid suppon for the replacement teeth for many years. 

8. GENERAL CHARACTERISTICS OR 
CLASS TRAITS (SIMILARITIES) OF 
CANINES (BOTH MAXILLARY 
AND MANDIBULAR) 

Using the maxillary right canine as a representative 
example for all canines, refer to Appendix page 2 while 
studying the traits of all canines. 

1. SIZE OF CANINES 

On average, canines are the longest teeth in each arch, 
and th~ 7nillary canine is the longest tooth in the .---lf~j, 8:: though the mandibular canine crown is 

LEFT 

Adule dentition wich the 
Universal numbers for canines highlighted in red. 

longer than the maxillary canine crown. (Authors Ash 
and Kraus state that the mandibular canine crown is the 
longest crown in the mouth,1

•
2 but Dr. Woelfel's study 

found that the maxillary incisor crown is longest.) 
Canines have particularly long roots" and thick roots 
(faciolingually) that help to anchor them securely in 
the alveolar process. Table 3-4 at the end of this chapter 
provides all canine dimensions. 

2 . INCISAL RIDGES AND CUSP TIPS 
OF CANINES 

The incisal ridges of a canine, rather than being nearly 
straight horizontally like on incisors, are divided into 
two inclines called the mesial and distal cusp ridges 
(also called cusp slopes or cusp arms). Subsequently, 
canine crowns Crom the facial view resemble a five­
sided pentagon (Appendix 3a). The mesial cusp ridge 
is shorter than the distal cusp ridge (Appendix 3b). 
ln older individuals, the lengths of the cusp ridges are 
often altered by wear (attrition). Canine teeth do not 
ordinarily have mamelons but may have a notch on 
either cusp ridge, as seen clearly in Figure.3-2. ll 
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Labial view of a maxillary right canine with a 
prominent labial ridge and notches on mesial and distal cusp ridges 

3. LABIAL CONTOUR OF CANINES 

The labial surface of a canine is prominently convex with 
a vertical labial ridge (Appendix 3c and Figure 3-2). 
Canines are the only teeth with a labial ridge, although 
premolars have a similar-looking ridge called a buccal 
ridge. 

4. CROWN PROPORTIONS OF CANINES 

The measureme111 of a maxillary or mandibular canine 
crown is greater labiolingually than it is mesiodistaLly8 

(Appendix 3d). Recall that this proportion (greater labi­
olingually than mesiodistally) also applied to both types 
of mancLibular incisors. The root cervix measurements 
are even more oblong faciolingually.8 (Compare the root 
widths on the facial and mesial views in Appendix 3i.) 

5. CANINE TRAITS THAT ARE SIMILAR 
TO INCISOR TRAITS 

Similar to most incisors (EXCEPT the mandibular cen­
tral, where contacts are at the same level), the distal 
contact area is more cervical in position than the mesial 
contact area (Appendix 3g), and the crown outline is 
more convex on the distal than on the mesial surface 
(Appendix 30. From the proximal views, canine crowns 
are wedge, or triangular, shaped (Appendix 3o) . The 
height of contour on the facial surface is in the cervical 
third and on the lingual surface is also in the cervical 
third on the cingulum (Appendix 3p). The remaining 
outline of the lingual surface (lingual ridge) is slighLly 
conCj;Yf:e--1 I the middle third and is straight or slightly 

.----~<;9md< 111 the incisal third. Combined, the entire 

J, 
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lingual outline is S shaped, as on all other anterior Leeth 
(Appendix 3q). 

Further similari ties with incisors include the follow­
ing: crowns taper, narrowing from the contact areas 
toward the cervix (Appenclix 3e); cervical lines curve 
more on the mesial than on the distal surface (com­
JJan: 1m:::sial and di:sLal vit:w:, i11 Appt::ndix 3n); and mar­

ginal ridges (as well as crowns) taper lingually from L11e 
contact areas toward the cingulum (Appendix 31), so 
the crown is narrower on the lingual half than on the 
facia l half. From the incisal view, facial outlines are less 
convex than lingual outlines (Appendix 3s), and the 
incisal edges extend from mesial to dist.al contact areas 
(Appendix 3r). Further, roots taper narrower from the 
facia l toward the lingual and taper narrower from 
the cervix toward the apex (Appendix 3h). The root tip 
or apex often bends toward the distal (Appendix 3j). 
Roots are also longer than crownsc (Appendix 3k). 

The location of incisal edge tooth wear on canines 
is similar to wear on incisors. Facets on the mandibu­
lar canine cusp tip and cusp ridge normally form more 
on the labial border, not the lingual border of the cusp 
ridge as occurs on the maxillary canine. If you find wear 
facets on the lingual surface of a mandibular canine or 
on the labial surface of a maxillary canine, it is proba­
bly because the teeth were not aligned with the nom1al 
overlapping of anterior teeth described in Chapter l. 
If needed, refer back to Figure 2-4 for an illustration of 
this concept on incisors. [n addition, maxillary canines 
viewed incisally often have a characteristic diamond­
shaped wear pauem as seen in Figure 3-3 which does 
not occur on otl1er anterior teeth. 

Maxillary canine (incisal view) showing a 
characteristic pattern ofincisal wear that'ts diamond shaped, ill 
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SECTION II 
ARCH TRAITS FOR CANINES: HOW TO DISTINGUISH MAXILLARY 
FROM MANDIBULAR CANINES (FROM EACH VIEW) 

OBJECTIVES 

This section is designed to prepare the leamer to 
perform the following: 

Describe the arch traits that can be used to 
distinguish the permanent maxillary canines from 
mandibular canines. 
Describe and identify the labial, lingual, 
mesial, distal, and incisal surfaces for all 
canines. 

Assign Universal numbers to canines present in a 
mouth with a complete permanent dentition ( or on 
a model or in an illustration) based on their shape 
and position in the quadrant 
Holding a canine, determine whether it is a maxillary 
or mandibular and whether it belongs on the right 
or left side. Then picture it within the appropriate 
quadrant and assign a Universal number to it. 

Right maxillary canine Right mandibular canine 

CANINES (labial) 
Maxillary left canine 

Mandibular right canine Mandibular left canine 

Labial views of canines with traits to distinguish maxi ll ary from mandibular canines, a nd traits co distinguish rights 

a :se.com 
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TRAITS TO DISTINGUISH MAXILLARY FROM MANDIBULAR CANINE: LABIAL VIEW 

MAXILLARY CANINE 

Crown wider mesiodisrally 
Cusp angle sharper, more acute 
Mesial cusp ridge shorter chan distal 

Mesial, distal proximal contacts more cervical 
Mesia I of crown bulges beyond root outline 

More pronounced labial ridge 
More pointed root tip 

MANDIBULAR CANINE 

Crown narrower mesiodisrally 
Cusp angle more blunt 
Mesia! cusp ridge much shorter than distal 
Mesial cusp ridge almost horizontal 
Mesia!, distal proximal contacts more incisal 
Mesia! crown o utline almost continuous with root with little 
or no bulge 
Less pronounced labial ridge 
More blunt root tip 

TRAITS TO DIFFERENTIATE MAXILLARY RIGHT FROM LEFT CANINE LABIAL VIEW 

MAXILLARY CANINE MANDIBULAR CANINE 

Crown outl ine more convex on d istal Crown outline more convex on distal, mesial crown outline 
aligns with root 
Mesia! cusp ridge almost horizontal 

Distal crown outline is more convex than mesial crown outline. 
Distal contact is more cervical than mesial contact. 

Mesia! cusp ridge is shorter than distal. 

(Continued). 

Unlike incisors where there are two types (a central and 
a lateral), there is only one type of canine. Therefore, 
type traits do not apply to canines, but arch traits 
are useful to distinguish maxillary from mandibular 
canines. 

A. CANINES FROM THE LABIAL VIEW 

Examine several extracted canines and/or models as 
you study this section. As you examine them, hold 
maxillary canines with crowns down and mandibular 
canines with crowns up. This is the way they are ori­
ented in the mouth. 

1. CANINE MORPHOLOGY FROM 
THE LABIAL VIEW 

Along with the tooth models and the Appendix pages 
3 and 4 available, refer to Figure 3-4 for viewing simi­
larities and the range of differences of canines from the 
labial view. 

The facial side of any canine crown is fonned Crom 
three labial lobes like the incisors. (The cingulum on 
the lingual side of the crown forms from the fourth 
lobe.) T e middle lobe on the facial forms the labial 

ridge (Appendix 3c) , which can be quite prominent on 
the maxillary canine. The labial ridge runs cervicoin­
cisally near the center of the crown in the middle and 
incisal thirds. Shallow depressions lie mesial and distal 
to the labial ridge. See Table 3-1 for a summary of the 
number of lobes that form canines. 

The labial surface of a mandibular canine is more 
smooth and convex. A labial ridge is often present but 
not as pronounced as on the maxillary canines. In the 
incisal third, the labial crown surface is convex but 
slightly flattened mesial to the labial ridge and even a 
Little more fiattened distal to the ridge. (Feel it.) 

2. CANINE SHAPE AND SIZE FROM 
THE LABIAL VIEW 

The mesial outline of the maxillary canine crown is 
broadly convex in the middle third, becoming nearly 
llat in the cervical third (Appendix 4b). The outline of 
the distal portion of this crown forms a shallow S shape, 
being convex in the middle third (over the height of 
contour or proximal contact area) and slightly concave 
in the cervical third. 

The mandibular canine crown appears longer and 
narrower than the crown of the maxillary canine0 

a use.com 
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(Appendix 4a). The mesial outline of the mandibular 
crown is almosL fiaL Lo slighlly convex, nearly in line 
wilh the mesial side or Lhe rool, and may not bulge 
or projecL beyond Lhe mesial rooL ouLline (Appendix 
4b). This conspicuous feature is quite evident in most 
mandibular canines in Figure 3-4 but is nol seen on 
maxillary 1:anim::; . The:: dbt.ul :;iut: of the:: 1:ruwn may 
be slighlly concave in the cervical third; it is convex 
in the incisal two Lhirds. There is noticeably more or 
the crown distal to the root axis line than mesial to il. 
This often makes the lower canine crown appear to be 
tilted or bent distally when the root is held in a vertical 
position (similar to the mandibular lateral incisor just 
mesial to it). 

3. CANINE CUSP TIP AND INCISAL RIDGES 
FROM THE LABIAL VIEW 

Recall that the mesial cusp ridges are normally shorter 
than the distal ridges for all canines. The cusp and 
cusp ridges of the maxillary canine make up nearly 
one third or L11e cervicoincisal length of the crown, 
because the angle formed by me cusp ridges is relatively 
sharp, slightly more than a right angle (lOSdegrees) 
(Append be 4c). Compare this to the cusp tip of the man­
dibular canine, where cusp ridges form a less sharp, 
more obtuse (blunt) angle (120degrees) (Appendix 4c). 
The mesial cusp ridge of the mandibular canine is also 
almosl horizontal compared to its longer distal cusp 
ridge, which slopes more sLeeply in an apical direction. 
Shorter, more horizontal mesial cusp ridges are seen 
clearly on most mandibular canines in Figure 3-4. Wear 
on the incisal edge may a lLer the lengLh of the cusp 
slopes, sometimes even compleLely obliterating the 
cusp, resulting in an appearance from the facial that is 
similar to an incisor. 

4 . CANINE PROXIMAL CONTACT AREAS 
FROM THE LABIAL VIEW 

The mesial contact area of the maxillary canine is 
located at the junction or the incisal and middle thirds. 

The dista l contact area of the maxillary canine, like 
all anterior teeili, is in a more cervical location on the 
distal side than on the mesial side. lt is located in the 
middle Ll1irc\, just cervical to the junction of the incisal 
and middle thirds (recalJ Appendix 3g). This is the only 
canine proximal contact area (mesial or distal) located 
in Lia: 111iuuk Lhiru, and it i:; Lht: mu:;L 1:c::rviu1l (;Ufll.lKL 

of all anterior teeth. 
The mesial contact area of the mandibular canine is 

in a more incisal position Lhan on the maxillary canine 
due 10 itS nearly horizontal mesial cusp ridge. lt is in 
the incisal Lhirc\ just cervical to the mesioincisal angle. 
The distal contact area is, as expected, more cervi­
cal than the mesial, at the junction of the middle and 
incisal Lhirds. See Table 3-2 for a summary of the loca­
tion of contact areas on canines. 

5. CANINE TOOTH PROPORTIONS 
FROM THE LABIAL VIEW 

The maxillary canine crown is nearly as long as the 
maxillary central incisor crown, but the root of the 
canine is much longerE making the maxillary canine, on 
average, Lhe longest tooth in the mouth (Appendix 3k). 
The mandibular canine is considerably larger than 
either of the mandibular incisors, particularly in length 
and mesiodistal width.F IL is, on average, the longesl 
mandibular tooth. 

6 . CANINE ROOT CONTOUR FROM 
THE LABIAL VIEW 

The labial surface of a canine rooL is normally convex. 
The root of the maxillary canine is long, slender, and 
conical. The apical Llurd is narrow mesiodistally, and the 
apex may be pointed or sharp. The apical third of the 
root often bends distally (Appendix 3j).c Most maxillary 
canine roots in Figure 5-4 are seen bending distally. 

The mandibular canine root tapers apically to a 
somewhat more blunt apex. The apical end of the rooL 
is more often straight rather Lhan curving toward the 
mesial or distal surfaces.11 Therefore, on mandibular 

Table 3-1 GUIDELINE FOR DETERMINING THE NUMBER OF LOBES FOR CANINES 

TOOTH NAME 

Maxillary canine 
Mandibular canine 

R•le:Number of lobes • 3 facial lobes+ 1 lingual lob<, per cingulum. 

CINGULUM? 

Yes 
Yes 

NO.OF LOBES 

3 + 1 • 4 
3 + 1 • 4 

Ka dose.com 
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LOCATION OF PROXIMAL CONTACTS (PROXIMAL HEIGHT OF CONTOUR) 
a e ON CANINES (BEST SEEN FROM FACIAL VIEW) 

MESIAL SURFACE (WHICH THIRD OR JUNCTION?) DISTAL SURFACE (WHICH THIRD OR JUNCTION?) 

lncisal/middle junction Middle third (most cervical of anterior teeth) 

lncisal th ird Uust apical to mesioincisal angle) lncisal/ middle junction 

General leatn,ng guidelines-: 
1 . Distal proximal contacts: for canines are more c:etv1cal than rnesial contacts. 
2. Contacts of most a11terio, teeth are in che incisaJ third or incisal/middle junction EXCEPT the d;stal of maxillary lateral incisors aod dist.,J of maxillary 
canin~, which are in ot neat the middlf rt,ir'd. 

canines, the root curvature should not be used LO dif­
ferentiate rights and lefts. Mandibular canine roots are 
shorter than the roots of maxillary canines.1 

8 . CANINES FROM 
THE LINGUAL VIEW 

Refer to Figure 3-5 while studying similari ties and 
differences of canines from the lingual view. 

1. CANINE LINGUAL RIDGES AND FOSSAE 
FROM THE LINGUAL VIEW 

The maxillary canine has a prominent lingual ridge 
running cervicoincisally from the cusp Lo the cingulum 
(Appendix 4d). Mesia! and distal lingual fossae lie on 
either side o( the lingual ridge and are usually shallow. 
Sometimes the lingual surface of the maxillary canine is 
naturally smooth or worn smooth from attrition so that 
the Lingual ridge and the two fossae on either side of it 
are noL easily discernible. 

With normal occlusion, the lingual surface of the 
mandibular canine is not subject to lingual wear as on 
the maxillary canine, but even without wear, the lin­
gual ridge and fossae are nonnally less prominent. 

2. CANINE CINGULUM FROM 
THE LINGUAL VIEW 

The maxillary canine cingulum is large. Its incisal 
border is sometimes pointed in the center, resembling 
a small cu p or tubercle (seen in the far left maxillary 

canine in Fig. 3-5). The cingulum and the Lip of the 
cusp are usually centered mesiodistally (seen best 
from the incisal view in Appendix 4e). The cingulum 
of the mandibular canine is low, less bulky, and less 
prominent than on maxillary canines. Unlike maxil­
lary canines, the cingulum lies just distal to the root 
ax:is line. This is most apparent from the incisal view in 
Appendix 4e. (Recall that the distal-to-midline location 
of the cingulum is also apparent on maxillary cemral 
incisors and mandibular lateral incisors.) 

3. CANINE MARGINAL RIDGES FROM 
THE LINGUAL VIEW 

The elevated mesial and distal marginal ridges of the 
maxillary canines are usually of moderate size. The 
lingual ridge is often most prominent, followed by 
the distal marginal ridge, and then the least prominent 
mesial marginal ridge (prior to atLrition).J The mesial 
marginal ridge (extending from the proximal contact 
area to the cingulum) is longer than the distal marginal 
ridge because of the more incisally located mesial con­
tact area. 

The marginal ridges and Lingual ridge of mandibular 
canines are not prominent, and much of the lingual 
surface appears smooth when compared Lo that of 
the maxillary canines (an arch trail). The somewhat 
inconspicuous mesial marginal ridge may be longer 
and straighter than the shorter, more elevated, and 
curved distal marginal ridge. The indistinct lingual 
ridge is seldom the most prominent ridge.K 
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74 Part 1 I Comparative Tooth Anatomy 

CANINES (lingual) 
Maxillary Left Canine Maxillary right canine 

Mandibular left canine Mandibular right canine 

TRAITS TO DISTINGUISH MAXILLARY FROM MANDIBULAR CANINES: LINGUAL VIEW 

MAXILLARY CANIN E 

More prominent anatomy on lingual: 
Lingual marginal ridges pronounced 
Prominent lingual ridge and fossae 

Cingulum centered 

MANDIBULAR CANINE 

Smoother lingual surface: 
Lingual marginal ridges less pronounced 
Less prominent lingual ridge and fossae 

Cingulum centered or to distal 

TRAITS TO DIFFERENTIATE RIGHT FROM LEFT CANINES: LINGUAL VIEW 

MAXILLARY CANINE MANDIBULAR CANINE 

Cingulum distal to center 
Mesial marginal ridge is longer than distal marginal ridge. 

Lingual views of canines wich craits to distinguish maxillary from ma ndibular canines, a nd craits to d istinguish 
righcs from lefts. 
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4 . CANINE ROOTS FROM THE LINGUAL 
VIEW 

Maxillary and mandibular canine rooLS are usually con­
vex on the lingual surface and are narrower mesiodistally 
on the lingual half than on the labial half. Therefore, it 
is often possible to see both mesial and distal sides of 
the root and one or both of Lhe proximal longitudinal 
root depressions from this view. 

C. CANINES FROM 
THE PROXIMAL VIEWS 

Refer to Figure 3-6 while studying the similarities and 
differences of canines from the mesial or distal views. 

1. CANINE OUTLINE FROM 
THE PROXIMAL VIEWS 

The wedge-shaped or triangular-shaped maxillary 
canine crown from this view has a bulky (thick) cusp 
because of the prominent labial and lingual ridges. 
The mandibular canine crown is also wedge shaped 
but thinner in the incisal portion than the crown of 
the maxillary canine because of a less bulk-y lingual 
ridge. Observe this difference in cusp thickness in most 
canines in Figure 3-6. 

2. INCISAL RIDGE AND CUSP TIP OF CANINES 
FROM THE PROXIMAL VIEWS 

The incisal ridge and cusp tip of a maxillary canine 
are usually located labial to the mid-root axis line. The 
i11cisal ridge and cusp tip of the mandibular canine are 
most often located slightly lingual LO the root axis line, 
but it may be centered over it (Appendix 4h). This is 
a good distinguishing trait between mandibular and 
maxillary canines. Observe this difference in cusp Lip 
location (more labial on maxillary canines and more 
lingual on mandibular canines) in a majority of canines 
in Figure 3-6. Further, the distoincisal angle of the 
mandibular canine is slightly more lingual in position 
than the cusp tip because of the distolingual twist of the 
crown so that more of the lingual surface is visible from 
the mesial aspect, similar to the adjacent mandibular 
lateral incisors (best appreciated from the incisal view 
on Appendix 4f) . 

3. CANINE HEIGHT OF CONTOUR FROM 
THE PROXIMAL VIEWS 

As with all teeth, the facial height of contour of the 
maxillary canine is in the cervical third of the crown, 
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but it may not be as close to the cervical line as the 
corresponding curvature on the incisor teeth or on the 
mandibular canine. The labial surface is much more 
convex than on the incisors. (Feel it and compare the 
curvatures of the incisors and the canines.) 

The height of contour of the facial surface of the 
mandibular canine crown is closer to the cervical line 
than on a maxillary canine. There is an almost continu­
ous crown-root outline on mandibular canines with 
minimal facial or lingual (cingulum) crown bulge when 
viewed from the proximal aspects (Fig. 3-7). This lack 
of discernible cervical crown bulge beyond the root 
facially and lingually is clearly evident in many man­
dibular canines in Figure 3-6. This feature can be help­
ful when distinguishing mandibular from maxillary 
canines. 

As with all anterior teeth, the lingual heightS of 
contour of all canines are usually in the cervical third, 
on the cingulum. 

4 . CANINE CERVICAL LINE FROM 
THE PROXIMAL VIEWS 

The cervical lines of all canines from the proximal 
views usually curve incisally quite a bit (over 2 mm on 
maxillary canines). As on incisors, the curvature for 
all canines is greater on the mesial surface than on the 
distal surface, but the di.fference is less on canines than 
on incisors.1.M 

The cervical line on mandibular canines appears to 
curve more incisally than on maxillary canines. The fact 
that the mandibular canine crowns are narrower facio­
lingually than maxillary canines, and have a greater 
mesial cervical line curve, accentuates the apparent 
greater depth of the curve. However, the amount of cur­
vature of the cervical lines of the mandibular canines 
varies considerably. 

S. CANINE ROOT SHAPE AND DEPRESSIONS 
FROM THE PROXIMAL VIEWS 

The labial outlines of the rootS of maxillary and mandib­
ular canines are oft.en slightly convex with the lingual 
outline more convex, although this varies. Both 
maxillary and mandibular canine rooLS most often have 
vertical Longitudinal (cervicoapical) depressions on 
the mesial and distal surfaces, and the distal depres­
sions are usually more distinct (deeper) , especially on 
the Iowers.N A summary of the location and relative 
depth of root depressions on canines is presented in 
Table 3-3. 
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Right maxillary canine Right mandibular canine 

CANINES (proximal) 
Maxillary left canine Maxillary right canine 

Mandibular left canine Mandibular right canine 

MESIAL SURFACES DISTAL SURFACES 

-+----Distal------► 

TRAITS TO DISTINGUISH MAXILLARY FROM MANDIBULAR CANINES: PROXIMAL VIEWS 

MAXILLARY CANINE 

Cingulum more prominent 
Cusp tip labial to root axis line 
Labial height of contour less cervical 
Labial heighc of contour more pronounced 

lncisal wear is more lingual, even in fossae 
Cusp tip appears thicker faciolingually 

MANDIBULAR CANINE 

Cingulum less prominent 
Cusp tip lingua l to root axis line 
Labial heigh t of contour closer co cervical line 
Labial height of contour less pronounced, almosc continuous 
with root 
I ncisal wear more labial 
Cusp tip appears less thick facioli ngua lly 

TRAITS TO DIFFERENTIATE RIGHT FROM LEFT CANINES: COMPARING PROXIMAL VIEWS 

MAXILLARY CANINE MANDIBULAR CANINE 

Cervical line curves more on the mesial than distal surface 
Distal root depression is more distinct tha n mesial 

Proximal views of canines with traits to distinguish maxillary from mandibular canines and traiis ~o dThtinguish om 
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Proximal view of a mandibular cani ne show­
ing the minimal amount of facial or lingual cervical bulge of the 
crown outline beyond the roor outline. 

D. CANINES FROM THE INCISAL VIEW 

Refer to Figure 3-8 for a comparison of similarities and 
differences of canines from the incisal view. To follow this 
description, the tooth should be held so that the incisal 
edge (cusp tip) is toward the observer, the labial surface 
is at the top, and the observer is looking exactly down 
the mid-root axis line. You should see more of the lingual 
surface of the maxi lla1y canine since the cusp Lip and the 
cusp ridges are usually labial to the mid-root axis line, 
and you should see more of the labial surface of mandib­
ular canines where the cusp ridges are lingual to tl1e mid­
root axis line, as seen on most canines in Fig1.1re 3-8. 
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1. CANINE CROWN PROPORTIONS 
FROM THE INCISAL VIEW 

The maxillary canine crown outline is not symmetrical. 
The faciolingual dimension of the maxillary canine 
crown is slightly greater than the mesiodistal dimension 
(recall Appendix 3d). This is similar to the mandibu­
lar anterior teeth but uncharacteristic of the maxil­
lary incisors, which are usually wider mesioclistaUy 
than faciolingually. The labiolingual dimension of 
the mandibular canine crown is also greater than the 
mesiodistal measurement even more noticeably than 
on maxillary canines.° This characteristic oblong facio­
lingual outline is seen on many mandibular canines in 
Figure 3-8. 

2. CANINE INCISAL EDGE (CUSP TIP) 
CONTOUR FROM THE INCISAL VIEW 

The incisal edge (made up of the cusp tip and thick 
mesial and distal cusp ridges) of the maxillary canine 
is located slightly labial to the labiolingual center of 
the root, and this edge is aligned almost horizontally 
(Appendix 4f). 

The cusp tip of the mandibular canine is near the 
center labiolingually, or it may be lingual to the center. 
When the tooth is held with I.he faciolingual axis of the 
cervix of the root exactly vertical, the distal cusp ridge 
is directed slightly lingually from the cusp tip, placing 
the distoincisal angle in a position somewhat lingual LO 

the position of the cusp tip (Appendix 4f). This lingual 
placement of the distoincisal angle gives the incisal part 
of the crown a slight distolingual twist (similar to the 
adjacent mandibular lateral incisor and to the maxillary 
central incisor). From this view, the distolingual twist 
of the crown appears to "bend" co follow the curvature 
of the dental arch. 

Table 3-3 PRESENCE AND RELATIVE DEPTH OF LONGITUDINAL ROOT DEPRESSIONS 

MESIAL ROOT DEPRESSION? DISTAL ROOT DEPRESSION? 

Yes ( deeper) 

Yes ( deeper) 

General learning guidelines: 
1. Canines have root depression on mesial ot'fd distal surfaces. 
2. Canines are likefy to have deeper distal .surface root depressions. 
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F 

L 

Right maxillary canine Right mandibular canine 

CANINES (incisal) 
Maxillary right canine Maxillary left canine 

Mandibular left canine Mandibular right canine 

+---- Distal---► 

TRAITS TO DISTINGUISH MAXILLARY FROM MANDIBULAR CANINES: INCISAL VIEW 

MAXILLARY CANINE 

More asymmetrical crown outline 
Slightly greater faciolingually than mesiodistally 
Distal half of crown pinched in faciolingually 
Cingulum centered 
lncisal edge more horizontal mesiodiscally 
Facets on lingual-incisal or lingual surface 

MANDIBULAR CANINE 

More symmetrical crown outline 
Much greater faciolingually than mesiodistally 
Distal crown faciolingual pinch not as evident 
Cingulum to distal ( or centered) 
lncisal edge with discolingual twist 
Facecs on labiat-incisal of cusp ridge 

TRAITS TO DIFFERENTIATE RIGHT FROM LEFT CANINES: INCISAL VIEW 

MAXILLARY CANINE 

More faciolingual bulk in mesial half 

Distal half of crown pinched faciolingually 

MANDIBULAR CANINE 

Cingulum often to distal 
lncisal ridge more lingual on distal half 
Distal half of crown less likely pinched faciolingually 

lncisal views of canines with traits to distinguish maxillary from mandibular canines and traits to distinguish rights 
from lefts. 

3. CANINE CINGULUM AND 
MARGINAL RIDGES FROM THE 
INCISAL VIEW 

The maxillary canine cingulum is large and is located in 
the cemer mesiodistally (Appendix 4e). On Lhe lingual 
outl ine of the mandibular canine, the height (crest) of 
contour of the cingulum is cemered or slightly distal LO 

~ ,{ (App,ndi, 4,) 

4 . CANINE LABIAL CONTOUR 
FROM THE INCISAL VIEW 

The labial outline of the maxillary canine is convex, 
more than either type of maxillary incisor, since the 
labial ridge is often quite prominent. The mesial half of 
the labial outline is quite convex, whereas the distal half 
of the labial outline is frequently somewhat concave, giv­
ing this distal portion of the crown the appearance that 

m 
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it has been "pinched in" on lhe facial surface (Appendix 
4g). This observation is most helpful and is a reliable 
guide in determining right from left maxillary canines 
and is seen on many upper canines in Figure 3-8. 

The outline of the mandibular canine crown is more 
symmetrical than that of a maxillary canine crown. 
Howt:vt:r, tht: laui.il (;[OW II outline:: rni::.si.il LO th t: <.:t: lllt:r­

line is noliceably more convex, whereas the labial outline 
distal to the center is more flat. 

S. CANINE LINGUAL CONTOUR FROM 
THE INCISAL VIEW 

The lingual ridge of the maxillary canine divides the 
lingual SUJ'fate in half with a shallow fossa on each side. 
This ridge and fossae are less evident on the mandibular 
canine. 

LEARNING EXERCISE 

Assign a Universal number to a handheld tooth: 

A patient just had all of his permanent teeth 
extracted. Imagine being asked to find tooth 
No. 6 from among a pile of 32 extracted teeth 
on the oral surgeon's tray because you want to 
evaluate a lesion on the root of that canine. How 
might you go about it? Try the following steps: 

From a number of extracted teeth or tooth 
models, select the canines based on class traits. 
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Learning Exercise, cont. 

Determine whether the canine is maxillary or 
mandibular. You should never rely on only one 
characteristic difference between teeth to name 
them; rather, make a list of many arch traits 
that suggest the tooth is a maxillary canine as 
opposed to only one trait that makes you think 
it belongs in the mandible. Refer to the arch 
traits in Figures 3-4 through 3-8 as needed. 
If you determine that the tooth is maxillary, 
position the root up; ifit is mandibular, 
position the root down. 
With the tooth aligned correctly, use 
characteristic traits for each surface to identify 
the facial surface. This will permit you to view 
the tooth as though you were looking into a 
patient's mouth. 
Finally, determine which surface is the mesial. 
(Refer to the right/ left traits in Figs. 3-4 
through 3-8 as needed.) While viewing the 
tooth from the facial and picturing it within the 
appropriate arch ( upper or lower), the mesial 
surface can be positioned toward the midline in 
only one quadrant, the right or left. 
Once you have determined the quadrant, assign 
the appropriate Universal number fo r the canine 
in that quadrant. For example, the canine in the 
upper right quadrant is tooth No. 6. 

SECTION Ill INTERESTING FACTS AND VARIATIONS IN CANINE TEETH 

The name canine is of Greek origin and is found in the 
writings of Hippocrates and Aristotle of 2350 years ago. 
Aristotle first described canine anatomy, stressing the 
intermediate nature of it between incisors and molars. 
Celsus was the first writer to mention Ll1e roots of teeth, 
saying the canine was monoradicular (that is, normally 
having one root).3-➔ 

Probably the most conspicuous variation in canine 
teeth is found in the mandibular canine. For example, 
although it is rare to find a mandibular canine tooth 
with the root divided, this division is known to occur. 
The division results in labial and lingual roots and may 
be split only in Lhe apical third, or it may extend into 
the cervical third of the root (Fig. 3-9). 

Observe the enormous variation in size and shape 
among several maxillary and mandibular canines in 

~ · 

A maxillary canine with an unusual notch on its 
mesial cusp slope is seen in Figure 3-11. An unusual 
canine with a shovel-shaped lingual surface is evident 
in Figul'e 3-12. Other anomalies will be described in 
Chapter 11 . 

Perhaps the most unique canines of all occur on the 
male Babirusa (type of wild boar) seen in Figure 3-13. 
Its two enormous maxillary canines curve backward, 
piercing the bony snout on each side. Then, they curve 
in a large arc upward, backward, and finally down 
toward Lhe forehead. These unusual maxillary canines 
serve only to protect the boar's eyes and upper face. 
The Babirusa's mandibular canines are also very large 
and tusk-like, and curve up and back, possibly serving 
to proLect the side of his face and for fighting or pierc­
ing food when his jaw is opened wide. 
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Two unusua l mandibular canines, each with a split (bifurcated) root that has a facial a nd lingual root tip. 

a: 
::5 
::::> 
co 
i5 z 
~ 

Unusual canines (labial) 

f--- Letts ------i 

Canines of differing size showing tremendous variation. 
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Maxillary right canine with a deep notch in the mesial cusp ridge. 

FIGURE 3· 11J Maxillary left canine (arrow) with shovel-shaped lingua l a natomy (very prominent marginal ridges). 

A male Babirusa (type of wild boa r) with extremely unique canines that actually pierce the upper lip a nd bony snout 
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Review Questions 
For each trait described below, indicate the letter of the best response from the five selections provided. 
Each trait has only one best answer. 

a. Maxillary central incisor 
b. Maxillary canine 
c. Mandibular canine 
d. All of the above 
e. None of the above 

1. This tooth exhibits less cervical line curvature on the distal aspect 
than on the mesial aspect. 

2. The cingulum is centered mesiodistally. 

3. There is an almost continuous crown- root outline 
on the mesial surface of this tooth. 

4. The mesial contact area is located more incisally than the distal 
contact area on the same tooth. 

S. The cusp tip is positioned lingual to the mid-root axis line 
from the proximal view. 

6. Mamelons could be observed on this tooth. 

7. On which tooth is the cusp angle most acute? 

8. The mesiodistal width of this tooth is greater than its labiolingual width. 

9. The mesial and distal marginal ridges are aligned more vertically 
than horizontally on the lingual surface. 

10. The teeth (tooth) develop(s) from four lobes. 

11 . The teeth (tooth) develop(s) from three lobes. 

I_ 

Critical Thinking 

a b C 

a b C 

a b C 

a b C 

a b C 

a b C 

a b C 

a b C 

a b C 

a b C 

a b C 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

1. While viewing a model or a picture of the facial surface of a mandibular left canine, list as many traits as 
possible that you can use to identify the mesial versus distal half of an intact, extracted MANDIBULAR 
LEFT CANINE when viewing its FACIAL surface, but instead of using the terms mesial or distal, use 
the terms right or left. For example, when viewed from the facial, a mandibular left canine has a shorter 
cusp ridge on the left half (which is the mesial half for this view), and a longer cusp ridge on the right half 
(which is the distal half). 

2. Repeat this exercise when viewing the LINGUAL VIEW of the MAXILLARY RIGHT CANINE. 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 
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1111 Dr. Woelfel's Original Research Data 

SLatistics obtained from Dr. Woelfel's original research 
on teeth have been used to draw conclusions through­
out this chapter and were referenced with superscript 
letters that refer to the data stated here. Table 3-4 has 
the data for canines from the original research by 
Dr. Woelfel. 

A. Maxillary canines averaged 26.3 mm long, and 
mandibular canines averaged 25.9 mm long. 
Canine roots averaged 16.2 mm long. 

B. Based on 637 teeth, maxillary canine crowns aver­
aged longer faciolingually than mesiodistally by 
0.5 mm, and for mandibular canin , by 0.9 mm. 
At the cervix of the root, this difference was 2.0 
mm on maxilla'7 canines and 2.3 mm on man­
dibular canines. 

C. The root-to-crown ratio on maxillary canines 
averaged 1.56, and for mandibular canines, aver­
aged 1.45. 

D. The mandibular canine crown averaged 0.4 mm 
longer and 0.8 mm narrower than the maxillary 
canine crown based on averages from 637 teeth. 

E. The root of the maxillary canine averaged 3.5 mm 
longer than the root of the maxil lary central inci­
sor based on 719 teeth. 

F. The mandibular canine averaged 4.4 mm longer 
than the mandibular incisors and 1.3 mm wider 
mesiodistally. 

G. On 100 maxilla1y canine roots examined by 
Dr. Woelfel, 58% bent distally, 24% were straight, 
and 18% had the apical end of their roots bending 
slightly toward the mesial. 

H. On 100 mandibular canines inspected by 
Dr. Woelfel, 45% had absolmely straight roots, 
29% had the apical third bending mesially, 
and 26% bent slightly toward the distal. 

T: bl 
3

_
4 

SIZE OF CANINES (MEASURED BY DR. W OELFEL AND H IS DENTAL HYGIENE 
a e STUDENTS, 1974-1979) 

DIMENSION MEASURED 

Crown length 
Root length 

Overall length 

Crown width (mesiodiscal) 
Rooc width ( cervix) 
Faciolingual crown size 
Faciolingual root (cervix) 
Mesial cervical curve 
Distal cervical curve 

321 MAXIUARY CAN INES 

Average (mm) 

10.6 
16.5 longest root in 
mouth 
26.4 longest tooth in 
mouth 
7.6 
5.6 
8.1 
7.6 
2.1 
1.4 

Rang• (mm) 

8.2- 13.6 
10.8-28.5 

20.0-38.4 

6.3-9.5 
3.6- 7.3 
6.7- 10.7 
6.1- 10.4 
0.3-4 .0 
0.2-3.5 

316 MANDIBUlAR CANINES 

Average (mm) Range (mm) 

11.0- 6.8- 16.4 
15.9 9.5- 22.2 

2_5.9 16.1- 34.5 

6.8 5.7-8.6 
5 .2 4.1-6.4 
7.7 6.4-9.5 
7.5 5.8-9.4 
2.4 0.2-4.8 
1.6 0.2-3.5 
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84 Part 1 I Comparative Tooth Anatomy 

I. Based on 637 teeth, maxillary canine roots aver­
aged 0.6 mm longer than mandibular canine 
roots. 

J. Dr. Woelfel's dent.al hygiene s tudents inspected 
455 maxillary canines on dental stone casts. The 
lingual ridge was found to be the most elevated of 
Liu: Lhn::t: liugual ri<lg~ 46% of L11 t: timt:, tht: <li:,­

tal ridge was most elevated 36% of the Lime, and 
the mesial marginal ridge was most elevated only 
18% of the tjme. 

K. Of 244 mandibular canines on dental stone casts 
inspected by dental hygiene students, the distal 
marginal ridge was the most prominem of the 
three lingual ridges on 63% of the teeth and the 
mesial marginal ridge was the most prominent on 
only 18%. The lingual ridge was most prominent 
only on 19% of these unworn lingual surfaces. 

L. Of the 321 maxillary canines measured by 
Dr. Woelfel's dental hygiene students, the mesial 
CEJ (cemenlOenamel junction) curvature aver­
aged 2.1 mm, with a range from 0.3 to 4.0 mm; 
the distal CEJ curvature averaged 1.4 mm, with 
a range of 0.2 Lo 3.5 mm. Such wide variability is 
not unusual. 

M. Based on 637 canines, mandibular canine crowns 
average 0.4 mm narrower faciolingually than max­
illary canine crowns. Cervical line curves on man­
dibular canines varied from 0.2 mm (almost Oat) 
to 4.8 mm. Based on 316 mandibular canines, the 
mesial curvature averaged 2.4 mm while the dis­
Lal curve averaged only l.6 mm making the curve 
0.8 mm less on the distal surface. 

N. Based on 100 maxillary canines examined by 
Dr. Woelfel, 70% had a longitudinal depression 
on the mesial root surface (six fairly deep), 23% 

were Oat, and only 8% had convex mesial middle 
third root surfaces with no depression. On the 
distal, 90% had a longitudinal depression on 
the distal surface (20% were rather deep), and 
only 10% had no distal root depression. On 100 
mandibular canines examined, 88% had a longi­
mclinal mesial root depression (28% were fairly 
deep), 8% were Oat, and 4% were considered to 
be convex. On the distal, 97% had a longitudinal 
depression on the distal surface ( 40% were fairly 
deep), and only 3% had Oat distal root surfaces. 
None of the distal root surfaces was judged to be 
convex on the middle third or the root. 

0. Based on 316 teeth, the crown of the maxillary 
canine averages 0.5 mm longer faciolingually than 
mesiodistally, and the crown of lhe mandibular 
canine averages 0.9 111111 wider faciolingually than 
mesiodistally. 

P. Referring to the measurements of 637 canines 
in Table 3-4 under the range column, maxillary 
canine crowns from shortest to longest varied by 
5.4 mm , root length differed by 17.7 mm, and 
overall length differed by 18.4 mm. ln the 1962 
issue of the Journal of the North Carolina Dental 
Soci.ety (46:10) , there was a report of an extrac­
tion, without incident, of a maxillary left canine 
47 mm long. On mandibular canines, crown 
length, root length, and overall length ranges var­
ied by 9.6, 12.7, and 18.4 mm, respectively. Can 
you imagine one mandibular canine with a crown 
9.6 mm longer than another one? The shortest 
mandibular canine (cusp tip to root apex) was 
only 16.1 mm long. Two of the mandibular canine 
crowns in Figure 3-10 are chat long. See if you can 
spot these teeth. 

Ka dose.com 



همیار دندانسازان و دندانپزشکان لابراتوار دندانسازی های دنت

t.me/highdent www.highdentlab.com instagram.com/high_dent

~ 
w 
I­
Q. 
~ 
I 
u Morphology of Premolars 
Topics covered within the three sections of this 
chapter include the following: 
I. Overview of premolars 

A. General description of premolars 
B. Functions of premolars 
C. Class traits of premolars (including traits simi­

lar to anterior teeth) 
D. Arch traits chat differentiate maxillary from 

mandibular premolars 
II . Type traits chat differentiate maxillary first from 

maxillary second premolars 
A. Type traits of maxillary premolars from the 

buccal view 
B. Type traits of maxillary premolars from the 

lingual view 

C. Type traits of maxil lary premolars from the 
proximal views 

D. Type traits of maxil lary premolars from the 
occlusal view 

Ill. Type traits chat differentiate mandibular first from 
mandibular second premolars 
A. Type traits of mandibular premolars from the 

bucca l view 
B. Type tra its of mandibular premolars from the 

lingua l view 
C. Type traits of mandibular premolars from the 

proximal views 
D. Type traits of mandibular premolars from the 

occlusal view 

SECTION I OVERVIEW OF PREMOLARS 

OBJECTIVES 

This section is designed to prepare the learner to 
perform the following: 

Describe the functions of premolars. 
• List class traits common to all premolars. 

Using the maxillary right second premolar as a 
represemative example for all premolars, refer to the 
Appendix, pages 5 and 6, while reading this chapter. 
Throughout this chapter, "Appendix" followed by a 
number and letter (e.g., Appendix 5a) is used to denote 
reference to the page (number 5) and item (letter a) 
being referred to on that appendLx page. Tear out the 
appendix t.o facilitate study and minimize page turns. 

Also, remember that statistics obtained from 
Dr. Woelfel's original research on teeth have been used 
Lo draw conclusions LhJ'OughouL this chapter and are 
referenced with superscript letters like this (dataA) that 
refer LO data presented at the end of this chapter. 

A. GENERAL DESCRIPTION 
OF PREMOLARS 

The term premolar is used Lo designate the Leeth in 
the f.l th hent (secondary) dentition of mammals 

List arch traits that can be used to distinguish max­
illary from mandibular premolars. 
From a selection of all teeth, select and separate 
out the premolars. 
Divide a selection of all premolars into maxillary 
and mandibular. 

that are positioned just in front of molars (and pos­
terior to canines). There are eight premolars: four in 
the maxillary arch and four in the mandibular arch 
(Fig. 4-1). They are the fourth and fifth teeth from 
the midline in each quadrant. Maxillary premolars 
can be identified by the Universal Numbering System 
as teeth Numbers 5 and 12 (maxillary right and left 
first premolars, respectively) and Numbers 4 and 13 
(maxillary right and left second premolars, respec­
tively). The mandibular right and left first premolars 
are Numbers 28 and 21, respectively, with the man­
dibular right and left second premolars Numbers 29 
and 20, respectively. 

The mesial surfaces of first premolars contact the dis­
tal surfaces of adjacent canines, whereas distal surfaces 
contact the mesial surfaces of adjacent second premolars. 
The distal surfaces of second premolars are in contact 
with the mesial surfaces of adjacent first molars. 
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8 . FUNCTIONS OF PREMOLARS 

Premolars (upper and lower) function with molars 
(a) to masticate food and (b) to maintain the vertical 
dimension of the face (between the nose and chin). 
First premolars (c) assist the canines in shearing or 
cutting food morsels, and all premolars (d) support 
the corners of the mouth and cheeks to keep them 
from sagging. This is more discernible in older people. 
Patients who unfortunately have lost all of their molars 
can still masticate or chew adequately if they still have 
four to eight occluding premolars. However, it is very 
noticeable when a person smiles if one or more maxil-

~ '" missing. 

LEFT 

Adult dentition wich the 
Universal numbers for premolars high­
lighted in red. 

C. CLASS TRAITS OF PREMOLARS 

1. CLASS TRAITS SIMILAR TO ANTERIOR 
TEETH 

Consider first the similarities between premolars and 
anterior teeth by examining models of the entire maxillary 
and mandibular arches as you read the following: 

umber of Developmental Lobes: Like anterior 
teeth, the facial surfaces of all premolars develop from 
three facial lobes, usually evidenced by two shallow, 
vertical depressions separating a buccal ridge on the 
facial surface of the crown from the mesial and dist.al 
portions (Appendix Sa) . This centered buceal ridge is 
more conspicuous on first than second premolars, and 
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Table 4 -1 GUIDELINE FOR DETERMINING THE NUMBER OF LOBES FOR PREMOLARS• 

TOOTH NAME 

Maxillary first premolar 
Maxi llary second premolar 
Mandibular first premolar 
Mandibular second premolar, two-cusp type 
Mandibular second premolar, three-cusp type 

' Number of lobes • 3 facial lobes form the facial cusp + 1 lobe per each lingual cusp. 

is more pronounced on maxillary than mandibular pre­
molars. The prominent buccal ridge on the maxillary 
first premolar is similar to the pronounced labial ridge 
on the maxillary canine. Also, the lingual surfaces of 
most premolars (like anterior teeth) develop from one 
lingual lobe. ln premolars, this lobe fo nns one lingual 
cusp; in anterior teeth, it forms the cingulum (recall 
Fig. 1-45). An EXCEPTION occurs in a common varia­
tion of the mandibular second premolar, the three-cusp 
type, which develops from three facia l and two (not 
one) lingual lobes, forming two lingual cusps. Due 
LO this variation of the mandibular second premolar 
with three cusps, the term bicuspid (referring to two 
cusps) is hardly appropriate for this group of teeth. See 
Table 4-1 for a summary of the number of lobes forming 
each type of premolar. 

Crowns Taper Toward the Cervical: From the 
facial, crowns are narrower in the cervical third than 
occlusally (Appendix 5m). This is because the widest 
proximal heights (crests) of contour (or contact areas) 
are located in the occlusal to middle thirds on posterior 

( · 
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I 
I 
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Right maxillary 
central incisor 

\ 
\ 
\ 
i 

\ 
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Right maxillary canine 

f \ 
f \ 

H
p ~ 

I 

I 

r \ 
Right maxillary 

second premolar 

Facial views of an incisor, canine, and premo­
lar with the incisalfocclusal thirds of the crowns removed. 
Notice the similarities in crown taper toward the cervical line, 
root taper toward the apex, and cervical line contour on these 
three ~ ofteeth. 

NO.OF CUSPS 

1 facial and 1 li ngual 
1 facial and 1 li ngual 
1 facial and 1 li ngual 
1 facial and 1 lingual 
1 facial and 2 lingual 

NO.OF LOBES 

3+1a4 
3+1a4 
3 + 1 a 4 
3 + 1 = 4 
3+2•5 

teeth (similar to 1he location on anterior teeth in the 
incisal to middle thirds). 

Cervical Lines: Similar to all anterior teeth, cervi­
cal lines, when viewed from the proximal, curve toward 
the biting surfaces (occlusal or incisal) (Appendix 5o), 
and the amount of curvature is slightly greater on the 
mesial than on the dis tal surface. When viewed from 
the facial or lingual, cervical lines are curved toward 
the apex (Appendix Sn). 

Root Shape: Like on anterior teeth, premolar roots 
have convex facial and lingual root surfaces, and taper 
apically (Appendix 5q). Also, the root tapers toward 
the lingual, resulting in a narrower lingual side of the 
root mesiodistally. The apical third is most often bent 
distally (Appendix 5p). Notice the similarities in root 
and crown taper and cervical line curvature on incisors, 
canines, and premolars when the incisal/occlusal third 
has been removed in Figure 4-2. 

2 . CLASS TRAITS THAT DIFFER 
FROM ANTERIOR TEETH 

Tooth Sm-face Terminology: Compared to the anterior 
teeth, the facial surfaces of the posterior teeth are called buc­
ca/ (resting against the cheeks) instead of labial, and pos­
terior teeth have occlusal surfaces instead of i11cisal ridges. 
These occlusal surfaces have cusps, ridges, and grooves. 

Occlusal Cusps Versus Incisal Edges: Unlike ante­
rior teeth with incisal edges or ridges and a cingulum. 
premolars have one buccal (or facial) cusp, and most 
have one lingual cusp (Appendix 5b) . The EXCEPTION 
is the mandibular second premolar, which over half of 
the time has two lingual cusps:~ 

Marginal Ridges: The marginal ridges o( most premo­
lars are oriented in a horizontal plane versus a more lin­
gually sloping plane in the anterior teeth (Appendix 5c). 
However, an EXCEPTION is the mesial marginal ridge 
of the mandibular first premolar that is aligned almost 
halfway between horizontal and vertical (Appendix 6s). 

Crown and Root Length: Premolar crowns in both 
arches are shorter than crowns of ~nterior teeth,° and 
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first premolar crowns are slightly longer than second 
premolars. Uust think of the gradation in size as a 
transition from the longer incisor and canine crowns 
to the even shorter molar crowns.) However, the roots 
of second premolars are slightly longer than first 
premolars. 

Routs on maxillary premolars are <.:unsi<.krably 
shorter than on maxillary canines, but similar in length 
to maxillary incisor roots. Roots on mandibular premo­
lars are also shorter than on mandibular canines, but 
longer than on mandibular incisors.c Complete data 
can be found in Tables 4-6A and 4-6B. 

Height (Crest) of Contour: From both mesial and 
distal aspects, the facia l heights of contour of pre­
molar crowns are in the cervical third, like on ante­
rior teeth. However, the heights of contour are more 
occlusal in position than the corresponding heights of 
contour on the anterior teeth (Appendix 5d). In other 
words, the greatest facial bulge is farther from the cer­
vical line on premolars. An EXCEPTION is the buc­
cal height of contour of the mandibular firsL premolar, 
which may be located as far cervically as on anterior 
teeth. The location of the lingual height of contour 
for premolars is also farther from the cervix relative 
to anterior teeth. Lingually, it is located in the middle 
third occlusocervically compared to the cervical third 
on anterior teeth. 

Contact Areas: The proximal contact areas are gen­
erally more cervically located and broader than on 
anterior teeth. 

3. OTHER CLASS TRAITS CHARACTERISTIC 
OF MOST PREMOLARS 

Evaluate the similarities of all premolars while compar­
ing models or extTacted specimens of all four types of 
premolars from the views indicated. Also, use the study 
pages from the Appendix page 5 to identify the class 
traits. lt is important LO note that although general 
characteristics are described in this book, there is con­
siderable variation from these descriptions in nature.1- 3 

Remember when studying the maxillary premolars to 
hold them with their crowns clown and roots up. For 
mandibular premolars, have Lhe crowns up and the 
roots down. ln this manner, the teeth will be oriented 
as they were in the mouth. 

a. Class Traits of Most Premolars 
from the Buccal View 

Crown Outline Shape of Premolars: The crown from 
the buccal view is broadest at the level of the contact 
areas and narrower at the cervix: shaped roughly like a 
five-sid ~ 1nagon, similar to the canine crown shape 

(Appendix 5g). The mesial and distal outlines of the 
crown are nearly straight or slightly convex from con­
tact areas to the cervical line. 

Location of Most Premolar Contact Areas: Both 
mesial and distal sides of the crown are convex around 
the contact areas, similar to canines. Mesia/ proximal 
<.:011La<.:l~ are near tl1e jun<.:tiu11 of the u<.:dusal anti 
middle thi rds, and the distal contacts are normally 
slightly more cervical, in the middle third (Appendix 
Se) , EXCEPT on mandibular first premolars, where 
mesial contacLS are usually more cervical than the 
distal contacts. 

Relative Size of Most Premolar Cusp Ridges: As on 
canines, when viewed from the facial, the tip of the 
facial cusp of a premolar is often slightly mesial to 
the vertical root axis line of the tooth (Appendix 5h), 
with the mesial cusp ridge of the buccal cusp shorter 
than the distal ridge (Appendix 5i). The EXCEPTlON 
to this general rule is the maxillary first premolar, 
where the facial cusp lip is located slightly to the distal 
of the root axis line and the mesial cusp ridge is longer 
(Appendix 6e). 

b. Crown Shape (Outline) of Most Premolars 
from the Lingual View 

The crown is narrower on the lingual side than on the 
buccal side, EXCEPT some three-cusped mandibular 
second premolars (with two lingual cusps) that may 
be wider on the lingual half. The lingual surface is 
convex. 

c. Marginal Ridges of Most Premolars 
from the ProximaJ Views 

The relative height of the mesial and distal marginal 
ridge is similar co the relative height of the proxi­
mal contact areas. The mesial marginal ridge is more 
occlusally positioned than tl1e distal marginal ridge, so 
if you first look at the roesial side and compare it LO 

the distal side of this tooth, you should be able LO see 
less of the occlusal surface and triangular ridges from 
the distal view (compare mesial and distal surfaces in 
Appendix 5j). An EXCEPTLON is the mandibular first 
premolar, where the distal marginal ridge is in a more 
occlusal position tha11 the mesial marginal ridge. 

d. Class Traits of Most Premolars 
from the Ocdusal View 

Tooth Proportions: Like the majority of anterior teeth 
(except maxillary central and lateral incisors), all types 
of premolars, on average, are wider facio lingually than 
mesiodistally0 (Appendix 5k). 

Ka use.com 
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- -- Buccalcusp 

,._.a.__ Triangular ridge 
• ,• !I::·).· ... • -~-, .. ...,. 

Triangular ridge • •'-~, .. ;:_;, • .. • ·•· Distolingual cusp 

Mesiolingual cusp 

B Mandibular right second premolar (three-cusp type) 

A. Typical two-cusp type premolar (maxillary second) wich rwo triangular ridges (one on che buccal cusp and one 
on che lingual cusp) joining co form one longer transverse ridge. INocice how che triangular ridges of the buccal and lingual cusps on 
one side, and the marginal ridge on the other, bind the mesial fossa. B. The mandibular second premolar, chree-cusp cype, is UNIQUE 
since it is the only premolar that has three triangu lar ridges ( one per cusp), and these ridges do NOT join to form a transverse ridge. 

Cusp Ridges and Marginal Ridges Bound the 
Occlusal Table: Like canine cusps, premolar cusps 
(buccal and lingual) have mesial and distal cusp ridges. 
On premolars, the cusp ridges of buccal and lingual 
cusps merge with the marginal ridges LO surround the 
portion of the tooth known as the occlusal table (inside 
of the dotted lines on Appendix 5-1). 

Triangular Ridges Form Transverse Ridges: The 
triangular ridges of the buccal and lingual cusps slope 
toward the occlusal sulcus and converge al the cen­
tral groove (Fig. 4-3A). On premolars with only rwo 
cusps, the two triangular ridges (one buccal and one 
lingual) joi.n together to form a transverse ridge, which 
can be best observed from the occlusal aspect. An 
EXCEPTION: The three triangular ridges on the three­
cusped mandibular second premolar do not meet so do 
not J onn a transverse ridge (Fig. 4-3B). 

Grooves and Fossae: A groove (or grooves) runs 
mesiodistally across the occlusal surface on most pre­
molars. (EXCEPTION: the mandibular fiTst premolar 
has a pronounced transverse ridge, often without a 
groove running mesiodistally across it.) This groove 
(or grooves) , when present, ends mesially in the 
mesial fossa and distally in the distal fossa. These fos­
sae are bounded on one side by the buccal and lin­
gual triangular ridges (or transverse ridge) and on 
the other side by a marginal ridge. A central groove 
extending from the mesial to d istal fossa is labeled in 
Figure 4-3A. 

Proximal Contacts Viewed from the Occlusal View: 
Proximal contacts from the occlusal view are either on 
or most often slightly buccal to the faciolingual midline 

~ (Appoodix 50 

D . ARCH TRAITS THAT DIFFERENTIATE 
MAXILLARY FROM MANDIBULAR 
PREMOLARS 

Refer to Appendix page 6 while reading about differences 
between maxillary and mandibular premolars. 

Relative Shape and Size: The maxillary first and 
second premolars appear more alike than the mandibu­
lar premolars, yet maxillary first premolar crowns are 
larger than on seconds in all dimensions. 

Lingual Crown Tilt in Mandibular Premolars: 
From either proximal aspect, mandibular premolar 
crowns appear to be tilted lingually relative to their 
roots ( the Hrst premolar noticeably more than the 
second). This lingual tilting of the crown is charac­
teristic of all mandibular posterior teeth and enables 
their buccal cusps to fit and function both beneath 
and lingual to the maxillary buccal cusps. Maxillary 
premolar crowns are aligned more directly over their 
roots. This difference is easy to recognize when com­
paring the proximal views of maxillary and mandibu­
lar premolars in Appendix 6j for maxillary, and 6a for 
mandibular. 

Cusp Size and Location: The buccal cusp is lon­
ger than the lingual cusp (or cusps) on all premolars 
(especially on mandibular firsts) , but the difference 
is minimal on maxillary second premolars (compare 
Appendix 6c, maxillary, and 6p, mandibular). Most 
premolar lingual cusp tips are positioned off center tO 

the mesial EXCEPT on mandibular first premolars and 
some mandibular second premolars where they may 
be centered (seen from lingual views in Appendixes 6i 
and 6q). 

Ka dose.com 
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Maxillary right second premolar Maxillary right first premolar Arch differ­

ences in the oudine of premo­
lars: All types o f premolars with 
an outer box demonstrating the 
proportion ofche entire ocdusal 
outl ine of each tooth, and an 
inner box highlighting rhe pro­
porrion ofirs occlusal cable. 
Notice chat even though all 
premolar types are longer Facio­
lingually than mesiodiscally, the 
shapes of the maxillary premo­
lars are much more rectangular 

MAXILLARY PREMOLARS (Occlusal) 

Three-cusp type Two-cusp type Mandibular right 
first premolar Mandibular right second premolar 

MANDIBULAR PREMOLARS (Occlusal) 

( more obviously longer faciolin­
gually) compared co che shape 
o f mandibular premolars, which 
are closer co square. 

Buccal Ridge Prominence: The buccal ridge is more 
prominent on the maxillary first premolar than on the 
mandibular first premolar. 

Crown Proportions: From the occlusal view, maxil­
lary premolars are more oblong or rectangular (consid­
erably wider faciolingually than mesi.odistally), whereas 
mandibular premolars are closer to equal dimension 
faciolingually as mesiodi.stally (fig. 4-4). This differ­
ence may be even more apparent when comparing 

the outline of the ocdusal table ( the area bounded by 
a perimeter of ridges: mesial and distal cusp ridges of 
each cusp, and mesial and distal marginal ridges). This 
d ifference is apparent when comparing the dimensions 
of the occlusal views o( maxillary and mandibular pre­
molars in Appendix 6d. 

Now is a good time to review major differences 
between maxillary and mandibular premolars high­
lighted in Table 4-2. 

-r bl 
4

_
2 

MAJOR ARCH TRAITS THAT DISTINGUISH MAXILLARY FROM MANDIBULAR 
' a e PREMOLARS 

MAXILLARY PREM OLARS _, 
U
6 Buccal ridge is more prominent 
:> No distal crown tilt relative to root ., 
_, 
~ less difference between heighrs ofbuccal and lingual 
u 
z cusps ( especially seconds) 
::l 

$ ., Occlusal outline aligned over root x a1 Lingual cusp is just slightly shorter than buccal 
0. 

_, 
~ Crown shape oval or rectangular 
3 Crown considerably wider faciolingually than mesiodiscally g 

MANDIBULAR PREMOLARS 

Buccal ridge is less prominent 
Crown exhibits slight distal tilt on root due to greater distal 
bulge 

More difference between heights of buccal and lingual 
cusps (especially firscs) 

Crown tilts to lingual relative to root 
Lingual cusp is much shorter than buccal 

Crown shape closer co square or round 
Crown less oblong faciolingually 
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SECTION II 
TYPE TRAITS THAT DIFFERENTIATE MAXILLARY FIRST FROM 
MAXILLARY SECOND PREMOLARS 

OBJECTIVES 

This section prepares the reader to perform the 
following: 

Describe the type traits that can be used to distin­
guish the permanent maxillary first premolar from 
the maxillary second premolar. 
Describe and identify the buccal, lingual, mesial, 
distal, and occlusal surfaces for all maxillary 
premolars. 

A. TYPE TRAITS OF MAXILLARY 
PREMOLARS FROM THE BUCCAL 
VIEW 

From t11e buccal view, compare the maxillary firsL and 
second premolars in Figure 4-5. Compare tooth models 
and/or exuacted maxillary premolars as you read the 
following characteristics, holding the crowns down and 
rootS up, just as they are oriented in the mouth. 

1. RELATIVE SIZE OF MAXILLARY 
PREMOLAR CROWNS FROM 
THE BUCCAL VIEW 

The crown of the maxillary first premolar is larger 
than the maxillary second premolar, but the root is 
shorter overalJ.E The junction of cusp slopes and 
proximal surfaces (shoulders) appear more broad, 
bulging, and angular on the first premolar (especially 
on the mesial) than on the more gently convex second 
premolar. 

The mesial and distal sides of the crown, from ilie 
contact areas to the cervical line, converge more notice­
ably on the maxillary first premolar than second pre­
molar so the cervical portion of the crown of the second 
premolar appears re\alively wider. Observe the more 
prominent mesial shoulders and increased crown taper 
on many maxillary first premolars in Figure 4-5. 

2. LOCATION OF PROXIMAL CONTACTS 
ON MAXILLARY PREMOLARS FROM 
THE BUCCAL VIEW 

For both types of maxillary premolars, mesial contacts 
are usually in the middle third, near the junction of the 
occlusal and middle thirds. Distal contactS are slightly 
more cervical, as on anterior teeth, but still in ilie mid­
dle ti • ti" ecall Appendix Se). 

Assign a Universal number to maxillary premolars 
present in a mouth ( or on a model of the teeth) 
with complete dentition. If possible, repeat this 
on a model with one or more maxillary premolars 
missing. 
Holding a maxillary premolar, determine whether it 
is a first or a second, and right or left. Then assign 
a Universal number to it. 

3. LOCATION OF THE BUCCAL CUSP TIP 
ON MAXILLARY PREMOLARS FROM 
THE BUCCAL VIEW 

Maxillary second premolars, like canines, have the 
mesial cusp ridge shorter than the distal cusp ridge. 
Maxillary first premolars are UNIQUE in that t11ey 
have the only facial cusp on a premolar (or canine) 
where the mesial cusp ridge is longer ilian ilie distal 
cusp ridge. This results in a cusp tip that is distal to the 
vertical mid-root axis (Appendix 6e and most maxillary 
first premolars in Fig. 4-5) . 

4. SHAPE OF THE BUCCAL CUSP 
OF MAXILLARY PREMOLARS FROM 
THE BUCCAL VIEW 

The buccal cusp of the maxillary first premolar is 
relatively long and pointed or sharp (Appendix 60. 
resembling a maxillary canine, with the mesial and dis­
tal slopes meeting at almost a right angle (100-110°), 
compared to the second premolar, which is less poimed 
and more obtuse (125-130°), as seen on most second 
premolars in Figure 4-5. 

S. BUCCAL RIDGE AND ADJACENT 
DEPRESSIONS OF MAXILLARY PREMOLARS 
FROM THE BUCCAL VIEW 

The buccal ridge is more prominent on maxillary 
first premolars t11an on maxillary second premolars 
(Appendix 6g). Shallow vertical depressions in the 
occlusal third may be evidem on the buccal surfaces 
of maxillary premolars located most often mesial to 
the buccal ridge on maxillary first premolars, and next 
most frequently. distal to me buccal ridge on maxillary 
second premolars.F The most common location of these 
depressions is depicted in the drawings in Figure 4-5. 

n 
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Maxillary right 
second premolar 
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Maxillary right 
first premolar 
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MAXILLARY PREMOLARS (buccal) 
Maxillary right first premolar Maxillary left first premolar 

Maxillary right second premolar Maxillary left second premolar 

TRAITS TO DISTINGUISH MAXILLARY ARST FROM SECOND PREMOLAR: BUCCAL VIEWS 

MAXILLARY FIRST PREMOLAR 

Sharper buccal cusp angle 
Mesia! cusp ridge longest 
Prominent buccal ridge 
Bulging shoulders and angular outline 
Tapers more from contacts cervically 
Mesia! buccal ridge depression more common 

MAXILLARY SECOND PREMOLAR 

More blunt buccal cusp angle 
Distal cusp ridge longest 
less prominent buccal ridge 
Narrow, more rounded shoulders 
less taper from contacts cervically 
Distal buccal ridge depression more common 

TRAITS TO DIFFERENTIATE MAXILLARY RIGHT FROM LEFT PREMOLARS: BUCCAL VIEWS 

MAXILLARY FIRST PREMOLARS MAXILLARY SECOND PREMOLARS 

Longer mesial cusp ridge Shorter mesial cusp ridge 
Depression more common mesial to buccal ridge Depression more common distal co buccal ridge 

Root often, but noc always, curves to distal for both 
Mesia! contact more ocdusal than distal contact for both 

Buccal views of maxillary premolars with cype traits co distinguish maxill ary first from second premolars, and craics co 
'ghcs from lefts. 
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6. ROOTS OF MAXILLARY PREMOLARS 
FROM THE BUCCAL VIEW 

The apical end of the root of all single rooted pre­
molars frequently bends distally, but these roots may 
also be straight or bend mesially.1G Most of the t ime, 
the maxillary first premolar is divided into a buc­
cal and lingual root splitting off of a common trunk 
in the apical thirdH (seen best from the proximal 
view in Appendix 6h). The buccal roots frequently 
curve distally near the apex so you can see the tip 
of the lingual root when it is straighter or bends in 
a different direction than the buccal root. Both roots 
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are visible in several maxillary first premolars in 
Figure 4-5. 

The single root of the maxillary second premolar is 
longer than on the fLrst premolar and is nearly twice as 
long as the crown.1 The root is l.8 times longer than 
the crown which gives this tooth the greatest root-to­
t:row11 raLio of any 111axillary LOoLh. 

8. TYPE TRAITS OF MAXILLARY 
PREMOLARS FROM THE LINGUAL VIEW 

Compare the lingual view of maxillary first and second 
premolars in Figure 4-6. 

MAXILLARY PREMOLARS (lingual) 
Maxillary left first premolar Maxillary right first premolar 

Maxillary left second premolar Maxillary right second premolar 

TRAITS TO DISTINGUISH MAXILLARY FIRST FROM SECOND PREMOLAR: LINGUAL VIEWS 

MAXILI.ARY ARST PREMOLAR MAXIUARY SECOND PREMOLAR ---------------------------
Lingua I cusp shorter: two cusps visible Buccal cusps very slighcly longer than lingual 
Crown rapers toward lingual Slighcly less taper toward lingual 

TRAITS TO DIFFERENTIATE MAXILLARY RIGHT FROM LEFT PREMOLARS: 
UNIQUE FROM LINGUAL VIEWS 

MAXIUARY ARST PREMOLAR MAXILI.ARY SECOND PREMOLAR 

Mesial cusp ridge longer than distal Mesial cusp ridge shorter than distal 
Lingua I cusp tip is mesia I co midline for both 

Lingual views of maxillary premolars with type traits to distinguish maxillary first from second premolars, and traits co 
rights from lefts. 
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1. RELATIVE CUSP SIZE OF MAXILLARY 
PREMOLARS FROM THE LINGUAL VIEW 

The lingual cusp is shoner than I.he buccal cusp, con­
siderably more so on the maxillary first premolar. 
The buccal and lingual cusps of lhe maxillary second 
premolar are nearly the same length.J This trait is seen 
in almost all first premolars in Figure 4-6 and is evi­
dem on the lingual views of maxillary premolars on 
Appendix page 6. The crown is a little narrower on lhe 
lingual surface than on the buccal surface, more so on 
the first premolar Lhan on the second premolar. 

2. CUSP RIDGES OF MAXILLARY PREMOLARS 
FROM THE LINGUAL VIEW 

The mesial and distal ridges of Lhe lingual cusp of I.he 
maxillary first premolar meet at the cusp Lip al a some­
what rounded angle, but the angle is still sharp or s teep 
compared to molar cusps. The Lip of the lingual cusp of 
the second premolar is relatively sharper. 

3. LINGUAL CUSP POSITION FOR MAXILLARY 
PREMOLARS FROM THE LINGUAL VIEW 

The tips of the unworn lingual cusps of botli types of 
maxillary premolars are consistently positioned to the 
mesial of the mid-root axis line (Appenclix 6i). This trail 
is an excellent way to tell rights from lefts, especially 
for the maxillary second premolar, which is, in many 
other ways, nearly symmeuical. 

4 . MARGINAL RIDGES OF MAXILLARY 
PREMOLARS FROM THE LINGUAL VIEW 

From the lingual view, differences in marginal ridge 
heights are apparent on handheld teeth when rotating 
the tooth just enough one way to see the mesial ridge 
height, then just enough in the opposite direction Lo 
compare the distal ridge height. The dislal marginal 
ridges of both types of maxillary premolars are more 
cervical in position lhan the mesial marginal ridge 
(recall Appendix Sj). 

S. ROOTS OF MAXILLARY PREMOLARS FROM 
THE LINGUAL VIEW 

The Lingual root of a two-rooted maxillary first premolar 
is usually shorter than lhe buccal root.K Bolh first and 
second premolar roots Laper narrower to the Lingual. 

C. TYPE TRAITS OF MAXILLARY 
PREMOLARS FROM THE PROXIMAL 
VIEWS 

1. CROWN SHAPE AND MORPHOLOGY 
OF MAXILLARY PREMOLARS FROM 
THE PROXIMAL VIEWS 

Both types of maxillary premolars are shaped like 
a trapezoid from the proximal view (Appendix 6b) . 
A trapezoid is a four-sided figure with two parallel sides 
and two nonparallel sides. Both cusp Lips are located 
over the root and well within the boundary of the root 
outline, an important relationship imparting good func­
tional support for a large chewing area. 

Maxillary first premolars have a UNIQUE promi­
nent mesial crown concavity just cervical to the con­
tact area, whereas maxillary second premolars (and 
mandibular premolars) do not (Appendix 6j). This 
mesial crown concavity can be seen in almost all max­
illary first premolars so il is a consistent and obvious 
trait of all maxillary first premolars that can be used LO 
distinguish it from a maxillary second premolar, and 
can be used to confirm the mesial surface on the max­
illary first premolar. IL is important to remember the 
presence of this unique mesial crown concavity when 
restoring the contours of this surface, or when detect­
ing and removing calcified deposits from this crown 
surface. 

2 . RELATIVE CUSP HEIGHT 
OF MAXILLARY PREMOLARS 
FROM THE PROXIMAL VIEWS 

From this view, as from the lingual, the buccal cusp is 
noticeably longer than the lingual cusp on maxillary 
first premolars, compared to the second premolar, 
which has two cusps of nearly equal length (Appendix 
6c). This difference is obvious when comparing first 
and second premolars in Figure 4-7. From the proxi­
mal view, it is often a challenge telling buccal from lin­
gual on the maxillary second premolar based solely on 
the cusp heights, since the cusp heights are so simi­
lar. Differences in the heights of contour, however 
(described next) will be useful for distinguishing buc­
cal from lingual surfaces on these teeth. 

3. HEIGHT (CREST) OF CONTOUR 
OF MAXILLARY PREMOLARS FROM 
THE PROXIMAL VIEWS 

Like all teeth, the facial height of contour of maxillary 
premolars is located in I.he cervical third. Specifically, 
it is near the junction of the middle and cervical Lhird. 
Lingually (like other posterior teetl1) it is more occlusal, 
in the middle third (near the center of I.he crown). This 
trail helps distinguish the buccal from lingual sur­
faces on the majori ty of maxillary premolars from the 
proximal views in Figure 4-7. 
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Maxillary right 
first premolar 

MAXILLARY LEFT PREMOLARS 
Maxillary left first premolar (mesial) 

Maxillary left second premolar (mesial) 

MESIAL VIEWS 

Maxillary right 
second premolar 

MAXILLARY RIGHT PREMOLARS 
Maxillary right first premolar (distal) 

Maxillary right second premolar (distal) 

TRAITS TO DISTINGUISH MAXILLARY FIRST FROM SECOND PREMOLAR: PROXIMAL VIEWS 

MAXI LI.ARY FIRST PREMOLAR 

Two roots or deeply divided single root 
Buccal cusp longer than lingual 
Mesia! crown and root depression 
Mesia! root depression deeper than distal 
Almost always mesial marginal ridge groove 

MAXILI.ARY SECON D PREMOLAR 

Single root 
Buccal and lingual cusps similar length 
Mesia! root but nor crown depression 
Distal root depression deeper than mesia l 
Less likely mesial marginal groove 

TRAITS TO DIFFERENTIATE MAXILLARY RIGHT FROM LEFT PREMOLARS: 
UNIQUE FROM PROXIMAL VIEWS 

MAXILI.ARY FIRST PREMOLAR MAXILI.ARY SECOND PREMOLAR 

Pronounced mesial crown ( and adjacent root) depression 
Deeper mesial than distal root depression Deeper distal than mesial root depression 
Almost always mesial margina l ridge groove 

Distal marginal ridge is more cervical than mesial for both 
Greater mesial than distal cervical li ne curvature for both 

• Proxi mal views of maxillary premolars with type traits to distinguish maxillary first from secolil:I pcemolarsi a11d traiJ:s 
u,sh rights from lefts. 
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4. DISTANCE BETWEEN CUSP TIPS ON 
MAXILLARY PREMOLARS FROM THE 
PROXIMAL VIEWS 

The average distance between the buccal and lingual 
cusp tips of maxillary first and second premolars is 
about the same.l 

5. MARGINAL RIDGE GROOVES OF 
MAXILLARY PREMOLARS FROM THE 
PROXIMAL VIEWS 

Marginal ridge grooves serves as a spillway for food 
during masLicaLion (best seen from the occlusal view in 
Appendix 6k). The mesial marginal ridge of the maxil­
lary first premolar is almost always crossed by a devel­
opmental groove called a mesial marginal ridge groove 
Lhat n1ay extend onto the mesial crown surface.M The 
distal marginal ridge of this tooth, and the mesial and 
distal marginal ridges of the maxillary second premo­
lars, are less likely to have marginal ridge grooves, and, 
when present, these grooves are less likely to extend 
onto the proximal surfaces. 

6. CERVICAL LINES OF MAXILLARY 
PREMOLARS WHEN COMPARING 
PROXIMAL VIEWS 

The cervical line on the rnesial side of both types of 
maxillary premolars curves occlusally in a broad, but 
shallow arc. As on anterior teeth, the mesial curvature 
is slightly greater than the distal curvature.1'' The cervi­
cal line on the lingual surface of the maxillary first pre­
molar is in a more occlusal position t11an on the buccal 
surface. This accentuates the appearance that the lin­
gual cusp is definitely shorter than the buccal cusp. 

7. ROOTS AND ROOT DEPRESSIONS OF 
MAXILLARY PREMOLARS FROM THE 
PROXIMAL VIEWS 

The rootS of both types of maxillary premolars are 
likely to have both mesial and distal root depressions 
of va1ying depths. Knowledge of the relative location 
and dept11 of these depressions can be helpful clinically 
when using dental insmnnents in the gingival sulcus 
10 detect and remove calcified deposits that comribute 
10 periodontal disease, and when identifying areas of 
decay on accessible root surfaces. 

Recall that maxillary first premolars most often 
have two roots with the lingual root slightly shorter 
than t11e buccal root. The split into two roots (bifurca­
tion) occurs in the apical third of the root. As stated 
previously, t11is is the only premolar wiLh an obvious 

~,,y oc d,pcession on ,h, m,siol sucfac, ol 

its crown, and this depression continues onto the root 
(seen on all teet11 studied).0 On maxillary first premo­
lars with either one or two roots, this crown depression 
is continuous with a prominent mesial root depression.0 

This important type trait is seen clearly on the mesial 
views of all maxillary first premolars in Figure 4-7. 
Tht:rt: is .ibu a lt:ss <listiw.:l disLul rout <lt:prt:ssiun fouu<l 
on both double- and single-rooted first premolars. This 
distal depression is located 011 Lhe middle t11ird of the 
undivided portion of the root but does not usually 
extend close to t11e cervical line. The root of the max­
illary first premolar is UNIQUE in that it is the only 
premolar type where the rnesial-side longitudinal root 
depression is deeper d1an on the distal surface. 

The maxillary second premolar usually has one 
root with longitudinal root depressions located in the 
middle third of the mesial and distal root surfaces. 
However, its mesial root depression does not extend 
onto Lhe crown.P The distal root depression is usually 
deeper than on the mesial root surface. This feature is 
the opposite from Lhe maxillary first premolar, where 
the mesial mid-root depression is deeper. 

D . TYPE TRAITS OF MAXILLARY 
PREMOLARS FROM THE OCCLUSAL 
VIEW 

Compare occlusal views of maxillary fi rst and second 
premolars in Figure 4-8. To follow t.his description, the 
teeth or tooth models you are using should be held as 
those displayed in Figure 4-8, so that t11e buccal surface 
is at the top and you are sighting down along the verti­
cal mid-root axis. 

1. RELATIVE SIZE OF MAXILLARY PREMOLARS 
FROM THE OCCLUSAL VIEWS 

In the same mouth, maxillary first premolars were 
larger Lhan adjacem second premolars a li ttle over half 
of the time.Q 

2 . GROOVES AND FOSSAE OF MAXILLARY 
PREMOLARS FROM THE OCCLUSAL VIEW 

Characteristically, central developmental grooves run 
mesiodistally across the center of both types of maxil­
lary premolars extending from a mesial pit to a distal 
pit. The length of the ce111ral groove of the maxillary 
fast premolar is relatively longer (more than one third 
of the mesiodistal outline width) than the groove on the 
maxillary second premolar (Appendix 61).R Because the 
central groove on the maxiUary first premolar is longer, 
the pits are farther apart and are relatively closer to the 
marginal ridges than on maxillary second premolars. 
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Maxillary right second premolar Maxillary right first premolar 

MAXILLARY PREMOLARS (occlusal) 
Maxillary right first premolars Maxillary left first premolars 

Maxillary right second premolars Maxillary left second premolars 

TRAITS TO DISTINGUISH MAXILLARY FIRST FROM SECOND PREMOLAR: OCCLUSAL VIEWS 

MAXILLARY ARST PREMOLAR 

Crown asymmetrical, more hexagonal 
Mesial surface concave or flat 
Proximal surfaces converge lingually 
Longer central groove so mesial and distal fossae are closer co 
marginal ridge 
Almost always mesial marginal ridge groove 
More prominent buccal ridge 
Fewer supplemental grooves 

MAXILLARY SECOND PREMOLAR 

Crown symmetrical and more oval 
Mesia! surface more convex 
Little tapering toward lingual 
Shorter central groove so mesial and dis cal fossae closer to 
tooth center 
Mesia! marginal ridge much less common 
Less prominent buccal ridge 
More supplemental grooves 

TRAITS TO DIFFERENTIATE MAXILLARY RIGHT FROM LEFT PREMOLARS: 
UNIQUE FROM OCCLUSAL VIEWS 

MAXILLARY ARST PREMOLAR 

Mesia! crown outline is concave or flat 
Mesiobuccal line angle is a right angle 
Almost always mesial marginal ridge groove 
Distal contact is more buccal 

MAXILLA.RY SECOND PREMOLAR 

Mesia I contact is more buccal 
Lingual cusp tip mesial to center for both 

Curved distal marginal ridge longer than mesial for both 

Occlusal views of maxillary premolars with type traits co distinguish maxillary first from second premolars, and traits 
co d istinguish rights from lefts. 

Ka dose.com 
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Th is longer central groove on maxillary first premolars 
compared to second premolars is quite obvious when 
comparing the maxillary premolars in Figure 4-8. This 
longer central groove on 1..he maxillary Cirst premolar is 
accentuated by the mesial marginal ridge groove that 
almost always crosses the mesial marginal ridge. It is 
1.:urui 11uuus with tht: <.:t:ntra l grouvt: illlU uftt:11 <.:ru!:>-'>t:S 

onto the mesial tooth surface (seen on the drawing in 
Fig. 4-8). Marginal ridge grooves are much less com­
mon on the mesial marginal ridge of maxillary second 
premolars and the distal marginal ridges of either type 
of maxillary premolar. 

There are more supplemental grooves on maxillary sec­
ond premolars than on maxillary first premolars. These 
supplementa1y grooves radiate buccally and lingually 
from the pits at the depth of each triangular fossa. 

On most maxillary premolars, the distal triangular 
fossae appear larger Lhan, or equal in size to, the mesial 
fossae.s 

3. RELATIVE PROPORTIONS OF MAXILLARY 
PREMOLARS FROM THE OCCLUSAL VIEW 

The oblong (oval or rectangular) crown outline of both 
types of maxillary premolars are noticeably greater buc­
colingually than mesiodistally.'r This is obvious in all 
maxillary premolars in Figure 4-8. 

4 . OUTLINE OF MAXILLARY PREMOLARS 
FROM THE OCCLUSAL VIEW 

On both types of maxillary premolars, the lingual half 
of the tooth is narrower mesiodistally than the hue­
cal half, more so on first premolars. From the occlusal 
aspect, the buccal outline of the maxillary first pre­
molar is a rounded and almost V-shape because of the 

A B 

prominent buccal ridge, but this ridge is less prominent 
on the second premolar as seen in Figure 4-8. On both 
types, 1.he tip of the lingual cusp is slightly mesial to the 
center of the tooth. 

Seen from the occlusal aspect, the maxil.lary second 
premolar is typically quite symmetrical (similar shape 
fur th t: mt:siill ilnu u is tal halvt:s). Its 01.:dusal uu1.li11t: is 

smoother and less angular than that of the first premo­
lar (Fig. 4-9B). 

An asymmetrical occlusal outline is a distinguish­
ing feature of the maxillary first premolar that dis­
tinguishes it from second premolars (compare outline 
shapes in Appendix 6111). Pan of this asymmetry is due 
to the apparent "twisting" of the lingual half of the 
tooth to the mesial, with 1.he lingual cusp tip mesial to 
the midline, and the buccal cusp tip actually located 
distal to the midline (UNlQUE to the maxillary firs t 
premolar with its mesial cusp ridge longer than its dis­
tal cusp ridge) (Fig. 4-9A). This twisting results in a 
mesial marginal ridge that joins the mesial cusp ridge 
of the buccal cusp at an almost right angle (not so on 
second premolars) , and a mesial surface that forms 
a nearly sLraight or concave outl.ine buccolingually 
rather than a more uni form taper like on the second 
premolar. This mesial outline concavity may be accen­
lllated by the depression of the mesial marginal ridge 
groove and mesial crown concavity next to the roo t. 
This straighter mesial marginal ridge appears shorter 
buccolingually than the more convex distal marginal 
ridge (note this characteristic on the occlusal surfaces 
of most maxillary first premolars) (Fig. 4-8). 

Compare the symmetrical outline of the maxillary 
second premolar to the asymmetrical outline of the 
maxillary second premolar in Figure 4-9C. 

]i 
"' i5 

C 

A. Note the asymmetrical outline of the maxi llary len first premolar, and the location of the buccal cusp tip distal co 
the roorh cenrer. B. The symmet,y of the maxillary left second premolar makes it a challenge co cell rights from lefts from this view, but 
the slight mesial placemenr o f rhe buccal and lingual cusp tips is helpful. C. In this mouth , the asymmet,y of the maxillary first premo-

~ mp"'d "'•h• ,djm, .. ymm,m .. , =ood ,~mola,. Ka d use.com 
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Buccalridge -------. 

Distobuccal Iossa groove 

Distal contact - ----JI" 

Triangular ridge ~ 1 ;-,::,-~~~ 
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Crest of curvature 

~-- Buccal cusp tip 

--~ - Distal triangular Iossa and pit 

Mesiobuccal Iossa groove 
, • .,, • ...,__ Mesia! contact 

Mesia! triangular Iossa and pit 

Triangular ridge "-----T,.....,.,.;;,,,-

Mesia! marginal ridge (red) and groove 
'-"-..,__""'-''-"--- Central developmental groove 

Distal marginal ridge (red) :':~~'.;~· ••• Mesia! cusp slope 
,.~,.--: 

Distal cusp slope ___ ., 
~--- Lingual cusp tip 

'--- - Height of contour 

• • I 
Maxillary right first premolar , occlusal surface, with anatomic structures that contribute to its asymmetry. Notice 

the proximal contact locations (the distal contact of this tooth is more buccal than the mesial), the relative length of the marginal 
ridges (mesial is shorter), and the location of the cusp tips where the buccal rip is distal to the middle, making the mesial cusp ridge of 
the buccal cusp longer than the distal cusp ridge (UNIQUE to maxillary first premolars) and the lingual cusp tip is mesial to the middle. 

S. CONTACT AREAS AND HEIGHTS OF 
CONTOUR OF MAXILLARY PREMOLARS 
FROM THE OCCLUSAL VIEW 

Mesia / contacts for both types of maxillary premolars are 
at or near the junction of the buccal and middle thirds 
(slightly more buccal on first premolars). Recall that one 
third of the tooth from this aspect means one third of the 
total buccolingual measurements of the crown outline, 
rather than one third of the occ\usal surface measure­
mem. Distal contacts are in the middle third on maxillary 
second premolars, located more lingually than mesial 
contacts. Just the opposite is true on first premolars with 
their asymmetry, where the dis tal contact is more buc-

cal than the mesial contact (Fig. 4-10). Picture this asym­
metry when viewing the hexagon outline presemed in 
Appendix 6111 for the maxillary first premolar, and then to 
the examples of maxillary first premolars in Figure 4-8. 

LEARNING EXERCISE 

See how many traits you can list that differenti­
ate the maxillary first from second premolars, and 
maxillary right from left premolars. When you 
have finished, compare your list with traits listed 
in Figures 4-5 through 4-8. 

SECTION Ill 
TYPE TRAITS THAT DIFFERENTIATE MANDIBULAR FIRST 
FROM MANDIBULAR SECOND PREMOLARS 

OBJECTIVES 

The section prepares the reader to perform the 
following: 

Describe the type traits that can be used to dis­
tinguish the permanent mandibular first premolar 
from the mandibular second premolar. 
Describe and identify the labial, lingual, mesial, 
distal, and occlusal surfaces for all mandibular pre­
molars on a photograph, model, or extracted tooth. 

To appreciate differences in mandibular nrst and second 
premolars, it is first important to know that there are 
tw~~im types of mandibular second premolars3

: a 
,411••,&~j,~~ type with one buccal and one Lingual cusp and 

Assign a Universal number to mandibular premolars 
present in a mouth ( or on a model of the teeth) with 
complete dentition. If possible, repeat this on a model 
with one or more mandibular premolars missing. 
Holding a mandibular premolar, determine whether 
it is a first or a second and right or left. Then assign 
a Universal number to it 

a slightly more common three-cusp type with one buccal 
and two lingual cusps (seen from the occlusal sketches 
in Fig. 4-11). The frequency of these two types of man­
dibular second premolars is presented.ilf Tab/t 'H3,. 7 
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M 

B 
B B 

D M D M D 

L L L 

Mandibular right 
first premolar 

Three-cusp type Two-cusp type Occl usal views of three types 
of mandibular premolars. Mandibular right second premolar 

LEARNING EXERCISE 

Look in your own mouth and determine whether 
you have second premolars on both sides and in 
each arch. For each of your four second premolars, 
try to determine if each has two, three, or possible 
even four cusps. Then compare it to the data in 
Table 4-3 to see how common your findings are. 

The morphologic details of mandibular premolars 
are a challenge to describe because of the great 
amount of variation. To list all of the frequent 
variations would lead to confusion rather than to 
clarification. Bear in mind while studying these 
teeth that one description will not exactly fit 
every tooth.1

•3 Descriptions in this chapter are for 
unworn teeth. Most extracted tooth specimens 
will have signs of attrition, and some will show 
evidence of tooth decay ( caries). 

While reading this section, examine several extracted 
mandibular premolars or premolar models, and have 
Appendix pages 5 and 6 available. Hold these man­
dibular teeth with the crowns up and the roots down. 

A. TYPE TRAITS OF MANDIBULAR 
PREMOLARS FROM THE BUCCAL 
VIEW 

Refer Lo views from Lhe buccal of mandibular fi rsL and 
second premolars in Figtire 4.12. 

1. CROWN SIZE AND SHAPE OF MANDIBULAR 
PREMOLARS FROM THE BUCCAL VIEW 

As with all premolars and canines, the shape of premo­
lar crowns (Lwo-cusp or Lhree-cusp type) from the facial 
view is roughly a five-sided pentagon (Appendix 5g). 
From this view, boLh types o[ mandibular premolars 
appear nearly symmetrical excepL for Lhe shorter mesial 
than distal cusp ridge and a greater distal bulge of Lhe 
crown. (This greater dislal bulge may give the appear­
ance of a slight distal till of the crown relative to the 
micl-rooL axis.) 

The crown of Lhe mandibular first premolar bears 
considerable resemblance from this aspecL Lo Lhe second 
premolar, but there are differences that make first 
premolars distinguishable. Mandibular first premo­
lars are slightly longer overall than second premolars 
with a noticeably longer crown (resembling a maxil­
lary canine), buL a slightly shoner rooLY Just like on 

T bl _
3 

OCCURRENCE OF LINGUAL CUSPS ON MANDIBULAR SECOND PREMOLARS 
a e 

4 
(808 FEMALES, 1532 TEETH) 

NUMBER AND FREQUENCY PERCENTAGE COMMENT 

Two lingual cusps on both sides 44.2% Almost half 
One lingual cusp on boch sides 34.2% One chird 
Two lingual cusps on one side 18.2% One fifrh 
Three lingual cusps on boch sides 1.7%} 
Three lingual cusps on one side 1.7% 1 in 29 

3-cusp rype 54. 2%1 

Overall frequency 2-cusp rype 43.0% 1532 ceech 
4-cusp rype 2.8% 

Same cype on both sides 80.1%} 702 comparisons Diffe_,7j e on each side 19.9% 

a u e. om 
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D 

' Mandibular right 

M 

second premolar 

D M 

Mandibular right 
first premolar 

MANDIBULAR PREMOLARS (buccal) 
Mandibular right first premolars Mandibular left first premolars 

Mandibular right second premolars Mandibular left second premolars 

TRAITS TO DISTINGUISH MANDIBULAR FIRST FROM SECOND PREMOLAR: BUCCAL V IEWS 

MANOIBUlAR FIRST PREMOlAR 

Longer crown 
More crown taper from contact to cervix 
More pointed cusp 
More prominent buccal ridge 
Shorrer root with pointed apex 

MANOIBUlAR SECOND PREMOlAR 

Shorter wider crown 
Crown relat ively wider at cervix 
Less pointed cusp 
Less prominent buccal ridge 
Longer root with blunt apex 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT PREMOLARS: BUCCAL VIEWS 

MANDIBUlAR FIRST MOlAR MANDIBUlAR SECOND MOlAR 

Mesia! cusp ridge notch more common Distal cusp ridge notch more common 
Lower mesial than d istal contact Lower distal than mesial contact 

Mesia I cusp ridge is shorter than distal on both mandibular premolars 

Buccal views of mandibular premolars with type traits to distinguish mandibular first from second premolars, and 
sh rights from le~s. 

a 
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maxillary premolars, the mandibular first premolar has 
a relatively sharper buccal cusp (110°) Lhan the second. 

The crown of Lhe mandibular second premolar 
appears closer to square than the first premolar because 
it is shorter overall , it is wider in the cervical tl1ird, with 
a buccal cusp that is less pointed than on the mandibu­
lar fir::;t pn::mular, with i:u::;p ::;lupt::, mt:t:Li11g a l a11 anglt: 
of about 130° (Appendix 6n). 

2. LOCATION OF PROXIMAL CONTACTS ON 
MANDIBULAR PREMOLARS FROM THE 
BUCCALVIEW 

Because of the steeper angle formed by the cusp ridges 
of the buccal cusp, the contact areas on the mandibu­
lar first premolar appear more cervical from the cusp 
tip than they are on mandibular second premolars. On 
mandibular second premolars, both contact areas are 
positioned closer Lo the cusp Lip or are in a more occlusal 
position than on the mandibular first premolars becm1se 
the second's cusp ridges join at a less steep angle. 

Mesia/ contacts of both types of mandibular premo­
lars are near the junction of the occlusal and middle 
thirds (slightly more occlusal on second premolars). 
The distal contact of the mandibular second premolar 
follows the general rule: distal contact is slightly cer­
vical to the mesial contacl area (Appendix 60). The 
clistal contact area of the mandibular first premolar 
is an EXCEPTION to most other teeth: the distal con­
tact area is slightly more occlusal in position than the 
mesial contact (Appendix 60). The mandibular first 
premolar is the only adult tooth that has a more occlus­
ally located distal than mesial contact. A summary of 
the location of comacL areas in all types of premolars is 
presented in Table 4-4. 

3. CUSP RIDGE NOTCHES AND DEPRESSIONS 
OF MANDIBULAR PREMOLARS FROM 
THE BUCCAL VIEW 

Buccal ridges with adjacent vertical crown depressions 
are often seen on both types of mandibular premolars, 
but are less discernible on mandibular premolars than 
on the maxillary premolars. 

Vertical depressions on the occlusal third on either 
side of the buccal ridge do not occur with great fre­
quency, but when they do, they are more frequemly 
deeper mesial to the buccal ridge on mandibular first 
premolars, and distal to the buccal ridge on mandibu­
lar second premolars.v On unworn premolars, shallow 
notches are more commonly seen on both the mesial 
and distal buccal cusp ridges, and like Lhe vertical 
depressions, are more frequemly l.ocaled on the shorter 
mesial cusp ridge of the mandibular first premolar, 
and on Lhe distal cusp ridge of mandibular second 
premolarsw as seen in Figure 4-13. These notches serve 
as spillways for food during mastication (sometimes 
called Thomas notches, named after Peter K. Thomas, 
who recommended carving them in all occlusal resto­
rations and crowns because spillways for food are so 
imponam). 

4 . ROOTS OF MANDIBULAR PREMOLARS 
FROM THE BUCCAL VIEW 

The roots of mandibular premolars gradually taper to 
the apex. The roots apices are noticeably more blunt on 
mandibular second premolars than on first premolars. 
As with most roots, there is a tendency for the apical 
third of the root ro bend distally, but note that as many 
as one-fifth may bend mesially.x 

T bl 
4

_
4 

PREMOLARS: LOCATION OF PROXIMAL CONTACTS (PROXIMAL HEIGHT 
a e OF CONTOUR) IN PREMOLARS (SEEN BEST FROM FACIAL VIEW)• 

~ 
First premolar 

~ 

i 
Second premolar 

~ First premolar 
::, 
CD 

~ Second Premolar 

i 
•General learning guidelines: 

MESIALSURFACE (WHICH THI RD ORJUNC11ON?) 

Middle third or occlusal/middle 
junction 
Midd le third (near occlusal/ middle 
junction) 

Occlusaljmiddle junction or middle third 

Occlusaljmiddle junction 

DISTAL SURFACE (WHICH THIRD OR JUNCTION?) 

Middle third (but more cervical than on 
mesial) 
Middle third (but more cervical than on mesial) 

Occlusal third ( more occlusal than on 
mesial • EXCEPTION to the rule) 
Middle third (which is more cervical than 
on the mesial) 

1 For pre.molars. the meslaJ and di.sral conraccs are closer to the middle of the cooth and are more nearly at the same level compared co anrerior teeth. 
2. Distal proximal contacts of premolars are more ceMcaJ than mesiaJ contaccs EXCEPT for m.andibular first premolars where che mesiaJ contact 1s more 

ctl"\1c.al han the distal. 

Ka dose.com 
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Mandibular first and second premolars 
depicting the most common location of bucca I cusp ridge 
notches and adjacent longitudinal buccal surface depressions: 
on the mesial half of the mandibular first premolar, and on 
the distal half of the mandibular second premolar (see arrows). 

The roots of mandibular first premolars are almost 
as Lhick but slightly shorter than the roots of the sec­
ond premolar.Y The roots of mandibular second premo­
lars (like maxillary second premolars) are nearly twice 
as long as the crowns. 

B. TYPE TRAITS OF MANDIBULAR 
PREMOLARS FROM THE LINGUAL 
VIEW 

For Lhe lingual aspect, refer to lingual views of man­
dibular first and second premolars in Figure 4-14. 

1. CROWN SHAPE OF MANDIBULAR 
PREMOLARS FROM THE LINGUAL VIEW 

On mandibular frrst premola.rs, as on most ceelh, Lhe 
crown is much narrower mesiodistally on the lingual 
half than on the buccal half. This can also be seen on 
second premolars with one lingual cusp. However, the 
width of the lingual half of a second premolar with cwo 
lingual cusps is usually as wide or wider mesiodistally 
than the buccal half. ONLY Lhis three-cusp mandibu­
lar second premolar and some maxillary first molars 
have their crowns wider on the lingual half than on the 
buccal hair. 

2. LINGUAL CUSPS AND GROOVES 
OF MANDIBULAR PREMOLARS FROM 
THE LINGUAL VIEW 

The lingual cusp of a mandibular first premolar is 
quite small and shon and is oflen pointed at the Lip. lt 
is nonfunctional, and could be considered a transition 
between the canine cingulum and more prominent lin­
gual cusp (or cusps) of the second premolar (best appre­
ciated from the proximal views in Fig. 4-17). Much of 

~ I ,un,ce of this tooth can be seen from th, 

Chapter 4 I Morphology of Premolars 1 03 

lingual aspect because of the most obvious shortness of 
the lingual cusp. This toolh may have almost no lingual 
cusp or as many as four lingual cusplets. 

On mandibular second premolars wiLh one lingual 
cusp, the single lingual cusp is smaller than the buccal 
cusp, but it is rela tively larger (longer and wider) than 
Lhe lingual cusp of Lhe fLrst premolar. The single lingual 
cusp tip is most often just mesial to the center line of the 
root (Appendix 6q). In Lhe two lingual cusp variation, 
there is one large buccal and two smaller lingual cusps. 
The mesiolingual cusp is almost always larger and lon­
ger Lhan the distolingual cusp, but this difference may 
be little or great.M The mesiolingual cusp tip is mesial 
to the rnidline of the root, similar to the lingual cusp of 
a two cusp premolar. 

3, MARGINAL RIDGES OF MANDIBULAR 
PREMOLARS FROM THE LINGUAL V IEW 

From the lingual view, differences in marginal ridge 
heights are apparent on handheld teeth when rotat­
ing the tooth first enough in one di recLion to see the 
mesial marginal ridge height, then enough in the 
opposite di rection to compare the distal ridge height. 
As with most other posterior teeLh, Lhe distal mar­
ginal ridges of the mandibular second premolars are 
slightly more cervically located than the mesial mar­
ginal ridges as is evident on all mandibular second 
premolars in Figure 4-14. An EXCEPTION to all other 
adult teeth is the mandibular first premolar, the only 
tooth where the mesial marginal ridge is more cervi­
cally located than the distal marginal ridge as is evident 
in Figure 4-14 for many mandibular firs t premolars. 
This is similar to the UNIQUE relative location of the 
mesial proximal contact of the mandibular first pre­
molar (more cervical) and the distal proximal contact 
(more occlusal). 

4 . GROOVES ON MANDIBULAR PREMOLARS 
FROM THE LINGUAL VIEW 

This d ifference in grooves extending onto the lingual 
surfaces of first and second mandibular premolars is 
seen best on occlusal views in figure 4-15 On man­
dibular first premolars, there is frequently a mesiolin­
g1.1al groove separating the mesial marginal ridge from 
the mesial slope of the small Lingual cusp.68 (Rarely, a 
similar groove might be present between the distal mar­
ginal ridge and the distal slope of the lingual cusp.) On 
mandibular second premolars with two lingual cusps, 
a lingual groove passes between the mesiolingual and 
distolingual cusps, and may extend slighlly onto L11e 
lingual surface of the crown. 

Ka use.com 
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MANDIBULAR PREMOLARS (lingual) 
Mandibular left first premolars Mandibular right first premolars 

Mandibular left second premolars Mandibular right second premolars 

TRAITS TO DISTINGUISH MANDIBULAR ARST FROM SECOND PREMOLAR: LINGUAL VIEWS 

MANDIBULAR FIRST PREMOLAR 

One lingual cusp 
Crown much narrower on lingual 
Lingual cusp very short, nonfunctional 
Mesiolingual groove 
Mesia I marginal ridge lower than distal 

MANDIBULAR SECOND PREMOLAR 

Mose have cwo lingual cusps 
Crown quite wide on lingual 
Lingual cusp ( or mesiolingual cusp) not as short as on firsts 
Lingual groove between two lingual cusps 
Distal marginal ridge lower than mesial 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT PREMOLARS: 
UNIQUE ON LINGUAL VIEWS 

MANDIBULAR FIRST PREMOLAR MANDIBULAR SECOND PREMOLAR 

Mesia I marginal ridge lower than disral Distal marginal ridge lower than mesial 
If two-cusp type, mesiolingual cusp is longer, larger 
Lingual ( or mesiolingual) cusp tip is positioned co che mesial 

Mesiolingual groove ofi:en present 

AGURE 4-111 Lingual views of mandibular premolars with type t raits to distinguish mandibular first from second premolars, 
and traits to distinguish rights from lefi:s. 
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B 

'----- Lingual groove 

Mandibular second premolar 
(three-cusp type) 

Chapter 4 I Morphology of Premolars 1 OS 

B 

M D 

Mesiolingual L 
groove 

Mandibular first premolar 

Variations in grooves extending onto the lingual surfaces of mandibular first and second (three-cusp cype) 
premolars. The three-cusp cype mandibular second premolar has a lingual groove which separates the cwo lingual cusps, and 
the mandibular first premolar most often has a mesiolingual gro-0ve that separates the mesial marginal ridge from the lingual cusp, 
and extends onto the "pushed in" mesiolingual portion of the tooth. 

S. ROOTS OF MANDIBULAR PREMOLARS 
FROM THE LINGUAL VIEW 

The roots of second mandibular premolars are tapered 
and only imperceptibly longer than the roots of first 
premolars.cc 

C. TYPE TRAITS OF MANDIBULAR 
PREMOLARS FROM THE PROXIMAL 
VIEWS 

When studying the proximal views of mandibular first 
and second premolars, refer to Figure 4-16. 

1. CROWN SHAPE OF MANDIBULAR 
PREMOLARS FROM THE PROXIMAL VIEWS 

Mandibular premolars are shaped like a rhomboid from 
the proximal view (Appendix 6b). A rhomboid is a four­
sided figure with opposite sides parallel to one another, 
like a parallelogram. As on all mandibular posterior 
teeth, the crowns of the mandibular first premolars 
ti.It noticeably toward the lingual surface at the cervix 
(much more than any other premolar). This tilt places 
the tip of the bucca/ cusp almost over the mid-root 
axis line (obvious on all mandibular first premolars in 
Fig. 4-16). As was also seen from the lingual aspect, the 
lingual cusp of the mandibular first premolar is con­
siderably shorter than the buccal cusp by more than 
one third of the total crown length.z Since it is so shon, 
it is considered a ,wnfunctioning cusp (Appendix 6p). 
The lingual cusp tip is so lingually positioned that it is 
usually aligned vertically with the lingual outline of the 

,q,tUon of the wot. The sho,·t lingu•I eusp ,!so 

results in an occlusal plane than approaches 45° rela­
tive to the long axis of the rooL 

The mandibular second premolar crowns (both 
types) also tip lingually, but not as much as on the 
mandibular first premolar. The tip of the buccal cusp 
of the mandibular second premolar is usually located 
at the junction of the buccal and middle th'irds. As with 
the first premolar, the tip of the lingual cusp (or of the 
mesiolingual cusp) of this second premolar is usually 
about on a vertical line with the lingual surface of the 
root at the cememoenamel junction. A comparison of 
the lingual tilt of a mandibular first and second premo­
lar is seen in Figure 4-17. 

The lingual cusps (or mesiolingual cusps for three­
cusp types) of mandibular second premolars are closer 
in length to the buccal cusp than on first premolars.DD 
When the three-cusp type is viewed from the mesial , the 
longer mesiolingual cusp conceals the shorter distolingual 
cusp, while viewing from the distal, both lingual cusp tips 
are usually visible (as seen on several mandibular second 
premolars viewed from the distal in Fig. 4-16). 

2. RIDGES OF MANDIBULAR PREMOLARS 
FROM THE PROXIMAL VIEWS 

The mesial marginal ridge of the mandibular ri rst pre­
molar slopes cervically from the buccal LOward the 
center of the occlusal surface at nearly a 45° angle and 
is nearly parallel to the triangular ridge of the buccal 
cusp (Fig. 4-18 and Appendix 6s). The distal marginal 
ridge of the mandibular first premolar is in a more hori­
zontal position than its mesial marginal ridge, making 
rhe distal marginal ridge more occlusal than the mesial 
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MESIAL VIEWS 
Mandibular right 
first premolar 

Mandibular right 
second premolar 

MANDIBULAR RIGHT PREMOLARS (proximal) 
MESIAL SURFACES DISTAL SURFACES 

Mandibular right first premolars Mandibular right first premolars 

Mandibular right second premolars Mandibular right second premolars 

TRAITS TO D ISTINGUISH MANDIBULAR FIRST FROM SECOND PREMOLAR: PROXIMAL VIEWS 

MANDIBULAR FIRST PREMOLAR 

Mesia! margina l ridge lower and parallel co buccal triangular ridge 
Severe lingual crown tilt 
Lingual cusp much shorter than buccal cusp 
Can see much of ocdusal fi-om mesial 
Mesiolingual groove on most seen from mesial 

MANDIBULAR SECOND PREMO LAR 

Mesial marginal ridge higher and more horizontal 
Less lingual crown ci lt 
Lingual cusp somewhat shorter than buccal cusp 
Cannot see much of ocdusal fi-om mesial 
Two lingual cusps on most visible fi-om distal 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT PREMOLARS: PROXIMAL VIEWS 

MANDIBULAR FIRST PREMOLAR 

Mesia! margina l ridge is lower than distal 
Mesia! margina l ridge parallel co buccal triangle ridge 
More ocdusal surface is visible from mesial 

MANDIBULAR SECOND PREMOLAR 

Distal margina l ridge is lower than mesial 
Mesio lingual cusp larger than DL on three-cusp type 
More ocdusal surface is visib le fi-om distal 

Root depression is deeper o n dis cal on both 

Proximal views of mandibular premolars with type traits to d istingu ish mandibular first fi-om second premolars, 
1stinguish rights fi-om lefts. 
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Mesia I views of two mandibular premolars 
showing the obvious lingual tilt of the crown on both teeth. 
A. The tile is greater on the mandibular first premolar, and the 
lingual cusp is so short that it is functionless. B. There is less 
lingual ti lt on the mandibular second premolar, and the lingual 
cusp is not a short as on the first premolar. 

marginal ridge, a LraiL UNIQUE to this tooth. The dif­
ference in marginal ridge angle and height is most help­
ful in differentiating rights from lefts (by identifying the 
more downward sloping and more cervical mesial mar­
ginal ridge). The triangular ridge of the lingual cusp is 
short and is in a nearly horizontal plane. 

The more horizontal mesial marginal ridge of the 
mandibular second premolar is more occlusally located 
than the distal marginal ridge, which is more concave 
and definitely in a more cervical position (compare 
mesial and distal views in Fig. 4-16). 

3. MARGINAL RIDGE GROOVES AND 
MESIOLINGUAL GROOVES ON 
MANDIBULAR PREMOLARS FROM 
THE PROXIMAL VIEWS 

When viewed from the mesial, the mesiolingual groove 
on the mandibular first premolar66 can be seen separat­
ing the mesial marginal ridge from the mesial slope of 
the lingual cusp (Appendix 6r). When viewed from the 
diswl, there is only rarely a groove between the distal 
marginal ridge and the distal slope of the lingual cusp.88 

Mesiolingual grooves are not present on mandibu­
lar second premolars, buL the marginal ridges on these 
teelh ma infrequently be crossed by a marginal ridge 

..---•;.•;try mdy on the d~tal nmgln,l ndge).~ 
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FIGURE4-rl 
Mesial view of a mandibular first premolar 

showing the steep angle of the mesial marginal ridge ( about 
45°). Also note chat this marginal ridge is parallel co the steep 
triangular ridge of the buccal cusp. 

On premolars with two lingual cusps, the shorter 
dist0lingual cusp may be seen from the distal view but 
not the mesial view (Fig. 4-16). 

4 . HEIGHT (CREST) OF CONTOUR 
OF MANDIBULAR PREMOLARS FROM 
THE PROXIMAL VIEWS 

As on all teeth, the height of contour on the buccal sur­
face of both types of mandibular premolar crowns is 
in Lhe cervical third. On the mandibular first premo­
lar, the buccal height of contour of the crown is just 
occlusal to the cervical line like the mandibular canine 
next LO it, and its buccal crown outline is convex in its 
occlusal two thirds (Fig. 4-16). The buccal height of 
contour on the mandibular second premolar is near the 
junction of the cervical and middle thirds, and its buc­
cal crown contour is flatter in itS occlusal two thirds. 

For all mandibular premolars. Lhe height of contour 
of the lingual surface of the crown is in the middle third, 
about in the center of the total crown lengtl,. On the 
mandibular first premolar, this is not far from the cusp 
Li p of the lingual cusp (dearly seen on mandibular first 
premolars in Fig. 4-16). Because of the extreme lingual 
tilting of tl1e crown. the lingual surfaces of all mandibu­
lar premolar crowns extend lingually, well beyond tl1e 
lingual surface of the root. 

ad use.corn 
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S. CERVICAL LINES OF MANDIBULAR 
PREMOLARS FROM THE PROXIMAL VIEWS 

Similar LO other Leeth, the occlusal curve of the cervical 
line on the proximal surfaces of all premolars is slightly 
greater on the mesial surface than on the distal. FF The 
cervical line is also located more occlusally on the lin­
gual than on the buccal. This makes the crowns appear 
Lo be quite shon on the lingual side. 

6. ROOTS OF MANDIBULAR PREMOLARS 
FROM THE PROXIMAL VIEWS 

Both types of mandibular premolar roots Laper apically, 
with the least taper in the cervical third. 

7. ROOT DEPRESSIONS OF 
MANDIBULAR PREMOLARS 
FROM THE PROXIMAL VIEWS 

Mandibular first premolars have a shallow longitudinal 
depression in the apical and middle thirds of the mesia/ 
root surface almost half of the time but are more likely 
Lo have a longitudinal depression on the distal surface, 
at1d this distal depression is most often deeper than on 
the mesial,GG Most mandibular second premolars have 
no depression on the mesial root surface but are likely 
LO have a longitudinal depression in the middle third of 
the distal root surface. 

To summarize, all types of mandibular and maxillary 
premolars are, on average, likely to have a more promi­
nent root depression on the distal root surface than on 
the mesial EXCEPT the maxillary first premolar, which 
is more likely to have its more prominent root depres­
sion on the mesial surface. See Table 4-5 for a summary 
of the location and relative depth of root depressions 
on all types of premolars. 

D. TYPE TRAITS OF MANDIBULAR 
PREMOLARS FROM THE OCCLUSAL 
VIEW 

For the occlusal view of mandibular first and second 
premolars, refer to Figure 4-19. To follow this descrip­
tion, the teeth or tooth models should be held with 
the occlusal surface toward the observer and the buc­
cal surface llp, and the observer looking exactly along 
the vertical mid-root axis. Much of the buccal surface 
is visible from this view since the tip of the buccal 
cusp is slightly buccal to tooth cemer from this view 
(clearly seen in almost all mandibular first premolars 
in Fig. 4-19). 

1. OUTLINE SHAPE OF MANDIBULAR 
PREMOLARS FROM THE OCCLUSAL VIEW 

There is much variation in the occlusal morphology of 
mandibular first premolars.2 The outline of the crown 
is usually not symmetrical (more bulk in the distal 
hall) as seen in practically all mandibular first premo­
lars in Figure 4-19. IL often looks as though the mesio­
li11gual porlion of the crown outline has been p11s/1ed in 
(Appendix 6u). This results in a somewhat diamond­
shaped outline (also Appendix 6u). This "pushed in" 
mesiolingual portion is a reliable trait to identify a man­
d ibular first premolar, and its mesial surface (Fig. 4-20). 
On these asymmetrical mandibular first premolars, the 
distal marginal ridge forms close tO a right angle with 
the distal cusp ridge of the buccal cusp, whereas the 
mesial marginal ridge meets the mesiobi1ccal cusp ridge 
at a more acute angle. Sometimes, however, the mesial 
and distal marginal ridges may converge symmetrically 
toward the lingual cusp in such a way that the occlusal 
table (surface) is nearly an equilateral triangle with the 

bl OCCURENCE AND RELATIVE DEPTH OF LONGITUDINAL ROOT DEPRESSIONS 
Ta e 4-S ("ROOT GROOVES") IN PREMOLARS• 

TOOTH TYPE MESIAL ROOT DEPRESSION? DISTAL ROOT DEPRESSION? 

~ Maxillary first premolar Yes ( deeper, extends onto mesial of crown Yes s 
I which is UNIQUE co chis premolar) 

Maxillary second premolar Yes Yes ( deeper) 

ex s ::, 
Mandibular first premolar Yes ( or no: about 50%) Yes ( deeper) a, 

i5 
Mandibular second premolar No (unlikely) Yes ( deeper) z 

~ 
•Genetal leaming guide.line: 
Premolfrs are likely to have deeper distal surface root depressions (EXCEPT ma.xillary first premolars). 
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Mandibular right Three-cusp type Two-cusp type 
first premolar Mandibular right second premolar 

MANDIBULAR PREMOLARS (occlusal) 
Left firsts Right firsts 

Left seconds (three-cusp type) Right seconds (three-cusp type) 

Left seconds (two-cusp type) Right seconds (two-cusp type) 

TRAITS TO DISTINGUISH MANDIBULAR FIRST FROM SECOND PREMOLAR: OCCLUSAL VIEWS 

MANDIBULAR FIRST PREMOLAR 

Outline diamond shaped 
Smaller occlusal table 
Outline converges toward lingual , especially on mesial 
Mesiolingual groove common 
Two fossae (mesial and distal) 

Definite transverse ridge 
Groove unlikely across transverse ridge 

Lingual cusp smaller than buccal 

MANDIBULAR SECOND PREMOLAR 

Outline nearly square or round 
Larger occlusal table 
Outline may be wider on lingual on three-cusp type 
Lingual groove on three-cusp type 
Two fossae (mesial and distal) on two-cusp type but 
three fossae on three-cusp type 
Three-cusp type has no transverse ridge 
"Y" groove pattern on three-cusp type 
"H" or "U" groove pattern on two•cusp type 
Lingual half larger than buccal if two lingual cusps 

TRAITS TO DIFFERENTIATE MANDIBULAR RIGHT FROM LEFT PREMOLARS: OCCLUSAL VIEWS 

MANDIBULAR FIRST MOLAR 

Crown convex on distal but mesiolingual portion is flat 
(or pushed in) 
Mesiolingual groove common 

Distal fossa larger than mesial fossa 

MANDIBULAR SECOND MOLAR 

O~en wider faciolingually on distal than mesial 

Mesiolingual cusp larger than distolingual (three-cusp) 
Lingual cusp tip more mesial (two-cusp type) 
Distal fossa larger (two-cusp type) 
Distal fossa smallest (three-cusp type) 

Occlusal views of mandibular premolars with type traits to distinguish mandibular first from second premolars, and 
traits to d" t'nguish rights from lefu. 
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This "pushed in" o utline on the mesial half of 
the lingual c_usp (arrow), and an overall diamond-shaped outline, 
are both traits of many mandibular first premolars. 

base made up of the buccal cusp ridges, and the apex is 
the lingual cusp Lip as illustrated in red on Figure 4-24. 
On this symmetrical type of mandibular first premolar, 
it is ~ore difficult r.o determine right from left by only 
lookmg at the occlusal design. 

The mesial and distal cusp ridges of the buccal cusp 
on the mandibular first premolars are nearly aligned 
m a straight line mesiodistally. The contact areas, as 
seen from the occlusal view, are al the point of broad­
est mesiodistal dimension just lingual to this line of the 
buccal cusp ridges. On the mandibular first premolar, 
the buccal ri.dge is not prominent, and the buccal crest 
of contour, Like the buccal cusp Lip, is slightly mesial 
to center. The crest of contour of the lingual surface is 
often distal to the middle mesiodistally of the tooth. 

On the two-cusp second premolars, the crown out­
line is round or oval shaped, but with a relatively square 
occlusal table. The crown outline tapers to the lingual, 
so the crown outline is more broadly curved on the buc­
cal side than on the lingual side. The lingual cusp tip is 
often off center toward the mesial half of the crown. 

On the three-cusp second premolars, the occlusal 
outline is more nearly square than is the occlusal out­
line of the two-cusp type because its crown is wider lin­
gually w'ith two lingual cusps. When the lingual cusps 
are large, the occlusal surface is broader mesiodistally 
on the lingual half than on the buccal half (Fig. 4-21). 
This is an EXCEPTION to all types of two-cusp premo­
lars in both arches that normally taper narrower toward 
the lingual. Further, more than half of the time, three­
cusp premolar teeth have greater faciolingual bulk in 
the distal than mesial half of the crown (tapering smaller 
from distal to mesial) , which is an EXCEPTION to the 
normal taper to the distalHH (Fig. 4-21). Examples of 
differences in crown taper are seen on mandibi1lar sec­
ond premolars in Figure 4-19. 

A s~~fy of the geometric ouLline shapes of pre-

,All•llii-Ul.:;J~-a;~resented in Figure 4-22. 

• ' Mandibular second premolar (three-cusp 
type) that is wider mesiodist.ally in the lingual half than in the buccal 
half, and wider buccolingually in the dist.al half, both UNIQUE traits 
of this premolar. Note chat che discolingual cusp on chis second 
pre".'ol~r appears a lmost as wide as the mesiolingual cusp 
(which 1s not common) a nd chat this tooth is larger than the 
first prem~lar (a common occurrence on mandibular premolars 
unlike maxillary premolars). Also observe the pronounced mesi ­
olingual groove on the first premolar. 

2 . OCCLUSAL MORPHOLOGY OF 
MANDIBULAR PREMOLARS FROM 
THE OCCLUSAL VIEW 

a. Ridges, Fossae, and Grooves of the Mandibular 
First Premolars from the Occlusal View 

Due to the much larger buccal than lingual cusp on the 
mandibular first premolar, the triangular ridge of the 
~uccal cusp is long and slopes lingually from the cusp 
up LO where iL joins the very short triangular ridge of 
the lingual cusp. Most often the two triangular ridges 
unite smootl1ly near the center of the occlusal surface 
and fonn an uninterrupted very prominent transverse 
ridge that completely separates the mesial and distal 
fossae. The mesial fossa is more linear buccolinuually <:> ' 
but the distal fossa is more frequently larger or deeper_ll 
Each fossa has a pit. Both of these deep pits are suscep­
tible to decay (caries) and are therefore often restored 
with two separate restorations (fig. 4-23). 

Only rarely is the pronounced transverse ridae of the 
mandibular first premolar crossed by a fissured central 
groove, which may extend from Lhe mesial pit across 
the transverse ridge to the distal pit. More commonly, 
there are mesial and distal developmental grooves run­
ning in a nearly buccolingual direction, flaring buc­
cally from the mesial and distal fossae (Fig. 4-24). The 
mesiolingual groove (when present) may appear LO be 
continuous with this mesial groove. 

b . Ridges, Fossae, and Grooves of the 
Two-Cusp Mandibular Second Premolars 
from the Ocdusal View 

On the two-cusp type mandibular second premolar, 
as on the mandibular first premolar, the lingual cusp is 
smaller than the buccal cusp. There1s a lame triangular' n 
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Max,11ary ~ght second premolar Maxillary righl firsl premolar 

Three-cusp type 

Mandibular right 
first premolar 

Two-cusp type 

Mandibular right second premolar 

Mandibular right 
second premolar 

Rectangular or hexagon outline: 
Occlus.al views of maxillary 
premo[ars 

Diamond outline: 
Occlus.al views of mandibular 
lirst premolars 

Close to square outline: 
Occlus.al views (or especially 
occlusal table) ol mandibular 
premolars 

Y-shaped groove pattem: 
On three-cusp lype mandibular 
second premolars 

U-shape<I groove pattern: 
On lwo-cusp type mandibular 
second premolars 
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Rhomboid (parallelogram)-shaped oulline: 
Proximal view of mandibular 
premolars 

Trapezoid-shaped outline: 
Proximal view ol maxillary 
premol'ars 

FIGURE <1.l.JI 
Examples of 

geometric outlines of premolars from 
the occlusal and proximal views. 

Two len and 
one smaller, right mandibular 
first premolars have separate 
restorations in the mesial and 
distal pies due co the prominent 
transverse ridge wich no central 
groove. These rescoracions are 
inappropriately nicknamed by 
dental students as'"snake exes.-!' 7 
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Crest of curvature 

Mesia! slope 
of buccal cusp 

Mesia! developmental 
groove 

Mesia! fossa ~--.. .• , 

Mesia! marginal 
ridge 

Mesiolingual 
groove 

Mesia! slope 
of lingual cusp 

Crest of curvature 

Buccal cusp 

Distal slope 
ofbuccatcusp 

Triangular ridge 

Distal developmental groove ~ 
ti 
'C 

Distal marginal ridge 

Distal fossa 

Triangular ridge 

Distal slope 
of lingual cusp 

Q) 

!!! 

~ 
~ 

Occlusal surface of a 
mandibular right first premolar with 
normal landmarks. Notice the flatter 
(almost concave) mesiolingual outline 
compared co che more convex discolin­
gual oucline. Also notice the somewhat 
trian?lJlar shape of the occlusal cable 
( ouclined in red). 

ridge on the buccal cusp and a correspondingly smaller 
one on the Lingual cusp that join to form a transverse 
ridge. On this second premolar, there is a central devel­
opmental groove that extends mesiodistally across the 
occlusal surface from the larger distal fossa to the mesial 
fossa bm no lingual groove. Sometimes this groove is 
short and nearly s traight, with mesial and distal fossa 
grooves that together form an "H" shape. Sometimes 
the curved centTal groove encls in a mesial and distal 
fossa, where it often joins a mesiobuccal and dist0buc­
cal groove to form a "U" shape (Fig. 4-25). 

Mandibular second premolars ( two-cusp type), as 
on maxillary second premolars, have more numerous 
supplemental grooves on their occlusal surfaces than 
do first premolars .➔ 

A B 

c. Ridges, Fossae, and Grooves of the 
Three-Cusp Mandibular Second Premolar 

The three-cusp mandibular second premolar has a mesial 
and distal fossa like all other premolars, but it is the only 
premolar to have a central Jossa. This fossa is located 

I: r --'\ 

C 

Variations in groove patterns, and similarities in lingual cusp placement, on mandibular second premolars 
( occlusal views). All cypes of mandibular second premolars are likely to have che lingual cusp tip ( or longest lingual cusp tip) located 
mesial co the crown center. A. Mandibular left second premolar (two-cusp type). The single lin?lJal cusp is mesial to che center line, and 
the cenrr~ I gro ve is U-shaped. 8. Mandibular left second premolar (two-cusp type) with the lingual cusp mesial co the center line, and 
an H-sha~ ove pattern. C. Mandibular right second premolar (three-cusp rype) with its larger mesiolingual cusp tip mesial co the 
CeJlt~Llnd a Y-shaped groove pattern. .----~J, m 
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Buccal ridge---- -. .,,.--- Buccalcusp 

Triangular ridge --.""° 

Mesiobuccal groove 

Mesial triangular Iossa 

Distal triangular Iossa 

Central Iossa and pit 

Mandibular righc second premo­
lar (three-cusp cype) showing common occlusal 
landmarks. Nore char the three triangular ridges 
do not join to form a transverse ridge. Also, the 
groove that runs between the mesial and distal Mesia! groove . . 

~-~ - - Triangular ridge 

'. 
Triangular ridge - 1t • 

_.,. ___ Distolingual cusp pits join at a central pit, so the longer groove 
mesial co the central pit is called mesial groove 
and the shorter groove distal co the central pit is 
called the distal groove. 

Mesiolingual cusp .._ ___ Lingual groove 

quite distal to the center of the occlusal surface and in the 
middle buccolinguall y. This rooth appears to have a cen­
tral groove, but it may be more precisely a mesial groove 
(mesial to the central fossa) and a dis tal groove (distal 
to the central fossa). The longer mesial groove extends 
from a small mesial triangular fossa to the largest cen­
tral fossa.JJ The shorter distal groove continues from the 
largest central fossa to the minute distal triangular fossa 
(Fig. 4-26). The distal triangular fossa is so small that it 
appears to be at the outer edge of the central fossa. 

The three-cusp type of mandibular second premolar 
is the only premolar to have a lingual groove. This lin­
gual groove begins in the central fossa at the junction 
of the mesial and distal grooves, and extends lingually 
between the mesiolingual and distolingual cusps and 
sometimes onto the lingual surface. The mesial, distal, 

and lingual grooves join to form a Y-shaped occlusal 
groove pattern UNlQUE LO this tooth (Fig. 4-27(). 
Differences in occlusal groove patterns on mandibular 
premolars are highlighted in Figure 4-27. 

There are three triangular ridges: one on each of the 
two lingual cusps and one on the buccal cusp. These 
three ridges converge somewhat toward the central fossa 
(Fig. 4-26) but do not join to form a transverse ridge. 

d. Marginal Ridge Grooves of Mandibular 
Premolars from the Occlusal View 

On both the two-cusp and three-cusp second premolar 
types, grooves crossing the marginal ridges (that is, mar­
ginal ridge grooves) are not conunon.'<K The first premo­
lar is much more likely to have a mesiolingual groove. 

Mesia! groove Distal groove Central Iossa Central groove Central groove 

Mesia! groove 

Mandibular right 
first premolar 

M D 

L L 
Lingual groove Distal groove 

Three-cusp type Two-cusp type 

Mandibular right second premolars 

MANDIBULAR PREMOLARS (OCCLUSAL) 

M 

L 

Two-cusp type 

Red lines accencuace differences in groove patterns and lingual taper found on d ifferent cypes of mandibular premo-
lars. The mandibular first premolar has a lack of symmetry on the lingual half because the mesiolingual portion is "pushed in" or 
Aaccened, and is often crossed by a mesiolingual groove. It often has cwo separate pits chat are nor joined by a central groove due to 
the promir,ence of che transverse ridge. The three-cusp type mandibular second premolar can be as wide in the lingual half ( or even 
wider) comf1red to the buccal half since it has two lingual cusps. The groove pattern is Y-shaped with che mesial, distal and lingual 
groov n1ersecting in the central fossa. The two•cusp type mandibular second premolar is the most symmetrical of the three types, 

,A11••-j-.-,51'iave a groove pattern that is U- or H-shaped. n 
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LEARNING EXERCISE 

Suppose a patient just had all of his or her perma­
nent teeth extracted and you were asked to find 
tooth No. 4 from among a pile of 32 extracted 
teeth on the oral surgeon's tray because you 
wanted to evaluate a lesion on the root of that pre­
molar that had been seen on the radiograph. How 
might you go about it? Try the following steps: 

From a selection of all permanent teeth 
( extracted teeth or tooth models), select only 
the premolars (based on class traits). 
Determine whether each premolar is maxillary or 
mandibular (based on arch traits). You should 
never rely on only one characteristic difference 
between teeth to name them; rather, make a list 
of many traits that suggest the tooth is a maxi I-

Ridges 

1. 

2. 

;;; 
·.;; 
Cl) 

~ 

Buccal 
2 

Lingual 

A. Name the ridges 

Name 

0 .;;· 
el 

3. -------------

4. --------------

5. -------------

6. -------------

7. --------------

8. -------------

9. -------------

10. -------------

.; 
·;;; 
Cl) 

:e 

Learning Exercise, cont. 

lary premolar, as opposed to only one trait that 
makes you think it belongs in the maxillary arch. 
This way you can play detective and become an 
expert at recognition at the same time. 
If you determine that the tooth is maxil-
lary, position the root up; ifit is mandibular, 
position the root down. 
Use characteristic traits for each surface to 
identify the buccal surface. This will permit you 
to view the tooth as though you were looking 
into a patient's mouth. 
Next, using type traits, determine the type of 
premolar you are holding (first or second). 
Finally, determine which surface is the mesial. 
While viewing the premolar from the facial and 

0 
0· 
el 

Lingual 

B. Name the ridges 

Ridges 

1. 

Name 

2. 

3. -------------

4. --------------

5. -------------

6. -------------

7. --------------

8. -------------

9. -------------

10. --------------

11. --------------

12. 

~ Cf,i!.,.;;.......1 Name each ridge on the mandibular second premolar, two-cusp type, in Figure 4-28'A. J\lso, na_:me m 
on the mandibular second premolar, three-cusp type, in Figure 4-288. 
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ANSWERS: A Ridges for two-cusp type: 1- mesial cusp ridge ofbuccal cusp; 2- buccal ridge; 3- distal cusp ridge of buccal 
cusp; 4- distal marginal ridge; 5- distal cusp ridge of lingual cusp; 6- mesial cusp ridge of lingual cusp; 7- mesial marginal 
ridge, 8- triangular ridge of buccal cusp; 9- triangular ridge of lingual cusp; 10- transverse ridge. 

8. Ridges for three-cusp type: 1- mesial cusp ridge of buccal cusp; 2- buccal ridge; 3- distal cusp ridge of buccal cusp; 
4-distal marginal ridge; 5-distal cusp ridge of distolingual cusp; 6-mesial cusp ridge of distolingual cusp; 7-distal cusp ridge 
of mesiolingual cusp; 8- mesial cusp ridge of mesiolingual cusp; 9 - mesial marginal ridge; 10- triangular ridge of buccal cusp; 
11 - triangular ridge of distolingual cusp; 12-triangular ridge of mesiolingual cusp. 

FIGURE 4-28 (Continued). 

Leaming Exercise, cont. 

picturing it within the appropriate arch (upper 
or lower), the mesial surface can be positioned 
toward the midline in only one quadrant, the 
right or left. 

LEARNING EXERCISE 

What is wrong with the teeth in this 
photograph? 

Leaming Exercise, cont. 

Once you have determined the quadrant, assign 
the appropriate Universal number for the premo­
lar in that quadrant. For example, the second pre­
molar in the upper right quadrant is tooth No. 4. 

ANSWER: The maxillary second premolar appears 
rotated so that its lingual surface is facing in a buc­
cal direction. In this person, the buccal half of this 
maxillary second premolar is narrower mesiodistally 
than the lingual half, but in both types of maxillary 
premolars, the lingual half should be narrower mesi­
odistally ( as seen on the adjacent first premolar). 

Critical Thinking 
1. During an oral examination, you are charting the teeth that are present in Heather's mouth. Heather is a 

24-year-old dental hygiene student. All of her teeth are present, except on her left side; there is only one 
mandibular premolar, not two as expected. How can you go about determining whether this premolar is 
a first or second? Identify all premolar traits that could be helpful in making this decision. What follow-up 
procedure may be needed? 

2. Name as many traits as possible that distinguish a mandibular second premolar (two-cusp type) from a 
mandibular first premolar in the same quadrant. State the views that best show each trait. 

Ka dose.com 
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Review Questions 
for each of the following traits or statements, circle the letter ( or letters) of the premolars (if any) that a pply. 
More than one answer may be correct. 

a. Maxillary first premolar 
b . Maxillary second premolar 
c. Mandibular first premolar 
d . Mandibular second premolar (two-cusp type) 
e. Mandibular second premolar (three-cusp type) 

1. Mesia! cusp ridge of the buccal cusp is longer than the distal cusp ridge. 

2. Has a nonfunctioning lingual cusp. 

3. Two premolars that most frequently have a groove crossing the mesial marginal ridge 
or one groove just lingual to it. 

4. Has a depression in the cervical one th ird of the mesial side of the crown and root. 

S. Maxillary premolar that has the longer sharper buccal cusp. 

6. Largest maxillary premolar. 

7. Mandibular premolar with the longest and sharpest buccal cusp. 

8. Maxillary premolar that is most symmetrical ( occlusal view). 

9. Two premolars without a central groove. 

10. Crowns tipped lingually with respect to the root axis line (proximal view). 

11. From buccal view, crown is tipped distally from the root axis. 

12. Mesia! marginal ridge is more cervically located than its distal marginal ridge. 

13. Has no transverse ridge. 

14. Has the longer central groove. 

1 S. Has two major cusps almost the same size and length. 

16. Has a central fossa. 

17. Premolars with only two fossae: both are triangular fo.ssae. 

18. Has a central fossa and two triangular fossae. 

19. Has a lingual groove. 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

a b C d e 

L 
iJ- 6 t :a-st 'q 'O- fl :a-9t :q- 5t :o- t, t 

:a- &t :,- it :a 'p ':,- l l :a 'p 'J- Ot !a ':,- 6 :q- g :,- L ~0- 9 :0- 5 :o- t, :, 'o- [ :,- i .'o- i =~3MSN\i 

Ka dose.com 
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Dr. Woelfel's Original Research Data 

Statistics obtained from Dr. Woelfel's original research 
on teeth have been used co draw conclusions through­
out this chapter, and were referenced with superscript 
letters that refer to the data stated here. Tables 4-6A and 
4-6B include the original data obtained by Dr. Woelfel. 

A. Fifty-four percent of mandibular second premo­
lars have three cusps ( two Lingual cusps). 

B. Maxillary premolar crowns average 0.8 to 3.5 mm 
shorter than anterior tooth crowns, and mandibu­
lar premolars average 0.3 to 2.5 mm shorter than 
anterior tooth crowns. 

C. Based on measuremeots on 14 72 teeth, maxillary 
premolar rooLS average within l mm of maxillary 
incisor roots, but were 2.5 to 3.1 mm shorter than 
maxillary canine roots. Mandibular premolar 
roots average 1 LO 1.9 mm longer than mandibu­
lar incisor roots but average 1.3 mm shorter than 
mandibular canine rooLS. 

D. Measuring 923 premolars, all types of premolar 
crowns average 1.2 mm wider faciolingually than 

mesiodistally, and their rootS average 2.8 mm 
wider faciolingually Lhan mesiodistally. 

E. Based on 458 maxillary premolars, the crowns 
of firsts average 0.5 mm wider mesiodistally and 
0.9 mm longer than on seconds, but the roots of 
Cirsts average 0.6 mm shorter. 

F. Buccal longitudinal crown depressions in the 
occlusal third were more prominent mesial to the 
buccal ridge on 52% of 452 maxillary firs t premo­
lars, but distal to the buccal ridge only 2% of the 
Li me. On 506 maxillary second premolars, crown 
depressions were found only 27% of the time, 
occurring more frequently distal co the buccal 
ridge. 

G. On 343 maxillary second premolars, 58% of the 
roots bent distally. On 426 maxillary first premo­
lars, 66% of the roots bent distally. 

H. On 200 maxillary firs t premolars, 61 % had two 
roots, 38% had one root, and l % had three 
roots. 

T bl 
4

_
6

A SIZE OF MAXILLARY PREMOLARS (MILLIMETERS) (MEASURED BY DR. WOELFEL 
a e AND HIS DENTAL HYGIENE STUDENTS, 1974- 1979) 

DIMENSION MEASURED Ave:r.1ge 

Crown length 8.6 
Root length 13.4 
Overall length 21.5 
Crown width (mesiodiscal) 7.1 
Rooc width ( cervix) 4.8 
Faciolingual crown size 9.2 
Faciolingual root (cervix) 8.2 
Mesial cervical curve 1.1 
Distal cervical curve 0.7 

234 ARST PREMOLARS 

Range 

7.1 - 11.1 
8.3-19.0 
15.5-28.9 
5.5-9.4 
3.6-8.5 
6.6-1 1.2 
5.0-9.4 
0.0-1.7 
0.0-1.7 

224 SECOND PREMOLARS 

Average 

7.7 
14.0 
21.2 
6.6 
4.7 
9.0 
8. 1 
0.9 
0.6 

Range 

5.2- 10.5 
8.0-20.6 
15.2-28.4 
5.5-8.9 
4.0-5.8 
6.9-11 .6 
5.8-10.5 
0.4-1.9 
0.0-1.4 

Ka dose.com 
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T bl 
4

_
68 

SIZE OF MANDIBULAR PREMOLARS (MIWMETERS) (MEASURED BY DR. WOELFEL 
a e AND HIS DENTAL HYGIENE STUDENTS, 1974- 1979) 

_ _ ~ IRST PREMOLARS 227 SECOND PREMOLARS 

DIMENSION MEASURED Average 

Crown length 8.8 
Roor length 14.4 
Overall length 22.4 
Crown width (mesiodistal) 7.0 
Root width ( cervix) 4.8 
Facio lingual crown size 7.7 
Faciolingual roor (cervix) 7.0 
Mesia! cervical curve 0.9 
Distal cervical curve 0.6 

I. The single root on maxillary second premolars 
averages O 6 mm longer than the root length on 
maxillary Hrst premolars. 

J. On 317 maxillary first premolars, lingual cusps 
average 1.3 mm shorter than buccal cusps (rang­
ing from 0.3 LO 3.3 mm shorter). On 300 maxillary 
second premolars, lingual cusps average only 
0.4 mm shorter than buccal cusps. 

K. On 93 two-rooted maxillary Grst premolars, the 
lingual root averaged 0.8 mm shorter than the 
buccal root. 

L. On 243 maxillary premolars, the average distance 
between the buccal and Lingual cusp tips of firsts 
is 5.9 mm, and 5.7 mm on seconds, or about two 
thirds of the fa<:iolingual dimension. 

M. On 600 maxillary frrst premolars, 97% of the 
mesial marginal ridges had a marginal ridge 
groove, bm only 39% of the distal marginal ridges 
had a groove. On 641 maxillary second premolars, 
only 37% of mesial marginal ridges and 30% of 
distal marginal 1idges had a groove. 

N. On 234 maxillary Grst premolars, the cervical line 
curvature on the mesial averaged 1.1 mm, and on 
the distal, averaged 0.4 mm less. On maxillary 
second premolars, the difference between mesial 
and distal curvature averages 0.3 mm. 

0. There was an obvious mesial crown depression 
(that is continuous with a mesial root depression) 
on 100% of 100 teeth, whether single or double 
rooted. 

P. On maxillary second premolars, 78% had a mesial 
root depression (none extending onto the crown 
surface). 

Q. When 1392 dental stone casts were studied, max-

~ "' p,emolus wm judged lug" th'" 

Range Average Range 

5.9-10.9 8.2 6.7-10.2 
9.7-20.2 14.7 9.2-21 .2 
17 .0-28.5 22.1 16.8-28.1 
5.9-8.8 7.1 5.2-9.5 
3.9-7.3 5.0 4.0-6.8 
6.2-10.5 8.2 7.0-10.5 
5.5-8.5 7.3 6.1 -8.4 
0.0-2.0 0.8 0.0-2.0 
0.0-1.6 0.5 0.0-1.3 

second premolars 55% of the time, and smaller 
only 18% of the time. 

R. On 408 maxillary first premolars, the central 
groove averaged 2.7 mm long, and on 818 sec­
ond premolars, 2.1 mm (shorter than on firsts by 
0.6mm). 

S. The distal triangular fossa was judged larger on 
55% of the 184 maxillary first premolars and 53% 
of 209 maxillary second premolars. The mesial 
triangular fossa was judged larger on 27% of first 
premolars and 17% of second premolars. 

T. The crown outline of 234 maxillary premolars mea­
sured greater buccolingually than mesiodistaUy: by 
2.1 mm on firsts, and by 2.4 mm on seconds. 

U. On 465 mandibular premolars, crowns we.re lon­
ger on £irsts by 0.6 mm, but roots were shorter on 
firsts by 0.3 mm. 

V. Of 285 mandibular first premolars, 80% had a 
smooth buccal surface in the occlusal third with­
out depressions, 17% had a deeper depression in 
the occlusal third of the crown on the mesial side 
of the buccal ridge, and only 3% had a deeper dis­
tal depression. Of mandibular second premolars, 
74% had no discernible depressions, 25% had a 
deeper distal than mesial depression, and only 1 % 
had a deeper mesial depression. 

W. On 1348 mandibular first premolars, the buccal 
cusp is likely to have a notch on the mesial cusp 
ridge 65% of the time, and on the distal cusp ridge 
46% of the time. On 1522 mandibular second pre­
molars, the buccal cusp is likely LO have a notch 
on the distal cusp ridge 66% of the rime, and on 
the mesial cusp ridge 43% of the time. 

X. On 424 mandibular first premolars, roots bent 
distally 58% of the time, and on 343 mandibular 
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second premolars, 62% bent to the distal; the ten­
dency for a mesial bend was 23% and 1 7% on first 
and second premolars, respectively. 

Y. Roots of mandibular second premolars average 
0.2 mm wider mesioclistally and 0.3 mm longer 
than roots on mandibular first premolars. 

z. 011 321 r11am.libular first µn::mulars, lingual cusps 
averaged 3.6 mm shorter than buccal cusps (rang­
ing from 1.7 to 5.5 mm shorter). 

AA. On 818 mandibular second premolars, 90% had 
the mesiolingual cusp larger and longer than the 
clistolingual cusp; the cwo lingual cusps were 
equal in size on 3%, and Lhe distolingual cusp was 
larger on only 7%. 

BB. On 609 mandibular first premolars, 67% had 
a mesiolingual groove; 8% had a similar groove 
between the distal marginal ridge and the distal 
slope of the lingual cusp. 

CC. On 465 mandibular premolars, the roots on sec­
onds averaged 0.3 mm longer than on firsts . 

00. On 317 mandibular second premolars, the lingual 
cusp (or mesiolingual cusp) averaged 1.8 mm 
shorter than the buccal cusp, ranging from 0.1 to 
3.8mm. 

EE. On 100 mandibular second premolars, 21 % had a 
mesial marginal ridge groove, and 4% had a distal 
marginal ridge groove. 
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FF. On 238 mandibular first premolars, the cervical 
line curvature on the mesial averaged 0.9 mm 
versus 0.6 mm on the distal. On 227 mandibu­
lar second premolars, the cervical line curvature 
on the mesial averaged 0.8 mm versus 0.5 mm 
(almost Oat) on the distal. The cervical line may 
be:: lucate::<l a::; 111uch a::; 2 nun inure:: ucdusal uu the:: 
lingual surface than on the buccal. 

GG. On 100 mandibular first premolars, 45% had 
mesial root depressions and 86% bad distal root 
depressions that were deeper than on the mesial 
69% of the time. On 100 mandibular second 
premolars, 81% had no mesial root depression 
and 73% had a noticeable distal root depression. 

HH. On 229 mandibular three-cusp second premolars, 
56% have greater faciolingual bulk in the distal 
half, but 38% have greater bulk in the mesial 
half. 

11. On 100 mandibular first premolars, 82% had 
a larger distal fossa and 8% had a larger mesial 
fossa. 

Jj. On 200 mandibular three-cusp second premolars, 
65% had a largest central fossa; only 25% had a 
largest mesial fossa. 

KK. On 200 mandibular second premolars, 24% had 
mesial marginal ridge grooves, and 11 % had distal 
marginal ridge grooves. 
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u Morphology of Permanent Molars 

Topics covered within the four sections of this chapter 
include the following: 
I. Overview of molars 

A. Genera l description of molars 
B. Functions of molars 
C. Class traits for molars 
D. Arch traits that differentia te maxillary from 

mandibular molars 
II. Type traits that differentiate mandibular second 

molars from mandibular first molars 
A. Type traits of mandibular molars from the buc­

cal view 
B. Type traits of mandibular molars from the 

lingual view 
C. Type traits of mandibular molars from the 

proximal views 
D. Type traits of mandibular molars from the 

occlusal view 
Ill. Type traits tha t differentiate maxilla ry second 

molars from maxillary first molars 
A. Type traits of the maxillary first and second 

molars from the buccal view 

hroughouL this chapter, "Appendix tt followed 
by a number and letter (e.g., Appendix 7a) is 
used within Lhe text LO denote reference LO 
the page (number 7) and item (leuer a) being 

referred LO on that appendix page. You can tear out the 
perforated Appendix pages to facilitaLe study and mini­
mize page turns. Other appendix pages will be referred 
10 LhroughouL Lhis chapLer. 

B. Type traits of maxillary molars from the lingual 
view 

C. Type traits of maxillary molars from the 
proximal views 

D. Type traits of maxillary molars from the 
occlusal view 

IV. Maxillary and mandibular third molar type traits 
A. Type traits of all third molars (different from 

first and second molars) 
B. Size and shape of th ird molars 
C. Similarities and differences of th ird molar 

crowns compared with first and second molars 
in the same arch 

D. Similarities and differences of th ird molar roots 
compared with first and second molars in the 
same arch 

V. Interesting variations and ethnic differences in 
molars 

Also, remember that statistics obtained from 
Dr. Woelfel's original research on teeth have been used 
to draw conclusions throughout this chapter and are 
referenced with superscript letters like this (dataA) that 
refer to data presented at the end of this chapter. 

SECTION I OVERVIEW OF MOLARS 

OBJECTIVES 

This section is designed to prepare the learner to 
perform the following: 

Describe the functions of molars. 
List class traits common to all molars. 
List arch traits that can be used to distinguish max­
illary from mandibular molars. 

From a selection of all teeth, select and separate 
out all molars. 
Divide a selection of all molars into maxillary and 
mandibular. 
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A. GENERAL DESCRIPTION 
OF MOLARS 

Study a cast of all permanent teeth, or figure 5-1, while 
learning the position of molars in the arch. There are 12 
permanent molars: six maxillary and six mandibular. 
The s ix permanent molars in each arch are the first , sec­
ond and third molars on either side of the arch. They 
are ;he sixth, seventh, and eighth teeth from the mid­
line. Using the Universal Numbering System, the max­
i.Uary molars are Numbers 1, 2, and 3 for the right third, 
second, and first molars and Numbers 14, 15, and 16 
for the left first, second, and third molars, respectively. 
The mandibular molars are Numbers 17, 18, and 19 for 
the left third, second, and first molars and Numbers 30, 
31, and 32 for the right first, second, and third molars, 
respectively. 

RIGHT 

PERMANENT TEETH 

MAXILLARY 

3td tAol8fS 

2nd Promolar$ 

...... .. ·1$1 p~~ .. .. 

•, I • ' 
.. , " cani"8tl .. , 

, . . 
"' tr .. 

Anterior teeln 

MANDIBULAR 
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In the adult dentition, first molars are distal to 
second premolars. The permanent first molars are 
located near the center of each arch, anteroposteriorly. 
This is one reason that their loss is so devastating to 
arch con tinuity (aUowing movement and tipping of the 
teeth oa ei ther side). They are the largest and strongest 
teeth in each arch. The secon<l molars are <listal LO the 
fi rst molars, and the third molars are distal to the sec­
ond molars. Said another way, in the complete adult 
dentition, the mesial surface of the first molar contacts 
the distal surface of the second premolar, the mesial 
surface of the second molar contacts the distal of the 
first molar, and the mesial surface of the third molar 
contacts the distal of the second molar. The third molar 
is the last tooth in the arch, and its distal surface is not 
in contact with any other tooth. 

LEFT 

FIGURE S•.iJI Adule dentition with 
the Universal numbers for molars 
highl ighted in red. 
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8. FUNCTIONS OF MOLARS 

The permanent molars, like the premolars, (a) play 
a major role in Lhe mastication of food (chewing and 
grinding to pulverize) and (b) are most important in 
maintaining the vertical dimension of the face (prevent­
ing the jaws from closing too far, which could reduce 
the vertical dimension between the chin and the nose, 
resulting in a protruding cl1in and a prematurely aged 
appearance). They are also (c) important in maintain­
ing continuity within the dental arches, thus keeping 
other teeth in proper alignment. Further, molars have 
(d) at least a minor role in esthetics or keeping the 
cheeks normally full or supported. You may have seen 
someone who has lost all 12 molars (six upper and six 
lower) and has sunken cheeks. 

The loss of a first molar is really noticed and missed 
by most people when it has been extracted. More than 
80 mml of efficient chewing surface is gone; the tongue 
feels the huge space between the remaining teeth; 
and during mastication of coarse or brittle foods , the 
attached gingiva in the region of the missing molar 
often becomes abraded and uncomfortable. Loss of six 
or more molars could even lead to problems in the jaw 
joints (temporomandibular joints or TMJ). 

C. CLASS TRAITS FOR MOLARS 

Refer to Appendix page 7 while reading about the fol­
lowing class traits of all molars. 

1. CROWN SIZE FOR ALL MOLARS 

Molars have an occlusal (chewing) surface with three 
to five cusps, and their occlusal surfaces are larger than 
the other teeth in their respective arches. They have 
broader occlusal surfaces than premolars, both facio­
lingually and mesiodistally." The combined mesiodistal 
width of the three mandibular molars in one quadram 
makes up over half of the mesiodistal dimension of 
their quadrant. The maxillary molars constitute 44% of 
their quadrant's mesiodistal dimension, still a signifi­
cant portion. In contrast, both mandibular and max­
illary molar crowns are shorter occlusocervically than 
all other adult crowns and are shorter occlusocervically 
than mesiodistally (Appendix 7a). 

2. TAPER FROM BUCCAL TO LINGUAL 
FOR MOST MOLARS 

From the occlusal view, molar crowns taper (get nar­
rower) from the buccal tO the lingual. That is, the mesi­
oclistal width on the buccal half is wider than on the 
lingual half (Appendix 7b), EXCEPT on maxillary first 
molars wiL~large distolingual cusps, where crowns 

,All••a•c•r•;t , m,mw"· fmm li"gu,1 to=•·d the buccsl. 

3. TAPER TO THE DISTAL 
FOR MOST MOLARS 

For both arches. molar crowns from the occlusal view 
tend tO taper distally, so that the distal thi rd is narrower 
buccolingually lhan the mesial lhird (Appendix 7c). 
This taper may be Less apparem on mandibular first 
molars where the tooth may be widest buccolingually 
in the middle third. Also, from the buccal (or lingual) 
views, the occlusal surfaces of all molars slope shorter 
toward the cervix from mesial to distal (Appendix 
7d). This, along wiLh the more cervical placement o[ 
the distal marginal ridge, makes more of the occlusal 
surface visible from lhe distal aspect than from the 
mesial aspect (compare mesial to distal views in 
Appendix page 7). 

4 . HEIGHT (CREST) OF CONTOUR 
FOR ALL MOLARS 

As with premolars, the height of contour on the buccal 
of molars viewed from the proximal is in the cervical 
third; on the lingual , it is most often in the middle tl1ird 
(Appendix 7e). 

S. CONTACT AREAS FOR ALL MOLARS 

The contact areas on all molars viewed from the buccal 
(or lingual) are at or near the junction of the occlusal 
and middle thirds mesially and are more cervical on the 
distal (in the middle third near the middle of tl1e tooth) 
(Appendix 70. 

D. ARCH TRAITS THAT DIFFERENTIATE 
MAXILLARY FROM MANDIBULAR 
MOLARS 

Compare extracted maxillary and mandibular molars 
and/or tooth models while reading about these dif­
ferentiating arch traitS. Also refer to page 8 in the 
Appendix. 

1. CROWN OUTLINE TO DISTINGUISH 
MAXILLARY FROM MANDIBULAR MOLARS 

From the occlusal view, the crowns of mandibular 
molars are oblong: they are characteristically much 
v.rider mesiodistally than faciolingually. 8 This is just 
the opposite of the maxillary molars, which have their 
greater dimension faciolingually. From the occlusal 
view, maxillary molars have a more square or twisted 
parallelogram shape. Mandibular molars have a some­
what rectangular shape, and on mandibular nrsl molars, 
the outline may be pentagon shape (compare tl1e outline 
shapes on Appendix 8k). 
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Table 5-1 MOLARS: GUIDELINES FOR DETERMINING NUMBER OF LOBES FOR MOLARS 

MOLAR NAME NO.OF CUSPS NO.OF LOBES 

Maxillary first molar 
Maxi llary second molar 
Mandibular first molar 
Mandibular second molar 

4 ( or S if Carabelli) 
4 (or 3) 

4 ( or S if Carabelli) 
4 ( or 3) 

s 
4 

Number of lobes • 1 per cusp (including Carabelli). 

2. NUMBERS AND RELATIVE SIZE OF CUSPS 
(AND NUMBER OF LOBES) 

Mandibular molar crowns normally have four or five 
cusps. Many have four relatively large cusps: two buccal 
(mesiobuccal and distobuccal) and two lingual (mesio­
lingual and distolingual) . However, most mandibular 
first molars often have an additional fifth, smaller cusp 
called a distal cusp that is located on the buccal sur­
face just distal t.o the distobuccal cusp. The two lingual 
cusps of mandibular molars are of nearly equal size, 
which is different than on maxillary molars where dis­
tolingual cusps are often considerably smaller. 

The crowns of maxillary molars may have three to 
five cusps. When they have four cusps, three are larger 
(Lhe mesiobuccal, distobuccal, and mesiolingual) and 
the fourth is smaller ( the distolingual) or, on many 
maxillary second molars, it is missing resulti ng in three 
cusps. On many maxillary first molars, there is a fifth, 
much smaller cusp (cusp of Carabelli) located on the 
lingual surface of the longest and largest mesiolingual 
cusp (Appendix 8i). 

s 
4 

The number of lobes fom1ing molars is one per cusp, 
including lhe cusp of Carabelli. See Table 5-1 for a sum­
mary of the number of lobes forming firsL and second 
molars. 

3. CROWN TILT THAT DISTINGUISHES 
MAXILLARY FROM MANDIBULAR 
MOLARS 

When mandibular molar crowns are examined from 
the proximal views, the crowns appear LO be lilted lin­
gually on the root Lrunk (true for all mandibular poste­
rior teeth), whereas the crowns and cusps of maxillary 
molars are centered over their roots (Appendix 8b). 
Also, when mandibular molars are viewed from Lhe 
buccal, the considerable bulge of the dis tal crown out­
line beyond the cervix of the root, and the slope of the 
occlusal surface shorter on the distal, may appear as 
though the crown is tipped dis tally relative to the long 
axis of the root. (The greater distal crown bulge can be 
seen on Appendix 8g.) 

Table 5-2 ARCH TRAITS TO DISTINGUISH MANDIBULAR FROM MAXILLARY MOLARS 

MAXIUARY MOLARS 

Two buccal cusps: 
Mesiobuccal and distobuccal 
Mesiolingual cusp tip visible from buccal 

One buccal groove 
Three roots (cwo buccal and one li ngual) 
Root crun k longer 
Crown centered over root 

Lingual groove off center (toward distal) 
Mesiolingual cusp larger chan distolingual cusp, more 
than on mandibular molars 
Cervix of crown tapers more to lingual 
Cusp ofCarabelli (or groove) common on first molars 

;;! v> Crown more cenrered over root 
! i Smaller disrolingual cusp on most second molars or no 
~ > distolingual cusp 
a. 

MANDIBULAR MOLARS 

Two or three buccal cusps: 
Mesiobuccal, distobuccal, and distal ( on firsts) 
Both lingual cusp rips visible from buccal 

Two buccal grooves on most first molars 
Two roots (one mesial and one distal} 
Root trunk shorter 
Crown tipped distally on root 

Lingual groove nearly centered 
Mesiolingual and distolingual cusps' size and height more 
equal 
Cervix of crown tapers less to lingual 
No Carabelli cusp 

Crown ripped more lingually over root 
Smallest distal cusp seen from distal on most first molars 

Kad 
( continued) 
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Table 5-2 ARCH TRAITS TO DISTINGUISH MANDIBULAR FROM MAXILLARY MOLARS (Continued) 

MAXILLARY MOLARS 

Crowns wider faciolingually than mesiodistal 
Oblique ridge present from mesiolingua l to distobuccal 
O ne transverse ridge me_~iobucca l to mi>.~iolingual 

Parallelogram ( or square) shape crown for four-cusp 
type 
Three-cusp seconds are heart shaped 
Four fossae: includ ing large central and cigar-sha ped 
d istal 
Central groove in mesia l ha lf does not cross obliq ue 
ridge 
First molars have four cusps plus Carabell i cusp/ groove 
First molars wider on lingua l than buc;cal 
Second molars have four cusps or three cusps (heart 
shaped) 
Mesiolingual cusp much larger than discolingual 

4 . ROOTS TO DISTINGUISH 
MAXILLARY FROM MANDIBULAR 
MOLARS 

Perhaps the most obvious trait to differentiate extracted 
maxillary from mandibular molars is the number of 
roots. Maxillary molars have three relatively long 
roots: mesiobuccal, distobuccal, and l ingual (palatal). 
The lingual root is usually the longest; the clistobuccal 
root is the shortest. The roots converge into a broad 
cervical root trunk. Mandibular molars have only two 

MANDIBULAR MOLARS 

Crowns wider mesiodistally than faciolingual 
No oblique ridge 
Two transverse ridges mesiobu<:cal to mesio li ngua l and 
d istobuccal co distolingual 
Pentagon sha pe crown on firsts 

Rectangula r shape crown on seconds 
Three fossae: central fossa is la rge 

Central fossa with zigzag or + groove pattern 

Five cusps on firsts ( distal cusp is fifth cusp) 
First molars wider on buccal than lingual 
Second molars have four cusps 

Mesiolingual cusp slightly larger chan distolingual 

roots: a long mesial root. and a slightly shorter distal 
root. Mandibular molars have the longest roots rela­
tive to crown length (greatest root-to-crown ratio) of 
any adult. t.eeth.c The root furcation on lower molars 
is usually close to the cervical line (especially on first 
molars), making the root trunk shorter than on the 
maxillary molars (see Appendix 8c). 

Table 5-2 includes a summary of arch traits that can 
be used LO differentiate maxillary from mandibular 
molars. 

SECTION II 
TYPE TRAITS THAT DIFFERENTIATE MANDIBULAR SECOND 
MOLARS FROM MANDIBULAR FIRST MOLARS 

OBJECTIVES 

This section prepares the reader to perform the 
following: 

Describe the type traits that can be used to distin­
guish the permanent mandibular first molar from 
the mandibular second molar. 
Describe and identify the buccaJ, lingual, mesial, dis­
tal, and ocdusal surfaces for all mandibular molars. 

Mandibular fi rs t and second molars have specific traits 
mat can be used to distinguish one from the other. Third 
molars vary considerably, often resembling a first or a 
second while still having their own unique traits 

Assign a Universal number to mandibular molars 
present in a mouth ( or on a model) with complete 
dentition. If possible, repeat this on a model with 
one or more mandibular molars missing. 
Holding a mandibular molar, determine whether it 
is a first or a second, and right or left. Then, assign 
a Universal number to it. 

that will be discussed later in Section lV. For mis section, 
hold a mandibular first and second molar i11 front of you 
(,vith c.rowns up, roots down) and refer to Appendix 
page 8 while making the following comparisons . 
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D M D M 

Mandibular right second molar Mandibular right first molar 

MANDIBULAR MOLARS (buccal) 
Mandibular right first molars Mandibular left first molars 

Mandibular right second molars Mandibular left second molars 

TRAITS TO DISTINGUISH MANDIBULAR FIRST MOLARS FROM SECOND MOLARS: BUCCAL VIEW 

MANDIBULAR A RST MOLAR 

Three buccal cusps: mesiobuccal, disrobuccal, and dis,cal 
Two buccal grooves: mesiobuccal and d iscobuccal 
Wider root spread, shorter trunk 
Roots more curved 

MANDIBULAR SECOND MOLAR 

Two buccal cusps: mesiobuccal and distobuccal 
One buccal groove 
less root spread, longer t runk 
Straighter roots 

TRAITS TO DISTINGUISH MANDIBULAR RIGHT FROM LEFT MOLARS: BUCCAL VIEW 

MANDIBULAR ARST MOLAR MANDIBULAR SECOND MOLAR 

Distal cusp is smallest buccal cusp 0iscobuccal cusp is smaller than mesiobuccal 
Crown rapers and is shorter coward di seal for both 

Distal contact more cervical than mesial concacr for both 
Crown has more d istal bulge beyond root than on mesial for both 

Mesial root is longer than distal root for both 

Buccal views o f mandibular molars with type traits co distinguish mandibular first from second molars and traits co 
rights from lefts. 
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A. lYPE TRAITS OF MANDIBULAR 
MOLARS FROM THE BUCCAL VIEW 

Refer to Figure 5-2 for sim ilarities and differences 
between mandibular first and second molars. 

1. CROWN PROPORTIONS FROM 

THE BUCCAL VIEW 

For both types of mandibular molars, the crowns are 
wider mesiodistally han high cervico-occlusally but 
more so on the larger first molars.° 

2. RELATIVE NUMBER AND SIZE 
OF MANDIBULAR MOLAR CUSPS 
(AND GROOVES THAT SEPARATE THEM) 
FROM THE BUCCAL VIEW 

The mandibular first molar has the largest mesiodistal 
dimension of any tooth.E.F It most often has five cusps: 
three buccal and two lingual (Fig. 5-3), but the small­
est distal cusp may be absent about a fifth of the time 
(fig. 5-4).G Consequently, not all four-cusp molars are 
second molars. Almost one fifth may be mandibular first 
molars. 

When there are five cusps, their heights, in order 
from longest to shortest, are mesiolingual, distolingual, 
mesiobuccal, distobuccal, then the smallest distal cusp 
(located on the buccal surface near the dis1obuccal angle). 
The mesiobuccal cusp is the largest, widest, and hfghest 

MANDIBULAR MOLAR CUSP NAMES 

ID 

mesiolingual 

I ..... 

m 

distolingual 

distal 

stolingual distobuccal 

Mandibular first molar (right side) 

siobuccal 

distobuccal 

distolingual 

distolingual 

Mandibular second molar (right side) 

cusp on the Jniccal side of the woth.11 The distobuccal 
cusp may be sharper than the mesiobuccal cusp.' 

From ilie.buccal view, 1he mesiolingual cusp of the 
mandibular first molar, which is the highest or longest of 
all thee cusps of the mandibular first molar, is just visible 
behind the mesiobuccal cusp. The distolingual cusp tip 
is vi:;iblt: bd,iml tin:: c.listobU<.:cal wsp aml is usually tlit: 

second highest cusp when the tooth is oriented vertically. 
This is clearly seen in Lhe first molars in Figure 5-2. Even 
though Lhe lingual cusps are higher than buccal cusps 
when vie\ving extracted teeth with the root axis held ver­
tically, the lingual wsp tips are at a lower level than the 
buccal cusps in the moULh due to the lingual til t of tl1e 
root axis in the mandible (creating the curve of mediolar­
eral curve lo( Wilson! shown earlier in Fig. 1-35). 

When there are three buccal cusps on the man­
dibular first molar, there are two buccal grooves: 
the mesiobuccal and shorter distobuccal. The longer 
mesiobuccal groove separates the mesiobuccal cusp 
from the distobuccal cusp and may ex.tend onto the 
buccal surface often ending in a deep ~it at its cervical 
end that is sometimes a site of decay. Six of the man­
dibular first molars in Figure 5-2 have pits at Lhe end 
of the 11\estobuccal groove, and a seventh has an amal­
gam restoratlon. The shorter! distobuccal groove sepa-
1f!le_s the dislObuccal cusp from the distal cusp and may 
also end in a pit. One of the mandibular first molars in 
Figure 5-2 has a pit at the end of the diswbuccal groove; 
can you rind it? 

mesiobuccal 

mesiolingual 

FIGURES,~ Cusp names for 
mandibular first and second molars 
showing relative location and size 

(occlusal and bucc;l ~ie~~, . "Om 
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Second molar 

First molar 
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FIGURES•• A mandibular first molar with only four cusps (whereas most have five cusps), Buccal view (below) and occlusal 
view (above). 

The mandibular second molar has four cusps: two 
buccal and two lingual (Fig. 5-3 lower row) . These 
cusps, in order from longest to shortest, are the mesio­
lingual, distolingual, mesiobuccal, and distobuccal, 
the same order as for the four larger cusps or the man­
dibular Hrst molar. As on the mandibular first molar, 
the lingual cusp tips from the buccal view are visible 
behind the shorter buccal cusps (seen in most teeth in 
Fig. 5-2). As on the first molar, the mesiobuccal cusp is 
usually wider mesiodist.ally than the distobuccal cusp.K 

Mandibular second molars have only one buccal 
groove that separates the mesiobuccal and the disto­
buccal cusps. The buccal groove may end on the mid­
dle of the buccal surface in a pit that is sometimes a site 
of decay (seen in 2 of the 10 second molars in Fig. 5-2). 
There is no distobucca\ groove as on Lhe rust molar. 

3. PROXJMAL CONTACTS OF MANDIBULAR 
MOLARS FROM THE BUCCAL VIEW 

Both types of mandibular molars (in fact, all molars) 
have their mesial contact located more occlusally than 
the distal, close Lo Lhe junction of middle and occlusal 
thirds of the crown. The distal contact is located more 
cervically, in the middle third (near the middle or the 
tooth cervico-occlt1sally). This difference in proximal 
contact height can be seen in most mandibular molars 
in Figure 5-2. 

4 . CERVICAL LINES OF MANDIBULAR 
MOLARS FROM THE BUCCAL VIEW 

The cervical lines of boll1 mandibular first and second 
mola~,l, often nearly straight across the buccal sur­

.---¥•J~a.c,~

1

mandibular molars, cementum often covers 

the root bifurcation surface in a mesiodistal direction,1 

but sometimes there is a point of enamel that dips down 
nearly into the root bifurcation (Fig. 5-5). There may 
even be a dipping down of enamel on both the buc­
cal and the lingual surfaces, and these extensions may 
meet in the root bifurca tion.),➔ Such enamel extensions 
may cause periodontal problems because of the deep 
gingival sulcus in these regions. 

5. TAPER OF MANDIBULAR MOLARS 
FROM THE BUCCAL VIEW 

There is proportionally more tapering of the crown 
from the contact areas to the cervical line on mandibu­
lar first molars Lhan on second molars because of the 
bulge of Lhe distal cusp (Appendix 8g) . Therefore. 
the crown of the second molar appears ro be wider 
at the cervix than on the first molar. 

Enamel extension (arrow) downward into the 
buccal furcation of a mandibular second molar. {Courtesy of 
Charles Solt, D.D.S., and Todd Needhan, D.Q.S!l m 
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Also, from the buccal view, the occlusal outlines of 
both types of mandibular molars slope shorter cervically 
from mesial to distal (Appendix 7d). This distal taper 
combined with a greater distal crown bulge beyond the 
root than mesial bulge causes some people to view the 
crown as Lipped distally on iLS two roots. 

6. ROOTS OF MANDIBULAR MOLARS 
FROM THE BUCCAL VIEW 

Both mandibular first and second molars have two 
roots, one slightly longer mesial root and one distal 
root (Appendix 8c).L Both roots are nearly twice as long 
as the crown. 

The root bifurcat ion of the mandibular first molar 
is near the cervical line, so its root tmnk is relatively 
short compared to second molars. The roots of man­
dibular first molars are more widely separated than on 
the seconds. This considerable divergence is evident 
on the curved mesial root, which often bows out beyond 
the mesial root outline of its crowu, and then curves 
back distally placing its apex in line with the mesiobuc­
cal groove of the crown. The mesial root is twisted, so 
it may be possible to see the distal surface of this root 
from the buccal view. The more pointed apex of the 
straighter distal root often lies distal to the distal outline 
of the crown (seen on the firs t molar in Appendix 8c, 
and some first molars in Fig. 5-2). 

MANDIBULAR MOLARS (lingual) 
Mandibular left first molars Mandibular right first molars 

Mandibular left second molars Mandibular right second molars 

TRAITS TO DISTINGUISH MANDIBULAR FIRST MOLARS FROM SECOND MOLARS: LINGUAL VIEW 

MANDIBULAR FIRST MOLAR 

Wider root spread, shorter trunk 
Roots more curved 
M ore crown tap er to lingual 

MANDIBULAR SECOND MOLAR 

Less root spread, longer trunk 
Straighter roots 
Less crown taper to lingual 

TRAITS TO DISTINGUISH MANDIBULAR RIGHT FROM LEFT MOLARS: LINGUAL VIEW 

MANDIBULAR FIRST MOLAR MANDIBULAR SECOND MOLAR 

Sarne outline traits as from buccal view a re seen from the lingual view for both 
Mesiolingual cusp is che longest for both 

Distal marginal ridge is more cervical than the rnesial marginal ridge for both 

---== = ;.., Lingual views of mandibular molars with type traits to distinguish mandibular first from second molars and to help 
from lefts. 
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The tapered, pointed roots of mandibular second 
molars are less widely separated, or more parallel, 
than on first molars. Often the apices of both roots are 
directed toward the centerline of the tooth, similar in 
shape to the handle of pliers (2 of the 10 mandibular 
molars in Fig. 5-2; see if you can find them) , or both 
roots may curve distally. The root trunk is slightly lon­
ger than that of the mandibular first molar (Appendix 
8f), and the depression of the buccal furcation extends 
occlusally across the root LO the cervical Line (Fig. 5-2). 

B. TYPE TRAITS OF MANDIBULAR 
MOLARS FROM THE LINGUAL VIEW 

Refer to Figure 5-6 for similarities and differences 
between mandibular molars from the lingual view. 

1. NARROWER LINGUAL CROWN 
OF MANDIBULAR MOLARS FROM 
THE LINGUAL VIEW 

As with most teeth, mandibular ftrst and second molar 
crowns taper from buccal to lingual and thus are 
narrower on the lingual side. 

2. RELATIVE SIZE OF MANDIBULAR CUSPS 
(AND THE LINGUAL GROOVE) FROM 
THE LINGUAL VIEW 

Since the lingual cusps of both types of mandibular 
molars are both slightly longer (and more pointed) than 
the buccal cusps, on.ly the two longer lingual cusps are 
visible from the lingual aspect (not evident in Fig. 5-6 
because of the camera angle). The mesiolingual cusp is 
most often slightly wider and longer than the distolin­
gual cusp (noticeably wider on fi rst n10lars).M Thelin­
gual cusps were rated about even on cusp sharpness.N 

The lingual groove that separates the mesiolingual 
from the distolingual cusp may extend onto the lin­
gual surface and sometimes it may be fissured and fonn 
decay on the lingual surface. 

3. CERVICAL LINE OF MANDIBULAR 
MOLARS FROM THE LINGUAL VIEW 

The cervical line on the lingual surface is relatively 
straight (mesiodistally) but may clip cen1ically between 
the roots over the bifurcation as is also sometimes seen 
on the buccal side of the crown. 

4 . ROOTS OF MANDIBULAR MOLARS 
FROM THE LINGUAL VIEW 

On mandibular first molars, the root trunk appears 
longe he lingual than on the buccal side because 
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the cervical line is more occlusal in pos1t1on on the 
lingual than on the buccal surface. Both roots are nar­
rower on the lingual side than they are on the buccal 
side, and the mesial root is twisted making it possible 
to see the mesial siirface of the mesial root (seen on five 
mandibular first molars in Fig. 5-6). One may also see 
Lite uistal surfa1.:e or Lht: ilistal rool ue1.:ause of i ls Laper 
toward the lingual. 

On both first and second mandibular molars, the 
shon root trunk has a depression between Lhe bifurca­
Lion and the cervical line. 

C. TYPE TRAITS OF MANDIBULAR 
MOLARS FROM THE PROXIMAL VIEWS 

For proper orientation, as you study each trait, hold the 
crown so that the root axis line is in a venical position 
as seen in Figure 5-7. 

Recall that both types of mandibular molar crowns 
are relatively shorter cervico-occlusally and wider faci­
olingually, and that the crowns of both types of man­
dibular molars are tilted lingually from the root trunk 
(Fig. 5-8). Remember that this slam is an arch u·ait 
characteristic of all mandibular posterior teeth and is 
nature's way of shaping them to fit beneath and lingual 
co the maxillary buccal cusps. 

1. HEIGHT (CREST) OF CONTOUR OF 
MANDIBULAR MOLARS FROM THE 
PROXIMAL VIEWS 

As with all molars (and premolars), the convex buccal 
height of contour or greatest bulge is in the cervical 
third (Fig. 5-8). The buccal height of contour is actually 
formed by the buccal cervical ridge that runs mesiodis­
tally near the cervical line. IL is more prominent on man­
dibular second molars than on firsts. The lingual outline 
of the crown of both molars appears nearly straight in 
Lhe cervical third with its height of contour in the mid­
dle third. This difference in heights of contour is useful 
to distinguish buccal from lingual surfaces. 

2. CUSP HEIGHT OF MANDIBULAR MOLARS 
FROM THE PROXIMAL VIEWS 

In review, on the four-cusp mandibular molars, the 
cusps in order from longest to shortesL are mesiolin­
gual, distolingual, mesiobuccal, and distobuccal. Since 
cusps (and marginal ridges) are shorter on the distal 
than on the mesial, much of the occlusal surface and all 
cusp tips can be seen from the distal aspect (as seen on 
the distal surfaces of all teeth in Fig. 5-7). On the five­
cusp first molar, the shortest distal cusp is also visible 
from the distal. 

Ka use.com 
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B L 

MESIAL VIEWS 

Mandibular right first molar Mandibular right second molar 

MANDIBULAR MOLARS (proximal) 
Mandibular right first molars Mandibular left first molars 

Mandibular right second molars Mandibular left second molars 

MESIAL SURFACES DISTAL SURFACES 
- ---Buccal Lingual---- - ---Buccal Lingual----

TRAITS TO DISTINGUISH MANDIBULAR FIRST MOLARS FROM SECOND MOLARS: PROXIMAL VIEWS 

MANDIBULAR FlRST MOLAR 

Mesia I rooc is wide faciolingually wich blunt rip 
Crown is wider faciolingually 

MANDIBULAR SECOND MOLAR 

M esial root less wide faciol ingually with curved tip 
Crown is less wide facio lingually 

TRAITS TO DISTINGUISH MANDIBULAR RIGHT FROM LEFT MOLARS: PROXIMAL VIEWS 

MANDIBULAR FlRST MOLAR MANDIBULAR SECOND MOLAR 

Mesia! root is broader buccolingually, so d ista l root is not seen fi-om mesial view for both 
Distal marginal ridge is more cervical than mesial marginal ridge for both (best seen fi-om lingual view) 

Proximal views of mandibular molars with type traits to distinguish mandibular first from second molars and co 
• h rights fi-om lefi:s. 
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Buccal---­
height of contour 

lingual 
height of contour 

Mesia! view of a mandibular first molar shows 
the lingual tilt of its crown relative co its midroor axis line. This tile 
is characteristic of mandibular posterior reech. 

Since the lingual cusps of both mandibular first and 
second molars are longer and more conical or pointed 
than the buccal cusps, the Lingual cusps have longer 
triangular ridges. 

3. TAPER TOWARD DISTAL 
OF MANDIBULAR MOLARS 
FROM THE PROXIMAL VIEWS 

On both types of molars, the crown is narrower in the 
distal third than in the rnesial third. Therefore, from the 
distal aspect, some of the lingual and the buccal surfaces 
can be seen (demonstrated clearly on the distal views of 
mandibular second molars in Fig. 5-7). Proximal con­
tact areas may be seen as 0attened areas (facets) caused 
from wear due to the rubbing of adjacent teeth during 
functional movements of the jaws. On mandibular first 
molars, the distal contact is cemered on the distal sur­
face cervical tO the distal cusp. 

4 . CERVICAL LINES OF THE MANDIBULAR 
MOLARS WHEN COMPARING 
PROXIMAL VIEWS 

Mesia/ cervi.cal lines on both first and second molars 
slope occlusally from buccal to lingual and curve very 
slightly toward the occlusal surface.0 The distal cervical 
lines are so slightly curved that they are nearly straight. 

S. MARGINAL RIDGES OF MANDIBULAR 
MOLARS WHEN COMPARING PROXIMAL 
VIEWS 

Mesial marginal ridges are concave buccolingually. Distal 
marginal ridges of tl1e first molar are short and V shaped, 
located just lingual and distal to the distal cusp. 

Di~:zes in mesial and distal marginal ridge 
~ ~-:e apparent on handheld teeth when viewing 
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the crown from the lingual and rotating the tooth, first 
just enough in one clirection to see the mesial marginal 
ridge height, and then enough in the opposite direction 
to compare it to the distal marginal ridge height. On 
mandibular molars, as with all posterior teeth (EXCEPT 
the mandibular first premolar), mesial marginal ridges 
are more occlusaily located than distal marginal ridges 
so that from the mesial view, the triangular ridges are 
mostly hidden from view. 

6. ROOTS AND ROOT DEPRESSIONS 
OF MANDIBULAR MOLARS FROM 
THE PROXIMAL VIEWS 

From the mesial aspect, the mesial root of the mandibu­
lar first molar is broad buccolingually with a blunt wide 
apex, compared to the mesial root or tl1e mandibular 
second molar that is often narrower buccolingually, and 
more pointed at the apex. The distal roots or bot/J first 
and second mandibular molars are less broad buccolin­
gually, more pointed at the apex, and shorter than the 
mesial roots. Therefore, from the distal view, the broader 
mesial root is usually visible behind the narrower distal 
root, and from the mesial view, the narrower distal root 
is hidden (seen clearly on all but one mandibular sec­
ond molar from the distal view in Fig. 5-7). 

There is usually a deep depression on the mesial 
su,jace of the mesial root on both mandibular first and 
second molars extending from the cervical line LO the 
apex, indicating the likelihood or two root canals in 
this broad root, one buccal and one lingual (as seen 
in cross-section views in Fig. 5-9). Sometimes this 
root is even divided imo a buccal and lingual pan• 

Tooth #31 

Cross sections through the root of a mandibular 
second molar: the top section is located at the level of the cervical 
line (showing the shape of the pulp chamber located in the root 
trunk), and a cross secrion in rhe middle third of the bifurcated 
roots showing the depressions on both sides of the mesial root 
with two root canals, and the distal root •cf, ope carial . m 
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(seen in the partially divided mesial root of two man­
dibular firs t molars in Fig. 5-7). The presence of a 
longitudinal depression on the distal surface of the 
distal root is variable. The distal root most often has 
one root canaJ, but a dis tinct dista l root depress ion may 
indicate Lhe presence of two root canals in that root. 
Dt:pn::ssiuns on th t: initt: r surfa<.:t:s u f Litt: m t:sial am! 

dis tal roots ( i.e., the surfaces between the mesial and 
dis tal roOLs) are often deeper than the depressions on 
the outer surfaces. 

B 

L 
Mandibular right first molar 

D. TYPE TRAITS OF MANDIBULAR 
MOLARS FROM THE OCCLUSAL VIEW 

To follow this descrip tion, the tooth should be 
held in such a position thaL the observer is looking 
exactly along the root axis line. Because of the lin­
g u11 l indin;1t io n o f the crown , m ore of the bucc,1I sur­

face should be visible than the lingual surface when 
the tooth is properly held in this position , similar 
to mandibular premolars. Refer to Figure 5-10 fo r 

L 
Mandibular right second molar 

MANDIBULAR MOLARS (occlusal) 
Mandibular left first molars Mandibular right first molars 

Mandibular left second molars Mandibular right second molars 

..---- Distal -----,► 

TRAITS TO DISTINGUISH MANDIBULAR FIRST MOLARS FROM SECOND MOLARS: OCCLUSAL VIEW 

MANDIBULAR ARST MOLAR 

Usually five cusps: three buccal and two lingual 
less prominent buccal cervical ridge 
Pentagon shape (likely) 
More crown taper Ii-om buccal to lingual 
Fewer secondary grooves 
Central groove zigzags mesially to distally 
Mesiobuccal and distobuccal grooves do not align 
with lingual groove 

MANDIBULAR SECOND MOLAR 

Usually four cusps (two buccal and two lingual) 
Buccal ridge more prominent ( mesially) 
More rectangular shape 
Less crown taper Ii-om buccal to lingual 
More secondary grooves 
Central groove straighter 
Buccal and lingual grooves align to intersect with 
central groove like a "+" 

TRAITS TO DISTINGUISH MANDIBULAR RIGHT FROM LEFT MOLARS: OCCLUSAL VIEW 

MANDIBULAR ARST MOLAR MANDIBULAR SECO ND MOLAR 

Crown tapers narrower in distal third Crown wider on mesial due to buccal cervical ridge 
Large mesiolingual and mesiobuccal cusps for both 

i...:;;.;:;;_,;:= ;,,;:;;.,..r Occlusal views o f mandibular molars with type t raits to distinguish mandibular first Ii-om second molars and to help 
Ii-om lefts. 

a use.com 
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similarities and differences of mandibular molars 
from Lhe occlusal view. 

1. NUMBERS AND SIZE OF CUSPS 
OF MANDIBULAR MOLARS FROM 
THE OCCLUSAL VIEW 

As staled earlier, mosL mandibular second molars have 
four cusps: two on Lhe buccal (mesiobuccal and disto­
buccal) and two on the lingual (mesiolingual and disto­
lingual). Most mandibular first molars have five cusps: 
three on the buccal (mesiobuccal, distobuccal, and 
the smallest distal cusp closest LO the dis tal marginal 
ridge) and two on the lingual (mesiolingual and disto­
lingual). On both types of mandibular molars, the two 
mesial cusps (mesiobuccal and rnesiolingual) are larger 
than the two distal cusps (distobuccal and distolingual) 
(Fig. 5-11), and the fifth , distal cusp on first molars is 
the smallest. 

2. OUTLINE SHAPE AND TAPER 
OF MANDIBULAR MOLARS FROM 
THE OCCLUSAL VIEW 

As stated previously, both types of mandibular molars 
are wider mesiodisLally than faciolingually.Q The man­
dibular second molar outline is roughly a four-sided 
rectangle, whereas on the firs t molar, the widest por­
tion of the tooth may be located in the middle third on 

Buccal 
cervical 
ridge 

M 

B 

Buccal groove 

Central groove 
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the prominent buccal bulge of its distobuccal cusp, so 
the oulline would be more like a five-sided pentagon 
(Appendix 8k). 

The crown outlines of both types of mandibular 
molars taper lingually, so they are wider mesiodistally 
on the buccal half than on the lingual half (recall 
Appt: 11dix 7b aml ~). Mandibular molar ~ruw11s abo 
taper narrower from mesial to distal, so they are wider 
buccolingually on Lhe mesial half limn on the distal 
half. This wider buccolingual dimension on the mesial 
half of the mandibular second molar is due primarily 
to the prominent buccal cervical ridge that is most evi­
dem on the mesiobucca/ cusp outline (Fig. 5-11). This 
bulge is a consistent landmark useful for idemifying the 
mesiobuccal cusp on the buccal surface of the some­
what symmetrical mandibular second molars in Figure 
5-11 and evident on most mandibular second molars in 
Figure 5-10. 

3. RIDGES OF MANDIBULAR MOLARS 
FROM THE OCCLUSAL VIEW 

On boll! first and second mandibular molars, the 
triangular ridges of the mesiobuccal and mesiolin­
gual cusps join to form a (mesial) transverse ridge, 
and the triangular ridges of the distobuccal and disto­
lingual cusps form a second (distal) transverse ridge 
(Fig. 5-12). 

Buccal 
cervical ridge 

D Distal 
contact 

Mesia! 
contact 

Mesia! -~---'a Distal Iossa 
Iossa 

Central Iossa 

Lingual groove 

A L B 

FIGURES~11 A. Mandibular right second molar with its three fossae. Notice the outline bulge on the mesial portion of the buc­
cal surface formed by the buccal cervical ridge. Heights of contour (crests of curvature) are indicated by arrows. The mesial and distal 
crests of curvature would normally coincide with proximal contact areas in the mouth. B. The buccal cervical ridge on this mandibular 
left second ll)Olar is most prominent on the buccal outline of the mesiobuccal cusp. The mesial contact is more buccal than the distal 

~ bo,h p,®mal oooua, "' b""'' '° "" b,"ollog,al middle of"'' «-. a use• CO m 
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{

iangular of MB 
transverse 

riangular of ML 
triangular of Dj-

transverse 
triangular of DL 

distal marginal ridge 

II 
Mandibular right first molar 

Mandibular right first molar, occlusal view, showing how the triangular ridges of two cusps (mesiobuccal [MB] and 
mesiolingual (ML]) align to form one transverse ridge in the mesial half of the mandibular molar, and another two triangular ridges 
ofche distobuccal ( DB) and distolingual ( DL) cusps align co form another transverse ridge in the distal half. 

A 

Mesiobuccal groove 

Mesiobuccal cusp 

Triangular ridge 
of MB cusp 

Mesial triangular 
Iossa 

Supplemental 
grooves 

Mesia! marginal 
ridge groove 

Mesia! marginal 
ridge 

Triangular ridge 
of ML cusp 

Mesiolingual cusp 

Crest of curvature 

B 

Central Iossa 

Crest ture 
Distobuccal cusp 

Distobuccal groove 

Distal cusp 

Distal triangular 
Iossa 

Distal marginal ridge 

Central groove 

Distolingual cusp 

Lingual groove 

A. Mandibular right first molar; occlusal view. Observe that the buccal height of contour ( crest of curvature) is located 
close to the middle ( compared to on a second molar where it is located in the mesial third) . There are three fossae, with the central fossa 

largest. N;~~r the central groove zigzags in its course from mesial to distal pit, and the mesiobuccal and lingual grooves are not continu• 
~ 

1 
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4 . FOSSAE OF MANDIBULAR MOLARS 
FROM THE OCCLUSAL VIEW 

There are three fossae on both types of mandibular 
molars: the largest central fossa (approximately in the 
center of the tooth), a smaller mesial triangular fossa 
(just inside the mesial marginal ridge), and the smallest 
distal triangular fossa (just inside the distal marginal 
ridge; it is very small on second molars). These fossae 
are shaded red in Figures 5-11 (on a second molar) 
and 5-13 (on a first molar). There may be a pit at the 
junction of grooves in the deepest porrion of any of 
these fossae. 

S. GROOVES OF MANDIBULAR MOLARS 
FROM THE OCCLUSAL VIEW 

The pattern of major grooves on mandibular second 
molars is simpler than that on first molars. It is made 
up of three major grooves: a central groove running 
mesiodistally, plus a buccal and a lingual groove. The 
ce11tral groove starts in the mesial triangular fossa, 
passes through the central fossa, and ends in the distal 
triangular fossa. Its mesiodistal course is straighter than 
on mandibular first molars. The buccal groove separates 
the mesiobuccal and dist◊buccal cusps and extends 
onto the buccal surface. The lingual groove separates the 
mesiolingual and the distolingual cusps but does not 
usually extend onto the lingual surface. The buccal and 
lingual grooves line up to fonn an almost continuous 
groove running from buccal to lingual that jntersects 
with the central groove in the central fossa (Fig. 5-11). 
The resultant groove panern resembles a cross (or +) 
(Appendix 8, occlusal view of the mandibular second 
molar). 

Major grooves on the mandibular first molar sepa­
rate five cusps instead of four, so the pauern is slightly 
more complicated (Fig. 5-13). As on second molars, the 
central groove passes from the mesial triangular fossa 
through the central fossa to the distal triangular fossa. 
The central groove may be more zigzag or crooked in 
its mesiodistal course. The lingual groove starts at the 
central groove in the cenual fossa and extends lin­
gually between the mesiolingual and the distolingual 
cusps, but it is rare for a prominent lingual groove to 
extend ontO the lingual surface. Instead of one buc­
cal groove, the mandibular first molar has two. Like 
the buccal groove on mandibular second molars, this 
mesiobuccal groove separates the mesiobuccal and dis­
tobuccal cusps. 11 s tarts at the central groove, in or 
jusL mesial to the central fossa, and extends onto the 

~ "· This grnove may b, nmly cominuous 
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with the lingual groove, or it may not join with it. The 
distobuccal groove, unique to the first molar, starts at 
the central groove between Lhe central fossa and the 
distal triangular fossa and extends between the clis­
tobuccal and the distal cusps often onto the buccal 
surface. 

Over half or rne:;ial marginal riuge:; am! over a th in.I 
of distal marginal ridges of mandibular molars are 
crossed by marginal ridge grooves.R Some mandibu­
lar first molars in Figure 5-10 have mesial marginal 
ridge grooves, but fewer have distal marginal ridge 
grooves. 

On mandibular Hrst and second molars, there may 
be supplemental (exua, minor) grooves. All grooves 
provide important escape-ways for food as it. is crushed. 
Supplemental ridges are located between supplemental 
and major grooves and serve as additional cutting 
blades. Without these ridges and grooves, the teeth 
would be inefficient crushers and subject Lo unfavor­
able forces during chewing. Brand and lsselhard state 
that mandibular second molars have more secondary 
grooves than first molars.5 

6 . PROXIMAL CONTACT AREAS OF 
MANDIBULAR MOLARS FROM THE 
OCCLUSAL VIEW 

The mesial and dis tal contact areas of mandibular first 
and second molars are normal!)' slightly buccal to the 
middle of the tooth. Therefore, when molars are in con­
tact with adjacent teeth, the space (embrasure) lingual 
to the contact is longer ( larger) than the space buccal 
to Lhe contact. Mesia! contact areas on mandibular first 
molars are just buccal to the center buccolingually, 
whereas distal contacts are just lingual LO the distal 
cusp. On mandibular second molars, mesial contacts 
are near the junction of the middle and buccal thirds. 
whereas the dis tal contacts are just buccal to the center 
buccolingually (Fig. 5-11). 

LEARNING EXERCISE 

Learning exercise related to mandibular molars: 

Examine your mouth and the mouths of a few of 
your associates to determine if the mandibular 
first molars have four or five cusps, and if the sec­
ond molars have four cusps. Also, see if their first 
molars are larger than their seconds, and seconds 
are larger than their thirds. 

Ka dose.com 
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LEARNING EXERCISE 

Buccal 

Lingual 
A 

A. Name the ridges 

Ridges Name 

1. -----------

2. -----------

3. -----------

4. -----------

5. -----------

6. -----------

7. -----------

8. -----------

9. -----------

10. -----------

11 . -----------

12. -----------

13. -----------

14. -----------

15. -----------

16, -----------

17. -----------

18. -----------

19. -----------

Lingual 
B 

B. Name the ridges 

Ridges Name 

1. -----------

2. -----------

3. -----------

4. -----------

5. -----------

6. -----------

7. -----------

8. -----------

9. -----------

10. -----------

11. -----------

12. -----------

13. -----------

14. -----------

15. -----------

1~ ------- ----
17. -----------

A. List a ll 19 ridges that circumscribe or ma ke up the boundary of the occlusal surface ofa ma ndibular first 
molar as represented in Figure 5-14A. B. List all 17 ridges that circumscribe or make up the boundary of the occlusal surface of 
a mandibular second molar as represented in Figure 5-148. In case you wondered, ridge 17 on the second molar is the buccal 
cervical ridge (sometimes evident, sometimes not). 

ANSWERS: A. Mandibular first molar ridges: 1-mesial cusp ridge of mesiobuccal cusp; 2-distal cusp ridge of mesiobuccal 
cusp; 3- mesial cusp ridge of distobuccal cusp; 4- distal cusp ridge of distobuccal cusp; 5- mesial cusp ridge of distal cusp; 
6-distal cusp ridge of distal cusp; 7- distal marginal ridge; 8- distal cusp ridge of distolingual cusp; 9- mesial cusp ridge 
of distolingual cusp; 10- distal cusp ridge of mesiolingual cusp; 11 - mesial cusp ridge of mesiolingual cusp; 12- mesial mar­
ginal ridge; 13- triangular ridge of mesiobuccal cusp; 14- triangular ridge of distobuccal cusp; 15- triangular ridge of distal 
cusp; 16-triangular ridge of distolingual cusp; 17- triangular ridge of mesiolingual cusp; 18- transverse ridge (mesial); 
19- transverse ridge ( distal) 

8. Mandibular second molar ridges: 1- mesial cusp ridge of mesiobuccal cusp; 2- distal cusp ridge of mesiobuccal cusp; 
3-mesial cusp ridge of distobuccal cusp; 4- distal cusp ridge of distobuccal cusp; 5- distal marginal ridge; 6- distal cusp 
ridge of distolingual cusp; 7-mesial cusp ridge of distolingual cusp; 8- distal cusp ridge of mesiolingual cusp; 9- mesial cusp 
ridge of mesiofingual cusp; 10- mesial marginal ridge; 11- triangular ridge of mesiobuccal cusp; 12- triangular ridge of 
distobuccal cusp; 13- triangular ridge of distolingual cusp; 14- triangular ridge of mesiolingual cusp; 15- transverse ridge 

~ - .. -~, ridge (d;,,aJJ; 11-m~;,, (m,,.,b,a,,Q rem~, ,;dge Ka d Use.co ffl 
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Review Questions 
Answer the following questions about mandibular 
molars by circling the best answer(s). More than one 
answer may be correct. 

1. Which of the following grooves radiate out from 
the central fossa in a mandibular second molar? 

a. Central 
b. Mesiobuccal 
c. Distobuccal 
d. Lingual 
e. Buccal 

2. Which cusp is the largest and longest on a man-
dibular second molar? 

a. Mesiobuccal 
b. Distobuccal 
c. Mesiolingual 
d. Distolingual 
e. Distal 

3. Which cusp may be absent on a mandibular first 
or third molar? 

a. Mesiobuccal 
b. Distobuccal 
c. Mesiolingual 
d. Distolingual 
e. Distal 

4. When this cusp is absent in question No. 3 above, 
which groove(s) would not be present? 

a. Buccal 
b. Lingual 
c. Mesiobuccal 
d. Distobuccal 
e. Lingual 

5. Which fossae are found on a mandibular first 
molar? 

a. Mesial triangular 
b. Distal triangular 
c. Buccal 
d. Lingual 
e. Central 

6. Which developmental groove connects with the 
lingual groove running in the same direction on a 
mandibular second molar? 

a. Mesiobuccal 
b. Distobuccal 

c. Buccal 
d . Mesiolingual 
e. Distolingual 

7. From which view is only one root visible on a man-
d ibular first molar? 

a. Mesial 
b. Distal 
c. Buccal 
d. Lingual 
e. Apical 

8. Which root may occasionally be divided o r bifur-
cated on a mandibular first molar? 

a. Buccal 
b. Lingual 
c. Mesial 
d. Distal 
e. Mesiobuccal 

9. Which cusp triangular ridge does not meet to form 
a transverse ridge on a five-cusp first molar? 

a. Mesiobuccal 
b. Distobuccal 
c. Mesiolingual 
d . Distolingual 
e. Distal 

10. Which ridges form the boundaries of the mesial 
triangular fossa of a mandibular molar? 

a. Triangular ridge of mesiobuccal cusp 
b. Triangular ridge of mesiolingual cusp 
c. Meesial marginal ridge 
d . Buccal cusp ridge of mesiobuccal cusp 
e. Lingual cusp ridge of mesiolingual cusp 

11. Which two pairs of cusp triangular ridges make up 
or join to form the two transverse ridges on a man­
d ibular second molar? 

12. List in sequential order the longest to shortest 
cusps on the mandibular first molar. 

/01Sf p ual/1 '1tr.xmqo1sf p '1oxmqofsaW '1on'iuyo1s! p '1on'iu1Jo1saw - z l '1on'iui101s1p puo 1oxmqo1s1p sn 7d 1on'iu!JO!saw 
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SECTION Ill 
TYPE TRAITS THAT DIFFERENTIATE MAXILLARY SECOND 
MOLARS FROM MAXILLARY FIRST MOLARS 

OBJECTIVES 

This section prepares the reader to perform the 
following: 

Describe the type traits that can be used to 
distinguish the permanent maxillary first molar 
from the maxillary second molar. 
Describe and identify the buccal, lingual, mesial, 
distal, and occlusal surfaces for all maxillary 
molars. 

A. TYPE TRAITS OF THE MAXILLARY 
MOLARS FROM THE BUCCAL 
VIEW 

Examine a maxillary first and second molar as you read. 
Hold the roots up and the crowns down, with the two 
somewhat parallel buccal roots toward you. 

1. RELATIVE CROWN SIZE AND SHAPE 
FROM THE BUCCAL VIEW 

Refer to Figure 5-15 for similarities and differences of 
maxillary molars from the buccal view. 

Maxillary first molars have the largest occlusal out­
line of all maxillary teeth followed closely by the second 
molars in the same mouth. (Third molars are generally 
the smallest molar.) 

The crowns of both the first and second maxillary 
molars are broad mesiodistally, but the maxillary first 
molar is most often the widest tooth in the upper arch. 
The buccal crown height tapers shorter on the distal 
than on the mesial, which is most helpful in distin­
guishing rights from lefts. Since the occlusal surface 
slants cervically from mesial LO distal, some have sug­
gested that the crown appears to tip distally al its cer­
vix on its root trunk. 

2. NUMBERS AND SIZE OF CUSPS 
ON MAXILLARY MOLARS 
(AND ASSOCIATED GROOVE) 
FROM THE BUCCAL VIEW 

As on mandibular molars, both fast and second max­
illary molars have four larger cusps (seen best on 
an occlusal view in Fig. 5-16). The relative heights 
of the four major cusps of maxillary molars are the 
longest ~~/alingual, followed by the mesiobuccal, 

~ I •"d "" ,100,·t<st d;swli"gu,l or p,o,<at). 

Assign a Universal number to maxillary molars 
present in a mouth ( or on a model) with 
complete dentition. If possible, repeat this on 
a model with one or more maxillary molars 
missing. 
Holding a maxillary molar, determine whether it is 
a first or a second and right or left. Then assign a 
Universal number to it. 

Therefore, from the buccal view, the two buccal cusps 
are prominently visible, but the mesiolingual cusp tip 
may be visible because it is longer (and even the short 
distolingual cusp might be seen because it, and the 
mesiolingual cusp, are positioned slightly to the distal 
of the buccal cusps) . 

Of the two buccal cusps, the mesiobuccal cusp is 
normally wider than the distobuccal cusp, but not 
necessarily sharper.s A buccal groove lies between the 
buccal cusps and may extend onto the buccal surface 
to the middle third of the crown, but this groove is 
unlikely to be fissured and form decay on the buccal 
surface. 

3. PROXIMAL CONTACTS OF MAXILLARY 
MOLARS FROM THE BUCCAL VIEW 
(SAME FOR ALL MOLARS) 

For mosl maxillary (and mandibular) first and second 
molars, the mesial contact is located near the junc­
tion of occlusal and middle thirds. The distal contact 
is located more cervically in the middle third of the 
crown. A summary of the location of the proximal 
contacts of maxillary and mandibular molars is found 
in Table 5-3, and a review for all adult teeth (except 
thirds) is presented in Table 5-4. 

4 . ROOTS OF MAXILLARY MOLARS 
FROM THE BUCCAL VIEW 

There are three roots on a maxillary molar: the 
mesiobuccal, the distobuccal, and the lingual. The 
root trunks are relatively long with the furcation ( tri­
furcation) often near the junction of the cervical and 
middle thirds. The three roots are close to the same 
length,T but the lingual (palatal) root is the lon­
gest, followed by the mesiobuccal root, and then the 

n 
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D M D M 

Maxillary right second molar Maxillary right first molar 

MAXILLARY MOLARS (buccal) 
Maxillary right first molars Maxillary left first molars 

Maxillary right second molars Maxillary left second molars 

TRAITS TO DISTINGUISH MAXILLARY FIRST MOLARS FROM SECOND MOLARS: BUCCAL VIEW 

MAXIUARY FIRST MOLAR 

Roots more spread out, shorter trunk 
Roots with less distal bend 
Buccal cusps almost same size 

MAXIUARY SECOND MOLAR 

Root less spread out, longer trunk 
Roots with more distal bend 
Mesiobuccal cusp larger than distobuccal 

TRAITS TO DISTINGUISH MAXILLARY RIGHT FROM LEFT MOLARS: BUCCAL VIEW 

MAXIUARY FIRST MOLAR MAXIUARY SECOND MOLAR 

Distobuccal cusp shorter than wider mesiobuccal cusp 
Mesiobuccal root longer than distobuccal root for both 

Crown tilts distally on its root base with the occlusal surface shorter on distal for both 

Buccal views of maxillary molars with type traits to distinguish maxillary first from second molars and to help 
rights from lefts. om 
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distobuccal 

mesiolingual 

distolingual 

Maxillary right first molar 

Maxillary right first molar, occlusal view, 
showing the cusp names and relative sizes of cusps. 

shortest distobuccal root, so all three may be visible 
from the buccal view. 

There is much variation in the shapes or the roots. 
On maxillary firs t molars , the more blunt mesiobuccal 
root and the distobuccal root are often weU separated 
(Appendix 8j, buccal view). Both buccal roots often 
bt::n<l <lbu11ly, or Lht::y m ay bt::ntl in s ud1 a way that Lht::y 

look like pliers handles. The mesiobuccal root may 
bow out mesially in the cervical half before it curves 
toward the distal, placing its apex distal to the line or 
the buccal groove on the crown. 

In contrast, maxillary second molar roots are often 
closer t0gether, less curved, more nearly parallel, and 
with a longer root trunk Often both roots bend toward 
the distal in their apical third. Find the two rnax:illa1y 
second molars in Figure 5-15 that are exceptions. 

T bl 
5

_
3 

MOLARS: LOCATION OF PROXIMAL CONTACTS• (PROXIMAL HEIGHT 
a e OF CONTOUR; SEEN BEST FROM FACIAL) 

?;:.,, - -
j f First molar 
-o 
~ el Second molar 
:,, 

"' :5 .,, 
::,Z 
!!! 3: First molar 
co 
~ 5 Second molar 
:,, 

•General 1eaming guidelines: 

MESIAL SURFACE (WHICH THIRD ORJUNICTION?) 

Occlusal/middle junction 
Occlusal/middle junction 

Occlusal/middle junction 
Occlusaljmiddle junction 

DISTAL SURFACE (WHICH THIRD OR JUNCTION?) 

Middle of crown 
Middle of crown 

Middle of crown 
Middle of crown 

1. For molars, the mes1al and distal contacts are closer to the- middle of the tooth and are more nearly ar the same level chan on premolars or anterior ceeth. 
2. Distal proximal contacts .are slighcly more c.eMcal than mesial contacts. 
Soutce: Stand RW, lsselhard DE. Anaromy of orofitc1al structures. 6th ed. St. Louis, MO: C.V. Mosby, 1998. 

Tabl 
5

_
4 

SUMMARY OF LOCATION OF PROXIMAL CONTACTS ON ALL TEETH• (PROXIMAL 
e HEIGHT OF CONTOUR; SEEN BEST FROM FACIAL VIEW) 

Central incisor 

Lateral incisor 
"' z C • 3: anme 
~ 
u . I ?;: First premo ar 

j Second premolar 

~ First molar 

Second molar 

MESIALSURFACE (WHICH THIRD OR JUNCTION?) 

lncisal third (near incisal edge) 

lncisal third 

lncisal/middle junction 

Middle third or occlusal/middle junction 

Middle third ( near occlusalfmiddle junction) 

Occlusal/ middle junction 

Occlusalf middle junction 

DISTAL SURFACE (WHICH THIRD ORJUNCTION1) 

lncisaljmiddle junction 

Middle third (most cervical of incisor contacts) 

Middle third ( most cervical of anterior teeth con· 
tacts) 
Middle third (but more cervical) 

Middle third (but more cervical) 

Middle of crown 

Middle of crown 

Kac 
( continued) 

:n 
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Table 
5

_
4 

SUMMARY OF LOCATION OF PROXI MAL CONTACTS ON ALL TEETH' (PROXIMAL 
HEIGHT OF CONTOUR; SEEN BEST FROM FACIAL VIEW) (Continued) 

Central incisor 

MESIAL SURFACE (W HICH TH IRD OR JUNCTION?) 

lncisal third (near incisal edge) 

DISTAL SURFACE (WHICH THIRD OR JUNCTION?) 

lncisal thi rd (near incisal edge; same as mesial) 

lncisa l t hird (but more cervkal) "' ~ Lateral incisor lnc isal third (near incisal ed ge) 

~ Canine u 
:S First premolar 
:::, 

lncisal third (just a pical to mesioincisal angle) 

Occlusal/middle junction or middle third 

lncisal/middle junction 

Occlusal third (more ocdusal than on mesia l • 
EXCEPTION to the rule) 

"' i5 Second premolar 
~ ,; First molar 

Occlusalfmiddle junction 

Occlusal/middle junction 

Middle third (which is more cervical than on mesia l) 

Middle o f crown 
Second molar Occlusal/middle junction Middle of crown 

"General teaming guidelines; 
1, On any $ingle tooth, distal proximal concacts are more cervical th;)n mes, al contacts EXCEPT for mandibular central incisor:s. where the mes1al and distal 

contacts are at the same height. and mandibular first premolars, where rhe mes1al contact 1s more cervkal than the distal. 
2 . Proximal contacts become more cervical when moving from antenor to posce.rior teech4 

a. For anu:nor teeth, most contacts are m the inc1sal third EXCEPT the distal or maxillary lat:erat incisors and canines. which are more 1n the middle third. 
b. For postenor teeth, the mes1at .;ind distal contacts are closer to rhe middle or the tooth a.nd are more nearly ar the same level. 

3 . No proximal contact 1s ce,v1cal ,o the. middle of the cooth. 

B. TYPE TRAITS OF MAXILLARY MOLARS 
FROM THE LINGUAL VIEW 

Refer Lo Figure 5-17 for similarities and differences. 

1. RELATIVE SIZE AND TAPER OF MAXILLARY 
MOLARS FROM THE LINGUAL VIEW 

Little or no mesial or distal surfaces of maxillary first 
molar crowns are visible from the lingual view (except 
in the cervical third) since these teeth may be as wide 
or wider on the lingual half than on the buccal half 
due to a relatively wide clistolingual cusp. This is an 
EXCEPTION (along with the three-cusp mandibular 
second premolar) to the normal taper toward the lingual 
for all other posterior Leeth. Maxillary second molars 
are narrower in the lingual half due to the relatively 
smaller or nonexistent distolingual cusp. The lingual 
surface of the crown on both types of maxillary molars 
is narrower in the cervical third than in the middle 
third, since the crown tapers to join the single palatal 
root (seen clearly in the maxillary molars in Fig. 5-17). 

2. NUMBERS AND DESCRIPTION 
OF LINGUAL CUSPS ON A MAXILLARY 
MOLAR FROM THE LINGUAL VIEW 

On the maxillary firs t molar, there are two well­
defined cusps on the lingual surface, the larger 
mesiolinisual cusp and the smaller, but s till sizeable, 
distolingual cusp. The rnesiolingual cusp is almost 
always the largest and highest cusp on any maxillary 
~ on mos< fi,st mol,,s in Fig. 5-17} 

Additionally, on over two thirds of maxillary first 
molars, a small fifth cusp of Carabelli (or a groove or 
depression in the same area) is found on the lingual sur­
f ace of tlte mesiolingual cuspu (Appendix 8i). This cusp 
was named after the Austrian dentist who described 
it, Georg von Carabelli (1787-1842). This cusp varies 
greatly in shape but is considered to be a nonfunction­
ing cusp because it is about 2 mm shorter than the mesi­
olingual cusp tip. Examples of a large cusp of Carabelli 
and a groove in the same area are seen in Figure 5-18. 

There are two types of maxillary second molars 
based on the number of cusps (four or three). Slightly 
less than two thirds of maxillary second molars have 
four cusps: two buccal and two lingual cusps- a mesi­
olingual cusp (which is considerably larger) and a 
smaller distolingual cusp. Over one third of maxillary 
second molars have only three cusps called a tricuspid 
form.v On these teeth, the distolingual cusp is miss­
ing, so it has just one large lingual cusp and two buccal 
cusps. Normally, there is no cusp of Carabelli on maxil­
lary second molars. 

On botl1 first and second maxillary molars with two 
lingual cusps, there is a groove separating Lhe mesiolin­
gual and distolingual cusps that extends onto the lin­
gual surface where it is called the lingual groove. This 
lingual groove may be continuous with the longimdinal 
depression on the lingual surface of the lingual root. On 
the three-cusp type of maxillary second molars, there 
is no distolingual cusp, so there is no lingual groove. 
See if you can identify the maxillary second molars 
with only one lingual cusp in Figure 5-17. 

ad use.corn 
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MAXILLARY MOLARS (lingual) 
Maxillary left first molar Maxillary right first molar 

Maxillary left second molar Maxillary right second molar 

TRAITS TO DISTINGUISH MAXILLARY FIRST MOLARS FROM SECOND MOLARS: LINGUAL VIEW 

MAXILLARY ARST MOLAR MAXILLARY SECOND MOLAR 

Buccal roots less spread o ut Buccal roots spread out behind lingual root 
Lingua l cusps nearly the same width Distolingual cusp narrower than mesiolingual, or absent 

TRAITS TO DISTINGUISH MANDIBULAR RIGHT FROM LEFT MOLARS: LINGUAL VIEWS 

MAXILLARY FIRST MOLAR MAXILLARY SECOND MOLAR 

Cusp o f Carabell i present on mesiolingua l Cusp ofCarabell i absent 
Mesiolingua l cusp a little larger than distolingual Mesiolingua l cusp even larger relative to smaller distolingua l 

The distal half of the crown is shorter than the mesia l ha lf for both 
The distal margina l ridge is located more cervically tha n the mesial marginal ridge 

FIGURF. S·fll Lingual views of maxillary molars with type traits to distinguish maxillary first from second molars and to help 
distinguish rights from lefts. 

3. MAXILLARY MOLAR ROOTS FROM 
THE LINGUAL VIEW 

On both the maxillary nrst and second molars, the 
broad, longest lingual rootw is not curved when seen 
from the lingual view, but il does taper apically to a 
blunt or rounded apex. On firs ts, there is usually a 
longitudinal depression on the lingual side of the lin­
gual root (seen in many lingual roots of maxilJary rust 
molars in Fig. 5-17). The buccal roolS are spread out 
far enough that they are usually visible behind the lin­
gual root from this view, especially on rirst molars. 

A B 

C. TYPE TRAITS OF MAXILLARY MOLARS 
FROM THE PROXIMAL VIEWS 

Refer LO Figure 5-19 for similarities and differences of 
ars from the proximal views. 

FIGURES•W Two maxillary right first molars with differences 
in the mesiolingual cusp: Molar A has a very large cusp of 
Carabelli, but B has a slight depression in the same location. Also, 
notice the prominent lingual roots showing from this view due to 
the large spread of roots on these maxilla~ first molars. 

:.l:um 
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MESIAL VIEWS 

B B 

Maxillary right first molar Maxillary right second molar 

MAXILLARY MOLARS (proximal) 
Maxillary left first molars Maxillary right first molars 

Maxillary left second molars Maxillary right second molars 

DISTAL SURFACES MESIAL SURFACES 
.----Facial Lingual----

TRAITS TO DISTINGUISH MAXILLARY FIRST MOLARS FROM SECOND MOLARS: PROXIMAL VIEWS 

MAXILLARY FIRST MOLAR MAXILLARY SECOND MOLAR 

Some root flare beyond crown Less root flare 
Cusp ofCarabelli on mesiolingual cusp No cusp ofCarabelli 

TRAITS TO DISTINGUISH MAXILLARY RIGHT FROM LEFT MOLARS: PROXIMAL VIEWS 

MAXILLARY FIRST MOLAR MAXILLARY SECOND MOLAR 

Cusp ofCarabelli on mesiolingual cusp Small or absent distolingual cusp 
The distal marginal ridge is located more cervically than the mesial marginal ridge (best seen from lingual view) 

The distobuccal root is narrow, so wider mesiobuccal root is visible from distal view 

Proximal views of maxillary molars wich type traits co distinguish maxillary first from second molars and to help 
from lefi:s. 

Ka dose.com 
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1. MAXILLARY MOLAR CUSPS 
FROM THE PROXIMAL VIEWS 

Like the crowns of a mand.ibular molar, maxillary 
first molar crowns appear short occlusocervically and 
broad faciolingually from the proximal view. Recall 
LhaL Lhe cusps of this firsL molar from longest to short­
est are mesiolingual, mesiobuccal, distobuccal, and 
disLOlingual, followed by Lhe functionless cusp of 
Carabelli. Therefore, from the distal view, the distobuc­
cal cusp and smallest distolingual cusp are prominent 
in the foreground, while the cusp tips of the longer 
mesiobuccal and longest mesiolingual cusp can be seen 
behind them. ln comrast, only the longer mesial cusps 
are visible from the mesial view. If present, a prominent 
cusp of Carabelli can be seen on the lingual outline of 
the mesiolingual cusp (2-3 mm cervical to the mesio-
1.ingual cusp tip) from botl1 ilie mesial and distal views 
(Fig. 5-19 drawing). 

From the mesial and distal views, the crown of the 
maxillary second molar looks much like that of the first 
molar, except chat there is no fifth cusp (Fig. 5-19). 
Also, the distolingual cusp is absent on more Lhan one 
Lhird of Lhese teeth. 

2 . HEIGHT OF CONTOUR 
FOR MAXILLARY MOLARS FROM 
THE PROXIMAL VIEWS (SAME 
FOR ALL POSTERIOR TEETH) 

As on all posLerior Leeth, Lhe height of conLOur of Lhe 
buccal surface of both first and second maxillary molar 
crowns is in the cervical th.ird, usually dose to the cer­
vical line. The height of conLour of the lingual surface 
of the crown is more occlusal, usually in or near the 
middle third of tl1e crown. However, the lingual crest of 
curvature may be located even more ocdusally on teem 
with a large cusp of Carabelli (Fig. 5-20) . 

3. TAPER TOWARD DISTAL OF MAXILLARY 
MOLARS FROM THE DISTAL VIEW 

From the distal view on both maxillary first and second 
molars, both the buccal surface and Lhe lingual surface 
of the crown can be seen because the crown tapers 
toward the distal, so the crown is narrower buccolin­
gually on ilie. distal surface than on the mesial surface 
(seen on most disLal views in Fig. 5-19). 

4 . MARGINAL RIDGES 
OF MAXILLARY MOLARS 
FROM THE PROXIMAL VIEWS 

As on mandibular molars, both first and second max­
tllary n ·Iii· have a concave distal marginal ridge Lhat 

FIGURE 5-2]1 
Maxi ll ary right first molar, mesial view, with an 

unusually large cusp of Carabelli and a lingual height of con­
tour positioned quite occlusally. Also, note chat che wide 
mesiobuccal root hides the narrower discobuccal root. 

is located more cervically than its mesial marginal 
ridge, permitting a better view of Lhe occlusal sur­
face (including the triangular ridges) from the distal 
view than from the mesial view. (Compare mesial and 
distal views in Fig. 5-19.) This marginal ridge height 
difference is very helpful in differentiating right from 
left s ides. 

In general, marginal ridge grooves are found on over 
two thi rds of mesial marginal ridges but fewer Lhan 
half of distal marginal ridgesx and are more common 
on firs t molars than on seconds. Also, on the unworn 
marginal ridges of the maxillary molars, there may be 
one or more projections of enamel called tubercles. 
Like marginal ridge grooves, they are more common 
on mesial marginal ridges Lhan on the distal (and are 
more common on first molars Lhan on seconds).vThese 
tubercles are seen mosl clearly on the mesial marginal 
ridges of the maxillary first and second molars in 
Figure 5-21. 

S. CERVICAL LINES OF MAXILLARY MOLARS 
FROM THE PROXIMAL VIEWS 

On both types of maxillary molars, Lhe mesial cervical 
line has a slighL occlusal curvature.2 There is less cur­
vaLure of the cervical Line on the distal surface Lhan on 
the mesial surface, but the difference is hardly cliscem­
ible, since tl1is cementoenamel junction is practically 
OaL buccolingually. 
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6. ROOTS OF MAXILLARY MOLARS 
FROM THE PROXIMAL VIEWS 

On both the maxil lary first and second molars from 
the mesial view, two roots can be seen: the lingi1al 
root and the mesiobuccal root, which is considerably 
wider buccolingually than the hidden dis tobuccal root 
(Appendix 8, mesial views). On the fi rst maxillary 
molar, the convex buccal outline of the mesiobucca l. 
root often extends a liule buccal lo the crown outline, 
but the apex of this root is in line with the Li p of the 
mesiobuccal cusp (Fig. 5-19). The lingual outline of 
the mesiobuccal root is often more convex and, in the 
apical thi rd, curves sharply facially toward the apex. 
The longest lingual root is benL somewhat like a curved 
banana (concave on its buccal surface) , and it extends 
conspicuously beyond the crown lingually. Compare 
the differences in Figure 5-19. 

Dental stone cast o f the maxillary dentit ion 
demonstrating decreasing size from first to thi rd molars on the 
leR side of chis phocograph. Boch second molars are three-cusp 
types with only one lingua l cusp (cricuspid form). Also note the 
tubercles o n the mesia l marginal ridges of the first molars. 
Tooth No. 16 is missing. 

From the distal view of both maxillary first and sec­
ond molars, you can see the lingual root, the distobuc­
cal root which is shoner, more pointed , and narrower 
buccolingually than the mesiobuccal root, and the 
wider mesiobuccal root behind it (evident on most dis­
tal views in Fig. 5-19). 

~ bl 
5

_
5 

SUMMARIES: PRESENCE AND RELATIVE DEPTH OF LONGITUDINAL ROOT 
a e DEPRESSIONS ("ROOT GROOVES" )• 

T OOTI-i 

Maxillary central incisor 
Maxillary lateral incisor 
Maxillary canine 

~ Maxillary first premolar 

~ Maxillary second premolar 
~ Maxillary first and second molars 

~ 

f. Mandibular central incisor 
~ Mandibular lateral incisor 

~ 
::, ., 
5 
~ 
~ 

Mandibular canine 
Mandibular first premolar 
Mandibular second premolar 
Mandibular first and second molars 

'General learning guidelines: 

MESIAL ROOT DEPRESSION? 

No (or slight or flat) 
Yes (sometimes no) 
Yes 
Yes (deeper= UNIQUE, extends onto 
mesial of crown) 
Yes 
Mesiobuccal root: Yes 
Distobuccal root: variable 

Lingual root: lingual surface depression 

Yes 
Yes 
Yes 
Yes ( or no: about 50%) 
No ( unlikely) 
Mesial root: YES 
Distal root: variable, but deeper 

1. Maxillary mciso,s are less likely to have root depressiQns. 

DISTAL ROOT DEPRESSION? 

No (convex) 
No (convex) 
Yes ( deeper) 
Yes 

Yes ( deeper) 
Variable 
No (convex) but root trunk has 
concavity between cervical line 
and distobuccal root10•27 

Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 
Variable 

2. AJI m ndibular inc1SOl"$1 all canines. and premolars (EXCEPT maxillary fir:$t premolar,:) are likely to have dee~, distal .surface root depre$.S10nS. 
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On the maxillary second molar, the roots are much 
less spread apan than the roots of the first molar so that 
all three roots are usually confined within the cro\vn 
width outline (recall Appendix 8j and Fig. 5-19). The 
banana-shaped lingual root is straighter than on first 
molars. 

The mesial surface of the mesiobuccal root of Lhe 
maxillary first molar has a longitudinal depression 
dividing it imo buccal and lingual halves (and h.idden 
within this root are two root canals, one buccal and one 
lingual). The distal surface of the distobuccal root is con­
vex, without a longitudinal depression (and it usually 
has only one root canal), but several authors describe 
a slight concavity on the distal swface of the root trunk 
located between the distobuccal root and the cervical 
line.1·s This concavity may be difficult to keep clean. 
A summary of the presence and relative depth of root 
depressions for all teeth is presented in Table 5-5. 

D . TYPE TRAITS OF MAXILLARY 
MOLARS FROM THE 
OCCLUSAL VIEW 

Refer lO Figure 5-22 for similarities and differences. To 
follow the description of traits from the occlusal view, 
the LOoth should be held in such a position that the 
observer is looking exactly perpendicular 10 the plane 
of the occlusal surface. Because of the spread of the first 
molar roots, some of each of the three roots (particu­
larly the lingual root) may be visible when the tooth is 
in this position (characteristic of many maxillary first 
molars in Fig. 5-22). 

1. NUMBERS AND SIZE OF CUSPS 
ON MAXILLARY MOLARS FROM 
THE OCCLUSAL VIEW 

As stated earlier in this chapter, most first maxillary 
molars usually have four relatively large cusps and 
many have the fifth cusp (cusp of Carabelli). Most 
second molars have three relatively large cusps and 
a noticeably smaller distolingual cusp (and no cusp 
of Carabelli), while some second molars have only 
three cusps when the distolingual cusp is absent. The 
difference in size of the distolingual cusp of maxillary 
second molars is evident in Figure 5-23. 

Use Figure 5-24 when comparing the relative size 
of major cusps for maxillary first and second molars. 
The relative cusp size on the four-cusp type of bot/1 

maxillary first and second molars is the same order 
as for the cusp heights: from largest to smallest, th.e 
largest mesiolingual, then mesiobuccal, distobuccal, 
and the smallest distolingual.M On second molars, 
there is usually a greater difference in the size of the 
buccal cusps, with the mesiobuccal noticeably larger 
(Fig. 3-24), and tht: distoli11gual <.:usµ t:itht: r small­
est or not present. The triangular shape formed by 
the three cusps found oa a three-cusp type max­
illary second molar (namely, the mesiolingual, 
mesiobuccal, and distobuccal cusps) is collectively 
known as the maxillary molar primary cusp triangle 
(Fig. 5-24). 

2 . OUTLINE OF FIRST MOLAR 
FROM OCCLUSAL VIEW 

Maxillary first molars are slightly larger buccolingually 
than mesiodistally (arch trait for the maxillary molars) 
although the outline gives the general impression o( 
squareness when compared to other teeth. Actually, 
it is more like a parallelogram , with two more acute 
(sharper) and two obtuse (blunter) angles (AppendLx 
8k). The acute angles are the mesiobuccal and dis­
tolingual. Also, on many maxillary first molars, the 
mesiodistal dimension of the lingual half of the crown 
is slightly wider mesiodistally than the buccal half due 
to a relatively large diswlingual cusp. In Figure 5-22, 
try to locate one or two maxillary first molars that are 
not wider on the lingual than on the buccal sides. They 
are a minority. 

The maxillary second molar crowns are even wider 
buccolingually than mesiodistally. There is consider­
able variation in the morphology of these molars, par­
ticularly in the size of the distolingual cusp. When the 
distolingual cusp is absent (about one third of the time), 
the tooth has only three cusps (Fig. 5-23C). Four max­
illary second molars in Figure 5-22 have no distolin­
gual cusps. The three-cusp type is somewhat triangular 
or heart shaped, the blunt apex of the Lriangle being the 
lingual cusp. 

The more common four-cusp type o( maxillary 
second molars is less square in appearance than the 
Hrst molar with a parallelogram shape that has a more 
acute, sharper angle at the mesiobuccal corner due in 
part to a prominent mesial (or mesiobuccal) cervical 
ridge (Fig. 5-24). This trait is helpful in differentiating 
rights from lefts and is vividly apparent on all maxillary 
second molars in Figure 5-22. 

Ka dose.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Chapter S I Morphology of Permanent Molars 147 

B 

D M D M 

L L 

Maxillary right second molar Maxillary right first molar 

MAXILLARY MOLARS (occlusal) 
Maxillary right first molars Maxillary left first molars 

Maxillary right second molars Maxillary left second molars 

.---- Distal ----. 

TRAITS TO DISTINGUISH MAXILLARY FIRST MOLARS FROM SECOND MOLARS: OCCLUSAL VIEW 

MAXILIARY FIRST MOLAR 

Distolingual cusp slightly smaller than mesiolingual cusp 

Crowns often wider o n lingua l ha lf 
Crown outline a nearly square parallelogram 
Crown larger ( in same mouth) 
More prominent oblique ridge 
Less prominent mesiobuccal cervical ridge 

MAXIUARY SECOND MOLAR 

Distolingual cusp much smaller tha n mesiolingual 
cusp, or d istolingual absent 
Crowns narrower on lingual half 
Crown outline more twisted parallelogram 
Crowns smaller (in same mouth) 
Smaller oblique ridge 
More prominent mesiobuccal cervical ridge 

TRAITS TO DISTINGUISH MAXILLARY RIGHT FROM LEFT MOLARS: OCCLUSAL VIEW 

MAXILIARY FIRST MOLAR MAXILLARY SECOND MOLAR 

Cusp of Carabelli is on mesiolingual Distolingual cusp is smaller than mesiolingual cusp 
Mesiobuccal and distolingual angles of crown are more acute for both 

Distolingual cusp is sma ller chan mesioli ngual cusp for both 
A mesiobuccal cervical ridge is visible for both 

The distal half o f the crown is smaller faciolingually for both 
Obliq ue ridge goes from largest mesiolingual diagonally to distobuccal cusp for both 

Occlusal views of maxillary molars with type tra,rs to distinguish maxillary first from second molars and traics to 
disti nguish rights from lefts. 
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A B C 

See Figure 5-25 for a summary of Lhe geometric ouL­
lines for all molars. 

LEARNING EXERCISE 

Match the tooth with the correct geometric shape 
for its occlusal outline. 

a. Trapezoid (tapered rectangle) 
b. Parallelogram (rhomboid) 
c. Heart shaped or t riangular 
d. Pentagon 

1. Maxillary first molar 
2. Maxillary second molar (four-cusp type) 
3. Maxillary second molar (three-cusp type) 
4. Mandibular first molar 
S. Mandibular second molar 

ANSWERS: 1- b, 2- b, 3- c, 4- d, 5- a 

Three maxillary left molars 
showing variation in the size (or absence) of the 
d istolingual cusp. A. Maxillary molar with mod­
erate size distolingua l cusp. B. Maxillary second 
molar with small distolingual cusp. C. Maxillary 
second molar with only one lingual cusp. 

Left: maxillary right first molar ( with­
out cusp of Carabelli). Right maxillary right second 
molar. Note how the first molar is much wider on the 
lingual halfwich a relatively large discolingual cusp, 
whereas the second molar rapers more coward the lin­
gual surface with a parallelogram outline and more acute 
mesiobuccal and discolingual angles than the first molar. 
The cusps connected by the red triangle on each of these 
maxillary molars make up a primary cusp triangle. 

3. RIDGES OF MAXILLARY MOLARS 
FROM THE OCCLUSAL VIEW 

On Lhe four-cusp type of maxillary molars, Lhe larger 
mesiobuccal , distobuccal, and mesiolingual cusps each 
have a definite Lriangular ridge running from the cusp 
tip wward the middle of the LOoth. Triangular ridges of 
the mesiobuccal and mesiolingual cusps join LO form a 
transverse ridge. The largest mesiolingual cusp also has 
another ridge. Two texLs refer to this second, more distal 
ridge on Lhe mesiolingual cusp as Lhe distal cusp ridge 
of the mesiolingual cusp.6•7 (Other sources have called 
Lhis a second triangular ridge.) The groove beLween the 
two ridges on Lhe mesiolingual cusp is called the Stuan 
groove named after Lhe laLe Dr. Charles E. SLUarL. 

This distal cusp ridge on the mesiolingual cusp 
crosses Lhe occlusal table diagonally or obliquely to 

join the triangular ridge of Lhe distobuccal cusp to form 
an oblique ridge (Fig. 5-26).6•7 This oblique ridge is an 
arch trait 011 most maxilla,)' molars. The oblique ridge 
is less prominent on maxillary second molars than on 
first molars.8 
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Right mandibular first molar 

r-n -
i ; 
~ -....,,-'""""'41_,;c I 
\. 

- - -
Right mandibular second molar 

r 

Maxillary right second molar 

Maxillary right second molar 
(Three-cusp type) 

Pentagon outline: 
Occlusal views of mandibular 
first molar 

Rectangular (tapered) or 
trapezoid outline: 

Mandibular second molars 
"+" shaped groove pattern: 

Mandibular second molars 

Rhomboid-shaped (twisted 
parallelogram) outline: 

Occlusat view of maxillary 
molars; acute angles are on 
mesiobuccal and distolingual 
corners 

Heart-shaped outline: 
Occlusal view of three-cusp 
type maxillary molars 

Geometric outlines ofche occlusal surfaces of 
molars, cop ro bottom. Mandibular first molars often have a 
pentagon outline. Mandibular second molars have a rrapezoid 
(tapered rectangular) outline with a " +"-shaped groove pattern. 
Maxillary molars (second shown here) have a rhomboid or paral­
lelogram outline with the mesiobuccal and distolingual " corners" 
form ing acute angles. Maxillary molars, three-cusp type, have a 

~ ' rom,whacm.,.,,.,) o,d;,. 
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4 . FOSSAE OF MAXILLARY MOLARS 
FROM THE OCCLUSAL VIEW 

On four-cusp type maxillary molars, there are four fos­
sae on the occlusal surface (Fig. 5-27). Three of these, 
the mesial triangular, distal triangular and central fos­
sae, are similar in location to the mandibular molars. A 
small mesial triangular fossa is just distal to the mesial 
marginal ridge. The smallest, distal triangular Jossa, 
is just mesial to the distal marginal ridge. The largest 
central Jossa is near the center of the occlusal surface. 
In maxilla1y molars, this central fossa is bounded dis­
tally by the elevation of the oblique ridge, mesially by 
the mesial transverse ridge, and buccally by the buccal 
cusp ridges. A fourth fossa , or cigar-shaped depression, 
is the distal fossa that extends between the mesiolingual 
and distolingual cusps. 

On tluee-cusp type maxillary (second) molars, 
when the distolingual cusp is missing, the distal (cigar­
shaped) fossa is also missing and there are only three 
fossae remaining (one large central and two very small 
triangular fossae) . 

S. GROOVES ON MAXILLARY MOLARS 

Refer to Figure 5-26 while studying these grooves. 
On the four-cusp type of maxillary molar, the promi­
nent oblique ridge plays an important role in defining 
the pallern of the developmental grooves. This type 
of maxillary molar has five major grooves: the cen­
tral, buccal, distal oblique, Lingual, and sometimes the 
transverse groove of the oblique ridge. Unlike the man­
dibular molar where the central groove extends from 
the mesial fossa to the distal fossa , the central groove 
on the maxillary molar extends from the mesial fossa 
over the mesial tTansverse ridge and ends in the central 
fossa. The bucca/ groove extends buccally from the cen­
tral fossa and may continue onto the buccal surface of 
the crown (Fig. 5-26). 

Distal to the central groove is the prominent oblique 
ridge, which usually has no distinct groove crossing it, 
but when it does, the groove appears to be a continu­
ation of the central groove and is called the transverse 
groove of the oblic1ue ridge. (One author calls these two 
grooves the mesial and distal groove, respectively,5 
while another combines these grooves and calls them 
the central groove.9) 

Distal to the oblique ridge, a groove begins in the 
distal triangular fossa , parallels the direction of the 
oblique ridge through the distal fossa , and then extends 
onto the lingual surface of the crown. This groove is 
made up of two parts: the distal oblique groove and 
the lingual groove. The distal oblique groove begins 
in the distal u·iangular fossa and passes through the 
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------ Mesia! cervical ridge 

_--- - Mesiobuccal cusp tip 

Distobuccal cusp tip - - --.... Triangular ridge 

Triangular ridge 
Buccal groove 

~ --- Central fossa 

Distal triangular fossa __ _._, 

Distal marginal ridge ---!". 

Transverse ridge (red) 
-~~ --- Mesia! triangular Iossa 

Oblique ridge (red) __ ......__,,­

Transverse groove --~-::-i'!'!" 
of oblique ridge 

,.~ - -- Central developmental 

Occlusal surface 
of a maxillary right first molar 
(including cusp ofCarabelli) with 
a ll of the major landmarks 

Distal oblique groove 
and distal Iossa . 

groove 
Two ridges of 
mesiolingual cusp 

Distolingual cusp tip 
..__ ____ Mesiolingual cusp tip 

named. The landmarks are che 
same for maxillary four-cusp cype 
maxillary second molars, except 
seconds do noc normally have a 
cusp of Carabelli. Lingual groove 

......._ _____ Cusp of Carabelli 

cigar-shaped distal fossa between the dis tolingual 
cusp and the mesiolingual cusp. Once it passes onto 
the lingual surface, iL becomes the lingual groove. 
(One author calls these two grooves combined the 
distolingual groove.5) Recall that the lingual groove 
on a mandibular molar begins in the central fossa and 
is aligned at a right angle to the central groove. When 
there is a groove separating the fifth cusp (Carabelli) 
from the mesiolingual cusp, it is called the fifth cusp 
groove. 

As on many premolars and mandibular molars, max­
illary molars may have two short grooves that extend 
rrom the mesial and distal pits toward the comers 
(facial and lingual Line angles) of the tooth. The short 
grooves off of the mesial pit are called the mesiobuc­
cal and mesioliugual fossa grooves (or sometimes trian­
gular grooves), and the short grooves off or the distal 

distal triangular fossa 
and pit 

mesial Iossa and pit 

Maxillary right first molar 

Maxi llary first molar, occlusal view, showing 
s1 e and location of the four fossae. 

pit are called the distobuccal and distolingual fossa ( or 
triangular) grooves. The groove pattern on maxillary 
second molars may have more supplemental grooves 
and pits than on the first molar.8 

On the three-cusp type of second molar, the disto­
Lingual cusp, the oblique ridge, and the cigar-shaped 
distal fossa are absent, so the grooves normally found 
within that fossa are also missing, namely, the distal 
oblique and lingual grooves. 

All grooves may be fissured, so they can become 
the sites of dental decay. However, since the transverse 
groove or the oblique ridge is usually not (issured, decay 
on the occlusal surfaces of maxillary molars normally 
occurs mesially and distally to the oblique ridge. The 
result is two separate occlusal fillings (Fig. 5-28) similar 

Occlusal surface of a maxillary right first molar 
wich two amalgam restorations prepared separately co avoid 
crossing over che pronounced oblique ridge char has no fissu red 
groove crossing over ic. 
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to two occlusal fi llings found on mandibular first pre­
molars where a prominent transverse ridge separates 
mesial and distal pit decay. 

6. PROXIMAL CONTACTS 
OF MAXILLARY MOLARS 
FROM THE OCCLUSAL VIEW 

Mesial and distal contact areas of maxiHa1y molars are 
all slightly Lo the buccal of the center of the tooth but 
are near the center buccolingually. The mesial contact 
is more buccal than the distal contact on maxillary 
molars, and the distal contact on maxillary firs t molars 
is nearly centered buccolingually. 

LEARNING EXERCISE 

Name each of the 17 ridges in Figure 5-29. 

Buccal 
Ridges 

1. 

2. 

3. 

4. 

Chapter S I Morphology of Permanent Molars 1 51 

LEARNING EXERCISE 

Visually examine the maxillary first molars in 
your own mouth and in the mouths of your 
associates, and notice the variations in the cusp 
of Carabelli. This little cusp has intrigued many 
people. It may be somewhat prominent and 
pointed, small and blunt, or absent, or you may 
even see a slight depression in that part of the 
mesiolingual cusp where the cusp of Carabelli 
would be found. 

Name the ridges 

Name Ridges Name 

10. 

11 . 

12. 

13. 

5. ---------- 12. 

6. 15. 

7. ---------- 16. 

8. 17. 
Lingual 

9. ----------

Maxillary molar (circles denote cusp tips and lines denote ridges). Write che names of each ofche 17 ridges 
next co the number corresponding co its location. Answers follo w. 

ANSWERS: Maxillary molar ridges: 1- mesial cusp ridge of mesiobuccal cusp; 2 - distal cusp ridge of mesiobuccal 
cusp; 3-mesial cusp ridge of distobuccal cusp; 4-distal cusp ridge of distobuccal cusp; 5-distal marginal ridge; 
6- distal cusp ridge of distolingual cusp; 7- mesial cusp ridge of diswlingual cusp; 8- distal cusp ridge of mesiolingual 
cusp; 9- mesial cusp ridge of mesiolingual cusp; 10- mesral marginal ridge; 11- triangular ridge of mesiobuccal cusp; 
12-triangular ridge of diswbuccal cusp; 13-triangular ridge of distolingual cusp; 14-distal cusp ridge ( or triangular 
ridge) of mesiolingual cusp; 15- (mesial) triangular ridge of mesiolingual cusp; 16- transverse ridge; 17- oblique 
ridge. 
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Review Questions 
Maxillary molars 

Circle the correct answer(s) that apply. More than 
one answer may be correct. 

1. Which three grooves radiate out from the central 
fossa in a maxillary first molar? 

a. Central 
b. Distolingual 
c. Transverse groove of oblique ridge 

(when present) 
d. Buccal 
e. Lingual 

2. Which cusp on a maxillary first molar has two 
ridges: one that forms part of a transverse ridge 
and the other that forms part of an oblique ridge? 

a. Mesiobuccal 
b. Mesiolingual 
c. Distobuccal 
d. Distolingual 
e. Cusp ofCarabelli 

3. Which cusp is the largest and longest on a maxi l-
lary second molar? 

a. Mesiobuccal 
b. Mesiolingual 
c. Distobuccal 
d. Distolingual 
e. Cusp ofCarabelli 

4 . Which cusp is most likely to be absent on a maxil-
lary second molar? 

a. Mesiobuccal 
b. Mesiolingual 
c. Distobuccal 
d. Distolingual 
e. Distal 

S. When the cusp is absent in question 4 above, 
which groove(s) would not be present? 

a. Central 
b. Buccal 
c. Distal oblique 
d. Lingual 

6. Of the four fossae on a maxil lary first molar, which 
is the largest? 

a. Mesial triangular 
b. Distal triangular 
c. Central 

d. Distal 

7. From which view are only two roots visible on a 
maxillary first molar? 

a. Mesia! 
b. Distal 
c. Buccal 
d. Lingual 

8. Which grooves are likely to radiate out of the 
mesial triangular fossa on the maxillary first molar? 

a. Mesiobuccal fossa groove 
b. Mesiolingual fossa groove 
c. Mesia! marginal ridge groove (when present) 
d. Central 
e. Buccal 

9. Which two cusps have the ridges that make up 
or join to form the oblique ridge on a maxillary 
molar? 

a. Mesiobuccal 
b. Distobuccal 
c. Mesiolingual 
d. Distolingual 
e. Cusp of Carabelli 

10. Which two cusps have a triangular ridge that make 
up or join to form a transverse (not oblique) ridge 
on most maxilla ry molars? 

a. Mesiobuccal 
b. Discobuccal 
c. Mesiolingual 
d. Discolingual 
e. Cusp of Carabelli 

11. List in sequential order the largest to smallest cusp 
area on the maxi llary fi rst molar ( occlusal view). 
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SECTION IV MAXILLARY AND MANDIBULAR THIRD MOLAR TYPE TRAITS 

OBJECTIVES 

After studying this section, the reader should be able 
to perform the following: 

List the type traits that are unique to all third 
molars that can be used to distinguish them from 
first or second molars. 
From a selection of all types of molars, select the 
mandibular and maxillary third molars and assign 
each a Universal number. 

A. TYPE TRAITS OF ALL THIRD 
MOLARS (DIFFERENT FROM FIRST 
AND SECOND MOLARS) 

Most often, there are four third molars in a mouth, 
one at the distal position in each quadrant. However, 
nearly one fifth of the population may have one or 
more of their third molars congenitally missing (they 
never developed). BB The mesial surfaces of third molars 
contact the distal surfaces of second molars, but the 
distal surfaces of third molars are not in proximal con­
tact with any other tooth. In ideal alignment of teeth 
between arches, maxillary third molars bite against 
(occlude with) only the mandibular third molars; all 
other teeth EXCEPT mandibular central incisors have 
the potential for occluding with two teeth. 

Third molars, also known to many as wisdom teeth, 
have gotten a bad reputation for not serving any func­
tion, having soft enamel, readily decaying, and causing 
crowding of the anterior teeth and other dental prob­
lems. The truth is that the posterior location of third 
molars in the mouth makes it more difficult to keep 
them clean, and their wrinkled, fissured occlusal sur­
faces make them more prone to developing decay than 
other teeth. Further, mandibular third molars often 
erupt so fa r distally that there is not room to com­
pletely erupt, which compromises the health of the 
sun ounding tissue (gingiva) , so dentists often suggest 
that these teeth be removed to prevent future problems. 
Inflammation of the tissue around these teeth (called 
pericoronitis) can be a cause of acute pain and spread 
of infection, resulting in the need for gingival surgery 
or extraction (Fig. 5-30). This infection is even more 
likely Lo occur if the Oap of tissue overlying the erupt­
ing third molar, called an operculum, becomes irri­
tated. However, it is not true that third molars have soft 
enamel, are useless, or should be routinely extracted. If 
the dental arches are of sufficient length to pennit full 
~ thi,d mol,., ,nd , pe<son's oral hygieoe is 

In mouths ( or casts) of mandibular and maxillary 
arches with only one or two molars per quadrant, 
identify which molars are present and which are 
absent based on crown anatomy and position in the 

arch. (Remember that molars can change positions 
in the arch if they drift forward after the extraction 
of a first or second molar or are moved during orth­
odontic treatment, so arch position should not be 
the only way to confirm which molars are present.) 

good, thi rd molars can func tion for a lifetime without 
problems. Also, healthy third molars can serve as the 
posterior attachment (abutment) when replacing lost 
or missing first or second molars. 

Some oral surgeons recommend that when third 
molars have to be extracted, they be removed at an 
early age (under 25 years old) to facilitate an easier, 
less LraumaLic removal, and a quicker, more comfort­
able recovery period than if they were extracted later in 
life. 10 Since many third molars are extracted before the 
roots are completely formed, you can easily look imo 
the open ends of the root apices of these teeth and see 
the pulp tissue in the root canals. 

An operculum is a flap of tissue chat may cover 
the crown of an erupting, most posterior mandibular molar 
( especially when there is no room for it to erupt completely). This 
flap is subject to irritation and infection surrounding the crown 
known as pericoronitis. (Courtesy of Carl Allen, D.D.S., M.S.D.) 

7 
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FIGURE S-3]1 Deneal stone casts of maxillary and mandibular teeth (facial view) showing the decrease in size of molars from first 
to third molar that is typical in most people. (Model courtesy of Ms. Colleen Seto.) 

Although third molars may have a number of traits 
in common with first or second molars, they all have 
certain type traits in common that set them apart from 
the firs t and second molars in their arches. These third 
molar traits include the following: 

1. Normally, Lhird molars are smaller than first or sec­
ond molars in the same mouth (Fig. 5-31). A com­
mon exception is Lhe five-cusp third molar, which 
may have a crown somewhat larger and more bul­
bous than the second molar. 

2. Third molar crowns are bulbous (with fatter contours). 
3. Occlusal tables of Lhird molars are relatively smaller 

compared to first and seconds (i.e., the buccal cusp 

Ma 

tips are closer to the lingual cusp tips than on fi rst 
and second molars). 

4. Occlusal surfaces of third molars are quite wrinkled 
due to n umerous supplemental grooves and ridges 
(Fig. 5-32). 

5. Third molar roots are short (with small root-tO­
crown raLio) compared to first and second molars in 
the same mouth (Fig. 5-33). 

6. Roots are frequently fused together, subsequently 
with very long root trunks (Fig. 5-33). 

7. Roots are pointed and frequently curve distally in 
the apical third. 

FIGURE 5-~ Ocdusal views of maxillary and mandibular third molars. The buccal surfaces of the maxillary teeth face up, and 
those o f the mandibular teeth face down. All mesial surfaces face the centerline. Observe the wrinkled occlusal designs in both, and 
try to recfiogn· e the similarities to first and second molars in each arch. For example, most of the maxillary third molars are largest 
faciolin - >.: contrast to the mandibular third molars, whose greater d imension is mesiodistally . 

........ J' a iSC.COm 
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Buccal views of maxillary and mandibular third molars. Notice the fused roots and long root trunks. The mesial 
surfaces all face toward the centerline. Notice the tremendous variation among the maxillary third molaJS. Observe the differences 
between maxillary and mandibular anatomy. Also, note the similarity of each to the first and second molars fol.i nd with,n their respective 
arches. (Method of comparison and teeth furnished by Kelli Whapham, first-year Ohio State University dental liygiene student, 1978.) 

B. SIZE AND SHAPE OF THIRD MOLARS 

Both maxillary and rnandibular Lhird mola(s vary consid­
erably in size, buL Lhey are, on average, the shortesL teeth 
in the mouth. Mandibular thirds are tht shortest of all 
mandibular Leeth.cc, and maxillaty thirds are the short­
est of all permanent teeth. The roots of maxillary molars 
are, on average, sh orter than the roots of Lhe f-irsts or sec­
ond molars,00 and their root tnmks are proportionally 
longer than Lhe root trunks of I.be fi.rsts and seconds. EE 

C. SIMILARITIES AND DIFFERENCES OF 
THIRD MOLAR CROWNS COMPARED 
WITH FIRST AND SECOND MOLARS 
IN THE SAME ARCH 

Maxillary third molars have the greatesL morphologic 
variance of all teeth. The greaL amount of variaLion in 
maxillary Lhird molars also makes a general description 
difficulL. The crown may have only one cusp or as many 
as eight,11 but iL also may resemble a small maxillary firsL 
molar (complete with cusp of Carabelli) or second molar 
(without Lhe cusp of CarabelH, and perhaps o/ithout the 
distolingual cusp). Sometimes the form of the maxillacy 
third molar crown is so irreg_ular that iL is difficult to 
identify the mesiobuccal, distobut cai , and lingual cusps. 

Howeve;, in many ways, maxillary third molars may 

~ " "''"' swmd °' ""' mol,,-s. Fo, example, 

Lhe usual -relative cusp size from largest to smallest is 
the same as in the ftrst and second molars: first, the 
mesiolingual cusp is largest and longest; followed by 
the mesiobuccal cusp, which is wider and usually lon­
ger than the distobuccal cusp; followed by the small­
esL distolingual cusp (if preseOL). The oblique ridge is 
poorly developed and often absent (maxillary molars in 
Fig. 5-32). From the occlusal view, the maxillary th ird 
molar crown outline usually tapers from buccal Lo lin­
gual, being narrower on the lingual side, and tapers from 
mesial Lo disLal, being considerably larger faciolingually 
in iLs mesial half due 10 a prominenL mesiobuccal cervi­
cal ridge and large mesiolingual cusp (Fig. 5-32). Also, 
the buccal surface can be distinguished from the lingual 
because the buccal surface is relatively more fiaL. 

Although the croWTI of a mandibular third molar 
may exhibiL greaL variance in size and shape and look 
like no other tooL11 (as seen i n f ig. 5-~4), its crown quite 
often resembles that of the mandibular second molar 
(with four cusps) or the crown of the mandibular first 
molar (wit~ five cusps). For example, L11 e occlusal ouL­
line of a mandibular third molar crown is rectangular 
or oval and wider mesiodistally than buccolingually.FF 
The crown of the four-cusp Lype tapers from mesial 
Lo clisLal and from buccal Lo lingual (buL only slightly) 
(occlusal aspect)_ EE As on mandibular first and second 
molars, the lingual cusps of mandibular third molars 
are often larger and longer than the buccal cusps, with 
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the mesiolingual cusp being the largest of all. The 
mesiobuccal cusp is often the widest and usually high­
est of the lwo or three buccal cusps. 

D. SIMILARITIES AND D IFFERENCES 
OF THIRD MOLAR ROOTS 
COMPARED WITH FIRST AND 
SECOND MOLARS IN THE SAME ARCH 

As on maxillary first and second molars, maxillary 
third molars usually have three roots: mesiobuccal, dis­
tobuccal, and lingual as on lhe first and second molars, 
and mandibular third molars have two roots, mesial 
and distal. Both maxillary and mandibular third molar 
roots a re noticeably shorter than on fi rsts or seconds. 
DD.CG They are very crooked, often curving distally, and 
more commonly fused most of their length resulting 
in a long root trunk with the furca tion located only a 
short dis tance from the apices of the roots (Fig. 5-33). 
Mandibular thirds may have one or more extra rools. 

LEARNING EXERCISE 

Suppose a patient just had all of his or her perma­
nent teeth extracted and you were asked to find 
tooth No. 15 from among a pile of 32 extracted 
teeth on the oral surgeon's tray because you 
wanted to evaluate a lesion on the root of that 
molar that had been seen on the radiograph. How 
might you go about it? Try the following steps: 

From a selection of all permanent teeth 
(extracted teeth or tooth models), select only 
the molars (based on class traits). 

Unusual third molars: Six unusual 
mandibu lar third molars and occlusal view (left side) 
of o ne with a small extra tooth ( called a paramolar) 
fused co its buccal surface. Two in the lower row are 
also double or fused ceech. 

Learning Exercise, cont. 

Determine whether each molar is maxil lary or 
mandibular (based on arch traits). You should 
never rely on only one characteristic difference 
between teeth to name them; rather, make a 
list of many traits that suggest the tooth is a 
maxillary molar, as opposed to only one trait 
that makes you think it belongs in the maxillary 
arch. This way you can play detective and 
become an expert at recognition at the same 
time. 
If you determine that the tooth is maxillary, 
position the root up; ifit is mandibular, 
position the root down. 
Use traits for each surface to identify the buccal 
surface. This will permit you to view the tooth 
as though you were looking into a patient's 
mouth. 
Next, using type traits, determine the type of 
molar you are holding (first or second). 
Finally, determine which surface is the mesia l. 
While viewing the molar from the facial and 
picturing it within the appropria te arch ( upper 
or lower), the mesial surface can be positioned 
toward the midline in only one quadrant, the 
right or left. 
Once you have determined the quadrant, assign 
the appropriate Universal number for the molar 
in that quadrant. For example, the second 
molar in the upper left quadrant is tooth 
No. 15. 

Ka dose.com 
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SECTION V 
INTERESTING VARIATIONS AND ETHNIC 
DIFFERENCES IN MOLARS 

This section is included in this chapter to provide the 
reader with an appreciation of the variation that can 
occur compared to the average (ideal) molars Lhat 
have been discussed thus far in this chapter. Also, it 
should provide the reader wiLh insighL into the varia­
tions of Leeth from ethnic populations that differ from 
persons in cemral Ohio in the 1970s whose teeth data 
served as the basis for many or the statements made in 
this book. 

Variation ill the Number of Cusps: 
As mentioned earlier, nearly a fifth of mandibular first 
molars have only four cusps.c This four-cusp type of 
mandibular first molar does not taper as much from 
buccal to lingual as a four-cusp mandibular second 
molar (occlusal aspect), but it often tapers from distal 
to mesial, which is unusual. 

Mandibular first, second, and most frequently, third 
molars may have an extra cusp on the buccal surface 
of the mesiobuccal cusp, about in the middle third of 
the crown (Fig. 5-35). Studies show this is common in 
the Pima lndians of Arizona12•13 and in Indian (Asian) 
populations.14

•
15 

Some mandibular first molars have a sixth cusp, 
which is named tuberculum sextum (too BUR kyoo 
!um SEK$ rum) when located on the distal marginal 
ridge between the distal cusp and clistolingual cusp; it is 
named tuberculum intermedium (too BUR kyoo lum in 

Unusual extra cusp: four-cusp mandibular 
right th ird molar, buccal surface. Note the bulbous crown and 
the extra cusP,let on the buccal surface of the mesiobuccal cusp. 
This ex cu{p or cusplet is not called a Carabelli cusp. 

ter MEE di um) when located between the two lingual 
cusps (Fig. 5-36)." Six cusps (three on the lingual) are 
common among the Ch inese people. 

Five-cusp mandibular second molars (shaped just like 
five-cusp first molars with a distal cusp) are not uncom­
mon among the Chinese and Black populations. 16 In 
Figure 5-37, one is shown from a Caucasian demition. 

Cusp of Carabelli: 
11 is possible, but rare, to see a fifth cusp of Carabelli on 
maxillary second molars (Fig. 5-38). A number or sLUd­
ies have been done concerning the occurrence and size 
of the cusp of Carbelli. 11

- 21 One investigator reported 
that it is extremely rare in the East Greenland Eskimo. 
In European people, it is usually present. The Carabelli 
trait was absent on 35.4% of the teeth in 489 Hindu 
children. 22 On first molars, the presence of a groove in 
the location of the cusp of Carabelli was more common 
(35%) than tubercles (26%).21 

Research data by Dr. Woelfel on the occurrence and 
type of Carabelli cusp formation on 1558 maxillary first 
molars of dental hygienists from 1971 lO 1983 are pre­
sented in Table 5-6. 

Cusp Position: 
In Mongoloid peoples, the fifth distal cusp on mandib­
ular first molars is often positioned lingually. This cusp 
may also be split into two pans by a fissure.2 

Grooves: 
Studies on both ancient and modern man on the pattern 
of the grooves on the occlusal surface of the mandibu­
lar molars show considerable variation. Three principal 
types of occlusal groove patterns have been described: 
type Y, in which the zigzag central groove forms a Y fig­
ure with the lingual groove (seen in Fig. 5-13A); type+, 

FIGURES•~~ Mandibular first and second molars with a third 
lingual cusps ( tuberculum intermedium ). When an extra cusp is 
found on the distal marginal ridge, it is called ruberculum sextum. 
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in which the central groove forms a + figure with the 
buccal and lingual grooves (common in four-cusp 
type of first molars); and type X, in which the occlusal 
grooves are somewhat in the form of an X.23 

A deep pit at the cervi.cal end of the mesiobuc­
cal groove of mandibular first molars is common in 
Mongoloid persons. 

Relative Crown Size: 
In one study, second mandibular molars were Larger 
than first molars in 10% of Onio Caucasians but in 19% 

FIGURE 5-~-
Unusual number of cusps: mandibu­

lar seoond molar with three buccal cusps (buccal view 
above; occlusal view below with buccal surface down). 

FIGURE 5-3 
Unusual cusp of Carabelli: maxillary 

first and second molars, each with a Carabelli cusp. Ir is 
unusual co have this Carabelli cusp on a second molar. 
(Courtesy of Dr. Jeff Warner.) 

of Pima Indians.H It is reported that in the Bantu people 
in Africa, and sometimes in Arctic coastal populations, 
the mandibular molars often increase in size from first 
to third so that the third molar is the largest and the 
first molar is the smallest. This is reported to also occur 
in Pima Indians.is This is not the most frequent order 
of size found in Western European populations. 

Studies on the variabili ty in the relative size of molars 
revealed that maxillary second molars were larger than 
first maxillary molars in 33% of a sample of an Ol1io 
Caucasian population . and in 36% of a Pima Indian 

T bl 
5

_
6 

FREQUENCY OF OCCURRENCE AND TYPE OF CARABELLI CUSP 
a e FORMATION ON 1558 MAXILLARY FIRST MOLARS• 

Large Carabelli cusp 
Small Carabelli cusp 
Slight depression (groove) 

Nothing 
Same type o n right and left 
Different on each side (835 comparisons 
on casts) 

19% l 
27.5% 

24% 

29.5% 
76% 
24% 

70.5% some type of Carabelli formation 

Obs~varions from de.ntal Stone casu of Ohio dental hygienists made by Dr. Woelrel and his Student$, l971-1983. 

Ka dose.com 
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population.23 In contrast, Dr. Woelfel found only two 
casts of young dental hygienists' mouths, from more 
than 600 sets of complete dentition casts, in which max­
illary second molars were larger than the first molars. 

Variations in Roots: 
Observe the wide variation from the normal in the roots 
with extTeme distal root curvature seen in Figure 5-39, 
lower row. This condition is called flexion (FLEK shen) 
or dilaceraLion. 

Occasionally, the mesial root on mandibular first 
molars is divided imo a mesiobuccal and a mesiolingual 
root, forming three roots. This condition is found in 
10% LO 20% of the mandibular first permanem molars 
in Arctic coastal populations.26 

Ten percent of mandibular first molars of Mongoloid 
people have an additional distolingual root, and some­
times the mesial root is bifurcated, resulting in a four­
rooted first molar.• lt is reported that in both primary 
and permanent dentitions, three-rooted mandibular 
molars occur frequently in Mongoloid (Chinese) peo­
ple b ut rarely in European groups.2•27.,1 A small, third 
root tan be seen in Figure 5-40A. This peduncular-

~ • coo, is ,pprnxim,<ely 6 mm long. Also, 
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Unusual molar shapes: buccal 
aspect of two unusual maxi llary third molars (top 
row) and five unusual mandibular molars (bottom 
row; left to right: third, second, two firsts, and 
third molar). The severe bending of the roots is 
called flexion . 

Unusual roots: A. Mandibular 
left second molar with an extra small root; buccal 
view. (Courtesy of Ors. John A Pike and Lewis J. 
Claman.) B. Radiographs of a right and left man­
dibular first molar from the mouth of a Caucasian 
male with unusual, large third roots located 
between the normal-looking mesial and distal 
roots. (Brought co the author's attention by 
Joshua Clark, dental student.) 

in Figure 5-40B, a right and left bitewing radiograph 
from a Caucasian male revealed an unusual long third 
root bilaterally between normal mesial and distal 
roots. 

In a Japanese study of root formation on 3370 max­
illary second molars, 50% had three roots, 49% were 

FIGURE s-.fil. Elephant molars are 12 in. long. 

·e.com 
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split equally between single and double roots, and 1 % 
had four roots. ln the Lhree-rooted second molars, 75% 
had complete separation of roots (no fusion). Tl1e ten­
dency to fuse was higher in the roots of teeth extraCLed 
from females. Lingual roots were straight in half of the 
three-rooted teeth.28 

A poinL of em1md <lipping i nLO Lhe roo t fun.:a1io u i::; 

reported to occur in 90% of Mongoloid people sLUdied. 2 

In Mongoloid people, mandibular molars have a long 
root trunk, and maxillary first molars sometimes have 

no furcation at all.2 See the last maxillary first molar on 
the upper row, right side, in Figure 5-15. 

Animal Molars: 
Elephants molars weigh about 11 pounds each and are 
about a foot long (Fig. 5-41). As one set of molars li ter­
ally fall apart in pieces, they are replaced by new ones 
six times in their life. After the sixth set is lost, the ele­
phant will probably die of starvation around the age o( 
50 years old . 

Critical Thinking 
1. List the cusps in order from longest to shortest for the most common form of an extracted MANDIBULAR 

FIRST MOLAR with the long axis of the root exactly vertical. Name the cusp tips that would normally be 
seen when viewing this tooth from each of the following views: buccal view, mesial view, distal view, lingual 
view, and occlusal view. Do the same thing for the MANDIBULAR SECOND MOLAR. Would the longes t 
cusp on the hand held tooth appear to be the longest when the teeth are a ligned ideally within a mouth. If 
not, why not? 

2. List the cusps in order from longest to shortest for the most common form of an extracted Maxillary First 
Molar with a cusp of Carabelli (with the long axis of the roots exactly vertica l). Name the cusp tips that 
would normally be seen when viewing this tooth from each of the following views: buccal view, mesial 
view, distal view, lingual view, and occlusal view. Do the same thing for the THREE-CUSP FORM OF 
MAXILLARY SECOND MOLAR. Would the longest cusp on this handheld tooth appear to be the longest 
when the teeth are aligned ideally wi thin a mouth. If not, why not? 
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Dr. Woelfel's Original Research Data 

Statistics obtained from Dr. Woelfel 's original research 
on teeth have been used to draw conclusions through­
out this chapter and were referenced with super­
script letters that refer to the data stated here. Refer to 
Tables 5-7 and 5-8 for the average and range in sizes 
of maxillary and mandibular molars in a ll dimensions 
obtained by Dr. Woelfel. 

A. Maxillary molars average 2.2 mm wider facio­
lingually than maxillary premolars, and 3.0 mm 
wider mesiodistally, and mandibular molars aver­
age 2.1 mm wider faciolingually and 3.2 mm 
wider mesiodis tally. 

8. On 839 mandibular molars, crowns averaged 
1.2 mm wider mesiodistally than faciolingually. 
On 920 maxillary molars, crowns averaged 
1.2 mm wider faciolinguall y than mesiodis tally. 

C. The average root-to-crown ratio is 1.72 and 1.70 
for the maxillary first and second molars, respec­
Lively. The average rool-to-crown ratio for man­
dibular molars is the greatest or all teeth: 1.83 and 
1.82 for the firs t and second molars, respectively. 

D. Mandibular first molar crowns are 3.7 mm wider 
mesiodistally than ocdusocervically, and on man­
dibular second molar crowns are 3.1 mm wider. 

E. Dr. Woelfel examined more than 600 sets of com­
plete dentition casts of young dental hygienists' 
mouths and found only a few where mandibu­
lar second molars were slightly larger than the 
Cirsl molars. There were a few more in which the 
mandibular third molar crowns were as large as 
the fi rst molars and larger than the mandibular 
second molars. 

~ bl 
5

_
7 

SIZES OF MAXILLARY MOLARS (MIUIMETERS) (MEASURED BY DR. WOELFEL 
a e AND HIS DENTAL HYGIENE STUDENTS, 1974- 1979) 

308 ARST MOLARS 309 SECOND MOLARS 3 03 THIRO MOLARS 

DIMENSION MEASURED Average Range Avecrage Range Average Range 

Crown length• 7.5 6.3- 9.6 7.6 6 .1-9 .4 7.2 5.7-9.0 
Root length 

Mesiobuccal• 12.9 8.5- 18.8 12.9 9.0 - 18.2 10.8 7.1- 5.5 
Distobuccal 12.2 8.9- 15.5 12.1 9.0- 16.3 10.1 6.9-14.5 
Lingual 13 .7 10.6- 17.5 13.5 9.8- 18.8 11.2 7.4- 15.8 

Overall length• 20.1 17.0- 27.4 20.0 16.0-26.2 17.5 14.0-22.5 
Crown wid th (M- D) 10.4 8.8- 13.3 9 .8 8.5- 11 .7 9.2 7.0- 11.1 
Root width ( cervix) 7.9 6.4-10.9 7.6 6.2-8.4 7.2 5.3- 9.4 
Faciolingual crown size 11 .5 9.8- 14.1 11.4 9 .9- 14.3 11.1 8.9- 13.2 
Faciolingual root ( cervix) 10.7 7.4-14.0 10.7 8.9- 12.7 10.4 7.S-12.S 
Mesia l cervical line curvaru re 0 .7 0.0-2.1 0.6 0.0-2.2 0.5 0.0-2.0 
Distal cervical line curvature 0 .3 0.0- 1.4 0.2 0.0- 1.0 0 .2 0.0-1.7 

"Overall length from mes1obuccaJ r'OOl apex ro cip of mesiobuccal cosp. Root leogdl is from cervical line ce-ncer to root apex. Crown length is from cervical line ro tip 

of mosiobuccal cusp (slanted). 

Ka dose.com 
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SIZES OF MANDIBULAR MOLARS (MILLIMETERS) (MEASURED 
Table S-S BY DR. WOELFEL AND HIS DENTAL HYGIENE STUDENTS, 1974-1979) 

281 ARST MOLARS 296 SECOND MOLARS 262 THIRD MOLARS 

DIMENSION MEASURED Average Range Average Range Average Range 

Crown length• 7.7 6.1-9.6 7.7 6.1-9.8 7.5 6. 1-9.2 
Roor length 

Mesia!• 14.0 10.6-20.0 13.9 9.3-18.3 11.8 7.3-14.6 
Distal 13.0 8.1-17.7 13.0 8.5-18.3 10.8 5.2-14.0 

Overall length• 20.9 17.0-27.7 20.6 15.0-25.5 18.2 14.8-22.0 
Crown width (M-D) 11.4 9.8-14.5 10.8 9.6-13.0 11.3 8.5-14.2 
Root width ( cervix) 9.2 7.7-12.4 9.1 7.4-10.6 9.2 6.4-10.7 
Facio lingual crown size 10.2 8.9-13.7 9,9 7.6-11.8 10,1 8.2-13.2 
Faciolingual root ( cervix) 9.0 7 .3-11.6 8.8 7.1 - 10.9 89 7.0-11.5 
Mesia! cervical line curvature 0.5 0.0- 1.6 0.5 0.0- 1.4 0.4 0.0-1.4 
Distal cervical line curvature 0.2 0.0- 1.2 0.2 0.0- 1.2 0 .2 0.0- 1.0 

lfOverall length from mesial root apex ro tip oF mcsiobuccal ,usp. Root length ls ti-om cervical line c:enrer to root ipex. Crown length is from cervkal line to tip 
of mesiobuccal cusp. 

F. Based on measurements of 2392 maxillary teeth 
and 2180 mandibular teeth, the widest tooth is 
the mandibular first molar averaging 11 .4 mm 
wide. 

G. On dental stone casts of 874 dental hygiene stu­
dents at the Ohio State University College of 
Dentistry (1971-1983), 81% of 1327 mandibular 
First molars without reslOrations had five cusps, 
and 19% had only four cusps. Sevemy-seven per­
cent of the females had five-cusp first molars on 
both sides, 16% had four-cusp first molars on 
both sides, and 3% had one fou r-cusp and one 
five-cusp mandibular first molar. 

H. On 1367 mandibular first molars, the mesiobuc­
cal cusp was widest 61 % of the time compared to 
only 17% where the distobuccal cusp was widest. 

l. On 430 teeth, the diswbuccal cusp was sharper 
than the mesiobuccal cusp 55% of the time, com­
pared to only 17% for the mesiobuccal cusp. The 
rest were equally sharp. 

J. On 720 molars, 70% of the time the distobuccal 
groove was shorter than the mesiobuccal groove. 

K. On 1514 mandibular second molars examined 
on dental stone casts, the mesiobuccal cusp was 
considered wider than the distobuccal cusp on 
66%, compared to only 19% with a wider disto­
buccal cusp. 

L. On 281 mandibular firs t molars, the mesial root 
averaged 1 mm longer than Lhe distal root, and 
on 296 mandibular second molars, 0.9 mm lon­
ger. The root-to-crowi1 ratio of mandibular first 
molars is 1.83 to l , the highest ratio of any adult 

~ 

M. On 58% of 256 mandibular first molars, the mesio­
lingual cusp was wider than the dis tolingual cusp, 
while on 33% the d istolingual cusp was wider. On 
mandibular second molars, the mesiolingual cusp 
was wider on 65% of 263 of these teeth, compared 
to only 30% with a wider distolingual cusp. 

N. When evaluating the lingual cusps of mandibular 
first molars, 48% had more pointed mesioli ngual 
cusps versus 4 7% had more pointed distolingual 
cusps; on mandibular second molars, 44% had 
more pointed mesiolingual cusps versus 51% had 
the d istolingual cusps wider. 

0. The mesial CEJ curves 0.5 mm on first molars, 
0.2 mm on second molars. 

P. Marginal ridge grooves were fou nd crossing the 
mesial marginal ridge on 68% of 209 mandibular 
first molars and 57% of 233 mandibular second 
molars. They were found crossing distal marginal 
ridges on 48% of 215 first molars and 35% of 233 
second molars. 

Q. Mandibular molar crowns were wider mesi­
odistally than faciolingually by 1.2 mm on 281 
mandibular first molars, by 0.9 mm for 296 man­
dibular second molars. 

R. On 233 mandibular second molars, marginal 
ridge grooves were found on 57% on the mesial 
and 35% of the distal marginal ridges. On 209 
mandibular first molars, marginal ridge grooves 
were found on 68% on the mesial and 35% of the 
distaJ marginal ridges. 

S. On 1539 maxillary first molars, the mesiobuccal 
cusp was wider rhan the distobuccal cusp 64% o( 
the time; on 1545 second molars, the mesiobuccal 
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cusp was wider 92% of the time. On 468 first 
molars, the distobuccal cusp was sharper 72% 
of the Lime, whereas on 447 second molars, the 
sharpness of buccal cusps was equal. 

T. The three maxillary molar roots are within 
1.5 mm in length. 

U. As data show i11 Tublt: 5-6, 46.'.3% o f l'.358 maxil­
lary first molars had some form of Carabelli cusp 
(large or small), 24% had a depression in this 
location, and 29.5% were without any type of 
Carabelli formation. 

V. On 1396 unrestored maxillary second molars from 
808 students' casts examined by Dr. Woelfel, 37% 
of maxillary second molars had only three cusps. 

W. On 308 maxillary fi rst molars, the longest lingual 
root averaged 13. 7 mm long. 

X. On maxillary first molars: 78% of 69 teeth had 
roesial marginal grooves, but only 50% of 60 had 
distal marginal ridge grooves; on second molars, 
67% of 75 teeth had roesial marginal ridge grooves, 
but only 38% of 79 teeth bad distal marginal ridge 
grooves. 

Y. On maxillary first molars: 86% of 64 teeth had 
mesial ridge tubercles, but only 18% had dis­
tal ridge tubercles. On maxLllary second molars: 
38% of 79 teeth had mesial marginal ridge tuber­
cles, but only 9% of 79 teeth had distal ridge 
t1.1bercles. 

Z. On 308 maxillary first molars, the mesial CEJ 
curvature averaged only 0. 7 and 0.6 mm on the 
mesial CEJ of maxillary second molars. 

Chapter S I Morphology of Permanent Molars 163 

AA. On stone casts of 1469 maxillary first molars, the 
mesiolingual cusp was largest 95% of the time and 
the distolingual cusp was smallest 72% of the 
time. 

BB. Among 710 Ohio State University dental hygiene 
students, there were 185 maxillary third molars 
and 198 111andiuular th in.I molars wnge11itally 
absent. Many students were missing more than 
one third molar, so the percentage of the popula­
tion missing one or more thi rd molars might be 
close to 20%. 

CC. Mandibular third molars average on ly 18.2 mm 
long. 

DD. On 303 maxillary third molars, the buccal roots 
averaged 2.0 mm shorter than on firsts and sec­
onds and the lingual root averaged 2.5 mm 
shorter. 

EE. On 920 molars, the root trunks on maxillary third 
molars are, on average, 2.0 mm longer than on 
maxilla1y (irst or second molars. 

FF. On 262 mandibular third molars, the crowns of 
the four-cusp type were wider mesiodistal ly than 
faciolingually by 1.2 mm. 

GG. On 839 mandibular molars, the roots of thirds 
averaged over 2 mm shorter than on firsts and 
seconds combined. The average root-to-crown 
ratio on mandibular third molars is 1.6 compared 
to 1.8 on mandibular first and second molars. 

Ka dose.com 
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u Primary (and Mixed) Dentition 

I. Basic concepts about primary teeth 
A. Definitions 
B. Dental formulae 
C. Functions of the primary dentition 

II. Developmental data for primary and secondary teeth 
A. Important times for tooth eruption 
B. Crown and root development 

111. Traits of all primary teeth 
A. Traits of all primary teeth compared to 

permanent teeth 

OBJECTIVES 

This chapter is designed to prepare the learner to 
perform the following: 

Describe the important functions of the primary 
dentition and the problems that can occur from 
premature loss of primary teeth. 
List the time ranges for primary and secondary 
tooth eruption. 
List the time ranges for crown and root formation 
for primary and secondary teeth. 
Give the order of eruption of primary and 
secondary teeth. 

B. Traits of all primary anterior tooth crowns 
C. Root tra its of primary anterior teeth 
D. Traits of all primary posterior tooth crowns 
E. Root traits of primary posterior teeth 

IV. Class and type traits of primary teeth 
A. Primary incisor traits 
B. Primary canine traits 
C. Primary molar traits 

V. Pulp cavities of primary teeth 

Describe the dentition ( set) traits that differentiate 
primary from secondary teeth. 
Describe class and type traits that distinguish the 
primary incisors, canines, and molars. 
Describe the size and shape of primary tooth pulp 
chambers. 
Using the Universal Identification System, identify 
permanent and primary teeth present in the mouth 
with mixed dentition. 
Establish the estimated "dental age" of a person by 
studying his or her mixed dentition. 

SECTION I BASIC CONCEPTS ABOUT PRIMARY TEETH 

$ 
tat.ements that reference specific dimension 
data are highlighted with superscript leuers 
throughout this chapter like this (dataA)_ The 
letters refer to data presented at the end of this 

chapter. 

A. DEFINITIONS 

Primary teeth are often called deciduous [dee SIJ oo es! 
teeth. Deciduous comes from the Latin word decidere 
meaning LO fall off. Deciduous Leeth fall off or are shed 
(like leaves from a deciduous tree) and are replaced by 
the adult teeth that succeed them. Common nicknames 
for them are "milk teetht or "temporary teeth," which, 
unfortunately, denote a lack of importance. The denti­
tion that follows the primary Leeth is called the perma­
nent dentition and may also be called the secondary 

~-~:~ ,duh dentition) 

B. DENTAL FORMULAE 

As stated in Chapter 1, the number and type of primary 
teeth in each half of the mouth are represented by this 
formula: 

S maxillary teeth 
. 2 . 1 

1 
2 per q uadrant 

Incisors - Canines - Mo ars - = --------
2 1 2 S ma nd ibular teeth 

per quadrant 

Compare this formula Lo that for the secondary den­
tition, and you will be able Lo draw some interesting 
conclusions: 

. 2 . 1 I 2 
Incisors - Canines - Premo ars -

2 1 2 

I 
3 8 maxillary teeth per quadrant 

Mo ars - = -------------
3 8 ma nd ib ular teeth per q uadrant 
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Primary dentition 

A 
Maxillary 

J 

Right Left Right 

Mandibular 
T 

A B 

Notice that there are no plimary premolars. When second­
ary teeth replace primary Leeth, the primary molars are 
replaced by premolars. The 20 secondary teeth that succeed 
their primary tooth predecessors are called succedaneous 
[suck si DAY nee ous] teeth. The 12 secondary molars, 
however, have no predecessors in the primary dentition 
and erupt distal to the primary molars. Therefore, in the 
strict sense, secondary molars are not succedaneous teeth. 

Primary teeth exhibit an arch form similar to perma­
nent teeth. Recall from Chapter 1 that the 20 primary 
teeth can be identified using the universal identifica­
tion system by assigning letters A (for the primary right 
maxillary second molar) through T (for the primary 
right mandibular second molar). Another method that 
can be used to identify these teeth uses a "D" to denote 
deciduous proceeded by Numbers l (ID for the primary 
right maxillary second molar) through 20 (200 for the 
primary right mandibular second molar). Both of these 
systems are seen in Figure 6-1. (Two other methods for 
numbering primary teeth were presented in Table 1-1.) 

C. FUNCTIONS OF THE PRIMARY 
DENTITION 

Some parents do not consider the care or the primary 
teeth or their children to be a priority since they consider 
them as "temporary" or "baby" teeth, but it is important 
to remember that plimary teeth are the only teeth that 
chiJdren have until approximately their sixth birthday, 
and some remain functioning until age 12. Primary teeth 
are actually i11 the mouth functioning for almost 6 years )-~-?,~t'" central iodso<> to , lmost 10 yea<> fo, 

Mandible 

Chapb!r6 J Primary (and Mixed) Dentition 16S 

Left 
Diagram of 

maxillary and mandibular 
primary dental arches. Two 
methods of identifying these 
primary teeth are shown. A. The 
Universal System of assigning 
letters co each tooth is shown. 
B. A numbering system 1 
thro ugh 20 followed by "D" for 
deciduous is shown. 

maxillary canines.A When people live to be 70 years of 
age, they will have. spent 6% of their life chewing onJy 
with primary teeth. This small proportion of time should 
not inJer a lack of importance of primary teeth, however, 
because they play a very important role in "reserving" 
space for the permanent teeth, which ensures proper 
alignment, spacing, and occlusion of the permanent teeth. 
Consider the following functions of primary teeth in order 
LO confinn the importance or keeping them healthy: 

• Primary Leeth are needed for efficienL chewing (mas­
tication) of food. 

• They provide support for the cheeks and lips main­
tain ing a normal facial appearance and smile. 

• They are necessary for the formulation of clear speech. 
• They are cri tical for maintaining the space that 

is required to provide room for the emption of 
permanent teeth. 

When primary teeth are lost prematurely or are not 
shed as succedaneous teeth emerge, the results on 
tooth alignment can be devastating (Figs. 6-2 and 6-3). 
Correction of tooth alignment and deformities in these 
children would require extensive orthodontic therapy 
(involving placemenL o( orthodontic appliances, or 
braces, which can be used to improve tooth alignment). 
Further, maintenance of a proper diet and good oral 
hygiene are necessary LO avoid demal decay of primary 
teeth that could lead to infection with pain, possibly 
making the child reject foods that are difficult to chew. 
Finally, an abscess from the infection of the pulp of 
a primary 100th can cause discolored spots (Turner's 
spots) on the developing secondary tooth beneath it. 

om 
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FIGURE6•~ A crowded mandibular permanent dentition 
caused by the premature loss of primary molars. Notice that the 
leIT latera l incisor almost contacts the right centra l incisor, a nd 
chat che leIT first premolar is only 2.5 mm from contacting the 
first molar. 

FIGURE6•~ Extreme crowding of a maxillary permanent 
dentition in a 12-year-old child . The leIT primary canine (arrow) 
was not shed because its successor emerged labially co ic. Both 
12-year molars (three-cusp type) are in che process of emerging. 

SECTION II DEVELOPMENTAL DATA FOR PRIMARY AND SECONDARY TEETH 

Dental s tudents and dental hygiene s tudents should 
become familiar with the eruption dates of primary and 
secondary teeth in order to adequately and correctly 
inform worried parents and patients about the normal 
times when teeth emerge or erupt above the gingiva. 
E>..'J)ected eruption patterns for primary and secondary 
teeth from one s tudy are presented in Table 6-lA; erup­
tion patterns from another study of only primary teeth 
are presented in Tc1ble 6-18. An emergence time for 
each type of primary tooth can be considered normal if 
it is within 4 to 5 months (earlier or later) of the dates 
in Table 6-lA. Secondary tooth erupt.ion can be within 
12 to 18 momhs (early or late) of those dates and still 
be of no real concern. Early erupt.ion of these teeth usu­
ally presents no problems other than a concern about 
inst ituting oral hygiene measures. 

Dental radiographs (x-ray films) are the best means 
for determining what is covered up (unerupted) or 
missing i.n a dentition when the expected teeth have 
not emerged, particularly when they are considerably 
overdue. (See Fig. 6-7 later in this chapter.) 

A. IMPORTANT TIMES FOR TOOTH 
ERUPTION 

Instead of memorizing the specific times of eruption 
of ea~ro ~ (which would be a daunting task), first 

,41•■-¥olli'~.,,.~:de development of teeth into four time peri-

J, 

ods: when there are no teeth, when primary teeth are 
erupting and are the only teeth present, when the den­
tition is a mixed dentition (that is, made up of primary 
and permanent teeth), and when there are only adult 
teeth. lf you fust learn those time ranges, you will be 
well on your way to understanding the schedule of 
tooth eruption for both dentitions. 

1. NO TEETH (EDENTULOUS) 
• From birth to 6 months old (approximately): 

There are no teeth visible within the mouth. 
2. PRIMARY DENTlTlON ONLY 

• 6 months to 2 years old (approximately): All pri­
mary teeth are erupting into the child's mouth 
over this period. 

• 2 to 6 years old (approximately): All 20 primary 
teeth are present; no permanent teeth are yet vis­
ible in the mouth. 

3. MIXED DENTITION 
• 6 years old (approximately): Pennanent teeth 

start to appear, beginning with the first molars 
(also called 6-year molars) just distal to the pri­
mary second molars. These are followed closely 
by the loss of the primary mandibular central inci­
sors, which are quickly replaced by the permanent 
mandibular central incisors. 

• 6 to 9 years old: All eight permanent incisors 
replace primary incisors that are..exfoHated ~shed). ll 
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Table 6 -1A PRIMARY AND SECONDARY TOOTH FORMATION AND EMERGENCE TIMES 

TOOTH HARO TISSUE CROWN EMERCENCE ROOT COMPLETED 
FORMATION BECINS COMPLETED 

PRIMARY Maxillary teeth Central incisor 4 mo in utero (first 4mo 7½mo 1½ y 
DENTITION 

primary to begin) 
lateral incisor 4½ mo in ucero 5 mo 9 mo 2y 
Canine 5 mo in utero 9mo 18 mo 3¼ y 
First molar 5 mo in utero 6mo 14mo 2½y 
Second molar 6 mo in ucero 11 mo 24mo 3y 

Mandibular teeth Central incisor 4½ mo in ucero 3½mo 6 mo 1½ y 
lateral incisor 4½ mo in ucero 4mo 7 mo 1½ y 
Canine 5 mo in utero 9mo 16 mo 3y 
First molar 5 mo in utero 5½ mo 12 mo 2¼y 
Second molar 6 mo in utero 10 mo 20mo 3y 

PERMANENT Maxillary teeth Central incisor 3-4 mo 4-5 y 7-8 y 10 y 
DEN11110N 

lateral incisor 10-1 2mo 4-5 y 8-9 y 11 y 
Canine 4-5 mo 6- 7 y 11- 12y 13- 15 y 
First premolar 1½- l¾y 5- 6 y 10- 11 y 12- 13 y 
Second premolar 2- 2¼ y 6-7 y 10- 12 y 12- 14 y 
First molar Birth (first 2½- 3 y 6-7 y 9- 10 y 

secondary to begin) 
Second molar 2½-3y 7-8 y 12-15 y 14-16 y 
Third molar 7-9y 12-16 y 17-21 y 18-25 y 

Mandibular teeth Central incisor 3-4 mo 4-5 y 6-7 y 9y 
lateral incisor 3-4 mo 4-5 y 7-8 y 10 y 
Canine 4-5 mo 6- 7 y 9-10 y 12- 14 y 
First premolar 1¾-2 y 5-6 y 10-12 y 12- 13 y 
Second premolar 2¼-2½ y 6-7 y 11-12 y 13-14 y 
First molar Birth 2½-3 y 6- 7 y 9-10 y 
Second mola r 2½-3y 7-8 y 11- 13y 14-15 y 
Third molar 8- 10 y 12- 16 y 17- 21 y 18-25 y 

Chatt ba~d on Logan WH, Kron field R. Development of che human jaW$ and surrounding structures fi-om birth 10 age fifteen. JADA 20:379-424, 1933 or 35. 
Modified by McCall and 5<:hour. Schour I, McCall JO. Chronology of ,he human dentition. In: Orban B, ed. Oral hiSfology and embl')'Ology. St. Louis, MO: 
C.V. Mosby, 1944:240. 

Table 6-18 TOOTH DEVELOPMENT AND ERUPTION: PRIMARY TEETH 

HARD TISSUE ROOT 
FORMATION BECINS ENAM EL COMPLETED ERUPTION COMPLETED 
(WEEKS IN UTERO) (MONTHS AFTER BIRTH) (MONTHS) (YEAR) 

Maxillary Central incisor 14 1½ 10 (8-12) 1½ 
lateral incisor 16 2½ 11 (9- 13) 2 
Canine 17 9 19 (16-22) 3¼ 
First molar 15½ 6 16 (13-19 2½ 

boys) 
(14-18 girls) 

Second molar 19 11 29 (25-33) 3 
Mandibular Central incisor 14 2½ 8 (6- 10) 1½ 

lateral incisor 16 3 13 (10-16) 1½ 
Canine 17 9 20 (17- 23) 3¼ 
First molar 15½ 5½ 16 (14-18) 2¼ 
Second molar 18 10 27 (23-31 3 

boys) 
(24-30 girls) 

C, Law OB. A review of the chronology of deciduous reeth, J Am Dent Assoc 1974;89:872. 

a m 
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• 9 to 12 years old: All four permanent canines and 
eight premolars replace primary canines and molars. 

• 12 years old: Second molars (also called 12-year 
molars) emerge distal to the permanent frrst 
molars. 

4. ADUl. T DENTITION ONl Y 
• After 12 years (second) Molars empt, 28 perma­

nent teeth are present, and all primary teeth have 
been exfoliated and replaced. 

• 17 to 21 years old: Third molars (ir present) 
emerge. 

B. CROWN AND ROOT DEVELOPMENT 

With Lhese basic time periods in mind, one must 
not forget that much more is taking place during the 
development of these LeeLh than just their eruption 
into the mouth, or their exfoliation. Prior to eruption, 
tooth crowns are form ing from lobes and are calcify­
ing within the jawbones. After crown calcification is 
completed, the tooth root starts to form and the tooth 
moves through bone toward the surface (eruption pro­
cess) and eventually through the oral mucosa into the 
oral cavity (eruption or emergence). After eruption, 
Lhe rooL continues to form until root fonna Lion is com­
pleted. AL the same time, primary teeth are forming 
and erupting, permanent teeth are already beginning to 
form within the jaw bones. As these permanent teeth 
develop and calcify, they eventually move occlusally to 
replace the primary teeth. 

Now let us look at this entire process in more detail, 
discussing it step by step All of the following infom1a­
tion is derived from Table 6-lA. 

1. CROWN CALCIFICATION 
OF PRIMARY TEETH 

The crowns of all 20 primary teeth begin to calci[y 
berween 4 and 6 months in utero (seen developing in 
Fig. 6-4). Crown completion of all primary teeth occurs 
within the first year after birth , taking an average of 
10 months from the beginning of tooth calcification.8 

2. ROOT FORMATION AND EMERGENCE 
OF PRIMARY TEETH 

Root formation for primary (and permanent) teeth 
begins once the enamel on Lhe crown is formed, and 
at this time, the tooth starts its occlusal movement 
through bone toward the oral cavity. After the primary 
tooth crowns erupL into the oral cavity from about age 
6months to 2 years (24months),c they continue to erupt 
until ev'entually they occlude with teeth in the opposite 

). • .,.;;~~;'"'" ,lso continue 10 e,upl 10 compensaLe 

Developing human primary molars. A. 
Occlusal view of an in utero 19-week maxillary right first molar. 
Note the large, well-developed, mesiobuccal cusp, which is cov• 
ered with a mineralized enamel cap and is the first formed and 
largest cusp of the trigon, the early molar form that has three 
cusps. (Original magnification x36.) B. Buccal view of an in utero 
20-week mandibular right first molar. Note the strongly elevated 
mesiobuccal cusp that dominates the mesial portion of the tooth. 
The mesiolingual cusp is the second to differentiate and shows 
incipient mineralization. (Original magnification x36.) These two 
examples illustrate that the mesiobuccal cusps of both the maxil­
lary and mandibular molars are the first to form and mineralize. 

for wear (attrition) on the incisal or occlusal surface 
and/or when there are no opposing teeth. 

3. ORDER OF EMERGENCE OF PRIMARY 
TEETH (FROM 6 MONTHS TO ABOUT 
2 YEARS OLD) 

According to one study (shown in Table 6-2), the first 
primary teeth LO empt are the mandibular central inci­
sors, at about 6 months of age, followed by the mandib­
ular laterals and then the maxillary incisors (centrals 
before laterals). (Note the difference in eruption pat­
terns compiled by other researchers in Table 6-lB, where 
the mandibular central incisors erupt first, but they are 
followed by maxillary central incisors, maxillary lateral 
incisors, and finally mandibular lateral incisors.) Next 
to emerge are the primary first molars, then canines, 

n 
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CHART REPRESENTING ORDER OF PRIMARY TOOTH EMERGENCE BASED 
a e ON DATA IN TABLE 6-1A 

Maxillary 
Mandibular 

CENTRAL INCISOR 

Th ird (7½ mo) 
First(6 mo) 

LATI:RAL INCISOR 

Fourth ( 9 mo) 
Second (7 mo) 

and finally second molars. Thus, the last primary teeth 
to emerge, thereby completing the primary denti­
tion, are the maxillary second molars, at about 2 years 
(24 months) of age. 

The combined mesiodistal arch space occupied by 
the primary canines and molars in each quadrant is 
greater than that occupied by the permanent canines 
and premolars since the primary molars are wider 
than the premolars that will replace them. This dif­
ference in space is called the leeway space. Also, as 
primary teeth erupt, developmental spaces often 
occur between anterior teeth, especially as the maxil­
lae and the mandible bones grow larger. These spaces 
that occur mesial to the maxillary canines and distal 
LO the mandibular canines are called primate spaces.2 

These spaces frequently concern parents but are per­
fectly natural and even beneficial since they provide 
room for the secondary incisors and canines, which 
are considerably wider than their predecessors. Refer 
to Table 6-3 for differences in sizes between primary 
and permanent teeth. 

4. ROOT COMPLETION OF PRIMARY TEETH 

Primary tooth roots are completed between the ages of 
18 months LO 3 years.0 The complete primary dentition 
( with 20 teeth) is in the mouth from about 2 years of 
age to about 6 years, during which 110 penncment teeth 
are visible in the mouth, but permanent teeth are form­
ing within the jaws. 

S. EX.FOLIATION (SHEDDING) 
OF PRIMARY TEETH WITH THE NEARLY 
SIMULTANEOUS ERUPTION 
OF THE PERMANENT TEETH 

The roots of primary teeth are complete for only a 
short period of time (as seen in fig. 6-5). Only about 
3 years after completion, primary tooth roots begin 
to resorb, usually at the apex or on one side near the 
apex. Resorption of a primary tooth root is the grad­
ual dissqlving away of the root due to the underlying 
eruption of the succedaneous LOOLh that will replace it. 

~ tioo ooulioues" succ,d,o,ous te<th mo,e 

CANINE 

Eighth (18 mo) 
Seventh ( 1 6 mo) 

FIRST MOLAR 

Sixth ( 14 mo) 
Fifth (12 mo) 

SECOND MOLAR 

Tench (24 mo) 
Ninth (20 mo) 

closer LO the surface until deciduous teeth eventually 
become loose and finally "fall orP' (like leaves fall off 
of deciduous trees). This process of shedding is called 
exfoliation. When a primary tooth is shed, the crown 
of Lhe succedaneous tooth is close to Lhe surface and 
ready to emerge (as seen in Fig. 6-6). 

6. MIXED DENTITION (FROM ABOUT 
6 TO 12 YEARS OLD) 

\1/hen there are both primary and permanent teeth vis­
ible in the mouth, the dentition is known as a mixed 
dentition. Mixed dentition begins al about age 6 years 
old when the first (6-year) molars emerge. Next, the 
first primary incisors are gradually replaced by their 
larger successors. The mixed dentition ends at about 
age 12 when all primary teeLh have been replaced. 
Usually, 24 teeth are seen in the mouth throughout 
the mixed dentition (20 teeth [primary or their perma­
nent successors], plus the four 6-year first molars). At 
12 years old, all succedaneous teeth have replaced their 
primary predecessors marking the end of mjxed denti­
tion. When the 12-year second molars erupt, 28 teeth 
are present. The full complement of 32 permanent teeth 
is not reached until the third molars erupt during the 
late teenage years or early 20s. 

Soon after the 6-year first molars erupt, their erup­
tive forces, along with their tendency to drift toward 
the mesial, push the primary teeth forward. If this were 
to continue, there would be insufficient space for the 
premolars to come in. The flared roots of the primary 
molars, however, resist the mesial displacement (seen 
in Fig. 6-5). This primary molar root flare, primary 
molar crown size wider mesiodistally than their pre­
molar successors, and primate spaces ail help LO pre­
serve sufficient space for the premolars and secondary 
canines.3 

7. CROWN FORMATION 
OF PERMANENT TEETH 

The crowns of the first permanent molars begin form­
ing at birth. Other permanent tooth crowns continue 



W
W

W
.H

IG
H

D
EN

T
.IR

 
دندانسازان ودندانپزشکان

همیار 

~ 
~ 
~ = r:,; 
('t) 
• 
~ 
0 
3 

Table 6-3 PRIMARY TOOTH SIZE COMPARED TO THEIR SUCCESSORS 

CROWN LENGTH ROOT LENGTH OVERALL LENGTH MESIODISTAL FACIOLINGUAL MESIODISTAL FACIOUNGUAL AVERAGE OF ALL 
CROWN CROWN CERVIX CERVIX M EASUREM ENTS 

mm % mm % mm % mm %" mm % mm % mm % % 

Maxillary Central incisor 6.4 57 11.3 82 17.2 73 7.4 86 5.0 70 5.7 89 4.4 70 75.3 
teeth Lateral incisor 7.4 76 10.9 81 16.8 75 5.8 88 4.9 79 4.0 85 4.5 78 80.3 

Canine 7.6 72 13.5 78 20.2 80 7.4 97 5.4 67 5.3 95 5.0 66 78.8 
First molar 6.0 70 12.5 93 17.1 80 8.1 114* 9.5 103 5.9 123 8.9 108 98.7 
Second molar 6.4 83 10.4 74 15.9 75 9.7 147* 10.3 11 4 7.1 151 9.6 118 108.8 

Mandibular Cenrral incisor 6.1 69 10.S 83 16.0 77 4.5 85 4.S 79 3.5 100 4.2 78 81.6 
teeth Lateral incisor 7.3 78 10.6 78 16.5 75 4.9 86 4.8 79 3.7 94 4.5 78 81.4 

Canine 8.2 74 11.7 74 18.7 72 6.1 90 5.7 74 4.2 81 5.0 67 76.0 
First molar 7.1 81 9.7 67 15.9 71 8.7 124* 7.4 96 7.2 150 5.3 78 95.3 
Second molar 6.6 80 10.8 68 15.5 70 10.3 145* 9.2 11 2 7.6 152 7.1 97 103.4 

Mea,urement< are derived fiom 2392 maxillary and 2180 f113ndibular secondary rooth specimens compared 10 plasric model replicas of primary teerh made by the Shofu Dental Manufacruring Company (Kyoto, Japan) 
reAectirig Lhe size of Japanese primary teeth. In most instances, che·se measurements on the plastic model teeth were 0.5 to 1 mm latger than measurements made by G.V. Black at the tum of the cencury { deciduous 
reeth). 
Ptrcenuges al't based on Lht avemgt sll't fonhe secondaiy dentition successor as equaling 100%. In instances in which the dtciduous tooth dimension ,s gteater chan irs succtSSOr. the percentage is over 100, e~n as 
high a.s l S29f> on the mandibular second mofar mesiodiStal cervix dime,,sion. indicating that this pan of the deciduous molar ts 1.S times larger than the corresponding region on itS suc:ceS$0r. the mandibular se<.ond 
premolar. 
• Denotes perc:enrn.ges whcrt primary crown mtasurcmcnts are wider me5iodlsrally than succeda.neous re.erh. 
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LO form up to age 16 when crowns of third molars are 
completed. On average fo r the aduil demition, crown 
formation and calcification are completed about 3 to 
4 years prior to eruption into the mouth.E 

8. ORDER OF EMERGENCE 
FOR SECONDARY TEETH 

Table 6-4 shows the sequence of eruption for perma­
nent teeth. After the 6-year molars erupt just prior to 
the child's sixth birthday, the order of eruption for 
the succedaneous teeth is essemially the same as the 
order of exfoliation of the primary teeth they replace. 
lf you know the time range for eruption of incisors 
(between 6 and 9 years old), or for canines and premo­
lars (between 9 and 12 years old) , plus the sequence of 
eruption within that time range, you can estimate the 
eruption time for any succedaneous tooth. Remember 
that centrals erupt before laterals, and mandibular inci­
sors erupt before their maxillary coumerpart. The first 
permanent incisors to erupt are the mandibular central 
incisors (close to 6 years old) and the last incisors to 

~,, ma,illa,y lateral indsm (dose <o 9 yeacs 
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Models depicting the stage 
of development of the dentitions of a 3-year-old 
child. All primary teeth have emerged into the oral 
cavity, and they have full roots, prior to resorp­
t ion. Notice the various amounts of crown devel­
opment and locations of che partially formed 
crowns of the permanent dentition. ( Models 
courtesy of 3M Unitek, Monrovia, California.) 

old). Mandibular laterals and maxillary centrals erupt 
Jrom 7 to 8 years old. 

Next, adult canines ancl premolars erupt between ages 9 
ancl 12. H you know the eruption sequence within this 
range, you can estimate the eruption time. First, mandib­
ular canines replace primary mandibular canines (closer 
to 9 years old), and then premolars replace primary 
molars (between 10 and 12 years old). Finally, maxillary 
ca11ines are the last pdmary teeth to be replaced (closer 
LO 12 years old). This is often evidem when the per­
manent maxillary canines are crowded facially as they 
erupt (as seen in Fig. 6-3). Note in Table 6-4 that for 
the adult dentition, most teeth in the mandibular arch 
erupt slightly earlier than their maxillary counterparts; 
the ONLY maxillary tooth to emerge before its mandibu­
lar counterpart is the maxillary second premolar, which 
precedes the mandibular second premolar. Knowing the 
range and sequence of eruption of canines and premo­
lars, you can estimate the emergence time or mandibu­
lar canines as close to 9 years, while maxillary canines 
emerge last \vithin this range, at about 12 years or age. 

Roots of secondary teeth are completed about 3 years 
after their emergence into the oral cavity. 

se.com 
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Tooth development of a 
9-year-old child with mixed dentition. The 
permanent central and latera l incisors and first 
molars have emerged into a functional level. The 
primary canines and molars are still functioning, 
although much of their roots have resorbed. You 
can appreciate by the position of the maxillary 
canine (in the bone) why it is often the last 
permanent tooth to erupt except for the th ird 
molars (not shown). (Models courtesy of 3M 
Unitek, Monrovia, California.) 
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CHART REPRESENTING TH E USUAL ORDER OF SECONDARY DENTITION TOOTH 
a e EMERGENCE BASED ON DATA FROM TABLE 10-1A 

CENT LAT FIRST SECOND FIRST SECOND THIRD 
INC INC CANINE PREMOLAR PREMOLAR MOLAR MO LAR MOLAR 

AGE RANCE 6-9 l 9-12l'. 6~ 12 l'. 

Maxillary 2nd (t) 3rd 6th (t) Sch (t) 5th (t) 1 St (t) 7th (t) 8th (t) 
(7-8 y) (8-9 y) (1 1- 12y) (10-11y) (10-12y) (6-7y) (12-1Sy) (17-2 1 y) 

Mandibular 1 St (t) 2nd (t) 4th 5th (t) 6th (t) 1 St (t) 7th (t) 8th (t) 
(6-7 y) (7-8 y) (9-10 y) (10-12 y) (11-12y) (6-7 y) (11-13 y) (17-21 y) 

1st, hr.st tooth co erupt; 2nd , second e.tc,. same numbe,. with a .. (t)" denotes e.ssentially a rie in eruption time.. Mandibular teeth often precede their maxillary c:oon• 
ttrpatt within the time. ranges giW:n except for $t?COnd premolars. {Mandibular first molar$ are often the lir$t secondary teeth to erupt.) 

SECTION Ill TRAITS OF ALL PRIMARY TEETH 

Your best specimens for the study of crown morphology 
of primary Leeth can be found in the mouth of a 2 to 
6 year old who is will ing to open his or her mouth 
wide, long, and often enough to permit your exami­
nation. -x ,/acted or exfoliated primary teeth with 

complete crowns and rooLs are difficult to find since 
most of these have resorbed rootS and severe attrition 
(occlusal wear). Plastic tooth models, if available, are 
most helpful and have the added advantage o( com­
plete roots. 

Ka use.com 
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A. TRAITS OF ALL PRIMARY 
TEETH COMPARED 
TO PERMANENT TEETH 

First, consider the traits that apply to all primary teeth 
and set them apart from the secondary teeth: 

1. Primary teeth are smaller in size than the permanent 
teeth with the same name (that is, primary incisors 
and canines are smaller Lhan permanent incisors and 
canines, respectively, and primary first and second 
molars are smaller than permanent first and sec­
ond molars, respectively). 

2. The crowns and roots of primary teeth have a marked 
constriction al the cervix, appearing as if they are 
being squeezed in around the CE]. Thus, primary 
tooth crowns (especially on the facial and lingual 
surfaces) bulge close to the cervical line forming 
more prominent labial cervical ridges and lingual 
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cingula4 rather than on permanent teeth. This is 
seen best from the proximal view in Appendices 9a 
and lOe. 

3. Primary Leeth have relatively longer roots than their 
crowns compared to permanent teeth. 

4. Primary teeth are less mineralized so become very 
wum.'·5 Tlit::st:: Lt:t::lh art: prunt: LU cuus itkrabk allri· 
tion (at TRISH en ] (tooth wear from tooth-to-tooth 
contact), which is made worse by the shifting rela­
tionship of the upper and lower teeth due to expand­
ing growth of the jaws in young children. Attrition, 
therefore, is not really a dentition trait but a normal 
occurrence due to function .➔ 

5. The layers of enamel and dentin of primary Leeth are 
thinner than on secondary teeth, so the pulp cavi­
ties are proportionally larger and therefore closer 
to the surface (seen in the radiographs in Fig. 6-7). 
Therefore, decay can progress Lo the pulp more 

FIGURE 611 Radiographs made of an 8-year-old 
child showing the first and second primary molars and 
first adult molars in the mouth. The top radiograph 
shows maxillary reerh , and the lower radiograph shows 
mandibular teeth. Notice the premolar crowns between 
the partially resorbed roors of the maxillary and 
mandibular primary molars. Pare of the 12-year second 
molar crown is seen on the far right of each radio­
graph. The smaller size, thinner enamel, and relatively 
larger pulp cavities are evident in the primary molars 
compared co the larger secondary molars just distal to 
them. (Courcesy of Professor Donald Bowers, The Ohio 
Stare University.) 
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quickly through this thinner enamel and dentin than 
through the thicker adult enamel and dentin, and 
Lhe dentist must take care not Lo expose the tooth 
pulp when preparing primary teeth for fillings since 
the pulp is closer to the surface. 

6. Primary teeth are whiter i.n color. 
7. Primary teeth have nmre 1.:unsislenl shape:; tl1an ll1e 

permanent teeth (have rewer anomalies). 3 

8. TRAITS OF ALL PRIMARY ANTERIOR 
TOOTH CROWNS 

Consider the unique traits or the primary anterior tooth 
crowns. Refer to Appendix page 9 while studying these 
traits. 

1. Prominent cervical ridges on facial surfaces run mesi­
odistally in the cervical third (Appendix 9a, facial 
surfaces). 

2. The prominent lingual cingula seem to bulge and 
occupy about one third of the cervicoincisal length 
(A ppendix 9a, lingual surfaces). 

3. Usually, there are no depressions, mamelons, or per­
ikymata on the labial surface of the crowns of the 
primary incisors. These su,faces are smoother than 
on their successors. 

C. ROOTTRAITS OF PRIMARY 
ANTERIOR TEETH 

1. The roots or primary anterior teeth are long in pro­
portion to crown length (Appendix 9f) and are rela­
tively narrow mesiodistally (Appendix 9b). 

2. The roots of primary anterior teeth bend labially in 
their apical one third to one hair by as much as 10° 
(Appendix 9c). 

D . TRAITS OF ALL PRIMARY POSTERIOR 
TOOTH CROWNS 

Now consider the unique traits or the primary poste­
rior tooth crowns. Refer to Appendix page 10 while 
s tudying these traits. 

1. The prominent mesial cervical ridge or bulge on the 
buccal surface is exaggerated by the curve of the cer­
vical line apically (best seen when viewed from the 
buccal) and by the constriction near the cervical line 
(best viewed from the proximal, Appendix lOe). This 

mesial cervical bulge makes it easy LO distinguish 
rights from lefts. 

2. Due LO the taper of the crown from the cervical 
bulges toward the occlusal surface, the molar crowns 
have a narrow occlusal table (Appendix lOc). (Recall, 
the occlusal table is the chewing surface inside the 
li11e rurmec.l by the 1.:unLinuous mesial anti <listal 1.:usµ 
ridges for all cusps, and tl, e mesial and distal mar­
ginal ridges). 

3. As on permanent molars from Lhe buccal view, all 
molar crowns are wide mesiodistally relative to their 
height cervico-occlusally (Appendix 10a). 

4. The primary molar occlusal anat0my is shallow. In 
other words, the cusps are short (not pointed or 
sharp, almosL flat) (Appendix 10d), occlusal ridges 
are not pronounced, and fossae and sulci are corre­
spondingly not as deep as on secondary molars. 

5. There are few grooves or depressions in the crowns. 
6. In the primary dentition, primary second molars 

are decidedly larger than primary first molars. This 
is different in the permanent dentition where first 
molars are larger than seconds (Appendix page 10, 
compare firsts to seconds). 

7. Microscopically, the enamel rods at the cervix slope 
occlusally, unlike in permanent teeth where these 
rods slope cervically. 

E. ROOTTRAITS OF PRIMARY 
POSTERIOR TEETH 

l. The root furcations are near the crown, with little or 
no root trunk (Appendix lOf). 

2. The roots are thin and slender and spread oul beyond 
the outlines of the crown , more widely on primary 
second molars than the first molars (the opposite of 
the adult molars)7 (Appendix 10g). This root diver­
gence makes room for the developing succedaneous 
premolars. Extraction of a primary molar when 
roots are complete and before they have started 
to resorb may cause the developing portion of the 
premolar to be removed along with the primary 
molar.6 

3. The roots of primary molars are similar to those of 
permanent molars in relative size (before resorp­
tion) and number. Primary maxillary molars have 
three roots: the palatal (longest), mesiobuccal, and 
distobuccal (shortest). Primary mandibular molars 
have two roots: the mesial (largest) and distal. 
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SECTION IV CLASS AND TYPE TRAITS OF PRIMARY TEETH 

A. PRIMARY INCISOR TRAITS 

1. PRIMARY INCISORS FROM 
THE LABIAL VIEW 

a. Oudine Shape of Primary Incisor Crowns 
from the- Labial View 

The crowns of primary maxillary central incisors are 
the ONLY incisor crowns (primary or secondary) that 
are wider mesiodistally than they are long incisocervi­
cally (Appendix 9e). As on permanent maxillary cen­
tral incisor crowns, the dist0incisal angle of the incisal 
edge of the primary maxrnary central incisor is more 
rounded than the mesioincisal angle, but the incisal 
edge is relatively straight. 

The maxillary lateral incisor crowns are similar 
in shape to the central incisor, but are longer inciso­
cervically than wide mesiodistally, and are less sym­
metrical. Distoincisal angles o( lateral incisors are even 
more rounded. Note this difference between the shapes 
of primary maxillary incisors in Figures 6-8 and 6-9. 
Maxillary laterals are smaller than central incisors in 
the same dentition. 

The crowns of the mandibular incisors resemble 
their replacement incisor crowns but are much smaller. 
As with permanent mandibular incisors, primary man­
dibular lateral incisor crowns are a liule larger Lhan the 
crowns of central incisors and less symmetrical (with 
more rounded distoincisal angles) than the central inci­
sors of the same dentition (Fig. 6-8). 

The relative locations of proximal contact areas on pri­
mary incisors are comparable to those of their successors. 

PRIMARY DENTITION (facial) 

b. Surface Morphology of Primary Incisors 
from the Labial View 

Labial surfaces o [ maxillary central incisors are smooth; 
usually, there are no depressions. Mandibular incisors 
are also relatively smooth (but may have very shallow 
depressions on their labial surfaces in the incisal third). 

c. Root-to-Crown Proportion of Primary 
Incisors from the Labial View 

Prior to root resorption, all primary incisor roots are 
much longer relaLive to the crown length than on sec­
ondary incisors (Appendix 90. Primary incisor roots 
are about twice the length of the crown. The roots o( 
maxillary lateral incisors appear proportionally even 
longer. On primary extracted or shed teeth, there is 
usually some root resorption (evident in Fig. 6-98). 
Often the entire root is gone. 

2. PRIMARY INCISORS FROM 
THE LINGUAL VIEW 

Refer to Figure 6-10. 

a. Cingula of Primary Incisors 
from the Lingual View 

The cingula of primary maxillary central incisors are 
often proportionally large, so that promjnent lingual 
fossae are limited to only the incisal and middle thirds 
of the lingual surface. The lingual surfaces of mandibu­
lar incisors have a more subtle cingulum and a subtle 
lingual fossa. 

Primary dentition , 
facial views. 
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D 

Primary maxillary 
lateral incisor (right) 

M 
D 

Primary maxillary central 
incisor (right) 

M 

FIGURE. 6,2)1 
Primary maxillary incisors. A. The maxillary 

right lateral incisor crown is less symmetrical and is longer (ind­
socervically) than it is wide. B. The maxillary right central incisor 
crown is wider (mesiodistally) than it is high (incisocervically). 
There has been some resorption of the root tips on both teeth 
(more so on the central incisor), but even so, the roots are twice 
as long as the crowns. 

b. Marginal Ridges of Primary Incisors 
from the Lingual View 

On maxillary central incisors, marginal ridges are often 
distinct and prominent (like shovel-shaped incisors). 
On mandibular incisors, marginal ridges are more faint 
(Fig. 6-10). 

PRIMARY DENTITION (lingual) 

3. PRIMARY INCISORS FROM THE PROXIMAL 
VIEWS (MESIAL AND DISTAL) 

a. Crown Oudines of Primary Incisors 
from the Proximal Views 

Although the faciolingual dimension of these crowns 
appears small from these aspects, crowns are wide labi­
oli ngually in their cervical one third because or promi­
nent, convex labial cervical ridges and Hngual cingula. 
Similar to their successors, incisal ridges or primary 
maxillary central incisors are located labial to the root 
axis line, whereas incisal ridges of mandibular incisors 
are located on the root axis line (fig. 6-11). 

b. Cervical Line of Primary Incisors 
from the Proximal Views 

As on permanem incisors, the curve of the cervical line 
toward the incisal is greater on the mesial than on the 
distal. The cervical line is positioned more apically on 
the lingual than on the labial surface. 

c. Root Shape of Primary Incisors 
from the Proximal Views 

The roots of maxillary incisors are curved from this 
view, bending lingually in the cervical half (Appendix 
9d) and labially by as much as 10° in the apical half 
(Appendix 9c).7 Roots of the mandibular incisors, in 
contrast, are straight in their cervical half but then bend 
labially about 10° in their apical haH (Appendix 9c).5 

This bend helps make space for the developing succe­
daneous incisors, which should be in a lingual and api­
cal position. 

FIGURE 6· 1 Primary dentition, 
lingual views . Notice on maxillary molars 
that che lingual cusps are not as long as 
the mesiobuccal cusps. 
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PRIMARY DENTITION (proximal) 

4. PRIMARY INCISORS FROM 
THE INCISAL VIEW 

incisor crowns have a smoothly convex labial outline. 
The 1-mm Lhick incisal ridge is slightly curved mesi­
odistally. The crowns have lingual surfaces that taper 
narrower toward the lingual at the cingulum. 
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Primary dentition, 
proximal views. Notice on the molars chat 
more of the occlusal surfaces are visible 
from the distal views than from the mesial 
views. Also notice that the apical third of 
roots of anterior teeth bend labially, 
especially on the maxillary dentition. 

Crowns of primary maxillary central incisors are 
much wider mesiodist.ally than faciolingually compared 
to maxillary lateral incisors.F These proportions are evi­
dent in Figure 6-12. Both types of mandibular incisor 
crowns have mesioclistal and faciolingua l dimensions 
that are almost the same. 

Primary dentition, incisal and 
occlusal views. Notice the striking resemblance of the 
primary second molars co the secondary first (6-year) 
molars. 

a use.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

178 Part 1 I Comparative Tooth Anatomy 

8. PRIMARY CANINE TRAITS 

1. PRIMARY CANINES FROM 
THE LABIAL VIEW 

a. Outline Shape of Primary Canines 
from the Labial View 

Maxillary canine crowns may be as wide as they are 
long. They are constricted at the cervix. They have 
convex mesial and distal outlines, with distal contours 
more rounded than mesial contours, which are some­
what angular (Fig. 6-13). Mandibular canine crowns, 
like pennanent canines, are longer incisocervically than 
wide mesiodistally and are narrower mesiodistally than 
maxillary canine crowns (Appendix 9g).G 

Cusp Ridge Outlines of Primary Canines 
from the Labial View: 
Maxillary canine cusps are often very sharp (pointed) 
meeting at an acute angle. The cusp ridges of these 
maxillary canines are UNIQUE in that the mesia/ cusp 
ridge is longer than the distal cusp ridges (similar to 
only the permanent maxillary first premolars, but just 
the opposite of all other premolars and canines, per­
manent and primary) (Appendix 9h, maxillary canine, 
and Fig. 6-13B). The mesial cusp ridges are less steeply 
inclined8 than the shorter distal ridges. Mandibular 
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Primary mandibular canine 
A (right) 

D M 

Primary maxillary canine (right) 

B 

AGUR[ 6-111 Primary canines, labial views. A. Primary man­
dibular right canine. The root tip has begun to resorb. B. Primary 
maxillary right canine. Notice the UNIQUE traits: the longer 
mesial cusp ridge and the more cervically positioned mesial con• 
tact area. The distal contour is more rounded compared to the 
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canines have sharp cusp tips pointed like an arrow 
(Fig. 6-13A). As on permanent mandibular canines, the 
mesial cusp slope is shorter than the distal cusp slope 
(Appendix 9h, manclibular canine). 

Contact Areas of Primary Canines from 
the Labial View: 
Distal contact areas of primary canines rest against the 
mesial surfaces of primary first molars since Lhere are 
no primary premolars. Mesia! and distal contact areas 
of primary maxillary canines are near the center of the 
crown cervicoincisally, with the mesial contact more 
cervica/ly located than the distal contact, a condition 
UNIQUE to this tooth and the permanent mandibular 
first premolar (Appendix 9i). 

b. Cervical Lines of Primary Canines 
from the Labial View 

Cervical lines on maxillary canines are nearly straight 
on the labial surface. 

c. Roots of Primary Canines 
from the Labial View 

Maxillary canine roots prior to resorption are the 
longest of the primary teeth tapering to a blunt apex. 
The roots of mandibular canines are more tapered and 
pointed, and shorter than maxillary canine roots/' 

2 . PRIMARY CANINES FROM 
THE LINGUAL VIEW 

The cingulum on a maxillary canine crown is bulky, 
and the mesial and distal marginal ridges are well devel­
oped but not as prominent as on permanent canines 
(Fig. 6-10) . The maxillary canine crown has a lingual 
ridge that divides a mesial fossa from the distal fossa. 
Distal fossae on these teeth are narrower and deeper 
than mesial fossae, which are broader and shallower.7·~ 
In contrast, lingual ridges are barely discernible on 
mandibular canines, with fa int marginal ridges and 
usually a single concavity or fossa (Fig. 6-10).6 

3 . PRIMARY CANINES FROM THE PROXIMAL 
(MESIAL AND DISTAL) VIEWS 

a. Outline of Primary Canines 
from the Proximal Views 

Labial cervical ridges are prominent on both maxillaiy 
and mandibular canines, bulging similar lO lingual cin­
gula, so the cervical third of a primary canine is much 
thicker than on an incisor. The 5-shaped .lingual crown 
outline of maxillary canines is more concave than on 
permanent canines. On maxillary canines, cusp tips 
are posiLioned considerably labial to the root axis line 
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(Fig. 6-11), whereas the cusp tip of mandibular canines is 
most often located slightly lingual to the root axis line. 

b. Cervical Lines of Primary Canines from the 
Proximal Views 

Cervical lines of both maxillary and manclibular canines 
curve inc.isally more on the mesial side than on the dis­
cat side, just like alt other anterior teeth. As on primary 
i11cisors, the cervical lines are positioned more apical 
on the lingual than on the labial. 

c. Roots of Primary Canines from 
the Proximal Views 

The roots of both maxillary and mandibular canines are 
bulky in the cervical and middle thirds, tapering mostly 
in the apical third where the apex is bent labially 
(Appendix 9c and Fig. 6-11). 

4 . PRIMARY CANINES FROM 
THE INCISAL VIEW 

a. Crown Outline of Primary Canines from the 
lncisal View 

The crown outline of maxillary canines tapers notice­
ably wward the cingulum, which is centered mesi­
odistally. The distal half of the crown is thinner 
faciol ingually than the mesial half (similar to secondary 
maxillary canines). From the incisal aspect, mandibu­
lar canine crowns have a diamond shape and are nearly 
symmetrical, except for the mesial position of the 
cusp tips, and a slightly bulkier distal half (Fig. 6-12). 
Cingula are centered or just distal to the center. 

b. Crown Proportions and Size of Primary 
Canines from the lncisal View 

Primary maxillary canine crowns are broader faciolb_1-
gually than incisor crowns and are considerably wider 
mesiodistally than faciolingually.1 The 1.5-mm thick 
mesial and distal cusp ridges curve wward the lingual al 
both ends. Mandibular canine crowns are only slightly 
wider mesiodistalty than faciolingually.1 The smallness 
of these teeth compared lO the permanent canines is 
quite noticeable. 

C. PRIMARY MOLAR TRAITS 

As stated earlier, primary molar roots are thin and 
widely spread to make room for the developing premo­
lar crowns that are forming beneath them (Fig. 6-14). 
Recall that primary .first molars are located over the 
crowns of developingfirst premolars and erupt just distal 
to primary canines and just mesial to primary second 
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FIGURE6-m All eight primary molars, buccal views. Each 
tooth is identified with its Universal letter. 

of developing second premolars, just distal to primary 
first molars and, after age 6, just mesial LO 6-year first 
molars. Ir could be said that these primary molars are 
saving a place in the arch for the teeth that will suc­
ceed them, namely, the first and second premolars, 
respectively. Both maxillary and mandibular primary 
second molars are considerably wider than the second 
premolars that will replace them.1K 

When distinguishing maxillary from mandibular 
primary molars, consider arch traits such as the num­
ber of roots. Primary maxillary molars normally have 
three roots (mesiobuccal, distobuccal, and palatal, 
as on permanen1 maxillary molars) , whereas primary 
mandibular molars have only two roots (mesial and 
distal, as on permanent mandibular molars). Also, like 
permanent molars, maxillary primary molars tend to be 
wider buccolingually than mesiodistally, whereas man­
dibular molars tend to be wider mesiodi.stally than buc­
colingually. Compare the occlusal outlines of primary 
molars in the Appendix on page 10. 

Each type of primary molar will be discussed in 
detail at this time, emphasizing the traits that further 
diITerentiate each type. Discussion begins with primary 
second molars since they are so similar to the perma­
nent first molars discussed previously in Chapter 5. 

1. TYPE TRAITS OF PRIMARY 
SECOND MOLARS 

Both maxillary and mandibular pri111a1y second molars 
resemble the permanent first molars that erupt just dis­
cal to them, with cusp ridges and fossae corresponding 
to those of permanent first molars. Maxillary primary 
second molars may even have a cusp of Carabelli 
(Fig. 6-158 and C). 
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A Buccal Surface B Mesia! Surface 
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Primary maxillary right second molar. A. Buccal surface. 8. Mesial surface. Notice the spread of the roots. 
The crown of the maxillary second premolar develops in rhe space bounded by these roots. Some root resorption has occurred (espe• 
cially on the lingual root). C. Occlusal surface. From this aspect, the primary maxillary second molar resembles a miniature 6-year first 
molar ( even with a Carabelli cusp). 

Since Lhese teeth are adjacent to one another during 
Lhe Lime of mixed dentilion, it is important to distin­
guish between a primary second molar and the per­
manent 6-year first molar that erupts just distal Lo iL 
First, consider the tooth position from the midline as 

an important clue for tooth identification. If there are 
no missing teeth, the primaiy second molar is the fifth 
tooth from the midline, and the permanent first molar 
is the sixth tooth from the midline. Also, a primary sec­
ond molar is smaller in all dimensions than the 6-year 

AGURE 6-.J]I Mixed dentition. A. In the maxillary arch, the fifth tooth from the midline on the left side of the photograph is a 
second premolar. On the right side, a retained primary canine is still present and the permanent canine has erupted qu ite labial to the 
arch, but if you consider chat the third position from the mid line is reserved for che permanent canine, then che fifth cooch on the right 
side is a primary second molar. Notice the similarity of che primary second molar with the larger 6-year molar just distal co ic. Also 
notice the position of the secondary maxillary canine, which is normally the lase succedaneous cooch co erupt (positioned just labial 
to the primary canine, which is still present). 8. In the mandibular arch, the fifth tooth from the midline on both the right and left 
sides is a;~ second molar. Notice the similarity in morphology with the larger 6-year molar just distal co it (sixth from the mid-
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firsl molar found just distal LO it. LM The differences in 
size and posilion between primary maxillary second 
molars and pennanent maxillary first molars are evi­
dent in Figures 6-16 and 6-17. 

Another obvious difference between a primary and 
permanent molar crown is that primary molars have 
a mut:h more promim:rtL mi:~iubutwl urviwl ridge 
and constricted crown cervix compared to permanent 
molars. Due ro the prominent mesiobuccal cervical 
ridge and considerable taper LOward the occlusal, 
both maxillary and mandibular primary second 
molars have small occlusal tables (best viewed from 
the proximal in Fig. 6-18 and Appendix 10c and e).5 

The cervical lines are almosl nal on both the mesial 
and distal sides of the tooth, but slope cervically 
LOward the facial due to the prominent mesial cer­
vical ridge. When viewed occlusally, this prominent 
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Maxillary Molars (right) 

Secondary First 

B 
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Primary Second 
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Mandibular Molars (right) 

Primary Second 

B 

L 

Secondary First 
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Comparison of ocdusal morphology of 
primary second molars compared to permanent first molars. 
The permanent first molars are located just distal to the primary 
second molars &om about age 6 through 11 or 12 years old. Top: 
The permanent maxillary first molar is larger but otherwise similar 
to the primary maxillary second molar in overall shape, number of 
cusps (maybe even a cusp ofCarabell i), grooves, ridges (including 
oblique), and fossae. Bottom: The permanent mandibular first 
molar is larger but otherwise similar to the primary mandibular 
second molar in overall shape, number of cusps, grooves, ridges, 
and fossae. The three buccal cusps, however, are more equal in 
size on the P? mary mandibular molar, whereas the distal cusp on 
~ fim mola, is oS.o,sly sh, sm,llm 
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ridge also accentuates the considerable Laper narrow­
ing from mesial to distal (seen in the Appendix page 
10, occlusal view). 

a. Unique traits of Primary Mandibular 
Second Mola.rs 

As on pennanent mandibular first molars, primary 
mandibular second molars have five cusps: three buc­
ca.l (mesiobuccal, distobuccal, and distal) separated by 
mesiobuccal and distobuccal grooves. However, the three 
buccal cusps of the primary mandibular second molars are 
of nearly equal size (Appendix 10j) with the middle buccal 
cusp (called the distobuccal) slightly larger. The two lin­
gual cusps (mesiolingual and distolingual) are separated 
by a lingual groove. These lingual cusps are about the same 
size and height but slightly shorter than the buccal cusps. 7 

From the proximal views, the mesial marginal ridge of a 
primary mandibular second molar is high and is crossed 
by a groove that may extend about one third of the way 
down the mesial surface.9 The contact area with the pri­
mary first molar is located just below the notch of the mar­
ginal ridge.9 Since the cro,vn is shorter on the distal side 
and the distal marginal ridge is lower (more cervical) than 
the mesial marginal ridge, all five cusps may be seen from 
the distal aspect. The distal contact with the mesial side of 
the 6-year first molar is located just buccal and cervical to 
the distal marginal groove (furrow) (Fig. 6-19B).9 

Mandibular seco,ul molar roots are about twice as 
long as the crowns and are thin mesiodistally. The 
mesial root is broad and nat with a blunt apex and has 
a shallow longitudinal depression. The distal root is 
broad and nat but is narrower and less blunt at the apex 
than the mesial roo t. 

b. Unique Traits on Primary Maxillary 
Second Molars 

As on permanent maxillary first molars, primary max­
illary second molar have four major cusps and some­
ti mes a cusp of Carabelli. The distolingual cusp is the 
smallest (unless there is a cusp of Carabelli) , but the 
mesiobuccal cusp may be almost equal in size t:o the 
mesiolingual cusp, or even slightly larger (Appendix 
10i) compared to the permanent maxillary first molar 
where the mesiolingual cusp is largest. Also, from the 
occlusal view, crowns of primary maxillary second 
molars taper narrower taward the lingual, especially 
due 10 Lhe pronounced taper of the mesial surface, 
which displaces the mesiolingual cusp more distally 
than on the permanent first molars (Appendix 10h). 
This also results in an oblique ridge that is s traighter in 
its course buccolingually7 and a smaller, oblong distal 
fossa buccolingually (Fig. 6-lSC). 
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Mesia! Surfaces Distal Surfaces 
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FIGURE 6- 1]) Proximal views of all 
eight primary molars. Each tooth is iden· 
tified with its Universal letter. Notice on 
mesial views that the wider mesiobuccal 
root of the maxillary molars hides the 
narrower distobuccal root, just as in adult 
maxillary molars. 

B 

D 

A Buccal Surface B Distal Surface C 
L 

Occlusal Surface 

AGURE6-i]I Primary mandibular second molar (right). A. Buccal surface. The short root trunk and the widespread roots, as 
well as the small size, distinguish this tooth from the secondary mandibular first molar. The mesiobuccal, distobuccal, and distal 
cusps are often about the same size. B. Distal surface. C. Occlusal surface. 

The three roots of the primary maxillary second 
molar (mesiobuccal, diswbuccal, and palatal) and the 
two roots of the primary mandibular second molar 
(mesial and distal) are thin and slender and widely 
spread apan, with the root furcation very close to the 
cervical line, so there is very little root trunk. 

2. TYPE TRAITS OF PRIMARY FIRST MOLARS 

Although the shapes of the primary maxillary and 
mandibular first molars are quite different, there 
are a few similarities that apply to all primary first 
molars &i the facial (or lingual) view, the crowns 

of all primary first molars (maxillary and mandibular) 
are wider mesiodistally than high cervico-occlusallyN 
(Fig. 6-20A), and their crowns are s lightly wider 
than the first premolars that will replace them.or 
Facially, their crowns are longer occlusocervically in 
the mesial half than in the distal half due, in part, 
to the wide mesiobuccal cervical ridge, and in pan 
due to the shorter distobuccal cusps compared to the 
longer mesiobuccal cusps (Appendix 10 c,e buccal 
views). 

From the occlusal view, crowns of all prima,y first 
molars are narrower in the lingual half than in the buccal 
half (Fig. 6.21) due primarily to the t~er of the mesial 
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A Buccal Surface B Mesia! Surface C Occlusal Surface 

Primary mandibular first molar (right). A. Buccal surface. The distal root has been considerably shortened by 
resorption. Notice that the crown is longer occlusocetvically on the mesial half (right side) than the distal half. 8. Mesial surface. 
The buccal cervical ridge is very prominent. Notice the very narrow occlusal surface and how the crown appears to tilr lingually. If the 
root apex was not partially resorbed, the root would appear to taper to a more blunt end. C. Occlusal surface. The mesiobuccal 
cervical ridge is conspicuous. 

B 

J 
A 

K 

L 

Complete primary dentition, 
occlusal and incisal views. Notice the groove 
patterns and outlines of the primary molars 
from chis view. 
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surface, which does not run straight toward the lingual 
but rather runs obliquely in a distolingual direction 
(Appendix 10s) . Subsequemly, the mesiobuccal angle is 
acute. This taper is similar Lo that on the mesiolingual 
taper in the primary maxillary second molar (Appendix 
10n). The distal surface does not taper.3 Primary first 
rnulars art: abu mud1 wi<.l.t:r bu<.xulingually in Ll u::ir 
mesial half because of the very prominent mesial hue­
cal cervical ridge. From the mesial view, this prominent 
ridge causes the cervical line to slope apically toward 
the facial (Fig. 6-20B). 

Unique traits that differentiate primary maxillary 
and mandibular first molars are presented next. 

a . Unique Traits of Primary Maxillary 
First Molars 

Primary maxillary first molar crowns are quite unique 
in appearance (Fig. 6-22). According to one author, 
they do not resemble any other molars. to According 
to another author, (rom the occlusal view, they 
resemble maxillary first premolars that replace them 
(Fig. 6-22C).Q 

Cusp size and shape on primary maxillary first 
molars: Primary maxillary first molars usually have 
four cusps, but they appear similar Lo maxilla1y premo­
lars from the occlusal view since they have only two 
pmminenL cusps, a wide mesiobuccal cusp and a nar­
rower, slightly more distinct, mesiolingual cusp. The 
mesiobuccal cusp is the longest (but second sharpest) 
cusp.7 The mesiolingual cusp is the second longest, but 

D M L 

A Buccal Surface B Distal Surface 

sharpest, cusp. The other two cusps, the distobuccal 
and distolingual, are relatively small and indistinct and 
may blend into the distal marginal ridge. Sometimes, 
as in permanent maxillary second molars, the distolin­
gual cusp is absent (three-cusp type), but when it is 
present (four-cusp type), it is inconspicuous and may 
appt:ar as a s mall uu<luk un tht: lingual half ur tl u:: <li:,­
tal marginal ridge. 

Occlusal outline of primary maxillary first molars: 
As on all maxillary molars, primary and permanent 
(and on premolars), the occlusal outline is wider faci­
olingually than mesiodistally.Q Although the mesial 
surface tapers obliquely toward the lingual, the dis tal 
surface and marginal ridge run in a straight clirection 
buccolingually, joining both the buccal and lingual 
borders at r ight angles6 (best seen in Fig. 6-22, occlusal 
view) 

Fossae, ridges, and grooves on primary maxillary 
first molars: There are three fossae on these primary 
maxillary first molars: a large and deep mesial triangu­
lar fossa , a medium-sized central fossa, and a minute 
distal triangular fossa , each with a pit: central , mesial, 
and distal, respectively (AppendLx lOo). The occlusal 
grooves of the four-cusp type primary maxillary firs t 
molars usually form an ~H" pattern (seen in Fig. 6-22). 
The crossbar of the "H" is the central groove that con­
nects the central and mesial triangular fossae. (Some 
textbooks say there is no central groove and that the 
crossbar is made up of a mesial and distal groove 
instead.9) Grooves running buccolingually just inside 
of the mesial marginal ridge form the mesial side of the 
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B 

L 

C Occlusal Surface 

FIGURE6-~ Primary maxillary first molar ( right). A. Buccal surface. The mesiobuccal root is less resorbed than che distobuccal 
and lingual roots. The li ngual root is barely discernible. B. Distal surface. C. Occlusal surface. The prominent cervical ridge below the 
mes1obuccal cu,sp gives the tooth an angular appearance. Notice the "H"-shaped groove pattern, somewhat resembling the occlusal 
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"H," and the buccal groove (dividing the buccal cusps) 
combined with the disLOlingual groove (between the 
large mesiolingual and minute distolingual cusps) forms 
the distal side of the "H." The buccal groove between 
the large mesiobuccal cusp and the iJ1distinct distobuc­
cal cusp is just a slight notch and does not extend omo 
the uu<.:<.:al :surfa<.:e (Appe11tlix 101). A groove uetweera 

the two lingual cusps is presem only when the distolin­
gual cusp is definite. 

Roots of primary maxillary first molars: The three 
roots (mesiobuccal, distobuccal, and palatal) of the 
primary maxillary first molar are thin and slender and 
widely spread apart, with the root furcation very close 
to the cervical line, so there is very little root trunk 
(Appendix 10[). 

b. Unique Traits of Primary Mandibular 
First Molars 

Primary mandibular first molars do not resemble any 
other primary or secondary tooth (Fig. 6-21 , teeth Land 
S, and Fig. 6-20). According to one author, the chief 
differentiating characteristic may be an overdeveloped 
mesial marginal ridge (Appendix l0q).9 

Cusp size and shape on primary mandibular first 
molars: The primary mandibular first molar has four 
cusps. The cusps are often difficult t.o distinguish, but 
careful examination of an unworn tooth will reveal (in 
order of diminishing size) a mesiobuccal, mesiolingual, 
distobuccal, and the smallest (also shortest) distolin­
gual cusp. The mesiobuccal cusp of the mandibular first 
molar is always the largest and Longest cusp, occupying 
nearly two thirds of the buccal surface (Appendix l0t; 
Fig. 6-20A). This cusp is characteristically compressed 
buccolingually, and its two long cusp ridges extend 
mesially and distally, serving as a blade when occluding 
with the maxillary canine.7 The mesiolingual cusp is 
larger, longer, and sharper than the distolingual cusp. 

Ridges, grooves, and fossae of primary mandibulai­
first molars: The mesial marginal ridge is so well devel­
oped that it resembles a cusp.3 This longer, prominent 
mesial marginal ridge is positioned more occlusally 
than Lhe short, less prominem distal marginal ridge. 
(Compare mesial and distal views in Fig. 6-18 for mar­
ginal ridge heights and lengths.) There is also a promi­
nent transverse ridge between the mesiobuccal and 
mesiolingual cusps (Appendix lOu and Fig. 6-21, teeth 
Land S). 

A central groove separates the mesiobuccal and 
mesiolingual cusps and connects with a shallow mesial 
marginal ridge groove. A short buccal depression (not 
really a distinct groove) separates the larger mesiobuc­
cal cus r m the smaller distobuccal cusp but does not 
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extend onto the buccal surface. There is also a slight 
groove between Lhese two Lingual cusps that becomes a 
shallow depression on the lingual surface ending near 
the cervix. Both marginal ridges have shallow grooves 
between them and cusp ridges of lingual cusps8 similar 
LO the grooves in the u·iangular fossae of other poste­
rior teeth. 

Since the distal half of the occlusal table is wider 
than the mesial half, the distal fossa is larger, extend­
ing almost into the center of the occlusal surfaces 
(Appendix lOv). IL has a central pit and a small distal 
pit near the distal marginal ridge. The small mesial tri­
angular fossa bas a mesial pit. There is no central fossa 
(Fig. 6-20). 

Proximal view contours and contacts: From the 
proximal views, the buccal crown contour is nearly 
(but not quite) flat from the buccal crest of curvature 
ro the occlusal surface and cervico-occlusally. The lin­
gual surface is more convex cervico-occlusally. There is 
a slight curve of the mesial cervical line. On the distal 
or lingual surface, the cervical line is practically flat or 
horizomal. 

Occlusal outline of primary mandibular first 
molars: From the occlusal view, the entire occlusal out­
line is somewhat oval or rectangular and wider mesi­
od istally than faciolingually as seen in Figs. 6-20 and 
6-21C. Also, the occlusal table is wider mesiodistally 
than faciolingually (Appendix lOr).9 The emire 100th 

outline from Lhe occlusal view appears to be wider 
faciolingually in the mesial half due to the prominent 
mesial cervical ridge, but the occlusal table width is 
wider facioli ngually in the distal half (Appendix 10v). 
The tapered mesial crown comour is nearly flat bucco­
lingually, whereas the distal surface is convex; ilie lin­
gual surface is convex mesiodistally. 

Accentuated lingual tilt of the mandibular fast 
molar: Recall that the crowns of all mandibular pos­
terior teeth, primary and secondary, appear LO till lin­
gually, even more so on mandibular primary teeth. This 
primary mandibular first molar crown appears LO lean 
decidedly toward the lingual accentuated by the ve1y 
prominenL mesiobuccal cervical ridge, placing the buc­
cal cusp tips well over the root base.8 The lingual cusp 
tip may even be outside the lingual margin of the root 
(Fig. 6-20B). 

Roots of primary mandibular first molars: The 
two roots (mesial and distal) are thin and slender and 
widely spread apart, with the root furcation very close 
to the cervical line, so there is very little root trunk 
(AppendLx 10[). The mesial root is wider (square and 
flat) and longer than the distal root. The distal root is 
more rounded, less broad, thinner, and shorter man the 
mesial root. 
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SECTION V PULP CAVmES OF PRIMARY TEETH 

Primary anter-ior teeth have pulp cavities that are similar 
in shape to the pulp cavities of the secondary teeth but 
are relatively much larger than in permanent molars 
due to the thinner, more u nifonu enamel covering, and 
the thinner dentin in 111e primary teeth. On anterior 
primary teeth, there are slight projections on the incisal 
border corresponding to the lobes, but there is usu­
ally no demarcation or constriction between the single 
canal and the pulp chamber except on the mandibular 
cemral incisor.9 

Primary molar teeth, when compared with second­
ary molars, have little or almost no root trunk, so the 
pulp chambers are mostly in the tooth crown (Fig. 
6-23A). Compare this to secondary molars, where 
much of the pulp chamber is located in the root tnmk. 
The pulp chambers of primary molars have long and 
often very narrow pulp horns extending beneath the 
cusps. The mesiobuccal pulp horn (and cusp) of the 
primary maxi.lla1y second molar is the longest in that 
tooth , compared to the mesiolingual horn (and cusp) 

in the permanent maxillary first molar. Great care must 
be taken when preparing primary teeth for restorations 
to avoid cutting into (exposing) the pulp horns during 
cavity preparation (l'ig. 6-23D). 

LEARNING EXERCISE 

If you are fortunate to have a collection of primary 
teeth, study the morphology for variations. Observe 
differences in the amount of root resorption, exam­
ine the occlusal surface for wear facets due to attri­
tion, and evaluate the interior pulp chamber (after 
sectioning) for size, pulp horns, and thickness of 
enamel and dentin. Use the distinguishing charac­
teristics in Tables 6-5 and 6-6 to identify each tooth 
within your collection of primary teeth. If you do 
not have any teeth to study, try to recognize these 
traits as seen in the figures in this chapter. 

Cross section of primary molars. A. Primary mandibu­
lar right second molar, cross sectio n (buccal side ground o ff to expose 
pulp cavity). An interesting feature is the long narrow shape of the pulp 
horns, which o~en extend more into the crown, even higher or closer to 
the ocd usal surface than seen in th is cross section. B. Primary maxillary 
first molar, cross section (mesial side removed). The root canals of the 
mesiobuccal root and rhe lingual root (righc side of picture) are exposed. 
An extensive area of decay beneath the enamel of the li ngual cusp has 
reached the prominent pulp horn. Notice the chin enamel. 

Table 6-5 ARCH TRAITS THAT DISTINGUISH PRIMARY MAXILLARY FROM MANDIBULAR TEETH 

MAXILLARY CENTRAL INCISOR 

Shore, wide, symmetrical crown 
Rooc bends facially in apical one third 
Root long and bulky 
Large, elevated cingulum 

MAXILLARY LATERAL INCISOR 

Crown narrow and oblong 
Root bends facially in apical one chi rd 

MAXILLARY CANINE 

Wide crown mesiodistally 
Cusp rip sharp and centered 

MANDIBULAR CENTRAL INCISOR 

Long, narrow, symmetrical, very small 
Root straighter but still bends facially in apica l one half 
Root long and thin 
Smaller, less prominent cingulum 

MANDIBULAR LATERAL INCISOR 

Smaller cingul um 
Root bends facially in apical one half 

MANDIBULAR CANINE 

Crown longer, narrower, less symmetrical 
Cusp tip coward mesial 

Kac 
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Table 6 _
5 

ARCH TRAITS THAT DISTINGUISH PRIMARY MAXILLARY 
FROM MANDIBULAR TEETH (Continue d) 

MAXILLARY CANINE _________ M......cA_N...,D--IB __ U ____ LAR..fA~ l!::1§.._ 

Mesial cusp ridge longer, steeper than distal 
Cingulum centered 
Mesia! contact more cervical than distal 
Rooc bends facia lly in apical one third 

MAXILLARY ARST MOLAR 

3 roots (if intact): mesiobuccal (MB), distobuccal (DB), 
and li ngual 

Mesia I cusp ridge shorter than distal 
Cingulum distally located 
Distal contact more cervical than mesial 
Root with less facial bend in apical one half 

MANDIBULAR ARST MOLAR 

3-4 cusps: MB largest, DB, mesiolingual (ML), and distolingual 
(DL) may be absent 

2 roots (if intact): mesial and distal 

4 cusps: MB, DB, ML, and DL 

Crown wider faciolingua lly than mesiodistally; tapers co lingua.I 
Crown wider faciolingua lly on mesial than distal; tapers to distal 
H-shaped occlusal grooves 

Crown much wider mesiodistally than faciolingually 

Occlusal table has small mesial triangular fossa; large 
distal fossa 

Unique crown shape (or premolar-like) 

MAXILLARY SECOND MOLAR 

3 roots (if intact): MB, DB, and lingual 
Crown resembles small permanent maxillary first molar 

Well -developed mesial marginal ridge and strong trans­
verse ridge 
Unique crown shape (like no other) 

MANDIBULAR SECOND MOLAR 

2 roots ( if intact): mesial a nd distal 
Crown resembles small permanent mandibular first molar 

Table 6-6 HOW TO TELL RIGHT FROM LEFT PRIMARY TEETH 

MAXILLARY CENTRAL INCISOR 

90° mesioincisal angle 
Distal contact more cervical than mesial 
Distoincisal angle more rounded 
Crown outline flatter on mesial 
More cervical line curvature on mesial 

MAXILLARY LATERAL INCISOR 

Flac mesia l and rounded distal oucline 
Distal contact more cervical chan mesial 
More rounded distoincisal angle 
More cervical line curvature on mesial 

MAXILLARY CANINE 

Longer mesial cusp ridge 
Deeper and narrower distal than mesial fossa 
Mesial contact more cervical than distal 
Flac mesial crown outli ne 
More cervical line curvature on mesial 

MAXILLARY ARST MOLAR 

Crown longer on mesial than distal (facial) 
Crown wider (faciolingua lly) on mesial than distal 
Mesial cervical crown bulge 
Distal margina l ridge more cervical than mesial 
Discobuccal rooc (if intact) is smallest; shortest 

MANDIBULAR CENTRAL INCISOR 

Difficult to discern 

MANDIBULAR LATERAL INCISOR 

More rounded distoincisal angle and distal crown bulge 
Distal contact more cervical than mesial 
More rounded distoincisal angle 

MANDIBULAR CANINE 

Shorter mesial cusp ridge 

Distal contact more cervical than mesial 

More cervical line cuTVature on mesial 

MANDIBULAR ARST MOLAR 

Crown longer on mesial than distal (facial) 
Occlusal table has small mesiaJ triangular fossa; large distal fossa 
Mesial cervical crown bulge 
Distal marginal ridge more cervical than mesial 

# iii'' wsp ;, lo,g~, 

V 

Mesia I root (if intact) longer and wider (faciolingually) 
Mesiobuccal cusp largest and longest 

a (rontmufd) 7 
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Table 6-6 HOW TO TELL RIGHT FROM LEFT PRIMARY TEETH (Continued) 

MAXILLARY SECOND MOLAR 

Mesia! cervical crown bulge 
Crown longer on mesial than distal (facial view) 
Large mesiolingual cusp vs. disrolingua l 
Distal marginal ridge more cervical than mesial 
Discobuccal root shortest and smallest 

LEARNING EXERCISES: CASE STUDIES 

In the four cases that follow, first identify each 
tooth in a mixed dentition and then estimate the 
"expected dental age" based on average eruption 
daces as follows: If you have learned the important 
range of dates for tooth eruption and the sequence 
of eruption within those ranges, you should be able 
to estimate the "expected dental age" of a child 
based on what teeth are present in the mouth. 

MANDIBULAR SECOND MOLAR 

Mesia l cervical crown bulge 
Crown longer on mesial rha n distal ( facial view) 
Has fifth ( di seal) cusp 
Distal margina l ridge more cervical than mesia l 
Mesia I root ( if intact) longer and wider (faciolingua lly) 

Leaming Exercise: Case Studies, cont. 

CASE 1: Look at Figure 6-24 and estimate 
the dental age of the child based on the teeth 
visible in the mouth and those developing 
within the bone but have not yet erupted. 
Then compare your rationale to the 
answer here. 

Leaming Case 1: Using the 
guidelines presented in this cha pter, estimate 
the dental age of the child with this mixed 
dentition. 

a use.com 
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Answer: Let us look at the facts. First, all 
primary teeth have erupted (which can be deduced 
based on their relatively small size, thin roots, 
and the fact that all permanent succedaneous 
teeth are forming apical to their primary tooth 
predecessors). Therefore, the child is at least 2 
years old. Next, the first permanent molars are 
not even close to emerging, so the child must be 
considerably younger than 6 years old. Finally, 
no resorption has begun on the primary tooth 
roots, so we can conclude that the child is closer 
to 3 or 4 years old, rather than to 5 or 6, since 
primary teeth roots begin to resorb about 3 years 
a~er eruption, which for the mandibular central 
incisors would be about 3 and 
1 / 2 years old. 
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CASE 2: Next, estimate the dental age of the 
child based on the shapes of teeth in the radio­
graphs in Figure 6-25 before reading the answer. 

Answer: We see two mandibular premolar-shaped 
crowns (with no roots) forming under the roots of 
two primary molars (evidenced by their divergent 
roots). Distal to the primary second molars are 
the larger, erupted 6-year molars with incomplete 
roots. The permanent maxillary canine and maxil­
lary second molar crowns (only partially visible) 
are still within the bone. By deduction, the child 
should be over 6 but not yet 12. Since the primary 
molars' roots are partially resorbed, the succeda­
neous premolars are close to emerging, making the 
child closer to 8 or 9 years old. If you could confirm 
that the succedaneous incisors were all erupted, 
you could estimate the age at just over 9 years old. 

1 FIGURE 6-2~ Leaming Case 2: Based on these 
radiographs of mixed dentition , estimate the d ental age 
of this child. (Radiographs courtesy of Professor Dona ld 
Bowers, Ohio Scace Un iversity.) 

tt use.com 
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Learning Exercise cont. 

CASE 3: Using the logic of deduction, look at 
the cutaway model in Figure 6-26 and see if you 
can estimate the dental age before reading the 
answer here. 

Answer. The permanent first molars have 
emerged into the mouth, making the child at least 
6 years old. The relatively large size of the anterior 
incisor crowns and lack of succedaneous teeth api­
cal to the roots indicate that the erupted incisors 
are permanent, which places the age at 9 years 
old or older. The 12-year molar has not emerged, 
so the child is between 9 and 12 years old. Since 
none of the succedaneous canines or premolars 
have yet emerged, the dental age is around 9. 

CASE 4: Finally, examine the unique denti­
tion in Figure 6-27 to determine which teeth 

Learning Exercise Case 4 , cont. 

are present and which teeth are absent. Use 
the position from the midline as a guide to 
look for each tooth you expect to occupy 
that position, but always remember that the 
space could be occupied by the primary tooth 
OR its succedaneous tooth. Also, realize that 
spaces are not always present when a tooth is 
missing. The teeth on either side of the space 
may move together and close the space either 
through orthodontic treatment or due to a 
common tendency for teeth distal to a space 
to move ( drift) into, and close, the space. 
Therefore, if a space is not occupied by the 
expected primary or secondary tooth, it may 
be because the tooth has been extracted or is 
missing, and you will have to adjust your posi­
tioning from the midline accordingly. 

Leaming Case 3: Estimate the 
dental age o f the child with this mixed 
d entition. 

a use.com 
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EXPECTED TEETH BASED ON NORMAL POSmON 
FROM THE MIDLINE 

POSffiON FROM MI0LINE 

First tooth from mid line 

Se,cond tooth from mid line 

Third tooth fro m midline 

Fourth tooth from midline 

Fi fth tooth from mid li ne 

Sixth tooth from midl ine 
Seventh tooth from midline 
Eighth tooth from midline 

TOOTH EXPECTED IN THAT POSITION 
( IF THERE ARE NO MISSING OR EXTRA 
TEETH 

Primary central incisor 
OR 
Permanent central incisor 
Primary lateral incisor 
OR 
Perma nent lateral incisor 
Primary ca nine 
OR 
Perma nent canine 
Primary first molar 
OR 
Permanent first premolar 
Primary second molar 
OR 
Permanent second premolar 
Permanent ( 6 year) first molar 
Permanent (12 year) second molar 
Permanent third molar 

Leaming Case 4: Identify each visible tooth in the unique dentition of chis 15-year-old. Use the chart ro guide your 
decision, but notice chat some teeth are missing with the spaces filled in by adjacent teeth. 

Learning Exercise Case 4 , c:ont. 

Answer: In this case, beginning at the midline, 
the large incisors appear to be adult central inci­
sors, but the next teeth from the midline do not 
resemble lateral incisors. Instead, these teeth look 
like permanent canines, followed distally by first 
premolars. We, therefore, need to suspect that 
the lateral incisors are missing or still unerupted 
(impacted) within the maxillae. The teeth distal 
to the first premolars, which in an adult dentition 
should be the second premolars, instead resemble 
small maxillary first molars, followed by larger 
maxillary first molars. This leads us to conclude 
that the smaller molars, in the place of the maxil­
lary second premolars, could be primary second 
molars (resembling the larger emerged 6-year 
first molars just distal to them). Since the 12-year 
second molars are also present (though partially 
cut off in the photo), the patient would be at least 

Learning- Exercise Case 4, c:ont. 

12 years old. If that is true, we need to ask why 
there are no secondary lateral incisors or second 
premolars, and why the primary second molars 
are still present. Obtain a good history (to deter­
mine which teeth have been extracted or have 
been confirmed as missing) along with excellent 
radiographs to see whether the secondary lateral 
incisors or second premolars are still unerupted 
within the bone (impacted). If the lateral incisors 
are not present and never formed, they would 
be considered congenitally absent (that is, as a 
result of factors existing at birth). If the primary 
second molars were maintained into the adult 
dentition (usually because the second premolars 
were congenitally absent), the primary teeth in an 
adult would be called retained deciduous teeth. 
More on the topic of missing teeth will be pre­
sented in the chapter on dental anomalies. 
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Review Questions 
Circle the correct answer(s). More than one answer 
may be correct. Unless otherwise stated, teeth are 
identified using the Universal Identification System. 

1. Which primary teeth have crowns that are 
wider mesiodistally than they are long inciso- or 
occluso-cervically? 

a. Maxillary central incisor 
b. Maxillary first molar 
c. Mandibular lateral incisor 
d. Mandibular first molar 
e. Mandibular canine 

2. Which one tooth is adjacent and distal to the pri-
mary maxillary second molar in a 7-year-old? 

a. Maxillary first premolar 
b. Maxillary second premolar 
c. Secondary maxillary first molar 
d. Secondary maxillary second molar 
e. Primary maxillary first molar 

3. How many teeth should be visible in the mouth of 
a 3-year-old? 

a. None 
b. 10 
C. 20 
d. 24 
e. 28 

4. How many teeth should be present in the mouth 
of a 13-year-old? 

a. 10 
b. 20 
C. 24 
d. 28 
e. 32 

5. Which primary molar most resembles a secondary 
maxillary right first molar? 

a. Tooth A 
b. Tooth E 
c. Tooth F 

d. Tooth T 
e. Tooth 8 

6. What would you estimate to be the dental age 
of a child with the following teeth: all primary 
maxillary incisors, canines, and molars; secondary 
mandibular incisors and first molars. 

a. 2 to 4 years 
b. 5 to 7 years 
c. 8 to 9 years 
d. 10 to 11 years 
e. Over 12 years 

7. Which teeth (primary or secondary) have the 
mesial proximal contact positioned more cervically 
than the distal proximal contact? 

a. Mandibular first premolar 
b. Maxillary first premolar 
c. Primary maxillary canine 
d. Primary mandibular canine 
e. Mandibular second premolar 

8. Which teeth (secondary or primary) have the 
mesial cusp ridge of the facial cusp longer than the 
distal cusp ridge of the facial cusp? 

a. Mandibular first premolar 
b. Maxillary first premolar 
c. Primary maxillary canine 
d. Primary mandibular canine 
e. Mandibular second premolar 

9. Which succedaneous tooth erupts beneath toothJ? 
a. No. 1 
b. No. 5 
c. No. 10 
d. No. 13 
e. No. 16 

10. Which of the following traits can be used to 
differentiate primary teeth from secondary teeth? 

a. Primary teeth have greater facial cervical 
bulges. 

b. Primary teeth have relatively thinner and 
longer roots. 

c. Primary teeth are whiter. 
d. Primary anterior teeth are larger than their 

successors. 
e. Primary teeth have relatively larger pulps. 

11. Which of the following secondary teeth would you 
expect to be erupted in the average 9- to 10-year-old? 

a. Maxillary lateral incisor 
b. Maxillary central incisor 
c. Mandibular canine 
d. Maxillary canine 
e. Mandibular second molar 

12. Which traits apply to a primary mandibular first 
molar? 

a. Its roots are resorbed by the eruption of the 
6-year mandibular first molar. 

b. It resembles a mandibular 6-year first molar. 
c. It has a prominent buccal cervical bulge. 
d. It has a prominent mesial marginal ridge. 
e. It has a prominent transverse ridge. 
f. It has an occlusal table larger in the mesial 

half than in the distal half. 
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Critical Thinking 
1. Ashley, a 9-year-old child who is almost 10 years old, has 24 teeth in her mouth, some primary and some 

permanent. Describe in detail how you would go about confirming the identity of the six teeth in one of 
her maxillary quadrants. That is, how would you identify each tooth in this quadrant of mixed dentition? 
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D. The ti.me from primary tooth eruption unLil Lhe 
completion of root ranges from about 10.5 months 
for maxillary central incisors to about 21 months 
for upper canines. 
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and are 1.3 mm narrower mesiodi.stally than pri­
mary maxillary canine crowns. 
Maxillary canine roots are 13.5 mm long and are 
1.8 mm longer than manclibular canine roots. 
Primary maxillary canine crowns are 2 mm wider 
mesiodistally than faciolingually. Mandibular 
canine crowns are only 0.4 mm wider mesiodis­
tally Lhan faciolingually. 
Primary maxillary second molars crowns are 47% 
wider mesiodistally t.han the maxillary second 
premolars that will replace them. 
Primary mandibular second molar crowns are 
wider mesi.odisLally by 45% than the mandibular 
second premolars that will replace them. 
Primary maxillary second molars are smaller than 
permanent maxillary first molars by 13.2% when 
all dimensions are averaged. 
Primary mandibular second molars are smaller 
than permanent mandibular first molars by 17.3% 
when all dimensions are averaged. 
Crowns of prima1y mandibular first molars are 1.6 
mm wider mesiodistally than cervico-occlusally. 
Primary maxillary first molars are 14% wider Lhan 
the premolars that will replace them. 
Primary mandibular fi.rsL molars are 24% wider 
mesiodistally than the mandibular first premolars 
that will replace them. 
Primary maxillary first molars are 1.4 mm wider 
faciolingually than mesiodistally. 
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u Periodontal Anatomy 

First contributing author of this chapter: Or. Binnaz Leblebicioglu, 0.0.S., M.S. , Ph.D. is an Associate Professor of 
Penodonrology at The Ohio State University, College of Dentistry, Division of Periodontology. She is a diplomate of the 
American Academy of Periodontology and currently teaches Periodomology at both predoctoral and graduate levels. Her 
research is related to periodontal/peri-implanc pathogenesis and wound healing. 

Senior contributing author of this cha.pter: Or. Lewis Claman, O.D.S., M.S. is an Associate Professor, Emeritus at the 
Ohio State University College of Dentistry and has a private practice limited to periodontics. He is a diplomare of the American 
Board of Periodontology. He was a full rime faculty member at Ohio Stare for 35 years where he was Predoctoral Director of 
Periodonrofogy fi-om 1997 ro 2009. Dr. Claman, who teaches dental photography, has contributed the majority of photo­
graphs in this chapter. 

The periodontal considerations related to external 
morphology and surrounding structures are presented 
in nine sections: 

D. Clinical attachment loss (same as clinical 
attachment level) 

E. Bleeding on probing 
I. Definitions of basic periodontal terms 
II. The healthy periodontium 

A. Alveolar bone 
B. Tooth root surface 
C. Periodontal ligament (abbreviated POL) 
D. Gingiva 

111 . Anatomy of diseased periodontium 
A. Gingivitis 
B. Periodontitis 
C. Gingival recession 

IV. Periodontal measurements: indicacors of d isease 
and conditions 

A. Tooth mobility 
B. Probe depths 
C. Gingival margin level (gingival recession or 

non-recession) 

F. Furcation involvement 
G. Lack of attached gingiva (previously called a 

mucogingival defect) 
H. The plaque score (index) 

V. Relationship of periodontal d isease and 
rescorations (fi llings) 

VI. Relationship of tooth support and root 
morphology 

VII . Influence of root anacomy and anomalies on the 
progression of periodontal disease 

VIII. Periodontal disease therapies 
IX. The influence of root anatomy on periodontal 

instrumentation, oral hygiene instruction and 
periodontal maintenance 
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OBJECTIVES 

This chapter is designed to prepare the learner to per­
form the following: 

Identify the components of a healthy periodontium. 
List the functions of gingiva, the periodontal liga­
ment, alveolar bone, and cementum. 
Describe and recognize the signs of gingivitis, perio­
dontitis, and gingival recession. 
Describe the periodontal measurements that can 
be used to differentiate periodontal diseases from 

hile the anatomy of the crown is signifi­
cant to tooth function, the root morphol­
ogy and healthy surrounding structures 
determine the actual support for the 

teeth. This chapter focuses on how external root mor­
phology affects the prevention and progression of 
disease of the supporting structures called the periodon­
tium, and how tooth support and stability are affected 
when the supporting structures of the tooth become 

periodontal health and record these findings on a 
dental chart. 
Describe the relationship of periodontal disease 
with restorations placed close to the gingival 
attachment ( dentogingival junction). 
Describe the relationship of root morphology with 
tooth support. 
List contemporary methods of periodontal therapy. 
Describe cha.llenges for periodonta.1 instrumentation 
relative to root anatomy. 

diseased. An emphasis is placed on periodontal disease 
initiation, the measurements and descriptions that can 
be used to differentiate periodontal health from disease, 
and the therapies that can be used Lo arrest or prevent 
the disease. The important relationsh ip of periodontal 
disease relative to Lhe placement of Wlings and crowns 
and the relevance of root anatomy to the removal of 
harmful deposits that can form on the roots are also 
introduced. 

SECTION I DEFINITIONS OF BASIC PERIODONTAL TERMS 

The following definitions are important to the under­
standing of periodontal disease and related therapies. 
Complete definitions can be found in the Glossary of 
Periodontal Terms1 located on the Web site <lutp://www. 
perio.org/resources-products/Perio-T erms-Glossaiy. pdf>. 

l. Periodontium [pair eo DON she um) (or Periodontal 
Ligament Apparatus): The tissues that surround, 
envelop, or embed the teeth (fig. 7-1) including the 
gingiva, cementum (covering the tooth root), peri­
odontal ligament, the supporting (alveolar) bone, 
and the alveolar mucosa. 

2. Gingivitis [jin ji VIE tis) : lnOammation (disease) of 
the gingiva. 

3. Periodontitis [per e o don TIE tis]: lnOammation (dis­
ease) of the supporting tissues of the teeth called the 
periodontium. (A spread of inOammation of the gin­
giva into the adjacent bone and periodontal ligamem 
usually results in a progressively destructive change 
leading to loss of bone and periodontal ligament.) 

4. Periodontal diseases: Those pathologic processes 
affecting the periodontium, most often gingivitis and 
periodontitis. 

5. Dental plaque [PLACK] (also known as biofilm): An 
organized layer consisLing mainly of microorganisms 
that adhere to teeth (and other oral structures) and 
contribute to the development of gingival and peri­
odontal diseases, as well as to tooth decay (dental 
caries). 

6. Dental calculus [KAL kyoo les) (tartar): A hard 
mass that forms on teeth (or tooth substitutes) due 
to calcification of dental plaque. 

7. Periodontics: That specialty of dentistry thaL 
encompasses the prevention, diagnosis, and n·eat­
ment of diseases of the supporting tissues of the 
teeth or their substitutes; the maintenance of the 
health, function, and esthetics of these structures 
and tissues; and the replacement of lost teeth and 
supporting s tructures by grafting or implantation of 
natural and synthetic devices and materials. 

8. Periodontist: A demal practitioner who, by virtue 
of special knowledge and training in the field, limits 
his or her practice or activities to periodontics. 

Ka dose.com 
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Gingival sulcus 
(a potential space) 

Gingival margin----- ­
Free glnglval groove---­
Connective tissue attachment 
with free glngival fibers 
Alveolar crest fibers ---" 

Alveolar crest ------ -'?~~ 
Horizontal fibers 

Cortical plate ____ ..__,. 
(shaded red) 
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--- Free Gingiva 

-1--- Keratinized 
epithelium 

• •---Attached Gingiva 

Mucogingival 
junction 

Oblique fibers--------;= l=::til:~-....:...-...J~ 
Alveolar bony socket ---'---ii--'---+~~ 
(lamina dura lining) 
(is a red line) 

Apical fibers 

Marrow spaces -------.jt-+ 

Trabecular bone ---..,,----.-.... 

Cross section of a tooth within its penodontiu m. Mesia I side of a mandibular lefi: firsc premolar suspended in ics 
alveolus by groups of fibers of the perioc!qmal ligament. Periodontal ligament fibers include the apical, oblique, horizontal, and 
alveolar crest fibers. Ocher fi bers include free gingival fibers, and a sixth group (not visible in this view} called transseptal fibers that 
run directly rrom che ceml ncum o f one coach co the cementum of the adjacent cooch ac a level between the free gingiva and alveolar 
crest fibers. The fibers of the periodontal ligament are much shorter chan depicted here, averaging only 0.2 mm long. 

SECTION II THE HEALTHY PERIODONTIUM 

The periodontium is defined as the supporting tissues 
of the teeth including surrounding alveolar bone, the 
gingiva, the periodontal ligament, and the outer layer 
of the tooth roots (all identified in Fig. 7-1). 

A. ALVEOLAR BONE 

The right and left maxillae bones together, and the man­
clible, both have a process of bone called the alveolar 
[al VEE o lar] process that surrounds the roots of aU 
healthy teeth in that arch. The root of each ei;upted to'OLh 
is embedded in an individual alveolus [al VEE o lus] 
(plural alveoli) or tooth socket whose shape con:esponds 
closely with the shape of the roots of the tooth it sur­
rounds. Each alveolus is lined with a thin compact layer 

~ n on , ~iograph (x-ray)" <he Jrunm, dura. 

8. TOOTH ROOT SURFACE 

Tooth roots are covered by a thin layer of cernentum. 

C. PERIODONTAL LIGAMENT 
(ABBREVIATED PDL) 

The periodon tal ligament is a very thin ligament com­
posed oCmlil.,ny fibers that connects the outer layer of 
the 100 t h root (which is covered with cementum) 
with the thin layer of dense bone (lamina dura) lining 
each alveolus or tooth socket. The groups of fibers 
of the periodontal ligament represented in Figure 7-1 
are greatly enlarged. The entire thickness of the lig­
ament would normally be less than one fourth of a 
millimeter. 

Ka dose.com 
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D. GINGIVA 

The gingiva UIN je val is the pan of the oral tissue 
(oral mucosa) covered by keratinized epithelium. lL 
covers the alveolar processes of the jaws and surrounds 
the portions of the teeth near where the root and crown 
join (cervical portion). The gingiva is the only visible 
part of the periodomium that can be seen in the mouth 
during an oral examination. 

1. APPEARANCE OF HEALTHY GINGIVA 

Healthy gingiva varies in appearance from individual to 
individual and in differenL areas of the same mouth. lL 
is usually pink or coral pink (Fig. 7-2), but in many per­
sons with darkly colored and black skin, and in many 
persons of Mediterranean origin, healthy gingiva may 
have brown masking pigmentation (melanin pigmenta­
tion) (Fig. 7-3). Healthy gingiva is also resilient and firm 
and does not bleed when probed. Its surface texture is 
stippled, similar to that of an orange peel. The margins 
of healthy gingiva are thin in profile and knife edged. 
The shape of the facial gingival margin around each 
tooth somewhat parallels the cememoenamel junction 
(CEJ), so it is shaped like a parabolic arch (similar in 
shape LO the McDonald's arches). Surface suppling and 
the parabolic arch pattern around each anterior tooth 
are evident in Figure 7-4. Characteristics of normal gin­
giva are listed later in Table 7-1 along with the traits of 
diseased gingiva. 

2 . ZONES OF GINGIVA 

Gingiva can be divided inLO several zones as shown 
in Figure 7-5. Beginning at the gingival margin, the 

Labial frenum 

Buccal 
frenum 

Healthy gingiva showing stippling ( orange 
peel texture), knife-edge border of the free gingiva that is scal­
loped in shape, and interproximal papillae that fill the lingual 
embrasures (interproximal spaces). Also, notice the labial fre­
num ,n the midJine, and the two buccal frenums that extend 
from thJ,;,f:-~ -far mucosa of the cheeks to the attached gingiva 
'¥4;$9-ffolt maxill ary premolars. .------..J, 

Gingiva with heavy melanin (brownish) 
pigmentation, normal for many ethnic groups. (Note that there 
is evidence of slight gingival disease.) 

zones include the free gingiva and interdental papilla, 
the free gingival groove (when present), attached gin­
giva (h ighly keratinized and rich in collagen) , and the 
mucogingival junction. The alveolar mucosa is the 
movable tissue rich in blood vessels that lines the part 
of Lhe mouth between the auached gingiva and the lips, 
cheeks, and tongue. 

a. Free Gingiva 

The zone closest LO the tooth crown is the free gin­
giva, which is the tissue that is not firmly auached to 

the tooth or alveolar bone. lt surrounds each tooth to 
form a collar of tissue with a potential space or gin­
gival sulcus (crevice) hidden between itself and the 
tooth. Free gingiva extends from the gingival margin 
( the edge of gingiva closest to the chewing or incising 

FIGURE 7-4) 
Close-up view of healthy maxillary gingiva. 

Note the ideal scalloped contours, knife edges, and stippled 
( orange peel) surface texture that is usually most noticeable on 
the maxi llary labial attached gingiva. m 
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Table 7-1 CHARACTERISTICS OF NORMAL GINGIVA COMPARED TO DISEASED GINGIVA 

CINCIVAL CHARACTERISTICS 

Size and shape 
Papillae 
Margins 
Scallops 

Color 

NORMAL/HEAL THY TRAITS 

Fill embrasures, thin 
Knife edged in profile 
Present and normal, parabolic 
Coral pink, or pink with masking 
melanin pigmentation 

NOT NORMAL/DISEASE TRAITS 

Blunted; bulbous; cratered 
Rolled (thickened) in profile 
Flattened; exaggerated; reversed; clefted 
Red, bluish-red cyanotic 

Consistency 
Surface texture 
Bleeding 
Mucogingival defect 

Resilient, firm, not retractable with air 
Stippled (orange peel); matte (dull ) 
None 

Soft and spongy, air retractable 
Smooth and shiny (glazed); pebbled (coarse texture) 
Upon probing or spontaneous 

Suppuration 
(purulent exudate or pus) 

None (adequate zone ofkerarini-zed 
gingiva) 
None 

surfaces of the teeth) to the free gingival groove (vis­
ible in about one third of adults) that separates free gin­
giva from a Ltached gingiva. The interdental gingiva or 
interproximal papilla (pah PILL ahj (plural is papillae 
[pa PILL eel) is that pan of the free gingiva between 
two adjacent teeth. A h ealthy papilla conforms to the 
space between two teeth, so it is very thin near where 
the adjacent teeth contact. There is a depression in th e 
gingival tissue of the inLerproximal papilla just apical to 
the tooth contact cal led a col. The papilla "hides" the 
inrerproximal portion o( the gingival sulcus that sur­
rounds each tooth . Once dental noss is passed through 
an interproximal contact , it must first be slipped into 
the sulcus around one tooth in order to remove plaque 

Pockets traverse mucogingival junction; lack of 
keratinized gingiva; frenum insercs on marginal gingiva 
Exudate is expressed when the gi ngival pocket wall is 
compressed; exudate streams our of the pocket after 
probing 

from its root, and then must be adapted around the 
adjacent tooth in order to dean itS root. Care must be 
taken to avoid d amaging the papilla in the process. 

The gingival sulcus is not seen visually but can be 
evaluated with a periodontal probe since it is actually a 
potential space between the tooth surface and the nar­
row unaLtached cervical collar of free gingiva (Fig. 7-6). 

The gingival s ulcus is lined with the s ulcular epith e­
lium. Lt extends from the free gingival margin to the 
junctional epithelium (averaging 0.69 mm in depth).2 

Junctional epithelium or epithelial attach ment (seen in 
cross section in Fig. 7-1) is a band of tissue at th e most 
apical portion of Lhe gingival sulcus that a u aches the 
g ingiva to the tooth. It averages almost 1 mm wide.2 

Alveolar mucosa 
Mucogingival junction 

Zone of attached gingiva 

Gingival groovJ- Zone between 
is free gingiva 

Gingival margin covering sulcus 

lnterdental papilla 

Clinical zones of the gingiva. Note chat the interdental papillae fill the interproximal spaces. The more heavily 
, lighter (pinker) attached gingiva can be distinguished from the darker (redder), less keratinized alveolar mucosa. 

.Jm 
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FIGURE 7.fl 
Periodontal probe in place in the gingival 

sulcus. Nore that the free gingiva is so thin that the probe can 
be seen behind the tissue. 

Apical to the junctional epithelium , there is a l to 
1.5 mm connective tissue attachment to the root coro­
nal to the osseous (bony) crest of bone. 

Clinicall)~ the healthy gingival sulcus ranges in prob­
ing depth from about 1 to 3 mm and should not bleed 
when correctly probed. The periodontal probe usually 
penetrates slightly into the junctional epithelium, hence 
the difference between the depth determined through 
clinical probing and the depth seen on a microscopic 
cross section.3 (At the end of this chapter, there are data 
on sulcus depths obtained by Dr. Woelfel.) 

Sometimes, during the process of emption of the man­
dibular last molar through the mucosa, a Oap of tissue may 
remain over pan of the chewing surface called an opercu­
lum (fig. 7-7). This operculum can easily be irritated dur­
ing chewing and become infected (called pericoronitis). 

b. Attached Gingiva 

Attached gingiva is a band or zone of coral pink, kera­
tinized mucosa that is firmly bound to the underlying 
bone (Fig. 7-5). It extends from the free gingiva (at the 
Eree gingival groove if present) LO the readily movable 
alveolar mucosa. The width of attached gingiva nor­
mally varies from 3 to 12 mm. Keratinized gingiva 
is a term used to describe both the free and attached 
gingiva since they both comain keratin, a protein 
also fou nd in skin and hair, which provides surface 
toughness. Attached gingiva is most often widest on 
the faci !ect of maxillary anterior teeth and on the 

Operculum is a flap of tissue over a partial ly 
erupted lase mandibular molar. This flap is subject co irritation 
and infection surrounding rhe crown known as pericoroniris. 
Courtesy of Dr. Carl Allen. 

lingual aspect of mandibular molars. It is narrowest on 
the facial aspect of mandibular premolars.< 

c. Alveolar Mucosa 

The mucogingival junction (line) (Fig. 7-5) is a scal­
loped junction between attached gingiva and the looser, 
redder alveolar mucosa. Alveolar mucosa is dark pink 
to red due to its increased blood supply and a thinner 
epithelium covering. It is more delicate, nonkerati­
nized, and less firmly attached to the underlying bone 
than the attached gingiva, so it is more displaceable. 
If you palpate these two types of tissues in your own 
mouth, you will feel the difference in firmness. This 
movable alveolar mucosa is found in three places: 
facia lly next to maxillary attached gingiva, facially next 
to the mandibular attached gingiva, and lingually 
next to mandibular attached gingiva. lt is not found 
lingual to maxillary teeth since the hard palate has 
attached keratinized tissue continuous with the lingual 
gingiva. Therefore, a rnucogingival junction is present 
on the facial and lingual aspects of mandibular gingiva, 
but only on the facial aspect of maxillary gingiva. 

3 . FUNCTIONS OF HEALTHY GINGIVA 

In health, the gingiva provides support and protection 
to the dentition, as well as esthetics and proper speech 
(phonetics). 

Ka dose.com 
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a. Support 

The gingiva supports the tooth by means of attachment 
coronal to the crest of the alveolar bone that forms a 
dentogingival junction from tooth to gingiva near the 
CEj.5 It includes the junctional epithelium (average 
width just <l mm) and the connective tissue attach­
ment (average width slightly >l mm) (Fig. 7-1). The 
more coronal band (junctional epithelium) attaches 
gingiva to the tooth by cell junctions (called hemides­
mosomes, or half desmosomes), while 1..he more apical 
band (connective tissue) attaches gingiva 1.0 cementum 
by several gingival fiber groups made up of connective 
tissue called collagen. 

b. Protection 

The gingiva protects underlying tissue because it is 
composed of dense fibrous connective tissue covered by 
a relatively tough tissue layer called keratinized epithe­
lium.6 It is resistant to bacterial, chemical, thermal, and 
mechanical initants. Keratinized gingiva helps prevent 
the spread of infiammalion to deeper underlying peri­
odontal tissues. However, the sulcular lining (epithe­
lium) and junctional epithelium of the marginal gingiva 
and interdental papillae provide less protection. Since 
these areas are not keratinized, they are more penne­
able to bacterial products, providing only a weak bar­
rier to bacterial irritants, and may even allow bacterial 
penetration in aggressive forms of periodontal diseases. 

Healthy gingiva is protected by ideally positioned 
and contoured natural teeth and well-comoured res­
torations. The protection provided by ideal cooth con­
tours, including anatomic heights of contour, helps to 
minimize injury from food during mastication (chew­
ing) since food is diverted away £rom the thin gingi­
val margin and the nonkeratinized sulcus (recall Fig. 
1-37). However, poor tooth or restoratfon contours, 
especially overcontoured restorations, contribute to the 
retention of bacteria-laden dental plaque that may pre­
dispose to gingival and periodontal diseases and will be 
described in more detail later. Ideal proximal tooth con­
tours and contacts help prevent food from impacting 
between teeth and damaging the interdental papilla or 
contribULing to interproximal periodontal disease. Be 
aware, however, that even ideal tooth contours do not 
prevent the formation of bacterial plaque and develop­
ment of periodontal disease. 

c. Esthetics 

[n health, gingiva covers the roots of 1.eeth, and the 
interdental papillae normally fill the gingival embra­
sure ·d etween adjacent teeth (Figs. 7-2 and 7-4). 
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FIGURE 7.]I Severe gingival recession on a patient with 
previous periodontal disease. The gingival margin no longer 
covers the CEJ , so there is considerable root exposure. 
lnterproximally, the interdental papillae no longer till the inter• 
dental embrasures. Recession may result in tooth sensitivity and 
alteration in speech (phonetics). 

The shape of healthy gingiva contributes to what we 
consider to be anesthetic smile.7 For the anterior teeth, 
the gingival margin of each tooth is almost parabolic 
in shape with the gingival line for the maxillary cen­
tral incisors and canines at about the same level, but 
the gingival line for the lateral incisors is about 1 mm 
coronal (more gingiva is visible). Symmetry, especially 
between the maxillary central incisors, is essemial. 
When the patient smiles, the upper lip should ideally 
be at about the level of the free gingival margin of the 
central incisors and canines, and the lower lip should 
just cover the incisal edges. An example of gingiva that 
is not esthetic is seen in figure 7-8. 

d. Phonetics 

Phonetics pertains to the articulation of sounds and 
speech. Gingival tissues should cover the roots of the 
teeth, but if exposure of the roots occurs, especially 
interproxi.mally, speech may be affected as air passes 
through the open embrasure spaces. Figure 7-8 shows 
a patient who has had past periodontal disease with 
severe tissue loss that contributes to poor phonetics as 
well as poor esthetics. 

4 . FUNCTIONS OF THE HEALTHY 
PERIODONTAL LIGAMENT, ALVEOLAR 
BONE, AND CEMENTUM 

The emire periodontal ligamem consists of numerous 
collagen fiber bundles, which attach the cementum 
of the tooth root to the alveolar bony sockets. These 
fibers, from alveolar crest 10 the apex, include alveolar 
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crest fibers, horizontal, oblique, and apical fibers 
(refer back Lo Fig. 7-1). Free gingival fibers attach the 
free gingiva to the cementum. A sixth group, trans­
septal fibers, is not seen in Figure 7-1 since they run 
directly from the root (cementum) of one tooth to the 
cememum of the adjacent tooth at a level between the 
rn::t: gingiva an<l alvt:ular <.:rt::,t fiber:,. Tlit: pt:riutlu11-
tal ligamem, especially the oblique fibers, provides 
the majority of support for the teeth and resistance 
to forces such as those encountered during chewing 
(mastication). This ligament is a viable structure that, 
in health, is capable of adaptation and remodeling. 
Healthy bone levels can be best appreciated on radio­
graphs. Observe in Figure 7-9 that, in health, the level 
of the interproximal alveolar bone is 1 to 2 mm apical 
to the level of the CEJ s of the adjacent teeth. 

- --- Radiograph of healthy bone levels showing 
interproximal (crestal) bone about 1 to 2 mm apical to the CEJ 
ofadjacenr teeth. Also note the chin, whiter (more dense) layer 
of bone surrounding each cooth root called the lamina dura. 

SECTION Ill ANATOMY OF DISEASED PERIODONTIUM 

A. GINGIVITIS 

Traditionally, periodontal disease (inflammation in the 
periodontium) begins as gingivitis, an inflammatory 
condition confined to and altering the gingival tissues. 
Alterations in the gingiva may reflect gingivitis alone, 
active slight periodontitis, more advanced disease, or 
evidence of previous disease that has been arrested. 
Gingival infiammation results over time from the 
response of the body to the harmful metabolic prod­
ucts of bacterial colonies within dental plaque that are 
in close proximity to gingival tissues. The earliest indi­
cation of gingivitis on a microscopic level involves an 
increase in inflammatory cells and breakdown of the 
connective tissue (collagen) in the gingiva. This leads 
to an increase in tissue fluids (edema, that is swelling), 
proliferation of small blood vessels (redness), in0amma­
tory cells, and some loss of the integrity of the epithe­
lium (seen as ulceration). As this breakdown progresses, 
changes in the tissues can be clinically observed. 

Clinically, gingival characteristics that should be 
evaluated as indicators of gingival health (vs. disease) 
include its shape and size, color, consistency, and 
surface texture, and the presence or absence of bleed­
ing and/or suppuraLion (also called purulence, puru­
lent exudate, or pus). Visually, the in0ammation and 
edema of dental plaque-induced gingivitis can result 
in redness; rolled, swollen margins; smooth and shiny 
surface texture or loss of stippling (Fig. 7-10); and loss 
of resiJ.t.:etf7' where gingival tissue can be depressed 

~==,;an~j, ~ ngiva can be de0ected from the tooth when 

a stream of air is directed toward il. Additionally, gin­
givitis can result in pronounced bleeding upon probing 
(Fig. 7-108 and especiall)' D), spontaneous bleeding 
(Fig. 7-lOE), and, in some cases, suppuration that 
can be expressed (squeezed oUL) from the sulcus. See 
Table 7-1 for normal gingival characteristics compared 
to descriptions of tissue exhibiting gingivitis.s-12 

B. PERIODONTITIS 

In the classic progression of disease, gingJV1us, if 
untreated, may progress to periodontitis. As with the 
gingiva, the adjacent periodomal ligamem, bone, and 
cementum are at risk for breakdown during infiamma­
tion with resultant loss of bone height and periodontal 
ligament. This occurs when infiammatory breakdown 
extends from the gingiva to the periodontal ligament 
and bone and when the junctional epithelium (which 
normally attaches to tooth at the CEJ) migrates apically 
omo the root because the connective tissue attachmenL 
has broken down. Alveolar bone loss associated with 
periodontal disease is best appreciated in dental radio­
graphs. Although the immune system normally protects 
the periodontium, a person's immune response against 
bacteria can also result in the production of host prod­
ucts that stimulate bone loss (breakdown) known as 
bone resorption. In Figure 7-11B, the crestal alveolar 
bone height in a person with advanced periodontal 
disease is no longer at predisease levels (Fig. 7-llA). 

Chronic periodontitis is the most common fonu o( 
periodontal disease. It usually progr~ se slowly 1i~o~L fl 
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prevalent in adults, and is associated with plaque and 
dental calculus. A second form of periodontal disease is 
aggressive periodontitis Lhat usually has an earlier age 
of onset. Features may include rnpid attachment Loss 
and bone destrnction, a familial pattern, and abnormal­
ities in the immune system. Both forms of periodonti­
tis can result in pocket fom1ation and/or exposure of 
the cementum (which is less mineralized than enamel) 
making the root susceptible to dental decay (caries). 

1. FACTORS CONTRIBUTING 
TO PERIOOONTITIS 

In addition to the primary role of bacteria, there are other 
factors that contribute to periodontal disease develop­
me~f!rogression.'2•

13 To date, only two risk factors 
,A11••¢~i:e"fJlj; en to increase the odds of periodontal disease 

J, 
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== ...... .- Gingivitis. With gingivitis, there are changes 
from the normal architeccure and consistency of gingiva. 
A. Slight-to-moderate gingival changes with red color, rolled 
gingival margins, and bulbous papi llae, especially around man­
dibular anterior teeth. B. Same area after probing. There is very 
slight bleeding on probing (BOP) visible interproximally. C. Area 
being probed becween canine and first premolar. 0 . Obvious 
BOP. E. Severe gingivitis with severely rolled margins, bulbous 
papi llae, smooth and shiny surface texture, and spontaneous 
bleeding (without even probing). Air from the air-water syringe 
would easily retract tissues . 

progression and woth loss: smoking14 and diabetes. 15 

Other facwrs that may contribute to this disease include 
specific bacterial pathogens, alterations in Lhe tooth fonn 
and surface that influence the accumulation and reten­
tion of dental plaque, systemic illnesses or conditions 
(including genetics and emotional stress) that modify or 
impair the immune response, and injury to the perio­
domium resulting from heavy forces during woth hmc­
tion (such as bruxism or woth grinding habits). 

Breakdown of the periodontium resulting in attach­
ment loss and bone loss usually begins in an inaccessible 
area (such as adjacent to a root concavity or an exposed 
furcation) that is neither self-cleansing nor easy for a 
patient to reach with oral hygiene aids. Therefore, it is 
paramount that both the dentist and the dental hygien­
ist be thoroughly familiar with root anatomy as they 
perform a periodontal examinali.Qn in ord~11 ,1 irderem 
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FIGURE7-i.D Radiographic bone loss. A. Radiograph showing normal bone levels relative to the CEJ. B. This radiograph shows 
advanced periodontal disease as indicated by loss of bone (especially around teeth Numbers 29 and 31; note tooth No. 30 is miss• 
ing). Healthy bone level would normally be surrounding all teeth to a level much closer (within 2 mm) to the CEJ . 

periodontal disease in these inaccessible locations that 
are at greatest risk to breakdown. Further, an essen­
tial objective in treating periodontal disease involves 
using special instrumems to remove deposits (plaque 
and calculus) and to smooth or remove cementum on 
root surfaces that have become affected by periodontal 
disease. Knowledge of root morphology also helps to 
identify sites that are difficult or impossible to reach, or 
sites that have not responded to treatment, and when 
providing instructions LO palients for the appropriate 
use of oral hygiene aids. 

Periodonlilis itself may be a comributing facto r for 
several systemic diseases including cardiovascular dis­
ease, stroke, and the control of existing diabetes, as well 

as contributing LO low birth weight and preterm babies 
when the pregnant mother has periodontal disease.16-18 

C. GINGIVAL RECESSION19 

Gingival recession is a loss of gingival tissue (usually 
with loss of underlying bone) resulting in the exposure 
of more root surface (Fig. 7-J2A and B). In gingival 
recession, the gingival margin is apical to the CEJ, and 
the papillae may be blunted and/or rounded, and no lon­
ger fill the interproximal embrasure. Gingival recession 
is often seen in older individuals, hence the reference 
to an older person as being "long in the LOoth." IL may 
be pan of an active process of periodontal disease or 

FIGURE 7-ul Gingival recession. A. Area of gingival recession. On the central incisors, the gingiva no longer covers the CEJ, so the 
root surlace is exposed (and covered with calculus). There is no keratinized gingiva over the roots of central incisors compared with lateral 
incisors, B. Sev7 e gingival recession. There is very little keratinized gingiva and no attached gingiva over the canine root. The root promi• 

~ • • •od l~k of m<h,d giogiw •re fu"o" ,hac m•y haw ooooib,<ed eo eh, =•ioo. (Co,~,y of Al•o ~ L,,,y, 0.0.S.) ill 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Effects of tooth position (alignment) within 
the arch on gingival shape: Examples of contour variations 
caused by tooth malposicions. Tooth No. 11 is too labial , 
showing exaggerated scalloping and chin gingiva with recession. 
Tooth No. 10, which is in lingual version and crossbice, has Aac­
cened gingival contours and thicker tissue. Rotated tooth No. 7 
shows V-shaped gingival margin contour on the labial gingiva. 

may reflect previous disease that is now under control. 
However, destruction of the periodontium (including 
gingival recession) should not be regarded as a natural 
consequence of aging.19

•
20 

Conditions that contribute to gingival recession 
around individual teeth, especially in the presence of 
plaque, are poorly aligned teeth within an arch result­
ing in abnom1al tooth and root prominence (the canines 
in figs. 7-12B and 7-13), a lack of attached gingiva,21 or 
aggressive tooth brushing. Abnormal tooth positions do 
not necessarily indicate disease, but they do contribute LO 

variations in tissue thickness such as flattened or exag­
gerated contours. Additionally, patients may exhibit thin 
or thick periodontal tissues (overlying bone and gingiva). 

Person with thin periodontal tissues. The 
patient has thin gingival tissues and a considerable portion of 
the incisor roots is exposed. (Photo courtesy of Dr. Kourosh 
Haran f.'J', 
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Person with thick periodontal tissues. The 
gingival tissues are generally chick, and there is very chick under­
lying bone. This chick bone can be called an exostosis of bone. 

Patients wi th thin periodontal tissues may have promi­
nem roots that are not completely covered with bone 
(Fig. 7-14). Patients with thicli periodontal tissues have 
thicker plates of bone or gingival tissues. The very thick 
ledges of bone in Figure 7-15 are called exostoses (eek 
sos TOE sis]. Patients with thin periodontal tissues are 
more at risk for gingival recession. The risk for gingival 
recession is more apparent when viewing alveolar bone of 
a skull. Nomially, the bone is 1 to 2 mm apical to the CEJ 
(Fig. 7-16). In prominem teeth, such as canines, there 
may be no bone covering much of the root, although the 
patient may not have signs of periodontal disease or gin­
gival recession. An isolated area of tooth root denuded 
of its bony covering is called root dehiscence (dee HlSS 
enss] (seen on the first premolar in Fig. 7-17). Root dehis­
cence may or may not be covered with soft tissue. 

Normal bony architecture. The alveolar crest 
is normally between 1 and 2 mm apical co the CEJ. The only 
obvious exception is tooth No. 28 (arrow, mandibular right first 
premolar), which shows a slight bony dehiscence. (Courtesy of 
Charles Solt, D.D.S. and Todd Needham, D.D.S.) 

se.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

208 Part 2 I Application ofTooth Anatomy in Dental Practice 

Root dehiscence. This maxillary first premolar 
root (arrows) is buccal to the alveolar process. There is no bone 
over most of the buccal aspect of the root, although the bone over 
che ocher tooth surfaces is ac a normal level. Teeth with prominent 
roots are prone to gingival recession. (Courtesy of Charles Sole, 
D.D.S. and Todd Needham, D.D.S.) 

SECTION IV 
PERIODONTAL MEASUREMENTS: INDICATORS 
OF DISEASE AND CONDITIONS 

Several clinical measurements are critical when evalu­
aLing overall periodontal status. These measurements 
can be used to describe a tooth's stability and loss of 
suppon, and a patient's degree of inflammation and pat­
tern of disease. They also help to establish a diagnosis, 
guide the development of a treatment plan, and docu­
ment changes following active therapy. Throughout 
this discussion, references will be made to document­
ing this information using the clinical chart obtained 
from The Ohio State University College of Dentistry 
(Fig. 7-18) . 

A. TOOTH MOBILITY 

Tooth mobility is the movement of a tooth in response 
to applied forces. 22 Teeth may become mobile due to 
repeated excessive occlusal forces, inflammation, and 
weakened periodontal support (often associated with a 
widened periodontal ligament space as noted on radio­
graphs). The healthy periodontal ligament is about 
0.2 mm wide, decreasing to only 0.1 mm with advanced 
age. When a tooth is subjected to forces from chewing 
(mastication) or bruxism (grinding), movements are 

==-==-i Charting periodontal findings (on a partial reproduction of the form used at The Ohio State University College of 
Dentistry). This form provides a logical method for documenting periodontal findings (as well as ocher findings). A. The left column 
provides the key for recording the following: Fremitus is recorded as.Fas on tooth No. 5; mobility is denoted by 1 for tooth No. 2, 
2 for tooth No. 5, and O (no mobility) for teeth Numbers 3 and 4. Probe depths (six per tooth) are recorded during the initial exami­
nation (initial probe depths) in che three boxes for three facial depchi locations on each facial surface a nd three boxes for three lingual 
depth locations. After initial periodontal therapy has been completed, chey should ideally be recorded again in four co six weeks. They 
should a lso be recorded ac regular periodontal maintenance therapy appointments. This permits easy comparison co identify sites 
that respond co treatment and chose chat do not respond. Bleeding on probing (BOP) is denoted by a red doc over the probe depth 
readings as on che facial surfaces of teeth No. 2 (mesial, midfacial, and distal), No. 3 (distal), and No. 5 (mesia l and d istal); and 
lingually on all mesial and distal surfaces. Gingival margin position is recorded as numbers in red on the root of teeth as follows: +1 
(1 mm apical co the cementoenamel junction or CEJ) on the facial of teeth No. 2 a nd No. 3; +2 on the facial of tooth No. 5; 1 (1 mm 
occlusal co the CEJ) on the lingua l of teeth No. 3 a nd No. 4; and O ( located at the level of the CEJ) on all ocher surfaces. Furcation 
classes are seen as red triangular shapes (incomplete, outlined, or solid). Class I involvement is evident on the midfacial 
of tooth No. 3. Class II involvement is noted midfacial on No. 2, as well as on the mesial (from the lingual) on No. 2, and the distal 
(from the lingual) on No. 3. Class Ill involvement is noted on a mandibular molar discussed below. loss of attached gingiva (mucog­
ingival defect) is recorded as a red wavy li ne seen on the facial of tooth No. 5. B. A mandibular molar (No. 30) showing a class Ill 
furcation evident from the facial and lingual views. Note that the triangle point is directed up toward the fu rcation in the mandibular 
a rch but was directed down toward the furcation in the maxi llary a rch as shown in A. C. Calculation of plaque index % and BOP%. 
The plaque irdex % can be calculated by dividing the number of surfaces with plaque by the total number of surfaces ( four per tooth). 
When consig.er g only the four teeth in this figure, nine surfaces had plaque divided by 16 possible surfaces= 56%. The BOP% is the 

b f"to_ th surfaces chat bleed on probing divided by the coral number of surfaces (six per tooth). When considering only the 
• chis figure, 14 surfaces bled divided by 24 total surfaces= 58%. 

J, 
,m 
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Clinical Charting: 
PIP/ 

Fremrtus (F)IMobility (1-3) '!NIT 
PIP Probe Depths 

Initial Probe Depths 

MARKIN RED 
SOP • 
Gingival Margin (-/0/+ mm) 
Furcation 

Classl V 

Class II 'i1 

Classlll T ~ 
Mucogingival Defect f'V">J'v 

Caries 
Defective Restorations 
Periapical Pa1hosis 

Initial Probe Depths 
PIP Probe Depths 

I 2 

_, 
C 

3 4 5 

::, 

~ 
IUGHT----------- -LEfT 

31 30 29 28 32 
A 

B 

(Continued). Legend is on previous page. 

minimal at the rotational middle of the tooth root (cer­
vicoapically) and greater at either the cervical or apical 
end of the root. Thus, there is a functional difference 
in tl~~6i of the periodontal Ligament in these three 

,All••<-=--J~; 1b ~ L any age, the ligament is wider around both 

lnit BOP 58 % 

PIP BOP ___ % 

PlAOUE INDEX 56 
1 J l 

lllll!__J _ _,__ 

~ 
•••••rr•••e ■ 1' ■ •• •r 

NSTSIG'IOI 

C 

the cervix and the apex than around the middle of the 
root, depending upon the amoum of rotational move­
ments to which the tooth is subjected. Further, the peri­
odontal ligament of a natural tooth in occlusal function 
is slightly wider than in a nonfunc:tiopal· toc;> th beca se ,.,_ ~ 
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the nonfunctional LOOth does not have an antagonist 
to stimulate the periodontal ligament and bone cells to 
remodel. 23 

Injury to the periodontium from occlusal forces 
is known as occlusal trauma. It may contribute to 

destructive changes in the bone, widening of the peri­
otlo11tal ligamt:uL, a11tl root :;hont:ning (r<:::;orption), all 
of which may contribute to increased tooth mobility. 
Some of Lhe changes are reversible, meaning that the 
periodontium can accommodateY Occlusal trauma 
is a disorder that does not initiate, but may influence, 
the course of inflammatory periodontal disease under 
specific circumstances. 25 

1. TECHNIQUE TO DETERMINE 
TOOTH MOVEMENT 

To determine tooth mobility, first, stabilize the patients 
head to minimize movement. Next, view the occlusal 
surfaces and observe movement of the marginal ridges 
of the tooth being tested relative to adjacent teeth as 
you use two rigid instruments (such as the mirror and 
probe handles) to apply light forces alternating fairly 
rapidly first one way, then another. Observe the tooth for 
movement in a buccolingual or mesiodistal direction, as 
well as for vertical "depressibility." Figure 7-19A and B 
illustrates the technique to determine tooth mobility. 
Numbers assigned to denote the extent of mobility are 
presented in Table 7-2. For simplicity, tooth mobility can 
be recorded as "0" for no mobility, "l " for slight mobility, 
"2" for moderate mobility, or "3" for extreme mobility 
that includes depressing the tooth. See Figure 7-18 for 
charting examples of mobility (categories 0, 1, 2, or 3). 

Fremitus is the vibration of a tooth during occlusal 
contact. ll is determined by placing the nail of the gloved 
index finger al right angles to the facia l crown surface 
using a light fo rce while the patient is asked to tap his 
or her teeth, or clench and move the mandible from 
right to left (excursive movements). If definite vibration 
is felt , fremitus is conCirmed and could be noted as an 
"F" on a patient's chart for that tooth (as seen for tooth 

B-L 
A 

R.o.tmion 
&Oep'1&5S~on 

Method for determining tooth mobility. 
A. Two rigid instrument handles a re a pplied co the tooth to see 
ifit can be displaced eicher buccolingually or mesiodistally. For 
teeth wich severe mobilicy, the tooth can be depressed or rocated 
(which is category 3 mobility). B. Technique for decermining 
buccoli ngual mobility. Light, alternating (reciprocating) bucco• 
lingual forces are applied and movement observed relative to 
adjacent teeth. 

Table 7-2 NUMBERS ASSIGNED TO MOBILITY CATEGORIES 

MOBILITY CATEGORY CLINICAL OBSERVAllON MAGNmJDE 

0 No observed movement 
Slight movement <1 mm 

2 Moderate movement >1 mm 
3 Extreme movement Depressible 

Ka dose.com 
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No. 5 in Fig. 7-18). lf tooth displacement is detected, 
functional mobility is confirmed. functional mobility 
(biting stress mobility) occurs when teeth move other 
teeth during occl usal function. 

B. PROBE DEPTHS 

Probing lhe depth of the potential space between the 
to0th and gingiva (called the gingival sulcus or crev­
ice) is a critical periodonlal finding that is routinely 
performed in dental offices and may indicate the pres­
ence of periodontal disease.26•27 A blunt-tipped instru­
ment v.rith millimeter markings called a periodontal 
probe (Fig. 7-20) is inserted into the gingival sulcus 
(seen on anterior teeth in fig. 7-21 and posterior tooth 
in Fig. 7-22). ln the presence of periodontal disease, 
this gingival sulcus may be called a periodontal pocket. 
Probing depth (referred to as pocket depth if periodon­
tal disease is present) is the distance from the gingi­
val margin to the apical portion of the gingival sulcus. 
Probing depths in healthy gingival sulci normally range 
from 1 to 3 mm. A depth of greater than 3 mm is a pos­
sible cause for concern. However, if gingival tissues are 
overgroW11 (as may be seen during tooth eruption, or 
as a side effect from some medications), a pocket depth 
readi.ng of 4 mm or greater (called a pseudopocket) 
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FIGURE 7~20 A standard, frequently used periodontal 
probe. To make measurements easier, there are dark bands at 1, 
2, 3, S, 7, 8, 9, and 10 mm. 

may be present even in the absence of periodontitis. On 
the other hand, if there is gingival recession where the 
gingival margin is apical to the CEJ, there may be shal­
low probing depths in Lhe presence of true periodontal 
disease. Therefore, the critical determinant of whether 
periodontitis has occurred is measured by the amount 
of attachment loss (to be described shortly). 

Periodontal probe in place in 
the gingival sulcus. Sequence of probing tech­
nique from the mesiofacial aspect ofcooch No. 6 
co the discofacial aspect ofcooth No. 8. A, B, D, 
and E demonscrare the alignment ofrhe probe 
against the proximal, capering crown contours. 
Nore rhac the probe is angled coward the proximal 
surface with enough bucco-lingual lean co engage 
the most incerproximal aspect without catching 
on tissues. C. Midfacial probing. Notice chat the 
depth of chis midfacial sulcus is 1 mm deep, and 
the tissue is so chin chat the probe can be seen 
through it. 

Ka dose.com 
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-===-=-== Probe placement technique on models. A. Buccal view: Technique for facial ( or lingual) probe placement. The 
probe is guided a long the tooth surface, and care is taken not to engage the sulcular gingival tissues. 8. Palatal view: lnterproximal 

probe placement. The probe is angled slightly distal ly on the mesial surface of tooth No. 3 as it is guided along the tooth surface, so it 
is not impeded by che incerproximal papilla. Although not easily appreciated from this view, it is also angled 10 to 15° to reach the 
most d irect proximal area. 

1. PROBING TECHNIQUE 

The intent is to probe a sulcus apically just to the auach­
ment, although in reality the probe usually broaches 
(impinges on) some of the attachment, even in health. 
The probe should be "walked around" the tooth with 
a light force to ensure a tactile sense and to minimize 
probing beyond the base of the pocket. When the 
depth of the sulcus/pocket has been reached, resilient 
resistance is encountered. The probe should be angled 
slightly toward the crown or root surface to prevent 
it from engaging or being impeded by the pocket wall 
(seen best midfacially in Fig. 7-22A). Probing depths 
are generally recorded as the deepest measurement for 
each of the six areas around each tooth. On the facial 
surface, three areas are recorded while moving in very 
small steps within the sulcus starting in the distal 
interproximal, stepping around to the midbuccal, and 
finally stepping around to the mesial interproximal 
(seen when probing the facial surface of tooth No. 7 
in Fig. 7-218-D). lnterproximally, when the teeth are 
in proximal contact, the probe should progress toward 
the contact until it touches both adjacent teeth before 
angling it approximately 10 to 15° buccal (or lingual) 
to the tooth ax.is Line (seen most clearly in Fig. 7-21A,D 
and Fig. 7-22B). When there is no adjacent tooth, the 
probe is not angled. The three facial readings to record 
are the deepest readings for mesial incerproximal, mid­
buccal, and distal interproximal. Similarly, three areas 
~ whil, pmbing acound ,h, lh,g"'I of ,h, 

C. GINGIVAL MARGIN LEVEL (GINGIVAL 
RECESSION OR NONRECESSION) 

Before any periodontal disease has occurred, the gin­
gival margin level of a young healthy person is slightly 
coronal to the CEJ , which is the reference point. If the 
gingival margin is apical to the CEJ, there has been 
gingival recession, and the root is exposed (seen most 
obviously in Fig. 7-12B). 

By convemion, the fol lowing denotes the gingival 
margin level: 

• Negative (-) numbers denote that the gingival 
margin is coronal to the CEJ. Normally, after tooth 
eruption is complete, the gingival margin is slightly 
coronal to the CEJ (aboUL 1 mm on the labial and 
lingual aspects, and about 2 mm interproximally). 1f 
the gingival margin is more coronal to the CEJ than 
those dimensions, there is an excess (overgrowth) of 
gingiva or the tooth is partially erupted. 

• Zero (0) denotes that the gingiva is at the CEJ. There 
is no gingival recession. 

• Positive ( +) numbers denote recession (the gingival 
level is apical to the CEJ). 

1 . TECHNIQUE TO DETERMINE 
THE GINGIVAL MARGIN LEVEL 

When recession has occurred, the djsrance between the 
CEJ and the gingival margin can be visually measured 
with the periodontal probe. If the gingival margin covers 
the CEJ, the distance from the gingival margin to the CEJ 

n 
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may be estimated by inserting the probe in the sukus and 
feeling for the CEJ. Ir this junction is difficult to detect 
or is subgingival, the probe should be at a 45° angle. The 
junction between enamel and cementum can be felt with 
the probe. Gingival margin levels are charted as "0" (mar­
gin is at the CEJ), or a "+" number (apical to the CEJ or 
rt:u:s:;iun) ur a"-" numbt:r (coronal Lu llu,: CEJ), in rt:tl ura 
the roots near the CEJ as seen on the chart in Figure 7-18. 

D. CLINICAL ATTACHMENT LOSS (SAME 
AS CLINICAL ATTACHMENT LEVEL) 

Clinical attachment loss (clinical attachment level) 
refers to the distance from the CEJ to the apical extent 
(depth) of the periodontal sulcus. lt is a measurement 
that indicates how much support has been lose and is, 
therefore, a critical determinant of whether periodontal 
disease has occurred. 

1. TECHNIQUE TO DETERMINE CLINICAL 
ATTACHMENT LOSS 

Adel the probing depth and the gingival margin level 
measurements wgether to obtain the clinical attach­
ment loss. A patient with a 3 mm pocket and a gingival 
level of +2 (i.e. , 2 mm of recession) has 5 mm of 
auachment loss. A patient with a 3-mm pocket and a 
gingival level of -2 mm (the gingiva covers che CEJ 
by 2 mm) has only 1 mm of attachment loss. Study 
the example of clinical auachment calculation on the 
tooth in Figure 7-23 where the sulcus depth is 1 mm 
(Fig. 7-23A) and the gingiva has receded 1 mm ( + 1 
mm loss in Fig. 7-23B), so the tOtal attachmenL loss is 
+2 mm. Clinical attachment loss can be severe even 
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with minimal pocket depths if there is considerable 
gingival recession. On the other hand, there may be no 
attachment loss even with deep pockets if pseudopock­
ets are present, that is , pockets due to an enlargement 
of gingiva possibly caused by plaque accumulation next 
to ill-fitting restoration margins, as a side effect of cer­
tain metlicalions, or due to hom1onal changes. 

Periodontists also make interproximal measurements 
of the gingival margin level that is a more challenging 
task. The severity of periodontal disease can therefore 
be accurately determined at the six si tes around each 
tooth by measurements. 

E. BLEEDING ON PROBING 

Bleeding on probing occurs when bacterial plaque 
affects the gingival sulcular epithelium, resulting in 
inflammation in the underlying connective tissue. 
Bleeding visible from the gingival margin after probing 
is an important indicator of inflammation (figs. 7-24A,B 
and Fig. 7-l0B,D,E). 

1. TECHNIQUE TO DOCUMENT 
BLEEDING ON PROBING 

When bleeding i.s noted after probing several teeth, 
Leeth that exhibit bleeding can be recorded at each prob­
ing si te on the chart as a red dot above che probe depth. 
The percentage of sites that bleed can be calculated by 
dividing the number of bleeding sites by the number of 
total sites ( where total sites equal the number of teeth 
present rimes six probe sites per tooth). Bleeding sites 
are charted in Figure 7-18, and a percentage has been 
calculated for four teeth. 

Measurements to determine clinical attachment loss (level). A. First, the sulcus is probed ( at 1 mm). B. Next, the 
level of the gingiva is determined with a positive number indicating gingival recession (at +1 mm From the dotted line, which is the 
CEJ). ?' J.e two numbers are added together, the amount of attachment loss is determined. In this case, the probing depth of ~i I 'giagi,all= I of. 1 (1 mm -~sSoa I '~" '" '"" =achm,a< loss of2 mm. a 1li e. CO m 
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Clinical example of probe placement and bleeding on probing (BOP). A. Mid li ngual (midpalatal) probe place• 
ment on tooth No. 13 showing 3 mm sulcus depth. 8 . Mesial probe placement on tooth No. 13 probed into the lingual embrasure. 
Note a 5 mm pocket at the site , which shows BOP. 

F. FURCATION INVOLVEMENT 

A forcalion is the branching point between rooLS on a 
multi rooted tooth. In Lhe absence of disease, furcations 
cannot be clinically probed because they are filled in 
with bone and periodontal attachment. With advancing 
periodoncal disease, however, attachment loss and bone 
loss may reach a forcation area resulting in a furcation 
involvement.28•29 Pockets that extend into the furcation 
create areas with difficult access for the dentist and den­
tal hygienist to clean during regular omce visils, and 
are a real challenge for patients to reach and clean dur­
ing their normal home care. Therefore, these areas of 
furcation involvement readily accumulate soft plaque 
deposilS and mineralized calculus (seen on an extracted 
teeth in Fig. 7-25). These deposits frequently become 
impossible to remove and may provide a pathway for 
periodontal disease Lo continue to progress. 

Initially, there may be an incipiem (initial or begin­
ning) furcation involvement. As disease progresses into 
the furcation (imerradicular) area, attachment loss and 
bone loss will begin to progress horizontally between 
the roots. At that poinl, a furcation probe (such as a 
Nabor's probe with a blunt end and curved design) can 
probe into a subgingival furcation area. It can be used 
to detect the concavity between roots (Fig. 7-26). The 
first sign of detectable furcaLion involvement is termed 
grade l and can progress to a grade ll involvement 
when the probe can book the furcation roof ( the part 
of the root forming the most coronal ponion of the fur­
cal area) as demonsLrated in Figw'e 7-27 A. ln the most 
extreme circumstances, the furcation probe may actually 
extend from the furcation of one tooth aspect to the fur-

~~the, tooth ,spw. This ~ refm,d to a, , 

through-and-through (grade III) furcation involvement 
(Fig. 7-27B). (A summary of the grades of furcation 
involvement is presented later in Table 7-4.) 

l t is important to remember where to insert a probe in 
order to con[irm [urcation involvement (summarized in 
Table 7-3). Recall that man<libular molar f1.1rcations are 
located between mesial and distal roolS near the midcUe 
of the buccal surface (midbuccal) and middle of the lin­
gual surface (midlingual) as illustrated in Figure 7-28A 

Calculus in the furcation area and root 
depressions. This extracted molar has mineralized deposits 
(calculus) in the furcation. Once disease progresses into the 
furcation area, access for removal by the dentist or dental 
hygienist becomes exceedingly difficult. 

~a use.com 
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Probing to check for furcation involvement. A. Severe buccal furcation involvement on a mandibular second molar. 
The furcation probe is able co engage far into the incerradicular area because of periodontal destruction. (Note the arrow pointing co 
an abscessed area indicating infection.) 8 . The furcation (Nabor's) probe has a rounded point and is curved co allow negotiation into 
furcations. It frequently has markings at 3-mm intervals (as shown here). This allows estimation of how far the probe horizontally 
penetrates into the furcacion. 

Confirming furcation involvement. A. The furcation probe is engaging the roof of a furcation but does not com­
pletely penetrate to the lingual entrance of the furcation. This would represent a grade 2 furcation involvement. 8. The furcation 
probe engages the mesial furcation on a maxillary first molar. Note how close the furcation is co the mesiolingual (mesiopalatal) line 
angle of the tooth due to the wide mesiobuccal root. 

Table 7-3 NORMAL LOCATION OF FURCATIONS 

TOOTHl'YPE 

Maxi llary molars 

Mandibula r molars 

Maxillary premolars (with buccal and lingual roots) 

POTENTIAL FURCATIONS 

Midbuccal 
Mesia! (accessed from the lingual [ or palatal)) 
Distal (accessed from the lingual [ or palatal]) 
Midbuccal 
Midlingual 
Middle of mesial 
Middle of distal 

Ka dose.com 
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A 

Two locations used co confirm mandibular molar furcarion involvement. A. Buccal view: The mandibular buccal 
furcation is probed midbuccally. The probe is shown at the apical and horizontal extent of the penetration into the facial furcation. 
B. Lingua l view: The mandibular lingua l furcation is probed near the midlingual. 

and B. Maxil/a,y molar furcations are identified by 
probing midbuccal (between mesiobuccal and distobuc­
cal roots (as seen in Fig 7-29A), mesially in the palatal 
(lingual) embrasure between the palatal and mesiobuc­
cal roots as seen in Fig 7-29B, and distally between the 
palatal and diswbuccal roots as seen in F ig. 7-29C. 

Clinically, furcations located closer to the CEJ will 
become involved with periodomal disease more read­
ily than more apically located furcations since less bone 
destruction is required to expose the rnore cervical f.1r­
cation. However, more cervically positioned furcations 
are more easily treated by tradi tional periodontal therapy 

FIGURE 7-2_jl Three locations used to confirm maxillary molar 
furcation involvement. A. Buccal view: Buccal furcation is probed 
midbuccal. The furcation probe is shown as it enters the potential 
furcation near the middle of the facial surface of this maxillary 
molar. B. Palatal view: The mesial furcation on a maxillary molar is 
accessed through the palatal embrasure since the mesiobuccal 
root is wider than the palata l root. C. Palatal view. The distal 
furcation o n a maxillary molar is probed through the palatal 
embrasure here, although the distobuccal root is about as wide as 
t he palatal root. 

a use.com 
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FIGURE 7·:fill Variations in furcation location for maxillary 
molars. A. Divergent roots with the furcation in the coronal one 
third of the root with a short root trunk. B. Convergent roots 
with the furcation in the middle one half of the root with a 
longer root trunk. C. Very convergent roots. D. Fused roots with 
the furcation in the coronal one third of the root. 

due in part to better access. Recall that furcations are 
closer to the CEJ on first molars (since their root trunks 
are shorter) than on second molars and closer to the 
CEJ on second molars than on third molars (Fig. 7-30). 
Once involved, the more apical the furcation, the more 
complex the treatment will become. The maxillary first 
premolar provides a good example of a furcation that 
is located nearer to the apex (Fig. 7-31). Proximal fur­
cations, once they are involved with disease, are par­
ticularly difficult to gain access to because of vertical 
longitudinal depressions coronal to the furcation and 

Calculus deposit (arrow) in the longitudinal 
depression on the mesial side of the root of a maxill ary first 
premo -I'! 
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Radiograph showing close root approxima­
tion between the distal root surface of the maxillary first molar 
and the mesial root surface of the second molar (arrows). 
Furcations and concavities like these are virtually inaccessible 
when destruction occurs at chose locations. 

close approximation to adjacem teeth (seen in the 
radiograph in fig. 7-32). 

1, TECHNIQUE TO DOCUMENT 
FURCATION INVOLVEMENT 

When probing into a potential furcation area, the fur­
cation probe should be positioned into the gi.ngival 
sulcus at the location around the tooth where the fur­
cation is suspected. The probe should [irst be directed 
apically. When the base of the pocket is reached, the 
probe should be directed toward the tooth LO see if 
it will engage the roof of the furcation. Figure 7-27A 
shows a probe engaging the roof of a furcation area. 
Deep horizomal penetration of the furcation probe 
indicates severe periodontal disease. The notation 
used to record each grade of furcation is summarized 
in Table 7-4, and examples of charting the degree of 
furcation involvement are presemed in Figure 7-18. 
A caret (v or A) denotes beginning (incipient) involve­
ment, an open triangle (ti or \7) denotes moderate 
involvemem, and a solid triangle ( .A or T ) over the 
areas of the root denotes a through-and-through furca­
tion involvement. 

G. LACI< OF ATTACHED GINGIVA 
(PREVIOUSLY CALLED 
A MUCOGINGIVAL DEFECT) 

In health, it is desirable LO have at least a minimal width 
of keratinized gingiva that is fi.rmly bound (attached) 
to the underlying tooth and/or bone. This band of 
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Table 7-4 NOTATIONS FOR THREE CATEGORIES OF FURCATION INVOLVEMENT 

FURCATION GRADE NOTATION BONE/ ATTACHMENT LOSS CLINICAL ANDING CLINICAL EXPLANATION 

Grade I: incipient Caret: v or /\ No real bone loss a nd no Probe engages Probe locks horizontally; does 
attachment loss in furcation concavity not catch furcation roof 

Grade II: moderate Open triangle: Definite bone loss or 
6 orV attach menr loss 

Grade Ill: (through Solid triangle: Complete bone loss with 
and through) A or T clinical attachment loss 

under the furcation roof 

attached keratinized gingiva normally extends from 
the gingival groove (at the most apical exLeDL of t.he 
gingival sulcus) to Lhe mucogingival junction (recall 
Fig. 7-5). Alveolar mucosa apical to the mucogingival 
juncti.on can be distinguished since it is readily move­
able, more vascular (redder), less firm, and not kera­
tinized. lack of attached gingiva may place a tooth at 
risk for progressive gingival recession and is confirmed 
in the following three circumstances30: 

1. Keratinized gingiva is present, but there is no 
attached gingiva. This condition is confirmed when 
the periodontal probe depth of the gingival sulcus 
reaches or exceeds (traverses) the level of the vis­
ible mucogingival junction indicating an absence of 
attached gingiva (Fig. 7-JJA and B). In this case, ker­
atinized gingiva may form part of Lhe pocket wall, 
but it is not attached to the underlying structures as 
confirmed by the sulcus depth. 

Probe catches Probe hooks onto roof of fur-
furcation roof cation and must be rotated to 

d isengage, bur probe cannot be 
passed to another cooth aspect 

Probe can pass 
from one tooth 
aspect to another 

2. There is a visual lach of heratinized gingiva. 
3. A flap of tissue (called a frenum seen in Fig. 7-2) 

that connects the tongue, lips, or cheeks inserts into 
the gingival tissues. There is a lack of attached gin­
giva around the tooth if there is movement or blanch­
ing at the gingival margins when tension is applied LO 

the frenum (Fig. 7-34B). 

lack of attached gingiva can only occur on Lhe surfaces 
of teeth where the keratinized gingiva is normally adja­
cent to movable alveolar mucosa-in other words, on 
the facial aspects of maxillary teeth and on the facial 
and lingual aspects of mandibular teeth. lL is not likely 
for mucogingival defects to be present on the pala­
tal aspects of maxillary teeth because the entire hard 
palate is keratinized and there is no alveolar mucosa. 
The only exception is when teeth are positioned so far 
posteriorly that they are near the mucosa of the soft 
palate. 

easuring to determine a lack of attached gingiva. A. The width ofkerarinized gingiva is measured at 2 mm. 
B. The probe depth is measured at 1 mm indicating no mucogingivail defect. In this case, if the probe depth had reached or exceeded 
2 mm (the mucogingival junction), this would confirm that there is mo attached gingiva. 

Ka dose.com 
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FIGURE 7-34 Visual test for a mucogingival defect. A. A loss of attached gingiva is suspected at tooth No. 24, which has a very 
narrow zone ofkeratinized gingiva. B. The periodontal probe is positioned at the mucogingival junction and moved incisocervically 
against the mucosa. Blanching or movemenc at the gingival margin is indicative of a mucogingival defect. 

1. TECHNIQUE FOR DETERMINING LACK 
OF ATTACHED GINGIVA 

Both visual observations and measurements are 
required for detecting a lack of gingival attachment. In 
the visual method, a mucogingival derect is confirmed 
when a periodontal probe is moved incisocervically (or 
occlusocervically) as il is pressed gently against the 
tissue surface at the mucogingival line, and movement 
or blanching occurs at the margin (Fig. 7-348). When 
using measurements, first measure the width of kerati­
nized gingiva rrom the gingival margin to the mucog­
ingival junction. Then place the periodontal probe 
within the gingival sulcus, and i[ the periodontal probe 
depth reaches or exceeds the width of keratinized tis­
sue, a mucogingival defect is confirmed. See a clinical 
example using measurements to confirm a mucogingi­
val defect in Figure 7-33A and B. This can be charted 
as a horizontal wavy line placed over the root apical to 
recession readings (seen in the chart in Fig. 7-18). 

H. THE PLAQUE SCORE (INDEX) 

Bacterial dental plaque (biofilm) is a thin layer con­
taining organized microorganisms that loosely adheres 
to teeth, but it can be removed with proper tooth 
brushing and flossing. IL is an almost invisible layer 
that accumulates on Leeth in the absence of excellent 
oral hygiene. Therefore, utilizing a mechanism to iden­
tify the location of this nearly invisible plaque can be 
helpful when teaching plaque removal techniques, and 
when monitoring a person's success using specific oral 
hygiene. techniques designed to reduce and eliminate 

~ 1,qu< 

The metabolism of these attached, organized colonies 
of microorganisms contributes to the inflammation of 
gingival tissue associated with gingivitis, the destruction 
of bone and periodontal ligament associated with perio­
dontitis, and the destruction of mineralized tooth struc­
ture during the formation of dental decay (dental caries). 
Many factors contribute to plaque retention, including 
tooth malpositions and malformations, the irregular 
surface of advancing dental caries (decay), defective res­
torations, and accumulation of calculus (tartar). 

Dental plaque. This photograph shows dental 
plaque after staining with disclosing solution. The patient had 
voluntarily ceased oral hygiene measures for 4 days. Plaque is 
most prominent at interproximal sires and the cervical third of 
crowns, areas that are not self-cleaning (i.e., are not easily 
cleaned by the natural rubbing action of the cheeks, lips and 
tongue). Also note the heavy plaque accumulations on the 
mandibular anterior teeth that are slightly malposirioned. 

om 
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1. TECHNIQUE TO DETERMINE (CALCULATE) 
A PLAQUE SCORE (INDEX)31 

Plaque can be stained wiLh disclosing solution, a dye 
Lhat is absorbed by bacterial plaque (Fig. 7-35). When 
this soluLion is swished in the mouth, four tooth sur­
faces of each tooth can be evaluated for the presence 
of the stained plaque: mesial, facial, distal, and lingual. 
The plaque index is calculated as the percentage of 

sites with plaque divided by the total sites (number of 
teeth times four). Note: Disclosing solutions should 
not be used until periodontal measurements and the 
oral physical exam have been made and reviewed since 
the color change to oral lissues from the solution may 
influence the ability to observe the initial findings. 
A charLing example of plaque score calculation is pre­
sented for four teeth in Figure 7-18. 

SECTION V 
RELATIONSHIP OF PERIODONTAL DISEASE 
AND RESTORATIONS (FILLINGS) 

A healthy biologic width32 of attached gingiva (known 
as the dentogingival junction) includes the junctional 
epilhel.ium (about 1 mm wide), as well as a band of 
connective tissue fibers (about 1 mm wide) attaching 
the gingiva to the cementum. Care must be taken when 
restoring teeth to protect this biologic width of attach­
menL. 1f a rest0ration encroaches into the attachment, it 
could be a factor in initiating periodontal disease (peri­
odontitis/bone loss/attachment loss), gingival recession, 
or chronically inflamed gingival tissue. Further, it is usu­
ally recommended that the margins of artificial crowns 
and inlays be kept at least 3 mm from the osseous crest. 
Therefore, if a restoration is to be placed to restore an 
area of decay that has destroyed tooth structure very 
close to bone, it is advisable to perform a surgical 

procedure called crown lengthening LO ensure thaL the 
restoration does not encroach on the biologic width. 
This is especially criLical on teeLh where esLheLics is a 
factor. Clinical crown lengthening is a procedure that 
increases the extent of supragingival tooLh structure by 
removing gingival tissue or apical positioning gingival 
Lissue, and usually removing some supporLing bone. 

Further, a defective restoration, especially one that is 
overcontoured or is not flush with the tooth structure, 
may retain bacterial plaque more readily, so it could be 
an ini tiating fact0r for periodontal disease. Therefore, 
it is always important to keep in mind that when teeth 
must be restored, ideal tooth contours, as have been 
discussed in the earlier chapters of this text, should be 
reproduced. 

SECTION VI 
RELATIONSHIP OF TOOTH SUPPORT AND ROOT 
MORPHOLOGY33 

The area of root attachment is of primary importance 
to the stability and health of a tooth. Root attachment 
area depends on root length, the number of roots, and 
the cross-sectional diameter of the root from the CEJ LO 

the apex. lt also depends on the presence or absence of 
concavities and other root curvatures (Fig. 7-36). These 
features greatly influence the resistance of a tooth to 
occlusal and other forces, particularly when they are 
applied in a lateral (buccolingual) direction. 

ln healLh, prior to periodontal disease, connective 
tissue fibers insert into cementum on the entire root 
surface. This attachment includes the insertion of the 
gingival fibers (coronal to the bone level) near the CEJ, 
and periodontal ligament fiber insertions along the 
majority of the root. Long roots and wide cross-secLional 

~ " ;n,...,, suppon. Cooa,,,;,;e, ,nd othe, 

root curvaLUres increase periodontal support in two 
ways. First, they increase the total surface area. Second, 
Lhe concave configuration provides multidirectional 
fiber orientation, which makes the tooth more stable 
and resistant to occlusal forces. For example, a root wilh 
a mesial concavity is more resistant to buccolingual 
forces than a tooth that is conical or convex (Fig. 7-36). 
Vertical and longitudinal depressions and concave areas 
occur commonly on the mesial and distal root surfaces 
of mall)' anterior and most posterior teeLh (as described 
in earlier chapters). More coronally located root depres­
sions are also found on the mesial surface of maxillary 
first premolars (both on the root and crown) and on 
molar root surfaces just coronal to furcations. 

Likewise, multirooted teeth have increased support 
and resistance to applied forces. For those teeth, the 
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Series of stained cross sections of a root of a 
lower first molar from the crown to near the apices. For each 
section, the mesial aspect is left, the lingual aspecc is ac the top, 
the distal aspect is right, and the buccal aspect is toward the 
bottom. There is a 10-mm scale between the top a nd the middle 
section on the left. A. Cross section through the cervical of the 
crown showing enamel, dentin, and pulp. (Decay is evident dis­
tally-on the right.) B. Cross section near the CEJ. Note the shape 
of the pulp chamber. C. Cross section of the rooc trunk slightly 
coronal to the bifurcation (furcation). Buccal and lingual depres­
sions are coronal to the entrances to the bifurcation. D. Cross 
section of mesial and distal roots slightly apical to the bifurca• 
tion. Note the root canals in both roots. Thickened cementum 
( darkly stained) is apparent on che furcal aspect (between the 
roots). E. Cross section of roots 4 mm apical to the bifurcation. 
There are pronounced concavities on the mesial aspect of the 
mesial root and the furcal aspects of both roots. F. Cross section 
of the roots near the apex. The mesial (left) root is longer. The 
complex shape of molar roots helps provide a greater surface area 
of attachment and greater tooth stability but becomes a problem 
to treat during progressive periodontal disease. 

location or Lhe forcation is important; the more coro­
nal it is, the more stability is afforded. Additionally, 
convergence or divergence or roots influences supporl. 
Divergent roots increase stability and allow for more 
interradicular bone support (recall Fig. 7-30). 

Another important factor for determining tooth sta• 
bLlity is the degree or root taper. Teeth with conical 
roots, such as mandibular first premolars, tend to have 

~ (y of ilieic '°°' uea (>60%) in ili< won,I 
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Relationship between the area of attach­
ment and root length for a mandibular first premolar. 
Approximately 60% of the root area is present in the coronal 
50% ( one half) of the root, with only 40% of the area present in 
the apical one half of the root. These determinations were 
made by measuring the areas of many serial cross sections of 
cooth roots similar co those shown in Figure 7.36. (Courcesy of 
Alan R. Levy, D.D.S.) 

half of the root, and much less area (only about 40%) 
in the apical half of the root (fig. 7-37).34 The degree of 
root taper influences the support once periodontal dis­
ease has occurred. A conical root that has lost only 50% 
of the bone height may have lost more than 60% or iLS 
periodontal ligament. This is because a smaller pro­
portion of the root area is present near the apex. For 
severely conical rooLS, the apical half of the root may 
account for even less attachment area than seen in 
Figure 7-37. 

Based on root area alone, one would generally 
expect to find the maxillary canine to be the most 
stable single-rooted tooth, and the mandibular central 
incisors to be Lhe least stable. For posterior Leeth, one 
would expect maxillary first molars, with their three 
divergent roots, to be more stable than third molars, 
which frequently have fused roots. While these rules 
generally apply, additional factors, such as the presence 
or absence of inHammatory periodontal disease and 
excessive occlusal forces, may greaLly influence tooth 
stability. Also, the density and strncture of the support­
ing bone have an influence on tooLh stability. 

·.com 
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SECTION VII 
INFLUENCE OF ROOT ANATOMY AND ANOMALIES 
ON THE PROGRESSION OF PERIODONTAL DISEASE 

Although furcaLions, concaVJues, vertical depressions 
(grooves), and other root curvatures tend to increase 
the area of atLachment, making the tooth resisLant to 
occlusal forces, these root anatomy features may also 
become areas where forces are concentrated. This 
occurs because the root curvature and the correspond-

ing bone and periodontal ligaments that conform 
to these areas permit the tooth to compress against 
periodontal ligament and bone in a variety of directions. 
Furthermore, these areas are more plaque retentive and 
more difficult to clean once periodontal disease pro­
gression reaches them. 

B 

FIGURE 7-311 Anomalies on roots that may contribute to 
increased plaque retention and subsequent bone loss and furca­
tion involvement. A. Enamel pearl (arrow) in che mesial furca­
tion of a maxillary molar. B. Enamel extension (arrow) 
downward into the buccal furcation of a lower second molar. 
(Courtesy of Charles Sole, D.D.S., and Todd Needham, D.D.S. ) 

FIGURE 7-3.11 Radicular palatal grooves (pala­
tal gingival grooves). A. Indentation on the lingual 
surface of both maxillary latera l incisors. 
B. Periodontal probe in place showing a deep 
periodontal pocket formed where the groove 
extends apically on the root. C. Groove extending 
apically on the mid palatal aspect of a maxillary 
canine. The tooth was extracted because of severe 
periodontal disease on the palatal aspect. 
(Courtesy of Leonard K. Ebel, D.D.S.) 

se.com 
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There are several types or defects in the root struc­
ture that weaken periodoncal attachment and are 
potential areas for periodontal disease to develop.3; 

Enamel pearls are present most often on maxillary 
molars, and enamel extensions frequently occur on 
mandibular molars (Fig. 7-38). Both prevent a normal 
<.:unm:uivt: tissut: auad11nt:nl an<l may dia11nt:I <l ist:ast: 
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into the furcation area. Radiwlar palatal grooves (pala­
tal gingival grooves) occur on maxillary incisors and 
readily collect and retain plaque, which can rrequently 
lead to periodontal destruction (Fig. 7-39). Root frac­
tures also predispose periodontal destruction (loss 
of attachment of the periodontal ligament) along the 
fra<.:turt: lint:. 

SECTION VIII PERIODONTAL DISEASE THERAPIES36-38 

Currently, a wide range of techniques is available to treat 
periodontal problems. Nonsurgical periodontal therapy tTa­
ditionally requires effective root planing !PLAY ning] (i.e., 
removal of calculus and smoothing of the root using spe­
cially designed dental instruments), oral hygiene instruc­
tions, and the use of systemically administered antibiotics. 
Sustained-release antimicrobial and antibiotic agents can 
be locally administered to affected s ites. Additionally, 
agents that prevent breakdown in connective tissue (anli­
collagenases) are being prescribed for systemic use. 

When moderate to severe periodontal disease or lack 
of attached gingiva are confirmed, periodontal surgery 
may be indicated. There are several surgical approaches 
used to treat periodontal disease. Conservative surgical 
therapy is designed LO gain access to the root surface for 
debridement.39 Resective periodontal surgery is a surgery 
involving the removal and/or recontouring or the gingiva, 
supporting bone or root, and is performed to correct 
some of the results or periodontal diseases by removal 
or soft and hard tissue components of the pocket wall. 
Resective techniques includegingivectomy (i.e., removal 
of some gingiva by using either the conventional scalpel 
or, more recently, the laser40), root resection LO remove 
periodontally involved roots on multirooted teeth,41 

and periodontal flaps with osseous (bone) surgery.42 

Reseclive periodontal surgery usually results in gingival 
recession with improved access to previously diseased 

sites. Regenerntive periodontal surgery is intended to 
form new cementum, new bone, and a new function­
ally oriented periodontal ligament. Recent advances in 
the area o( periodontal regeneration involve Lhree basic 
strategies. In guided tissue regeneration, a Tesorbable or 
nonresorbable membrane (barrier) is placed over peri­
odontal defect to provide a matrix for regenerative cells 
Lo migrate Crom the periodontal ligament and bone. Bone 
grafting materials, both synthetic and from the patient 
or Crom donors, create a scaffolding for new bone and 
may provide growth factors that induce bone regenera­
tion. Chemical treatment or the root detoxifies the root 
surface and may allow Lhe application of growth factors 
that induce the formation of new cementum. 

Periodontal plastic surgery includes soft-tissue 
reconstructive techniques such as connective tissue 
grarts designed to treat loss of attached gingiva and to 
cover roots that have been exposed through gingival 
recession,43 and clinical crown lengthening techniques 
LO create esthetic tooth l.engths and ideal gingival con­
LOurs and to allow for reswration.44•

45 

The specialty of periodontics also includes preim­
plam surgery, which includes augmentation and regen­
eration of hard or soCt tissues prior to dental implant 
placement, placement or dental implants, and treatment 
of inflammation of tissues surrounding the implant 
(peri-implant mucositis and peri-implantitis). 

SECTION IX 
THE INFLUENCE OF ROOT ANATOMY ON PERIODONTAL 
INSTRUMENTATION, ORAL HYGIENE INSTRUCTION AND 
PERIODONTAL MAINTENANCE 

Bacterial plaque that lias just Jormed can easily be 
removed from accessible crown and root surfaces 
with a toothbrush and dental floss. However, ir it is 
not removed rrequently, it can calcify to form a hard, 
complex mineral layer called dental calculus (tartar) 
that firmly attaches to the tooth. In the supragingival 
envir lrn (coronal to the gingival margin), saliva 

is the calcium source forming a yellow-white mineral­
ized deposit on the teeth (Fig. 7-40). In the subgingival 
environment, products from blood and tissue fluids 
contribute to the calcification process and the deposits 
are dark brown (Fig. 7-41). ll is the job of the dental 
proressional Lo remove these calcified deposits, both 
supragingivally and subgingivally, and to teach patients 
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AGURE7~ Supragingival calculus ( coronal to the gingival 
margin) has saliva as the calcium source forming a yellow-white 
mineralized deposit on the teeth. 

how to prevent fonnation of these deposits by using 
excellem oral hygiene techniques. 

The objective of instrumentation of the anatomi­
cal aow11 (called a dental prophylaxis) is to use spe­
cifically designed dental instTUmems (such as scalers 
[SKAY lerz] and curettes (kyoo RETSI) to remove den­
tal calculus, bacterial plaque, and stain that form on 
tooth surfaces. Supragingival calculus that forms on the 
anat0mic crown of the tooth is easier to remove than 
subgingival deposits on roots for several reasons. First, 
hard deposits on crown surfaces are more visible and 
are readily accessible when using dental instruments. 
Soft deposits of plaque are relatively easy to remove on 
these surfaces by using excellent brushing and flossing 
techniques. Crown surfaces where calculus forms near 
the gingiva are mostly convex, which are easier tO clean 
than the complex cont0urs of roots, especially those on 
posterior teeth that are multirooced. Finally, crowns are 

covered with enamel that is the hardest substance in the 
body (95% calcified). Enamel is nonporous, so damage 
or removal of this tissue during instn1111entation is not 
as likely as removal of cementum that is much less hard 
(less than about 65% calcified) and more porous. 

When periodontal disease progresses to a point where 
there is attachment loss, the normal insertion of connec­
tive tissue fibers into cementum is lost. ln this subgingi­
val environment, bacteria and their products, including 
plaque, dental calculus, and bacterial products, absorb 
into irregularities on the root surface and hold onto the 
biofilm, increasing the chance for plaque retention and 
periodontal disease activity. Loss of periodontal support 
of the bone and ligament exposes complex root surfaces, 
creating a challenge for dental professionals to clean 
(instrument) and for patients tO maintain. Areas of deep 
pocketing are difficult co access, and a tight (fibrotic) 
pockeL may impede access to the deepesl sites. 

Instrumentation on the root suiface requires removal 
of plaque and calculus on the rooL and, most signifi­
cantly, requires the removal of calculus, plaque, and bac­
terial products that were deposited into the irregularities 
in cementum exposed to the oral environment during 
periodontal disease. This may require removal of some, 
but not all, of the cementum resulting in a cleaner and 
smoother surface. This process is known as periodontal 
scaling and root planing [PLAY ning]. Periodontal scal­
ing and root planing is a treatment procedure designed 
to remove cementum or surface dentin that is rough, 
impregnated with calculus, or contaminated with toxins 
or microorganisms. While root planing makes the root 
clean, care must be taken, especially on exposed rooL 
surfaces, co avoid overinstrumenting the root resulting 
in a compromise in root s tructure (recall Fig. 7-8). 

Subgingival calculus. A. On a 
maxillary first molar, calculus that formed in the 
subgingival environment is dark brown because 
elements of blood were incorporated during 
calcification. Additionally, some of the bacteria 
that are formed in calculus produce pigment. It 
can be seen here on surfaces where it mosc com­
monly forms and is often missed during periodon­
tal instrumentation: near the CEJ, at line angles, 
in grooves (the concavity just coronal to the 
buccal furcation) and furcations. B. Calculus ac 
and apical to the CEJ on a pr~mola r. 

se.com 
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The irregularities in cemenLum and dentin provide 
a challenge during instrumentation. This challenge is 
generally addressed by using ultrasonic instrumenta­
tion, thaL is, instruments that use high-frequency vibra­
tions to dislodge calculus and break apart bacterial cell 
walls. A combination of hand instmments and ultra­
sonic i11slrurrn::11 ts 0111 ut: ust:<l LU rt:movt: a small por­

tion of the affected cementum through rooL planing. 
Several areas of the root have been identified as the 

most difficult to instrument and as common areas for 
dental calculus to be left following periodo111al insLru­
menlation.31 

1. The CEJ is difficult to instrument because, although 
accessible, the irregularities in the surface where 
enamel and cementum come LOgether make it plaque 
retentive. Due 10 these irregularities, calculus is fre­
quently confused with the CEJ (Fig. 7-41A and B) 

2. Concavities (grooves) that appear at numerous loca­
tions on the root surface are challenging areas for 
periodo111al instruments to access. Concavities are 
most prominent on the mesial aspect of the crown 
and rooL of maxillary firsL premolars, the mesial 
aspects of mandibular first molars, and rooL areas just 
coronal to all furcations (Fig. 7-42). Grooves can also 
be the resulL of unusual toOLb formation (Fig. 7-39). 

3. Furcations present very unusual challenges to 
instrumenl. 'Before periodontal disease begins on 
muhiroOLed Leeth, the periodontal auachment is 
intact so furcations are noL exposed Lo the oral 
environment. With advancing periodontal disease 

Mandibular first molar showing concavities 
istal surface of the distal root, the furcal (ince• 

rior) a ~ and the root trunk just coronal to the furcation . 
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and bone loss, once furcations (deep wilhin gingi­
vaJ pockeLs) become exposed to plaque, it becomes 
difficuh to gain access for root planing. lt is fre­
quently impossible to reach these areas with dental 
instruments, and even ultraso!lic instruments may 
not be able to negotiate into deep furcaLions. The 
maxillary trilurcation area is the most challenging 
site (Fig. 7-43). Addilionally, the furcal areas (inte­
rior aspects between the roots) of molars frequently 
have concavities (depressions), further complicating 
access for instrumentation (Fig. 7-42). Furthermore, 
sometimes the roots of multirooted teetl1 are in close 
approximation, making access with hand insu·uments 
impossible and access with ultrasonic scalers difficult 
(Fig. 7-44A). Reaching all root surfaces wiLh instru­
ments in order to remove deposits and clean root 
surfaces thaL have furcation involvement and con­
cavities requires a special knowledge of root anaLOmy 
and advanced clinical skills. lmagine following Lhe 
sequence and angulations required for thoroughly 
removing deposiLs on the roots of a mandibular molar 
as demonstrated in Figure 7-45 when the furcation 
contours and rooL concavities are "hidden" from view 
within deep pockets. Periodontal surgery is recom­
mended for teeth with deep periodontal furcations. 

4. Tooth contours at the line angles are also difficult to 
access. 

Follow-up for patients who have had periodontal 
disease: Patients who have had periodontal disease are 
at risk for having recurrent periodontal disease. After 

FIGURE 7-4jl 
View of the furcation of a maxillary first molar 

from the root apices. With severe periodontal d isease, calculus 
can form in the trifurcation and would be impossible to remove. 
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Molars showing varying degrees of divergence. A. Maxillary molars with divergent and convergent roots. 
B. Mandibular molars from left to right: roots divergent, straighter roots, convergent roots, and fused roots. When the distance 
between roots is less than 1 mm, it is impossible to negotiate into the furcation areas with hand instruments. Ultrasonic instruments 
are more effective for instrumenting into furcation areas. 

A B 

D E F 

FIGURE 7•~ Instrumentation of complex root surfaces on a mandibular first molar. (Ultrason ic scalers are more effective in 
furcation areas.) Imagine cleaning these areas thoroughly if they were hidden deep within a gingival pocket. A. Mesial surface of 
mesia l root (using a Gracey 15/ 16 curette). B. Facial aspect of mesial root (Gracey 15/ 16 curette). C. Furcal aspect of dista l root 
(Gracey 15/ 16 curette). D. Facial aspect of distal root (Gracey 15/ 1<6 curette). E. Furcal aspeet of distal root (Gracey 13/ 14). 
F. Distal aspect of dista l root (Gracey 13/ 14 ). 

periodontal therapy or as a consequence of periodontal 
disease progression, there may be substanLial gingival 

• Periodontal maintenance procedures 
r,ferred to as supportive periodontal therapy 
~emive maintenance and recall maintenance) 

are performed by dental professionals at selected inter­
vals (usually 3 months) to assist the periodontal patient 
in maintaining oral health. 1 Once exposed to the oral 
environment, complex root surfaces require more time 
for dental professionals to clean an&a great r challeryge . . 
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lnterproximal brush. When periodontal dis­
ease or gingival recession results in loss ofinterdental papillae , 
special brushes may be used to cleanse the interproximal areas 
and help clean tooth concavities. 

Chapter 7 J Periodontal Anatomy 227 

for palients to keep clean between periodontal 
maimenance appointments. Exposed root surfaces 
are more plaque retentive than enamel surfaces and a 
greater LOoth surface area Lbat must be cleaned. 

Once periodontal disease has occurred, the patient's 
abili ty to clean root surfaces also presents a special 
t:hallt::ngt::. Th t:: tuothbrusl1 aml tlt:nLal Ooss t:a11110L 
reach into deep pockets, LOoth concavities, and furca­
tions. Special oral hygiene aids, such as interproximal 
brushes, end-tufted brushes, and rubber tips, must sup­
plement the basic oral hygiene aids of toothbrush and 
floss (Fig. 7-46). Even with appropriate aids, patients 
frequently do not have the motivation or dexteri ty LO 
maintain these difficult to access areas. 

Patients may have tooth sensitivity due to conduc­
tion of sensations through Lhe dentinal tubules to the 
nerves in the pulp (especially through foods and liq­
uids that are cold). Therefore, desensitizing agents 
may need to be used during periodontal maintenance. 
Additionally, exposed root surfaces are prone lo root 
decay (caries), a problem common in older patients, 
especially those on medications that make the mouth 
dry and reduce the amoum of saliva (xerostomia). 

Review Questions 
Unless stated otherwise, each item may have more 
than one correct answer. 

1. Which of the following descriptors apply (applies) 
to normal, healthy gingiva? 

a. Coral pink or pink with masking melanin 
b. Resil ient 
c. Stippled 
d. Spongy 
e. Knife edged in profile 

2. Which of the following locations is likely to have a 
root furcation? 

a. Buccal of the root of the maxillary molar 
b. Buccal of the root of the mandibular molar 
c. Mesi al of the root of a maxi llary molar 
d. Distal of the root of a mandibular molar 
e. Lingual of the root of a mandibular molar 

3. Which maxillary tooth has its furcation closest 
to the cervical line of the tooth ( only o ne correct 
answer)? 

a. First premolar 
b. Second premolar 
c. First molar 
d. Second molar 
e. Third molar 

4. What is the clinical attachment loss of a tooth with 
+2 mm of gingival recession and a 4 mm pocket? 
(There is only one correct answer.) 

a. +2 mm 
b. +6 mm 
c. 6mm 
d. 2mm 

5. Which of the following periodontal fibers attach to 
cementum and alveolar bone? 

a. Horizontal 
b . Oblique 
c. Transseptal 
d. Apical 
e. Alveolar crest 

6. Which of the following are likely indications of 
periodontal disease? 

a . Bleeding gums 
b. Loss of bone 
c. Category 3 mobility 
d. Mucogingival stress 
e. Gingival sulcus readings of 3 mm 

Ka dose.com 
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7. The furcations are likely to be farthest away from 
the cervical portion of the tooth in which ONE of 
the following teeth? 

a. Mandibular first molar 
b. Mandibular second molar 
c. Mandibular third molar 
d. Maxillary first molar 
e. Maxillary second molar 

8. Which of the following is (are) considered as root 
anomalies? 

a. Furcation 
b. Cingulum 
c. Radicular palatal groove 
d. Occlusal fissure 

9. What phrase best defines a pseudopocket? 
a. Gingival margin is located coronal to the CEJ 
b. Gingival margin is located apical to the CEJ 

c. The distance between the gingival margin 
and CEJ 

d. The distance between the gingival margin 
a nd furcation 

10. Which of the following may occur with clinical 
attachmem loss? 

a. Loss of bo ne 
b. Exposed root surface 
c. Furcation involvement 
d. Exposed root concavities 

11 . What is (are) included into nonsurgical 
periodontal therapy? 

a . Scaling 
b. Root planing 
c. Oral hygiene instructions 
d. Application of local antibiotic agents 

I p','q'V-ll 
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Critical Thinking 
1. Describe the traits you would expect in a person with gingival health (vs. one with gingival disease). You 

are looking in their mouth, and have access to their r:adiographs. Use as many terms as possible used in 
the chapter. 

2. A. Describe as many conditions as you can that indicate the presence o f periodontal disease. B. Also, 
describe conditions that may contribute to a worsening of periodontal disease. 
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Dr. Woelfel's Original Research on Gingival Sulcus Depths 

In a survey by Dr. Woelfel, 267 dental hygiene students 
measured their gingival sulcus depths with a calibrated 
periodontal probe. The average gingival sulcus depths for 
mandibular Eirst molars midbuccal were 1.5 ± 0.5 mm; 
midlingual: 1. 7 ± 0.6 mm; mesiolingual and distolingual: 
2.5 ± 0.5 mm. These measurementS indicate that the 

gingival sulcus is usually deeper imerproximally. Similar 
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maxillary first premolars (1.9 ± 0.7 mm), and maxillary 
first molars (2.1 ± 0.7 mm) indicate sulci slightly deeper 
on posterior teeth than those on anterior teeth. 
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Application of Root and 
Pulp Morphology Related 
to Endodontic Therapy 

This chapter was contributed and updated by John M. Nusstein, D.D.S., M.S., Associate Professor and Chair, Division of 
Endodonrics, The Ohio State University. He received his D.D.S. fro m the Un ivers ity o f Illinois a t Chicago College of Dentistry 
in 1987. He joined the Air Force and completed a GPR p rogram a t Scott AFB in 1988 and his endodontic training at The Ohio 
State University in 1995 ea rning his certificate in endodontics and an M.S. for research involving intraosseous anesthesia . Dr. 
Nusstein became a d iplomate o f the American Board ofEndodontics in 1999. After 12 years o f military service and 1 year of 
private practice, he became a full-time educator at The Ohio State University College of Dentistry in 2000 where he is now the 
graduate endodontic clinic d irector. He received the Edward Osetek award for Outstanding Young Educator from the AAE in 
2006 and was named as the William J. Meyers Endowed Chair in Endodontics. 

Internal pulp cavity morphology related to endo- A. Maxil lary central incisors 
dontic and restorative thera py B. Maxillary lateral inc isors 
A. The shape of pulp cavities and configuration of C. Mandibular central and latera l incisors 

pulp canals D. Maxillary ca nines 
B. Shape of pulp cavities in sound young teeth E. Mandibular canines 
C. Why pulp cavicies get smaller in o lder teeth F. Maxil lary first premolars 
D. Clinical app lication of pulp morphology G. Maxil lary second premolars 

related to restorative dentistry H. Mandibular first premola rs 
E. Clinical application of pulp morphology I. Mandibular second premolars 

related to endodoncics J. Mandibular first and second molars 
Location of root a nd cervical crown concavit ies, K. Maxillary first and second mola rs 
furcations, depressions, and canals 111. Ethnic variations in pulp and root canal morphology 

OBJECTIVES 

This chapter is designed to prepare the learner to 
perform the following: 

Describe the four types of root canal configurations 
I to IV. 

Identify the number of canals most frequently found 
within the roots of each type of permanent (adult) 
tooth. 

Describe the normal shape and location of the pulp 
chamber for each class of tooth. 
Identify the number of pulp horns most frequently 
found within each type of permanent (adult) tooth. 

Describe the scope of responsibility for a dentist 
who is an endodontist. 
Describe endodontic therapy. 

SECTION I 
INTERNAL PULP CAVITY MORPHOLOGY RELATED 
TO ENDODONTIC AND RESTORATIVE THERAPY 

T 
hroughout this chapter, specific statistics are 
referenced with superscript letters like this 
(dataA). The statistics are then lis ted with the 
referencing letters at the end of this chapter. 

A. THE SHAPE OF PULP CAVITIES AND 
CONFIGURATION OF PULP CANALS 

The pulp cavity is the cavity in the inner portion of 
the t containing the nerves and blood supply to 

the tooth. It is divided into the pulp chamber (more 
coronal) and the root canals (in the roots) . 

1. PULP CHAMBER AND PULP HORNS 

The pulp chamber is the most occlusal or incisal por­
tion of the pulp cavity. There is one pulp chamber in 
each tooth. It may be located partly in the crown of 
anterior teeth, but in posterior teeth, it is mostly in 
the cervical part. of Lhe root. Its walls are the innermost 
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,,....:_--P,...::::~+- Roof of pulp chamber 
Dentin - -+-;--

~++-- Pulp horn 

Pulp chamber -t--1-1--+- r---+-1+--Floor of pulp chamber 

Root (pulp) 
canals 

'Ci-+--Orifioe from chamber 
to canal 

FIGURE 8•'.!J Parts of a pulp cavity. The pulp cavity of this 
mandibular second molar is made up of a coronal pulp cham­
ber with pulp horns and two root (pulp) canals. 

surface of the demin. Each pulp chamber has a roof 
at its incisal or occlusal border often with projections 
called pulp horns, and Lhe pulp chambers of multi­
rooted teeth have a floor at the cervical portion with 
an opening (orifice) for each root canal (Fig. 8-1). The 
number of pulp horns found within each cusped toolh 
(molars, premolars, and canines) is normaUy one horn 
per functional cusp, and in young incisors, it is three 
(one horn in each of the three facial lobes, which is 
the same as one lobe per mamelon). An exception is 
one type of maxillary lateral incisor (called a peg lat­
eral with an incisal edge that somewhat resembles one 
cusp) that has only one pulp horn. Refer to Table 8-1 
for a summary of the number of pulp horns related to 

the number of cusps normally found within different 
tooth types. 

2. ROOT CANALS (PULP CANALS) 

Root canals (pulp canals) are the portions of the pulp cav­
ity located within the root(s) of a tooth. Root canals con­
nect to the pulp chamber through canal orifices on the 
floor of the pulp chamber, and pulp canals open to the out­
side of the tooth through openings called apical foramina 
(singular foramen) most commonly located at or near the 
root apex (Fig. 8-1). The shape and number of root canals 
in any one root have been divided into four major ana­
tomic configurations or types (Fig. 8-2). The type l con­
figuration has one canal, whereas types 11, 111, and IV have 
either two canals or one canal that is spilt into two for part 
of the root. The four canal types are defmed as follows: 

Type 1-one canal extends from the pulp chamber 
to the apex. 

Type 11- two separate canals leave the pulp cham­
ber, but they join short of the apex to form one canal 
apically and one apical foramen. 

Type 111-two separate canals leave the pulp cham­
ber and remain separate, exiting the root apically as 
two separate apical foramina. 

Type IV-one canal leaves the pulp chamber but 
divides in the apical third of the root into two separate 
canals with two separate apical foramina. 

Accessory (or lateral) canals also occur, located 
most commonly in the apical third of the root (Fig. 
8-3A and B) and, in maxillary and mandibular molars, 
are common in the furcation area.A 

Table 8-1 GUIDELINES FOR NUMBERS OF PULP HORNS IN ADULT TEETH 

Maxillary central incisor 
Maxillary lareral incisor 
Maxillary canine 
Maxillary first premolar 
Maxillary second premolar 
Maxillary first molar 
Maxillary second molar 
Mandibular central incisor 
Mandibular lateral incisor 
Mandibular canine 
Mandibular first premolar 
Mandibular second premolar 
Mandibular first molar 
Mandibular second molar 

Genfral learning guidelines: 

NO . O F CUSPS 

l 
2 
2 
4 ( or S if Carabelli) 
3 or4 

2 
2-3 
s 
4 

lnc,S<>O'$ ha,., three pulp horns (except maxtllary lateral, wh,ch could be peg• 1 ). 
Cusped teeth h ve one pulp horn under each funcuonal cusp. 

NO. OF PULP HORNS 

3 
3 (but only l in a peg lateral) 
l 
2 
2 
4 (Carabelli is functionless) 
3 or 4 
3 
3 

l or 2 (lingual cusp may be functionless) 
2-3 
s 
4 
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Type I Type II Type 111 

A 

Type IV 

B 

Types of canal configura­
tions occurring in one root. 

Accessory canals. A. A scanning electron photomicrograph of an instrumented (cleaned) root canal of a maxill ary 
central incisor. After cleaning the root canal , the tooth was split and mounted for viewing with the scanning electron microscope. This 
view shows the apex ofche Cooch ac the top ofche picture and includes the apica l th ird of the root. Near the bottom ofche picture 
(right wall of cana l), an accessory canal can be seen at the arrow. This canal contains blood vessels. 8. A scanning electron photomi­
crograph at a higher power of the accessory canal is observed in A. The blood vessel can be seen emerging from the dentin. This vessel 
appears co be a vein due co its thin walls and large size. The adherent "stringy" extensions around the blood vessels are supporting 
collagen fiber bundles. The dentinal tubules can be observed on the right side of photomicrograph. (Courtesy of Dr. Dennis Foreman, 
Department of Oral Biology, College of Dentistry, Ohio Scace University.) 

B. SHAPE OF PULP CAVITIES 
IN SOUND YOUNG TEETH 

LEARNING EXERCISE 

-~-----

Section extracted teeth to expose the pulp cavity: 
the size, shape, and variations of pulp cavities are 
best studied by the interesting operation of grind­
ing off one side of an extracted tooth. Extracted 
teeth should always be sterilized as described in the 
introduction of this text and kept moist. Wearing 
a mask and gloves, you can use a dental lathe 

~ whh a '"~gra;",d ab=;~ whul abou, 

Leaming Exercise 1, cont. 

3 in. in diameter and 3/ 8-in. thick to remove any 
part of the tooth. Simply decide which surface is to 
be removed, hold the tooth securely in your fingers, 
and apply this surface firmly to the flat surface of 
the abrasive wheel. Operating the lathe at a fairly 
high speed is less apt to flip the specimen from your 
fingers than operating it at a low speed. If you can 
devise an arrangement by which a small stream of 
water is run onto the surface of the wheel as the 
tooth is ground, you will eliminate flying tooth dust 
and the bad odor of hot tooth tissue. If such an 
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Leaming Exercise 1, cont. 

arrangement is not feasible, keep the tooth moist by 
frequently dipping the surface being ground in water 
or by dripping water onto the wheel with a medicine 
dropper. Look often at the tooth surface you are 
cutting and adjust your applied pressure to attain 
the plane in which you wish the tooth to be cut. A 
high-speed dental hand piece and bur will greatly 
facilitate your exploration of the insides of teeth. 

As you examine different sides of each kind of tooth, 
notice how the external contours of the pulp cham­
ber are simila r to the external morphology of the 
tooth. On incisors and canines, you can remove 
either the facial or lingual side from some teeth to 
view the mesiodist.al plane ( as seen in Fig. 8-4A and E) 
and remove the mesial or distal side from others to 
view the faciolingual plane (as seen in Fig. 8-48- D). 
On premolars and molars, the removal of either the 
mesial or distal side wil l expose the outline of the 
roof of the pulp chamber where pulp horns can be 
seen extending beneath the cusps (as seen in premo­
lars in Fig. 8-4C and D). When the buccal or lingual 
sides are removed to the level of the buccal and 
lingual cusp tips, pulp cavities can be seen in a mesi­
odistal plane (as seen in Fig. 8-4E), the view similar 
to that seen on a dental radiograph. Finally, on 
molars, the removal of the occlusal surface will reveal 
the openings (orifices) to the root canals on the floor 
of the pulp chamber (as seen later in the diagram in 
Fig. 8-9 and the close-up view in Fig. 8-13 ). 

1. PULP SHAPE IN ANTERIOR TEETH 
(INCISORS AND CANINES) 

a. Pulp Chamber and Pulp Homs 
of Anterior Teeth 

When an incisor is cut mesiodistally and viewed from 
the facial (or lingual) (similar to the view on dental 
radiographs), the pulp chambers are broad and may 
appear as three pulp horns. Only two horns can be seen 
in the maxillary central incisors in Figure 8-5. However, 
the incisal border of the pulp wall (roof of the chamber) 
of a young tooth may show the configuration of three 
mamelons, that is, has developed with three pulp horns: 
located mesially, centrally, and distally. (Recall , however, 
that there is an unusual peg lateral incisor that only has 
one pulp horn.) Knowing the number and location of 
these pulp horns becomes important when the tooth is 
fractured or badly decayed and must be prepared for an 
incisal restoration. When an anterior tooth is cut labio­
lingua!ly and viewed from the proximal, the pulp cham­
bers taper to a point toward the incisal edge (Fig. 8-6). 
In maxillary and mandibular canines, the incisal wall or 
roof of the pulp chamber is often less pointed, having 
only one pulp horn (Fig. 8-7). 

b. Root Canal(s) of Anterior Teeth 

Recall that all anterior teetl1 are most likely to have 011e 

root. The number of root canals in each type of anterior 
tooth is also most frequently one. Maxillary central inci­
sors, lateral incisors, and canines almost always have 
one canal (type 1), whereas mandibular anterior teeth, 
although most likely to have one canal, may have two 

Sectioned teeth showing pulp cavity shapes relative to the external tooth surface. A. Mesiodistal section of a maxil­
lary central _wcyor showing only two of its three pulp horns. B. Faciolingual section of a maxillary incisor. C. Faciolingual section of a 
maxi~rrs remolar with two roots and rwo obvious pulp horns, one under each cusp. D. Faciolingual section.of mandibular first 
p_J'.e o la . A mandibular first molar sectioned mesiodistally through its three buccal cusps. 

~J, m 
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Maxillary central incisors sectioned mesiodistally. 
A. Maxillary central incisor (young tooth), facial side removed. The high 
pulp horns (only two are visible in this tooth section) and the broad root 
canal indicate char chis is a young cooch. This outline of che pulp cavity 
may be seen on a dental radiograph. B. Maxillary central incisor ( old 
tooch), facial side removed. The pulp chamber of chis older cooch is 
partially filled with secondary dentin, and cheroot canal is narrower than 
in the tooth shown in A. Also, the incisal edge is worn to a straight line. 
(The damage to the cervical part of the root on the distal [left] side of 
the cooth has been there for some time because the underlying dentin 
has been a ltered by a defense mechanism of the pulp tissues.) 

canals (one facial and one lingual) with the frequency 
varying depending on the study cited.1-rn The man­
dibular canine is the anterior tooth most likely to have 
two roots (though still uncommon), one facial and one 
lingual, and this configuration would have two root 
canals, one in each root. 

2 . PULP SHAPE IN PREMOLARS 

a. Pulp Chambers and Pulp Homs in Premolars 

When premolars are cut mesiodistally and viewed from 
the facia l (or lingual) similar LO the view on dental 
radiographs (Fig. 8-8A), the occlusal border or roof of 
the pulp chamber is curved beneath the cusp similarly 
LO the curvature of the occlusal surface. When cut bucco­
lingually and viewed from the proximal , the pulp cham­
ber often has the general outline of the tooth surface, 
sometimes including a constriction near or apical to the 

Root canal-

Pulp chamber -
Pulp horn 

cervix (seen in Fig. 8-8C). The pulp horns on the roof 
are visible beneath each cusp, and their relative lengths 
are similar to the relative l1eights of the cusps. Thus. 
the buccal horns are longer than the lingual horns. 

In general, premolars have one pulp horn per func­
tional cusp. Therefore, the premolars that are the two­
cusp type most often have two pulp horns (Fig. 8-4C), 
but mandibular second premolars that are the three-cusp 
type have three pulp horns, and the mandibular first pre­
molars that have a functionless lingual cusp may have 
only one pulp horn (Fig. 8-4D), similar to a canine. 

b. Root Canal(s) and Orifices of Premolars 

Maxillary firs t premolars most often have two roots 
(one buccal and one Lingual) and two canals (one in 
each root as seen in Fig. 8-8B). Even maxillary first pre­
molars with a single root almost always have two canals. 

Incisors sectioned fociolinguolly. 
A. Maxillary central incisor, mesial side removed. The 
root canal is moderately wide. As commonly occurs, 
much of the pulp chamber is located in the cervical 
third of the root. It is not possible to see this view of 
the pulp cavity on a dental rad iograph. There is wear 
(attrition) on the incisal edge, and secondary dentin 
has begun co fi ll in che incisal part of the pulp cham­
ber. B. Mandibular lateral incisor, mesial side removed 
(young tooth). Curvature of the root prevented cutting 
the pulp cavity in one plane so chat the apical portion 
of the root canal was losr. Notice how che pulp cavity 
extends in a narrow point toward the incisal edge. 
Even extensive attrition on the incisal edge would not 
likely expose the pulp since secondary dentin would 
form in the incisal part o f the,fulp chamber and the 
pulp would be additionally prote1tec;I. ll 
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FIGURES~~ Canines sectioned faciolingually. A. Maxillary 
canine, mesial side removed (young tooth). There is no attrition 
evident on the incisal edge, and the pulp cavity is still large. B. 
Mandibular canine, mesial side removed (young tooth). The 
pulp cavity is large. Only at the incisal tip is there a little evi­
dence of secondary dentin formation. The roof of the chamber 
is slightly more rounded than on incisors. 

The average incidence of two canals, one in the buccal 
root and one in the lingual root, is 90%c although there 
is a small incidence of three roots. 0 The dentist must 
know the location of each canal opening on the pulp 
chamber floor in order to remove diseased pulpal tissue 

from the entire pulp cavity. The buccal canal orifice in 
the maxillary first premolar (viewed through the pre­
pared access opening and the roof of the pulp chamber 
removed in Fig. 8-9) is located just lingual to the buccal 
cusp tip. The lingual canal orifice is located just lingual 
to the central groove. 

Max illary st::<:on<l prt:: mu lars musL uftt::n havt:: une 
root and one canal, but two canals are frequently 
presenl.e When there is one canal, its orifice on the 
pulp chamber floor is located in the exact center of the 
tooth (Fig. 8-9). If the orifice is located toward the buc­
cal or the lingual, it probably means that there are two 
canals in the root. 

Mandibular first and second premolars most fre­
quently have one root and one root canal (type I) 
(Fig 8-10), but mandibular first premolars may have 
two canals, which are type IV.F The single canal orifice 
is located on the floor of the pulp chamber just buccal 
to the center of the occlusal surface (Fig. 8-9). 

3 . PULP SHAPE IN MOLARS 

a . Pulp Chambers and Pulp Horns in Molars 

The pulp chamber of maxillary first and second molars 
is broader buccolingually than mesiodistally (like the 
crown shape) and is often constricted near the floor of 
the chamber (seen in Fig. 8-llA and B). On mandibular 
first and second molars , the chamber is broader mesi­
odistally than buccolingually (likethe crown shape). This 
difference in shape of pulp chambers for maxillary versus 

Two root canals 

Pulp chamber 

Two pulp horns 

FIGURE 8-_DI A. Radiograph of a mandibular left second premolar showing the shape of the root canal as though sectioned 
mesiodistally. B. Radiograph of a maxillary first premolar reveals the two root canals (filled with a filling material that makes the 
canals appear whiter). This is a similar view as a premolar sectioned mesiodistally. C. Maxillary first premolar sectioned faciolingually, 
mesia l side removed (young tooth). The curvature of the tips of the roots prevented cutting the root canals in one plane. The two 
pul p horns are harp; there is little , if any, secondary dentin; and the floor of the pulp chamber is rounded. The buccal pulp horn is 
conside~ b~ nger than the lingual horn. Notice the floor of the pulp chamber, which has two openings, one for each canal. Also, 
noJ;;·cn'r J.o striction of the pulp chamber near the cervix. 

J, 
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Endodontic access openings 

Maxillary teeth Mandibular teeth 

FIGURE 8-11 Access preparations into pulp chambers 
showing orifices to canals. Ideally shaped openings provide 
access into the pulp chamber for endodontic treatment. Pulp 
canal orifices on the floor of each pulp chamber correspond 
with the number and location of pulp canals in each tooth. The 
left ha lf of the arch shows moxillo,y teeth; the right half shows 
mandibular teeth. 

Mandibular first premolars sectioned 
fociolingually. A. Mandibular first premolar, distal side removed. 
Root curvature prevented cutting the root canal in one plane. 
The pulp horn in the buccal cusp is large; in the lingual cusp, it 
is very small, almost nonexistent. It is unusual to observe much 
of a pulp horn beneath the nonfunctional lingual cusp on 
mand,f ular first premolars. B. Mandibular first premolar, mesial 
sid:Z:~ , with root and root canal divided near the apex 

-J,tttPe I nly one pulp horn is evident in this sectioned tooth. 

J, 

Maxillary first molars sectioned buccolinguolly. 
A. Young maxillary molar with mesial side removed; li ngual side 
(with cusp of Carabelli) is on the right. The tooth is sectioned 
through the center of the lingual root canal but not through the 
center of the mesiobuccal canal. The pulp chamber opens into 
the lingua l root canal in this view. The floor of the pulp chamber 
is relatively flat as it often is on young teeth. B. Young maxillary 
molar with mesial side removed; li ngual side is on the right. The 
tooth is sectioned through the mesiobuccal and lingual root 
canals. The pulp chamber is mostly in the root trunk. Only 
mesiobuccal and mesioli ngual pulp horns extend a little into the 
anatomic crown. There is an area of dental decay (caries) 
appearing darker in the groove where the small cusp of Carabelli 
is attached to the mesiolingual cusp. 

mandibular molars can be appreciated by studying the 
openings used LO access the pulp chambers for molars in 
Figure 8-9. As in all cusped teeth, molars have one pulp 
horn per functional cusp, and they are located in the roof 
of the pulp chamber well beneath each cusp. Therefore, 
if we consider the cusps of Carabelli to be functionless, 
all four-cusp types of molars bave four pulp horns, three­
cusp maxillary molars have three pulp horns, and the 
mandibular firs t molar with five cusps is the only type 
of molar to have five pulp horns. Three pulp horns are 
visible under the three buccal cusps in Figure 8-12A. 
The pulp chamber is normally deep to, or some distance 
from, the occlusal surface, actually located within the 
cervical part of the root trunk (Fig. 8-12). Surprisingly, 
the dentis t does not often penetrate the pulp chamber on 
a maxillary molar until the drill reaches the level of tbe 
gum line. One exception migh t be the long pulp horn 
of the longest mesiolingual cusp of the maxillary molars 
(Fig. 8-llA). The O.oor of the. pulp chamber is consider­
ably apical to the cervical line; it is located in the root 
trunk. The pulp 0oor has multiple openings (orifices), 
one for each root canal. The floor is level or flat in young 
teeth. lt may become convex in older teeth with the 
deposition of addit ional dentin over til e,: 
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==-=--' Mandibular first molars sectioned mesiodistally. 
A. Buccal side removed ( old tooth). The apical fora men of the 
distal root is on the distal side of the root, not at the root tip. 
Notice the three pulp horns (at arrows) under the three buccal 
cusps shown in this section. (The unusual thickening of cemen­
tum on the roocs is hypercemencosis.) B. Old tooth (exhibiting 
considerable occlusal wear) with lingual side removed. Notice 
that the roof of the pulp chamber is about at the level of the 
cervical line. Two pulp horns extend occlusal to the cervical line. 
The rest of the pulp chamber is in the root trunk. The floor of 
the pulp chamber is convex (a condition founded in older teeth) 
because of the deposition of secondary dentin. (There appears 
to be caries in the enamel above the mesiolingual pulp horn , but 
it has penetrated only slightly into the dencin.) 

b. Root Canal(s) and Orifices of Molars 

Maxillary first molars most frequemly have three roots 
(mesiobuccal, distobuccal, and palatal), but four canals: 
one each in the distobuccal and palatal root, and two in 
the mesiobuccal root. In the palatal root, a single canal is 
larger and more easily accessible from the Iloor of the 
pulp chamber than for the other two roots,c but this 
root and its canal often curve toward the buccal in the 

apical third, requiring skillful procedures to clean and 
treat iL. On maxillary first molars, there are therefore 
four orifices on the noor of the pulp chamber: one for 
each canal (fig. 8-13). Maxillary second molars, like 
maxil lary first molars, ti1ost freqi1ently have three roots 
and four canals. The mesiobuccal root usually has two 
c,mab. H Tht: <lbwuuccal and palatal rout:; t:ad1 havt: 
one canal. The location of the orifices in the maxillary 
second molar is similar Lo the maxil lary first molar, 
except that they are closer together (Fig. 8-9). 

Both mandibular first and second molars most fre­
quently have two roots (mesial and distal) and three 
canals. The wider mesial roots most often have two 
canals: mesiobuccal and mesiolingual.1 The narrower 
distal roots most often have only one cana[.1 The roof of 
the pulp chamber is often at the same level as the cervical 
border of the enamel, with only the pulp horns extend­
ing into the anatomic crown (Fig. 8-12). Most of the pulp 
chamber is located within the root trunk. Location of the 
orifices of mandibular molars is shown in Figure 8-9.K 

Maxillary third molars usually have three root canals, 
and mandibular third molars usually have two. However, 
they do vary considerably in root form. Third molars 
are 9 to 11 )'ears younger biologically than first molars, 
completing their development later in life than first and 
second molars. Therefore, on radiographs (x-ray films), 
their pulp chambers and root canals are generally larger 
than in the other molars in the same mouth, especially 
for persons between the ages of 15 and 35 years. 

Refer to Ii:1ble 8-2 for a summary of the number of 
root canals related lO the number of roots normally 
found within different tooth types. 

4 . PULP SHAPE IN PRIMARY TEETH 

-Primary teeth generally have thinner amounts of den­
tin and enamel, so their pulp cavities are proportionally 
larger than on permanent teeth, and their pulp horns 
are closer LO the incisal or occlusal surfaces. 

Sca.nning e.lectron photomicro• 
graph of the pulp chamber floor of a maxillary 
molar with four canal orifices identified for orienta­
tion: the palatal (P), distobuccal (DB), and the two 
orifices into the mesiolingual root called mesiobuc­
cal (MB) and mesiolingual (ML, arrow). (Original 
magnification x20.) (Courtesy of Dr.James Gilles 
and Dr. Al Reader.) 

a use.com 
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Table 8-2 MOST COMMON NUMBERS OF ROOTS AND CANALS IN ADULT TEETH 

TOOTH NAME 

Maxillary central incisor 
Maxil lary lateral incisor 
Maxillary canine 

NO.OF ROOTS NO. OF ROOT CANAIS 

Maxillary first premolar 
Maxillary second premolar 
Maxlllary first molar 
Maxillary second molar 

2 (buccal a nd lingua l) or 1 
1 

2 ( even if 1 root) 
1 ( or 2) 

3 (mesiobuccal, distobuccal, and lingual) 
3 (mesiobuccal, distobuccal, and lingual) 

4 (2 in mesiobuccal root) 
4 (2 in mesiobuccal root) 

Mandibular central incisor 
Mandibular lateral incisor 
Mandibular canine 1 (but has 2 roots more often than other 

anterior teeth: buccal and lingua l) 
Mandibular first premolar 
Mandibula r second premolar 
Mandibular first molar 
Mandibular second molar 

1 

2 (mesial and distal) 
2 ( mesial and distal) 

C. WHY PULP CAVITIES GET SMAUER 
IN OLDER TEETH 

ln a young tooth, the pulp chamber is large and resembles 
the shape of the crown surface. It has projections called 
horns extending beneath the cusps or mamelons in the 
roof of the chamber and is usually constricted some­
what at the cervix. As teeth get older, the pulp chamber 
becomes smaller and is more apically located because 
of deposits of secondary (additional) dentin produced 
by specialized cells called odontoblasts lining the pulp 
chamber. Dentin formation normally continues as long 
as the pulp is intact or vital. That is, as dentin fonns 
on the walls of the pulp cavity, the dentin gets thicker 
making the pulp chamber smaller. The floor of the pulp 
chamber in molars is nearly fiat in young teeth, but later 
becomes more convex.L In some cases, the pulp cham­
ber may become entirely filled. This reduction in size 
makes finding and accessing the pulp chamber more 
difficult in an older patient than in the younger patient 
where the teeth still have larger chambers. 

Therefore, it is normal that the diameter of a root 
canal decreases in size with age, getting small in older 
teeth because of the gradual addition of dentin on the 
internal walls. On the other hand, teeth (other than 
third molars) that exhibit unusually large pulp cham­
bers on dental radiographs are immediately suspected 
of having necrotic pulps, that is, pulps that no longer 
have vital nerve or blood supply. Without vital pulp tis­
sue, dentin formation ceases, and the pulp chamber size 
remains constant (once the pulp died) rather than con­
tinuing to decrease in size as is normal for vital teeth. 

~ lps cm be, poss;bJe ,ounce of ;nfoction 

3 (2 in mesial) 
3 (2 in mesial) 

When the tooth is subjected to attntton (wear), 
trauma, or tooth decay, or when a dental material called 
calcium hydroxide is applied on the pulp, additional 
dentin forms even more quickly and in greater quan­
ti.ty. A pulp cap is a term describing a procedure where 
the dentist places calcium hydroxide on very thin den­
tin that covers the pulp (an indirect pulp cap) , or over 
a small bit of exposed healthy pulp (a direct pulp cap) 
in order to stimulate the formation of a new layer of 
dentin to help the tooth heal. 

D. CLINICAL APPLICATION OF PULP 
MORPHOLOGY RELATED TO 
RESTORATIVE DENTISTRY 

The dentist's knowledge of normal pulp shape, size, and 
depth beneath the enamel is important to him or her 
when preparing teeth that have deep decay. When the 
dentist determines that the tooth can be restored without 
the need to remove the pulp, he or she must prepare the 
tooth in such a way to avoid disturbing or injuring the 
pulpal tissues. Whenever possible, the goal is to leave 
some sound (undecayed) dentin on the noor of the cav­
ity preparation to provide support for the restoration 
(such as a filling using composite resin or amalgam) 
and to avoid exposing any part of the pulp cavity with 
a cutting bur or hand instrument. This is accomplished 
through knowledge of the shape of the pulp chamber 
and canals and a careful evaluation of the patient's 
radiographs to determine the location of the pulp 
relative to the decay and external surface of the tooth. 
An example of deep decay that has reached the pulp 
is seen in Figure 8-14. Also, the dentist must avoid 
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overheating or drying oill (desiccating) the tooth dur­
ing preparation by using water lO reduce the heat that 
is generated when using culling burs in a high-speed 
hand piece. 

Sometimes, however, signs (what. is seen), symptoms 
( what the patiem feels), and diagnostic tests may indicate 
that a pulp inflammation (pulpitis) is i1Teversible, that 
is, cannot be resolved without removing the pulp tissue. 
When these signs, symptoms, and diagnostic test results 
indicate a pulp is not likely to respond well by placing 
just a filling (dental restoration of amalgam or compos­
ite), the pulp tissue must be removed and a root canal 
filling placed (endodontic therapy must be performed). 
The implications of dental anatomy on restorative den­
tistry are discussed in more detail in Chapter 10. 

E. CLINICAL APPLICATION 
OF PULP MORPHOLOGY RELATED 
TO ENDODONTICS 

1. ENDODONTICS DEFINED 

Endodontics is a specialty branch of dentistry con­
cerned with the morphology, physiology, and pathol­
ogy of human dental pulp and periapical tissues. Its 
study and practice encompass the related basic and 
clinical sciences, including biology of the normal pulp; 
the cause (etiology), diagnosis, prevention, and treat­
ment of diseases and injuries of the pulp; and resultant 
pathologic conditions that occur around the root. 

An endodontist is a dentist who specializes in endo­
dontics (root canal therapy). An endodontist is specially 
trained to Rrovide root canal therapy, including treating 
~ mo,e diITicuh ,nd complex ,ndodontic 

FIGURE g.1_!1 Dental decay (caries) reaches 
the pulp. Radiograph of a lower le~ first molar 
with a very large distal decay (seen as an area of 
lost enamel and darkened dentin) that has reached 
(exposed) the pulp. There is also mesial decay on 
this tooth that does not appear co have reached 
the pulp. 

s ituations who may be referred from a general dentist. 
Treatment may involve difficult root canal anatomy, 
medically compromised patients, and/or surgical treat­
ments of periapical pathosis and infection. 

2. DIAGNOSIS OF PULPAL 
AND PERIAPICAL DISEASE 

Irreversible pulpitis (inflammation of the pulp that 
cannot be healed) is a condi1ion of the pulp tissue 
where the pulp will not heal and root canal treatment is 
indicated. Teeth with irreversible pulpitis are unusually 
sensitive to cold or hot, and sometimes either stimulus 
may cause an exaggerated response and prolonged pain. 
The patient may also experience spontaneous pain in 
the tooth (i.e., pain felt withoill provocation of stimuli 
such as heavy chewing, or exposure to hot or cold). The 
usual cause of irreversible pulpitis is deep caries I CARE 
eez] (decay), although deep or poorly adapted restora­
tions may also contribute. The proximity of caries to 

the pulp can often be evaluated best using dental radio­
graphs (Fig. 8-14 ). As the caries approaches the pulp, 
a normal defense reaction will occur involving innam­
mation and eventually the formation of additional den­
tin called reparative dentin. However, when the caries 
reaches or exposes the pulp, bacteria can overwhelm 
the defenses, and the tooth usually becomes painful. 
This prompts the patient to seek emergency dental 
treatment. Access to and removal of affected pulp tissue 
will provide relief from the pain. The pulp tissue can­
not be successfully created with medications alone once 
the pulp is irreversibly damaged. 

Periapical disease occurs when the pulp has died 
(has become necrotic). When the disease process in the 

n 
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crown has overwhelmed the pulp, the pulp tissue in Lhe 
root canals gradually dies. Once the bacteria and prod­
ucts of pulpal breakdown contained within the root 
canals reach the apical foramen, the periapical tissue 
beyond the apical foramen will begin to react to this 
insult. A chronic in0ammatory response in the bone 
can lead to Lhe fo rmation of a granuloma (i.e., a mass of 
chronic inflammatory tissue enclosed within a fibrous 
capsule). Since a granuloma is less dense than bone, 
a radiograph will usually reveal radiolucency (a peria­
pical radiolucency is the dark area at end of the root; 
Fig. 8-15). ln some cases, the granuloma undergoes 
degeneration and a cyst is formed. A cyst is an epithe­
lium-lined sac filled with liquid or semiliquid material. 
The difference between a granuloma and a cyst cannot 
be determined on a radiograph. When the bacteria from 
the root canal ovenvhelm the defenses of the periapical 
tissues or the patient's immune system is compromised, 
bacteria invade through the bone to the surrounding 
soft tissue, resulting in facial swelling and/or severe 

Periapical radiolucency. Radiograph of a 
maxillary first premolar with the dark area (red arrows) sur­
rounding the root apices indicating the pulp has become 
necrotic. A granuloma or cyst has developed in the bone, prob­
ably as a result of the exposure of the pulp to deep decay that 
was removed and restored with a large amalgam filling (seen as 
a whit;~e) that covers the distal and occlusal surfaces of 

~ I 

pain. Cleaning the root canals and draining the area of 
infection will usually provide relief within two LO three 
days. 

Another result of pulpal trauma (like being hit in 
the mouth with a baseball) is the discoloration of the 
tooth crown to a gray or brownish color, which indi­
t:ales damage lO the pulp and the ueed tu evaluate the 
tooth for possible endodomic treatment. After the root 
canal, the discoloration can be greatly reduced by using 
an intracoronal bleaching technique where the bleach 
is placed within the pulp chamber for a period of time. 
See the change of tooth color in Figure 8-16. 

3. ENDODONTIC THERAPY 

The goal of endodontic Lherapy is to relieve pain, comrol 
infection, and preserve the tooth so that it may function 
nom1ally during mastication. Endodontic treatment is 

Color as an indicator of pulpal pathology. 
A. Discolored tooth with pulp tissue damaged (tooth is devital) 
after tooth trauma ( such as being hit in the mouth with a base­
ball). B. The same tooth after bleaching techniques was used to 
lighten this devital tooth. 

a use.com 
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nonnally preferred to extracLion because if the tooth 
were extracted, the patient would be without the tooth 
Lhroughout the healing process and during Lhe time 
required to construct and place the replacement tooth. 
Further, endodontic therapy is less expensive than hav­
ing a tooth exLracted and subsequently replaced with a 
dental prosthesis (bridge) or an implant. 

The fi_rst step o( the endodontic procedure is for Lhe 
dentist to gain access to the pulp chamber and the root 
canals of LeeLh through an access opening in the crown 
of the tooth. On anterior teeth, the opening is made 
on the lingual surface and on posterior teeth LhJough 
Lhe occlusal surface. These access openings vary con­
siderably from cavity preparations used in operative 
dentistry. The shape (outline form), size, and position 
of the access opening are determined by studying ideal 

FIGURE 8 - t ?) Endodontic files seen on a 
radiograph. Radiograph of a lower left first molar 
where endodontic files have been placed within the 
root canals approaching the cemenrodentinal 
junction apically. 

openings of max.illary and mandibular teeth shown in 
Figure 8-9, and then modifying them to conform to 
what is evident on the init ial radiograph of the tooth. 
Finding the pulp may be difficult in older teeth, or 
teeth that have large or deep restorations, since the for­
mation of secondary or reparative dentin may obliterate 
the pulp chamber, making endodontic access difficult. 
Further, if Lhe tooth is covered with a metal crown, the 
pulp chamber will noL be visible on the radiograph. 

Once the access opening is complete, the dentist 
locates the root canal orifices on the noor of Lhe pulp 
chamber. Knowledge of the number of root canals 
presenL in teeth is critically important to successful 
endodontic treatment. Not locating and cleaning all 
the canals may result in contim1ed discomfort for the 
patient or unsuccessful endodontic treatmenL with 

Radiograph of completed 
endodontic treatment. A lower left first molar where 
the root canals have been filled with gutta percha and 
sealer. The part of the crown that was lost has also 
been restored with a temporary filling. Both the gu tta 
percha and the temporary filling appear whiter than 
enamel or dentin on the radiograph. 
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ensuing periapical disease. When the canal oririces 
have been located, endodonlic files are used to remove 
the diseased pulp tissue and LO begin cleaning 1.he 
canals. ln order Lo approximate the file length, the 
lengths o[ the corresponding root and crown are mea­
sured using a preoperative radiograph. Then, with 1.he 
filt:s carefully i11st:nt:c..l into the:: ruul canals, a ra<liugraph 
is made with the files in the root (Fig. 8-17). The posi­
tions and lengths of the mes are adjusted to extend to 
approximately 1 mm short of the radiographic apex of 
the root (which corresponds to the natural constric­
tion of the canal at the cementodentinal junction). The 

canals are then cleaned and sliaped at this length using 
incrementally larger diameter files until 1.he root canal 
system is ready to be filled. 

Following Lhis deaning procedure, the root canals 
may be Ji I.led with gutta percha (a rubber-type material) 
and a sealer (fig. 8-18). Examples of sealers used today 
i11d u<lc:: rt:sin, gla:,:, io11 umc::r, zinc oxide:: an<l c::ugc::nul, 
and calcium hydroxide. When there is sufficiem tooth 
structure remaining, the opening through the crown 
used to access the pulp may be restored with a tooth­
colored composite or silver amalgam rest0rative mate­
rial. Since teeth requiring endodomic treatment usually 

Tooth No. 8 treated with a root canal, post and core, and all-ceramic crown. A. Tooth No. 8 is very chin 
faciolingually due to gastric acid reAux and is already fractured incisally. 8. The lingual access opening (cut into the lingual surface of 
the crown in order ro reach and remove the pulp tissue) is filled with a provisional (temporary) restoration. C. The tooth is prepared 
for a crown with the post and core cemented in place co provide additional crown suppon and retention. The core is the part of the 
metal that reproduces lost tooth crown. The attached post fits within the preparation in the center of the tooth root. D. An 
all-ceramic crown has been cemented over the tooth and post and core. (A, B, C, and D courtesy of Julie Holloway, D.D.S., M.S., 
The Ohio s,ce University.) E. Rad iograph ofa post and core with a metal ceramic crown showing the post extending over ha lfway 

~ odoo<ically"mol roo,. a se,CQffl 
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have large restorations or are weakened by extensive 
decay, tooth structure may be restored with a crown. 
In some instances, a metal filling called a post and core 
can be used for additional retention and crown support. 
The post is the part Lhat fits into the prepared root canal 
space, and the core reproduces lost tooth structure 
in onlc::r LO pruvic.lc:: adc::4uatc:: rc::tc::nt ion for the:: t.:rown 
(Fig. 8-19). 

Once a tooth has had endodontic therapy and the pulp 
has been removed, it should noL be considered a "dead 
tooth" even though it no longer has a vital pulp. Although 
it cannot respond to stimuli like hot or cold, and cannot 
form reparative dentin, the periodontal support is the 
same as if it never had endodontic treatment. Therefore, 
if the:: pc::riodumium rc::rna ins lit:ahJ1y, tht: Lrt:aLt:d LOoLh 
generally can last for the lifetime of the patient. 

SECTION II 
LOCATION OF ROOT AND CERVICAL CROWN CONCAVITIES, 
FURCATIONS, DEPRESSIONS, AND CANALS 

The purpose of this section is to summarize the shape 
of the external root surface and the internal pulp shape 
at the level of the cementoenamel junction and halfway 
down the root t0ward the apex. The following tooth 
drawings are labeled with M for mesial, D for distal, F 
for facial, and L for lingual. 

A. MAXILLARY CENTRAL INCISORS 

• The cross section of the root at the cervix is some­
what triangular with the mesial side longer than the 
distal side, consistent with the slight distal place­
ment of the cingulum. 

• There are no root grooves 
(depressions) on this incisor, 
though the mesial surface may 
be flattened or have a slight 
longitudinal depression. The 
clistal root surface is convex. 

• lt has one root canal close to 
100% of the time. 

/J .. <:~~::·~0 M 

O
D <;~ 

·,v M 

D M 

Tooth ,a 

B. MAXILLARY LATERAL INCISORS 

• The cross section of the root at the cervix is "egg 
shaped" or ovoid, with Lhe widest mesiodistal por­
tion on the labial. 

• A shallow longitudinal root depres­
sion is sometimes found on the 
middle of the mesial root surface 
extending about half of the root 
length but not on the distal surface. 

• There is one root canal close to 
100% of the time. 

C. MANDIBULAR CENTRAL 
AND LATERAL INCISORS 

D ... / 0··0L M 

□--...... _ .. L 

0 
.. --.:::i,0 M 

D M 

T001h #7 

• In cross section, the cervical portion of the root is 
ovoiV.dnsiderably broader labiolingually than 

.----~;,gltally. 

• Longitudinal root depressions are present on both 
proximal sides with the distal depression more 
distinct tban the mesial. 

• Most often there is one root canal." 

D. MAXILLARY CANINES 

• The cervical cross section 
is broad labiolingually and 
appears ovoid. 

• Developmental grooves (depres­
sions) are present on both sides, 
often deeper on the distal. 

• As in other maxillary anterior 
teeth, there is one root canal 
almost 100% of the time. 

E. MANDIBULAR 
CANINES 

• Roots are wide labiolingually in 
the cervical half. 

• Roots have prominent longitu­
dinal root depressions on both 
sides, often deeper on the dis­
tal , or sometimes clearly sepa­
rated roots (one labial and one 
lingual) . 

• There is most often one root 
canal."' 

D 

Tooth #6 

Tooth #27 
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F. MAXILLARY FIRST PREMOLARS 

• There are most often two canals.0 

• Most maxillary first premolars 
have two roots (one buccal and 
one lingual) and two canals, and 
even when only one root is pres­
ent, two pulp canals are usually 
found. 

• Mesia I and distal root depressions 
occur on both one- and two-
rooted first premolars (between 

0 

Tooth #S 

the buccal and lingual roots or between the buccal 
and lingual halves of the single root). 

• The prominent mesial depression of the crown con­
tinues across the cervical line to join the deep mesial 
root depression. 

• When considering all premolars, the maxillary first 
premolar is VNIQVE since it has the only root where 
the mesial root depression is deeper than the distal 
root depression. 

• When two roots are present, the bifurcation occurs 
in the apical third to half of the root. 

G. MAXILLARY SECOND PREMOLARS 

• Although there is normally only one root, the.re may 
be two roots as weil.r 

• There may be a shallow depres­
sion (sometimes called a devel­
opmental groove) on the mesial 
side of the root, but i.t does not 
extend onto the crown, as was 
seen on the maxillary first premo­
lar. A root depression can usually 
be found on the distal side, often 
deeper than on the mesia l. 

• There is most often one root canal.Q 

Toolh #4 

H. MANDIBULAR FIRST PREMOLARS 

• Longinidinal depressions are not common on the 
mesial root surface but are frequent on the distal 
surface in the middle third. 

• The cervical cross section of the 
root or the three-cusp premo­
lars is particularly wide on the 
lingual, 1110n: :;u than 011 Lwu­

cusp types. 
• The root is rarely bifurcated 

and almost always has one root 
canal.5 TOOlh #29 

J. MANDIBULAR FIRST AND SECOND 
MOLARS 

• Mandibular molars normally have. two roots: mesial 
(broader and longer) and distal. Both roots are broad 
buccolingually. 

• Mandibular first and second molars normally have 
three root canals, two in the mesial root and one. in 
the distal root. 

• The mesial root of both molars commonly has 
prominent root depressions on the mesial and distal 
surfaces, and there are usually two root canals nearly 
100% of the time. This root may even be divided 
into a buccal and lingual pan. The distal root surface 
contours are more variable but may be convex. 

• The distal roots in the mandibular first and second 
molars most often have one canal.r 

• Access to the root bifurcations in the mouth is located 
near the midbuccal and midlingual root surfaces. 

• The root trunk is shorter on first molars than on sec­
ond molars; the furcation is nearest to l11e cervical 
line on the buccal of first molars. The cervical line is 
more occ\usal on the lingual of first molars. Buccal 
and lingual depressions are seen on the relatively 
short root trunk, extending from the cervical lines to 
buccal and lingual furcations. (Recall that enamel at 
the buccal and lingual cementoenamel junction may 
extend into the bifurcation.) 

• First molar roots are broader and more widely sepa-• In cross section, the cervical por­
tion of the root is ovoid and is 
widest buccolingually. 

• Longitudinal depressions are 
often present on both sides, 
deeper on the distal. Sometimes 
these depressions may be quite 
deep and end in a buccolingual 
apical bifurcation. 

0 
Q M F rated than second molar roots, which may exhibit a 

distal inclination. 

< ~~.~ M F 

D ······ r.) o (lr)M/ w 
(7,.::~·.,°..y M ~:<~~~M 

Tooth#28 

• There is usually one rnot canal. R 

MANDIBULAR SECOND PREMOLARS 

• Th 7.{s section of the cervical portion of the. root 
1 

1 1d buccolingually. 

?fJ'~B:~, 
Tooth #30 Tooth #31 
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K. MAXILLARY FIRST 
AND SECOND MOLARS 

• There are normally three roots: mesiobuccal, 
diswbuccal (shortest), and lingual (longest). 

• Separation between roots is more pronounced 
on first molars than on second molars; on second 
molars, the buccal roots are more nearly parallel and 
inclined distally in their apical third. 

• Maxillary first and second molars usually have four 
root c;mals: two in the wide mesiobuccal root and 
one each in the distobuccal and lingual roots. 

• The mesiobuccal root has mesial and distal side root 
depressions (and usually has two root canals). 

• The root trunk is broader (longer) than on mandibu­
lar molars, so the furcation between the mesiobuccal 
a 11<l <li:stubu1xal rout may I.it: al tht: ju11ctiu11 uf tht: 

cervical and middle thirds of the mesiobuccal root, 
especially on second molars. 

• The distal contour of the distobuccal root var­
ies but is normally convex (and normally has one 
canal). 

• There is usually a slight longitudinal depression on 
the lingual side on the lingual root of the maxillary 
first molar. The lingual root has one canal. 

• Access to furcations between the roots is located in 
the cervical third of the root: on the buccal surface, 
near Lhe center mesiodistally, and on the mesial and 
distal surfaces, located slightly lingual lO the center 
buccolingually. 

Tooth #3 • Often a depression extends from the trifurcation to 
the cervical line and sometimes into the enamel of 
the crown on firs t molars. A distal crown depression 
is often noted on the distal surfaces of maxillary first 
molars. 

A summary of the presence and relative depth of 
longitudinal root depressions is presented in Table 8-3. 

T bl 
8

_
3 

SUMMARY: PRESENCE AND RELATIVE DEPTH OF LONGITUDINAL 
a e ROOT D EPRESSIONS ("ROOT GROOVES") 

MAXILLARY 

TEETH 

MANDIBULAR 
TEETH 

TOOTH 

Maxillary central incisor 
Maxillary lateral incisor 
Maxillary canine 
Maxillary first premolar 

Maxillary second premolar 
Maxillary first and second molars 

Mandibular central incisor 
Mandibular lateral incisor 
Mandibular canine 
Mandibular first premolar 
Mandibular second premolar 
Mandibular first and second 
molars 

General lea.r,,ing guidelines: 
1 Maxilla,y 1nc:isor'S are less likely to have root depressions. 

MESIAL ROOT DEPRESSION? 

No ( or slight or flat) 
Variable 
Yes 
Yes ( deeper, extends onto 
mesial of crown) 
Yes 
Mesiobuccal root: Yes 
Oistobuccal root: variable 

Lingual root: lingual sur­
face depression 
Yes 
Yes 
Yes 
Yes (or no: about 50%) 
No ( unlikely) 
Mesia! root: Yes 

Distal root: variable 

DISTAL ROOT DEPRESS ION? 

No (convex) 
No (convex) 
Yes ( deeper) 
Yes 

Yes ( deeper) 
Variable 
No (convex) but root tl'unk has concavity 
between cervical li ne a nd distobuccal root 

Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 
Yes ( deeper) 

Variable 

2. All c:anin~ a. d prtmolatS (EXCEPT maxilla,y firSt prcmoJars) and mandibular incisors are llktly to have deeptr disral surl'a.ce root deprtssions. 

a use.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Chapter 8 I Application of Root and Pulp Morphology Related to Endodontic Therapy 247 

SECTION Ill ETHNIC VARIATIONS IN PULP AND ROOT CANAL MORPHOLOGY 

Research on root canal and pulp morphology has shown 
that ethnic variat ions exist. Root canal variations are 
more prevalent in maxillary and mandibular premolars 
and mola1·s, especially in Asian, Pacific, sub-Saharan, 
Australian, Middle Eastern, and subpopulations within 
these larger ethnic groups. One or the most frequent vari­
ations reported is the incidence or C-shaped root canals 
in the maxillary and manclibular molars and mandibular 
premolars in the Asian population.➔ A C-shaped canal 
is named for the ribbon-shaped, 180° arc morphology 
viewed in lhe cross section or a root that replaces the 
discrete, separate canal openings normally seen. 

Another common vanauon is the incidence of 
bifurcated root canal systems in mandibular fi rst 
premolars. A review of the literature shows a higher 
incidence or bifurcated root canals in African­
Americans (16 co 33%), Turkish populations (36 to 
40%), Kuwaiti populations (40%) and Chinese popu­
lations (22 to 36%) as compared to Caucasians (6 to 

14%).5 These varia tions need co be identified (usually 
using radiographs) prior to endodontic lherapy so chat 
appropriate adjustments co lhe access opening can be 
made, and thorough debridemenc or the root canals can 
be accomplished. 

Review Questions 
Each of the following questions may have more than 
one correct answer. 

1. Which teeth are NOT likely to have root depres­
sions on both the mesial and distal surfaces of 
the root? 

a. Maxillary central and lateral incisor 
b. Maxillary canine 
c. Maxillary second premolar 
d. Mandibular second premolar 

2. Maxillary anterior teeth are most likely to have 
how many root canals? 

a. One 
b. Two 
c. Three 
d. One or two 

3. Maxillary first molars are most likely to have 
roots and root canals? 

a. Two, two 
b. Two, three 
c. Two, four 
d. Three, three 
e. Three, four 

4. The one premolar most likely to have two roots 
(and two root canals) is the 

a. Maxi lla ry first premolar. 
b. Maxilla ry second premolar. 
c. Mandibular fi rst premolar. 
d. Mandibular second premolar. 

5. The two roots of a maxillary first premolar are 
called 

a. Mesial and lingual. 
b. Mesial and distal. 
c. Buccal and mesial. 
d. Buccal and lingua l. 
e. Mesiobuccal and distobuccal. 

6. On a tooth with severe bone loss due to peri­
odontal disease, a probe can access the root fur­
cation of a maxillary first molar on which of the 
following surfaces? 

a. Buccal surface 
b. Lingual surface 
c. Mesial surface 
d. Distal surface 

Critical Thinking 
1. Jeremiah Smith requires endodontic therapy on a maxillary first molar. How can the dentist determine how 

m any canals this tooth has that requi re filling? Optional for a take home assignment: the student may ask 
a dentist for advice. 

Ka dose.com 
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Mandibular canines may have two canals from 4 
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one is facial and one is lingual, often with type IV 
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C. Approximately 57% of maxillary first premo­
lars have two roots, but only 39% have one root. 
When two roots are present, the canals in both 
roots exhibit a type I configuration, and, when 
one root is present, the canal configuration is 
either a type II or type 111.7 

D. The inc.idence of three roots is approximately 
4%.7 

E. According to one researcher, the average inci­
dence of two canals in a maxillary second pre­
molar is close to 50% (type 11 or type 111). Three 
canals occur about 1% of the time.8 

F. Mandibular first premolars have one root and one 
canal (type I) 70% of Lhe time (Fig. 9-lOA) and 
98% of the Lime in second premolars. Mandibular 
first premolars may have two canals (type IV) 
24% of the Lime (Fig. 9-108), but mandibular sec­
ond premolars have two canals only 2.5% of the 
time.9 
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G. The mesiobuccal root of the maxillary first molar 
bas two canals 90% of the lime, one located more 
buccally within this root called mesiobuccal 
canal, and one located more lingually within this 
root called the mesiolingua] canal. Type ll1 canal 
systems have been reported to occur 33 to 60% of 
tht: timt:. 10 Opt:11i11g imu tht: palatal ruot 1:a11al, tht: 
palatal orifice on the floor of the pulp chamber is 
located beneath the mesiolingual cusp (Fig. 8-9). 
Opening into Lhe mesiobuccal root, the mesiobuc­
cal orifice is located slightly mesial to and beneath 
the mesiobuccal cusp tip. The mesiolingual ori­
[ice is located slightly t0 the palatal aspect of the 
mesiobuccal orifice. Usually, this oriflce is diffi­
cult to locate because of an overhanging dentin 
shelf. Opening into the distobuccal root, the dis­
tobuccal canal orifice is located on a line between 
the palatal orifice and the buccal developmental 
groove at a point just short of the angle formed by 
the buccal and distal walls of the pulp chamber. 

H. The mesiobuccal root of the maxillary second 
molar has two canals 70% of the time. 10 

l. The mesial roots of mandibular first molars have 
two canals virtually all of the time: a type JI I canal 
system is present 60% of the time, and a type 11 
canal system is present 40% of the time. 11 The 
mesial roots of mandibular second molars have 
two canals 64% of the time: a type II canal system 
38% of the time and a type II I canal system 26% of 
the time, but one canal 27% of the time.9 

J. In the distal roots of mandibular first molars, 
there are two canals approximately 35% of the 
time, usually type II configuration,12 whereas the 
distal roots of mandibular second molars have one 
canal 92% of the time.9 

K. ln both mandibular first and second molars, the 
mesiobuccal canal orifice on the chamber floor is 
located slightly mesial but close to the mesiobuccal 

cusp tip (Fig. 8-9). The mesiolingual canal orifice 
is just lingual to the mesial developmental groove 
of the mesial marginal ridge. lt is not under the 
mesiolingual cusp tip but is in a more central 
location. If the distal root has one canal, the distal 
canal orifice is large and located just distal to the 
u:11u:r u r tht: 1:ruw11. Wht:11 two <.:a11als art: prt:::i­
ent, the distolingual orifice is small and is located 
centrally just lingual to the central fossa. Careful 
inspection of the chamber floor toward the buccal 
will successfully locate the distobuccal orifice. 

L. In a radiographic study of259 children in England, 
from their 11th LO 14th birthdays, the mesiodistal 
and roof-to-floor pulp dimensions were recorded 
with a Lysta-Dent Digitizer. Mesiodistal reduc­
tion in size in mandibular first molars over 3 
years was minimal (1 to 3.5%) compared to a 
considerable height reduction (15%) of the pulp 
chambers. This was mostly the result of second­
ary dentin deposition on the Door, not the roof, of 
the chamber.13 

M. Mandibular incisors have one canal about 70% of 
the time for centrals and 55% for laterals. 

N. Mandibular canines have one root canal about 
70% of the time. 

0. Maxillary first premolars have two canals about 
90% of the Lime. 

P. Maxillary second premolars have two roOts 11% 
of the time. 

Q. There are two root canals in maxillary second 
premolars about 50% of the time.8 

R. Mandibular first premolars have one root canal 
70% of the time. 

S. Mandibular second premolars have one root canal 
96% of the time. 

T. The distal roots of mandibular molars have one 
root canal 65% of the time in the first molar and 
92% of tbe time in the second molar. 

Ka dose.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Cr'. 
UJ 
l­o.. 
c:i: 
I 
u 

Functional Occlusion 
and Malocclusion 

l. 

11. 

11 1. 

IV. 

Idea l occlusion versus malocclusion 
A. Ideal class I occlusion 
B. Dental malocclusions of teeth 
C. Class II malocclusion 
D. Class 111 malocclusion 
Movements within the temporomandibular joint 
A. Anatomy of the temporomandibular joint 
B. Movements within the lower joint space 
C. Movements within the upper joint space 
D. Total joint movement 
E. Dislocation of the mandible 

Terms used to describe jaw relationships between 
the mandible and the maxillae 
A. Maximal intercuspal position 
B. Centric relation 
C. Physiologic rest position 
D. Jaw relationships during horizontal move-

ments of the mandible 
Functional movements when eating: chewing and 
swallowing 
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OBJECTIVES 

This chapter is designed to prepare the learner to 
perform the following: 

Define Angle's class I, II, and Ill relationships. 
List and describe types of tooth and jaw 
malocclusions. 
Describe and locate ( on a skull) the articulating 
parts of the temporomandibular joint (TMJ). 
Describe the location and functions of the articular 
disc. 
Palpate the lateral and posterior surfaces of the 
condyle of the mandible during movement of the 

A. Incising 
B. Mastication ( chewing) 
C. Swallowing ( deglutition) 

V. Parafunctional movements and heavy tooth 
contacts: signs and symptoms 

VI. Treatment methods related to malocclusion 
A. Patient education and behavior therapy 
B. Stress management and muscle relaxation 
C. Changing jaw relationships with an occlusal 

devise 
D. Cha nging tooth shapes to treat symptoms of 

malocclusion 
E. Cha nging tooth location to treat 

malocclusion 
VII. Advanced copies in occlusion 

A. Envelope of motion 
B. Accurate recording o f the centric relation jaw 

position 
C. Long centric articulation 

An introduction lO ideal occlusion was discussed 
earlier in Chapter 1, Section Vll. This chapter includes 
a more in-depth discussion of occlusion including 
tooth and jaw relationships during fonction, as well 
as the terminology and concepts associated with mal­
occlusion (which literally means "bad" occlusion). 
Re.search findings and advanced topics are referenced 
throughout this chapter using superscript leuers like 
this (data''). The referenced data are listed at the end of 
this chapter. 

Describe and demonstrate mandibular movement 
within the lower joint space (rotation) and within 
the upper j oint space (translation). 
Describe mandibular dislocation (luxation) and 
demonstrate how to alleviate this problem with 
appropriate mandibular manipulation. 
List and describe signs and symptoms of 
malocclusion (including the possible effects of pre­
mature contacts and parafunctional movements). 
Describe and recognize the following jaw relation­
ships: maximal intercuspal position (MIP), centric 
jaw relation, and occlusal vertical d imension. 

e.com 
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Describe and recognize the following horizontal 
eccentric movements: protrusive movement (includ­
ing the effect of horizontal and vertical overlap on 
incisal guidance) and lateral movement (including 
the effect of canine overlap on canine-protected 
occlusion). 
Define and recognize tooth relationships during 
lateral movements on the working and nonworking 
articulation. 
Describe the relationship of teeth and adjacent oral 
structures during eating. 
Describe ( and sketch) an ideal envelope of motion 
from the facial and sagittal views and label 
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mandibular tooth positions or movements for each 
segment of the envelope. 
Define and provide examples of parafunctional 
movements. 
List and describe possible methods of treatment for 
bruxing, myofunctional trigger points (pain), and 
temporomandibular disorders (TMDs) including the 
steps for construction of an occlusal device 
(bite guard). 
Describe a method for accurately recording a cen­
tric relation (CR) position of the mandible. 
Sketch, from memory, the tooth crown outlines on 
one side of the mouth in ideal class I occlusion. 

SECTION I IDEAL OCCLUSION VERSUS MALOCCLUSION 

Ideal occlusion is the harmonious static and dynamic 
relationsnip of teeth and jaws that dentists would li.ke 
to Teproduce when restoring a patient's entire mouth 
to good form and function. Malocclusion, on the other 
hand, is literally a "bad" occlusion , or a deviation from 
the ideal. Malocclusion can be due to an improper align­
ment of the teet/1 within an arch or a lack of harmony 
between the size and shape of the jaws that prevents 
teeth from fitting together ideally. 

Dr. Edward Angle first defined three classes of jaw 
relationships in 1887. An ideal or normal front-to­
back (anteroposterior) relationship between the upper 
and lower jaws is known as class I occlusion. In con­
trnst, persons with class 11 or class Ill jaw relationships 
have a malocclusion because of a considerable differ­
ence in size, or the abnormal positional relationship, 
of the mandible relative to th_e maxillae. Each class of 
occlusion is defined by the relationship of the first teeth 

Class I (72%) 

Normal 

A B 

to erupt in the adult dentition, namely, the maxillary 
and mandibular first molars, or, if the first molars are 
absent, by the relationship between the maxillary and 
mandibular canines. 

A. IDEAL CLASS I OCCLUSION 

The teeth of a person with ideal occlusion are aligned 
within each arch so that they fit together and function 
harmoniously, and the jaws are in a class I relationship. 
Recall from Chapter I that class I occlusion (also called 
neutroclusion or normal occlusion) is defined as the 
relationship of pennanent first molars where the tip 
of the mesiobuccal cusp 011 the maxillary first molar is 
aligned wit/1 the mesiobuccal groove on t /1 e mandibular 
first molar (Fig. 9-JA and B) and the maxillary canine 
fits into Lhe facial embrasure between Lhe mandibular 
canine and the Hrst premolar (Fig. 9-lA). 

Normal Orthognathic profile 

C D 

Angle's class I occlusion: occurs in approximately 72% of the population. A. Lateral view of tooth models with the 
teeth aligned in class I occlusion. 8. The first molar relationship showing the mesiobuccal cusp of the maxi llary first molar a ligned 
with t;~obuccal groove of the mandibular first molar. C. Normal anterior relationship of incisors. D. The normal , orthognathic 

~ I '""" h••·· doss' ,oo,h rela,iooship,. a use.com 
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The facial profile of a person with class 1 occlu­
sion tends to form a rather straight line from the top 
half of the face to the anterior border of the mandible 
and is called ortbognathic [OR thog NA thik), where 
"gnathic" pertains to the jaw and "ortho" means a 
straight or normal jaw profile in Fig. 9-1D). (Compare 
Lht: wort! urchuguathi<.: that rdt:r:s lU a :;1raight jaw pro­
file, and orthodontics that means tooth straightening.) 
This profile may also be called mesognathic (not mesi­
ognathic), and is characterized by a lack of obvious 
protrusion or retrusion of the resting mandible relative 
to the maxillae. 

Ideal occlusion also required the perfect Ciuing 
together (intercligitation) of the upper and lower teeth 
as described here. 

• The incisal edges of maxillary teeth are labial to the 
incisal edges of mandibular teeth. An example of 
this normal horizontal overlap or normal overjet is 
shown in Figure 9-2A. 

• The incisal edges of mandibular incisors are hidden 
from view by the overlapping maxillary incisors. An 
example of this normal vertical overlap or nonnal 
overbite is shown in Figure 9-28. 

• Buccal cusps and buccal surfaces of the maxillary 
posterior teeth are buccal to those in the mandibular 
arch, whereas the lingual cusps and lingual surfaces 
of the mandibular posterior teeth are lingual to those 
in the maxillary arch (Fig. 9-3). 

• Lingual. cusps of maxillary posterior teeth rest in 
occlusal fossae of the mandibular teeth, whereas the 
buccal cusps of the mandibular teeth rest in occlusal 
fossae of the maxillary teeth (Fig. 9-3). 

Normal 

A B 

Angle's class I occlusion: incisor relationship. 
A. Normal horizontal alignment has the incisal edge of the maxil­
lary incisors ancerior co the incisal edge of the mandibular inci­
sors, a lso known as normal overjet ( denoted by the horizoncal 
arrow). 8. Normal vertical alignmenc has the incisal edge of the 
maxillary incisors overlapping (hiding from view) the incisal third 
of the m~;ar incisor, a lso known as normal overbite 

~ l •~rti~I,=) 

Normal 

~!888~ 

Normal molar relationship in cross section. 
The buccal cusps of maxillary molars are facial to the buccal 
cusps of the mandibular molars, and the lingual cusps of the 
mandibular molars are lingual to the lingual cusps of the 
maxillary molars. Also notice that the lingual cusps of maxillary 
molars occlude with the fossae in mandibular molars, and the 
buccal cusps of mandibular molars occlude with fossae in 
maxillary molars. 

• The verlical (long) axis midline of each maxillary 
tooth is positioned slightly distal to Lhe vertical axis 
of the corresponding mandibular tooth. For exam­
ple, in Figure 9-4, the cemer of the maxillary canine 
(No. 11) is distal to the mandibular canine (No. 22) , 
the cemer of the maxillary first premolar (No. L2) is 
distal to the mandibular ftrst premolar (No. 21), and 
so forth. 

• Perfect interdigitation of the upper and lower teeth 
also requires that teeth in each arch be aligned with 
other teeth in each arch. Therefore, a person with a 
class I jaw relationship does not have ideal occlusion 
if one or more teeth are not aligned with others to 

form an ideal arch shape.1 Examples of poor align­
mem within the arch are described next. 

Ideal tooth alignment in Angle's class I occlu­
sion. The cencer axis of the teeth in the maxillary arch is aligned 
just distal to the center axis of the same type of tooth in the 
mandibular arch. For example, look at the two opposing 
canines: No. 11 is just distal to No. 22. 
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B. DENT AL MALOCCLUSIONS OF TEETH 

Malocclusion can be delrimenlal if it adversely affects 
appearance, comfort, or function. Dental malocclusion 
of individual teeth can occur in mouths with class I, 11, 
or lll jaw relationships. 

1. TERMS DEFINING POOR ALIGNMENT 
OF TEETH WITHIN AN ARCH 

Malocclusion can occur when individual teeth or groups 
of teelh are not aligned to fit into an ideal parabolic 
arch form and/or do nol form a level occlusal plane. 

• A tooth that is out of alignment to the labial or buc­
cal compared Lo the ideal arch form of other teeth is 
in labioversion (also labial version), a term used for 
an anterior tooth like tooth No. 24 in Figure 9-5 or 
buccoversion (also buccal version) if referring LO a 
posterior tooth. 

• A tooLl1 that is out of alignment to the lingual com­
pared to other teeth in the arch is in linguoversion 
(also lingual version), a term used to describe Leeth 
Numbers 7 and 10 in Figure 9-5. 

• A tooth that is twisted (rotated) around its tooth axis 
is described as torsiversion, a term used to describe 
tooth No. 8 in Figure 9-6. 

• A tooth mat is overerupted is abnormally long rela­
tive to the rest of the occlusal surfaces, and it exhibits 
supraeruption or exlrusion, terms mat can be used 
to describe the maxillary third molar in Figure 9-7. 

• If a tooth is abnormally short relative to me rest of the 
occlusal plane, it is in infraocclusion (or infraversion). 

FIGURE 9-sJ Crowding of anterior teeth. Notice that the 
mandibular left central incisor (No. 24) is in labial version 
(positioned labial to the normal arch form) , whereas the maxil­
lary latera l incisors (Numbers 7 and 10) are in lingual version. 
This p;9nmenc has resulted in these three teeth being in a 

~ I a<;oo,hip w;,h ,h,i oppo,;og u"h. 
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Torsiversion (twisting) of tooth No. 8 , the 
maxillary right central incisor. Also notice chat the posterior 
teeth on the patient's right side ( left side of photo) are in cross­
bite, and on the patient's left side, the premola rs in the shadows 
appear to be in an end-to-end relationship. 

This may occur when a short primary toom is retained 
into adulmood or when a primary or seconda1y tooth 
loses its periodontal ligament and the cementum of 
the root fuses with the surrounding alveolar bone pre­
venting further eruption. This fusion of cemenLUm to 
bone is called ankylosis [ANG ki lo sis I. 

2. TERMS RELATED TO TOOTH-TO-TOOTH 
MALOCCLUSION 

When opposing teeLh do not align themselves ideally 
into the ideal maximal intercuspation, the following 
variations can occur. 

Supraeruption (extrusion) of the maxillary 
third molar, No. 1. Arrows point to facets (Aattened areas) 
caused by heavy tooth contacts that occur when the posterior 
teeth come together and function. 

a use.com 
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Normal Type of Posterior Crossbite 

Maxillary molars too buccal or 
mandibular molars too lingual 

Type of Posterior Crossbite 

Mandibular molars too buccal 
or maxillary molars too lingual 

A B C 

FIGURE 9~~ Molar relationships in cross section. A. Views of the normal occlusion with the buccal surfaces of maxillary molars 
facial to mandibular molars. 8. Maxillary molars exhibit posterior cirossbite (with mandibular molars totally to the lingual of the 
maxillary molars). This condition is common in persons with class II malocclusion where the mandible is small relative co the maxillae. 
C. Posterior crossbite ( reverse articulation) with the buccal cusps of maxillary molars and lingual cusps of mandibular molars 
occluding into opposing fossae. This condition is common in persons with class Ill malocclusion, where the mandible is large relative 
co che maxillae. 

• When buccal cusps of maxillary posterior teetJ, line 
up directly over mandibular buccal cusps, Lhe rela­
tionship is called an end-to-end occlusion. An end­
to-end occlusal relarionship is seen between first 
premolars in the shadows on the right side of the 
photograph in Figure 9-6. 

• Posterior crossbite (reverse articulation) occurs 
when mandibular posterior teeth are positioned too 
far buccally so that the lingual cusps of mandibu­
lar teeth (and not the buccal cusps) are positioned 
in the central fossae of the maxillary teeth as seen 
between molars in Figure 9-8C and on the left side of 
the photograph in Figure 9-6. Mandibular posterior 
teeth are also in crossbite if botli cusps are positioned 
to the lingual of the opposing maxillary teeth. This is 
the case in Figure 9-88 where tJ1e mandibular molars 
are so lingual (or maxillary molars are so buccal) 
that they are in crossbite. 

• When mandibular anterior teeth are facial to maxil­
lary anterior teeth, this is called an anterior crossbite 
(reverse articulation) as seen in Figure 9-9. Compare 
this to the ideal anterior relationship where mandib­
ular incisors are lingual to maxillary incisors. 

• When viewed from the facial, maxillary incisors nor­
mally vertically overlap tJie incisal Lhirds of mandib­
u lar incisors (recall Fig. 9-2). This amount of vertical 
overlap is considered a normal overbite. An anterior 
overbite is considered to be a severe overbite when 
maxillary incisors overlap mandibular incisors down 
to tJ1e level of the cervical lines of the mandibular 
incisors hiding Lhem from view (Fig. 9-10A). In some 
persons, mandibular incisors in severe overbite may 
actually impinge upon the tissue of the roof of the 

rd palate) and result in an imprint in, or 

damage lo, that tissue. ln people with a severe over­
bite, jaw joint problems can occur since the man­
dible cannot move freely forward without dropping 
down considerably before it can move forward. 

• If the posterior teeth are in maximum imercuspation 
and maxillary incisal edges line up touching man­
dibular incisal edges with 110 vertical overlap, the 
result is an edge-to-edge relationship (fig. 9-lOB). 

• An anterior open bite occurs when the posterior 
teeth occlude, but there is a space between opposing 
incisal edges (also called an open occlusal relation­
ship) (Fig. 9-IOC). ln persons wilh this relationship, 
the posterior teetJ1 occlude as the mandible moves 
forward but not the anterior teeth. 

• The amount of horizontal overlap between these teeth 
is called the overjet. It is nonnal for the incisal edges 
o[ mandibular incisors to come close to occluding 
with the lingual surfaces of maxillary incisors when 

Anterior crossbite 

A B 

Anterior crossbite. A. Dental arches showing 
the shifi: in alignment of jaws (Angle's class Ill occlusion) 
resulting in anterior teeth in crossbice (mandibular incisors are 
anterior to maxillary incisors). 8. Close-up of the incisors in 
crossbite. 
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C 

Three types of anterior tooth relationships. 
A. Severe overbite with maxillary incisors completely overlap­
ping (covering up) the mandibular incisors. Note that che maxil­
lary incisors are cipped inward relative co che laceral incisors, 
which are Aared normally outward. This is a common relation­
ship in patients with Angle's class II, division 2 occlusion. 8. 
Edge-to-edge bite where the incisal edges of che maxillary inci­
sors line up directly over the incisal edges of mandibular inci­
sors. This anterior relationship is common in persons with class 
Ill occlusion. C. Anterior open bite where the incisal edges of 
the maxillary incisors neicher overlap vertically nor couch che 
incisal edges of mandibular incisors. 

a person closes Lhe posterior teeth together. A severe 
overjet is seen in Figure 9-11 where the maxillary 
incisors are considerably anterior to the mandibular 
incisors. This overlap may contribute to crepitation, 
a crackly or grating sound within the jaw joint dur­
ing function. '' 

Poorly aligned teeth that occlude before other teeth in 
the mouth are said to have premature contacts (or to be 
iJ1 heavy occlusion). These teeth are exposed to heavier 
forces than other teeth, especially in persons who 
exhibit bruxism [BRUCKS iz em), that is, who involun­
tarily grind their teeth, especially at night. These pre­
mature contacts could also be called deflective occlusal /~••-?,gt upo" do,iog '", postecio, positio", the 
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Severe overjet relationship of incisors. Notice 
che overjet and Aare of the maxillary incisors, which is common 
in persons with division 1 anterior relationship of class II occlu­
sion. Class II occlusion is confirmed since the mesiobuccal 
groove ofrhe mandibular first molar is distal to che mesiobuccal 
cusp of the maxillary first molar. 

teeth do not close directly into best or tightest fit but 
instead hit the prematurity, which deflects the mandible 
(changes direction of the mandible) before it can reach 
its tightest fit. This closure is different than the way the 
relaxed chewing muscles and anatomy of the jaw joint 
would guide the jaws LOgether if there were no teeth. 
This could eventually contribute to the wearing away 
of enamel forming a facet [FAS it) or [\at spot, clearly 
evident on the occlusal surfaces of the mandibular pre­
molars and first molar in Figure 9-7. Under certain cir­
cumstances, this imbalance can cause muscle pain. 

C. CLASS II MALOCCLUSION 

A class 11 relationship (or disto-occlusion) is a skeletal 
type of malocclusion where the mandibular teeth are 
in a distal (or posterior) relationship with their normal 
maxillary opponents (Fig. 9-12A). A person wiLh class IL 
occlusion may have a mandible that is too small, maxil­
lae that are too large, or both. The result is a mandible 
that appears behind (retruded from) where it should 
normally be located. That is, the mandible is in disto• 
occlusion, and the person has a receded chin. This pro­
file (with a retrnded mandible) is convex and is called 
retrognathic fret rog NATH ik) (Fig. 9-12D). 

In a person with class II occlusion, the mesiobuc­
cal groove of the mandibular first molar is distal to 
the mesiobuccal cusp of the maxillary first molar by a 
distance at least the width of a premolar (Fig. 9-12A 
and B). That is, the mandible is distal to where it is 
located in a person with class l occlusion. Lf the align­
ment differs by less distance than the width of a pre­
molar, it is called a tenclency toward class II occlusion. 
There are two subdivisions of this type of skeletal mal­
occlusion based on the inclination and overlap of the 
maxillary incisors. They are known as division 1 and 
division 2 (as seen in Fig. 9-12C). 
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Class II (2.2%) 
Retrognathic profile 

Distal occlusion 
Division 1 Division 2 

A B C 

FIGURE 9-,a 
Angle's class II ocdusal relationship. A. Laceral view of tooth models with che ceech aligned in class II occlusion. B. 

The firsc molar relationship showing che mesiobuccal groove of the mandibular first molar distal co the mesiobuccal cusp of the 
maxillary first molar. C. Two divisions of anterior relationship of incisors: Division 1 is where maxillary and mandibular incisors Aare 
labially. Division 2 is where the maxillary incisors (especially central incisors) are Aared (tipped) to the lingual. D. The retrognathic 
profile associated with a person having class II tooth relationships. 

• Class 11, division 1 is an incisor relationship where 
maxillary incisors labial inclination is similar to 

incisors found in normal class I occlusion (seen 
in Fig. 9-11). People wiLh Lhis relaLionship ofLen 
exhibit unique oral traits including a severe hori­
zonLal overjeL of maxillary incisors labial Lo man­
dibular incisors, and supraeruption of mandibular 
incisors.0 

• Class 11, division 2 is an incisor relationship 
where the maxillary cenLral incisors are retruded 
wiLh a severe lingual inclination , whereas the lat­
eral incisors are labially inclined. This is evidem 
in Figure 9-lOA where maxillary central incisors 
tilt quite a bit Lo the lingual, especially relative to 
the adjacent labially flared lateral incisors. These 
people are likely to have other unique morphology 
including very linle horizontal overjet but a severe 
vertical overbite.c 

Class Ill (6%) 

Mesia! occlusion 

A B 

D. CLASS Ill MALOCCLUSION 

Persons with a class Ill relationship or mesio-occlusion 
have a skeletal type of malocclusion where the man­
dibular dental arch is anterior to the maxillary dental 
arch. Persons with this relationship have a relatively 
large mandible compared to their maxillae, so their 
facial profile is concave with a very prominent chin. 
This profile (with a protruded mandible) is called prog­
nathic [prog NA thik] (Fig. 9-13A, B, and D). 

For persons with a class III molar relationship, the 
mesiobuccal groove of the mandibular first molar is 
mesial to the mesiobuccal cusp of the maxillary first 
molar by at least the width of a premolar (Fig. 9-13A 
and B). That is, the mandible is mesial to where it is 
located in a person with class l occlusion. If the dif­
ference in alignment is less distance than the width 
of a premolar, it is called a tendency toward class Ill 

Prognathic profile 

Anterior crossbite 

C D 

Angle's class Ill occlusal relationship. A. Lateral view ofcooch models with the teeth a ligned in class Ill occlusion. 

class Ill to. elationships. 

B. The first molar relationship showing the mesiobuccal groove of the mandibular first molar mesial co the mesiobuccal cusp of the 
max1llary~ irst olar. C. Anterior relationship of incisors: anterior crossbite. D. The prognathic profile associated with a person having 
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Severe anterior crossbite in a person with 
class Ill occlusion. 
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occlusion. People with class llI occlusion often exhibit 
unique traits including amerior teeth that are in an 
edge-to-edge or in a crossbite relationship where man­
dibular teeth are facial to maxillary teeth. An edge-Lo­
edge anterior relationship is seen in Figure 9-lOB, and 
an anterior crossbite is seen in Figures 9-9B and 9-14.0 

I L i:; pussibk that Lht: dassificaliun of ucdusiun fur a 
person may be described as one class on the right side 
and a different class on the left side. Class l malocclu­
sions are most common, and class III malocclusions are 
least common. E 

SECTION II MOVEMENTS WITHIN THE TEMPOROMANDIBULARJOINT 

The human TMJ is unique to mammals in that move­
ment of this joint includes a combination of both hinge 
and gliding movemenr.F This unique, complex type of 
joint may be called ginglymoarthrodial UlN gli mo ar 
THRO de all, where ginglymus refers tO a joint that 
allows the mandible LO rotate like a hinge against the 
base of the skull, whereas artlirodia refers to the capa­
bility of the entire mandible to bodily move or glide a 
bit forward or from side to side (called translational 
movement). ln order LO understand how this complex 
joint works, you first need to understand how the jaw 
joint is put together. 

A. ANATOMY OF THE 
TEMPOROMANDIBULARJOINT 

This introduction to the anatomy of the jaw joint is 
brief. A more complete discussion of this joint relative 
LO the other stTuctures of the skull (other bones plus 
muscles, ligaments, nerves, and blood vessels) can be 
found in Chapter 14. 

A joint, or art iculation, is a connection between 
two separate pares of the skeleton. The temporoman­
dibular joint or TMJ (or craniomandibular articula­
tion2) is the articulation between the mandible and the 
two bones on the base of the skull called the temporal 
bones. This joint is the only visible, free-moving artic­
ulation in the head. All other bones of the skull are 
connected by sutures and are immovable.3 The TMJ is 
a bilateral articulation, that is, Lhe right and lefL sides 
woTk as a unit. There are three parts to each half of 
the TMJ : the process of the mandible called Lhe man­
cl ibu , c dyle [KON elite), the shallow concavity on 

the base of the skull in the temporal bone called the 
articular (glenoid) fossa with its adjacent articular 
eminence (ridge), and the articular disc interposed 
between these two bony parts (Fig. 9-15). These three 
parts are enclosed by a fibrous connective tissue 
capsule.3-5 

1. MANDIBULAR CONDYLE 

The horizomal portion of the mandible that contains 
Lhe teeth is called the body of the mandible. There are 
two broad vertical parts on each side of the body called 
rami [RAY my) (singular is ramus). The mandibular 
condyles are the most superior processes of the rami 
and are rounded from front to back and from side LO side 
(Fig. 9-15). The rounded end (head) of each condyle 
fits into a concave fossa on the base of the skull called 
an articular fossa (seen on the skull in Fig. 9-16). 

2 . ARTICULAR FOSSA AND ARTICULAR 
EMINENCE 

Study the right side of Figure 9-16 where half of the 
mandible has been removed, exposing the maxillary 
teeth and the articular fossa and eminence. A trans­
verse bony ridge called the articular eminence forms 
the anterior border of the articular fossa (Fig. 9-15). 
The fossa is considered to be a nonfu11ctio11ing portion 
of the joint because, when the teeth are in tight occlu­
sion, there is no forceful contact between the head of 
the condyle and the concave part of the articular fossa. 
In the photograph of a sectioned TMJ viewed under 
magnification in Figure 9-17, the head of a condyle is 
in the position it would occupy when the teeth come 
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Mandibular condyle 

Temporomandibular 
joint (disc) 
Condyloid process (red) 

FIGURE 9-1]) 
Human skull, left 

side. This lateral view shows the 
articulation of the bones of the TMJ, 
namely, the temporal bones and the 
mandible. The head of the condyle of 
the mandible is shaded light red, 
and the red line on the inferior 
border of a process of the temporal 
bone clearly outlines the concave 
articular fossa and the convex artic­
ular eminence just a nterior to it. For 
the mandibular to move forward, 
the condyles move the mandible 
down under the articular eminence, 
so the mandible is depressed and 
the mouth opens. 

Articular eminence (red) 

.~1---- Articular Iossa (light red) 

Human skull: inferior surface with half of the mandible removed on the right side of the drawing. Parts of the 
poral bone that make up the TMJ are highlighted in red. On the left side, the condylar process of the mandible is 

on the right side with the mandible removed, the articular fossa of the temporal bone is shaded light red and the 
ce just anterior to the fossa is red. 0 m 
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Upper space 

Loose bilaminar 
zone 

Disc 

Fibrous 
covering 

together as tightly and as comfortably as possible. The 
functional region of each condyle and eminence is pad­
ded with a thick layer of tough fibrous tissue, an area 
that has no blood vessels or nerves.6 This fibrous tissue 
is particularly thick on the surfaces where function 
occurs: between the superior and anterior swfaces of the 
condyle and the posterior surface of the articular emi­
nence. This contact is only indirect, however, since an 
articular disc is normally interposed between the two 
functioning bony elements. 

3. ARTICULAR DISC 

Examine a skull with the posterior teeth fitting together 
(in tight occlusion) and study how the mandibular con­
dyle fits loosely into the articular fossa. There should be 
a visible space between the mandibular conclyle and the 
articular fossa that in life was occupied by the articular 
disc. The disc is not present in a prepared dry skull 
because the disc is not bone. The disc (Fig. 9-18) is a 
tough pad of dense fibrous connective tissue that acts 
as a shock absorber between the mandibular condyle, 
and the articular fossa and art icular eminence. It sta­
bilizes the condyle by filling the space between the dif-

~ (oms of •he coadyl<, aad ,he ,nk"'" foss, 
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Articular 
eminence (arrow) 

TMJ, lateral aspect, close-up 
photo under the microscope. The anterior of the 
skull (the face) is toward the right of the picture. 
The arrows ind icate the contours of the concave 
articular fossa and convex articular eminence of 
the temporal bone. The white area across the 
top of this photograph is the space of the brain 
case. Notice the thicker fibrous covering (high­
lighted in red) and underlying compact bone on 
the functional part of the posterior inferior articular 
eminence and superior anterior part of the mandibular 
condyle. (Courtesy of Professor Rudy Melfi.) 

and articular eminence.7 The disc also acts as a cushion 
between the bones at the point of contact ( like a shock 
absorber). 

The articular disc divides the space between the head 
of the condyle and the articular fossa into upper and 
lower joint spaces (upper and lower synovial cavities 
seen in Fig. 9-18), which permit complex functional 
movements of the mandible.7 When the mandible 
moves during function, the right and left discs normally 
move at the same time because the muscles that pull 
the jaw forward are attached to the mandibular con­
dyles as well as to the discs. Proprioceptive [PRO pri o 
SEP tiv) fibers in the disc help regulate movements of 
the conclyle by unconsciously determining the position 
of the mandible. 

4 . FIBROUS CAPSULE 

A fibrous tube of tissue called the fibrous capsule 
encloses the joint and limits its movement, best seen .in 
Figure 9-19. The internal surface of the fibrous capsule 
is Lined with a synovial membrane that secretes very 
slippery synovial fluid that lubricates and nourishes 
the fibrous covering of the articulating surfaces and 
cemer of the disc that lack a blood supply. 

"e.com 
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Synovial cavity (upper) 

Articular eminence 

Anterior + toward 
face 

FIGURE 9·18 

Mandible Articular disc 
Synovial cavity (lower) 

Condyle 

TMJ, sagittal section. The 
anterior surface of the skull (face) is to the le~. 
The sectioned temporal bone (with articular 
fossa and articular eminence) forms the superior 
pare of the joint, a nd the sectioned head of the 
condyte forms the inferior part. The articular disc 
in between is shaded red. The upper and lower 
synovial cavities surround the disc and secrete 
synovial fluid. (Reproduced by permission from 
Clemente CD, ed. Gray's anatomy of the human 
body. 30th ed. Philadelphia: lea & Febiger, 
1985:340.) 

Temporal bone 

Zygomatic process ----­
of temporal bone 

B. MOVEMENTS WITHIN THE LOWER 
JOINT SPACE 

Movement between the heads of the condyles of the 
mandible and the inferior surface of the discs occurs 
within the lower joint spaces. In the lower joint space, 
only a hinge-type or rotary motion occurs around 
a hing tfi line. That is, the body of the mandible 

Fibrous capsule of the TMJ, 
lateral aspect ( in red), encloses the joint. 
(Reproduced by permission from Clemente 
CD, ed. Gray's anatomy of the human body. 
30th ed. Philadelphia, PA: lea & Febiger, 
1985:339.) 

rotates around an imaginary h orizontal axis line thaL 
connecLS both conclyles. This purely ro tational (hinge­
Lype) movement of the two condyles around a horizon­
tal axis can be compared to a playground swing with 
two supporting chains (similar to the supporting rami) 
that rotates front to back around a supporting pole 
( the swing's horizomal bar, or Lhe axis line that passes 

n 
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through the right and left mandibular condyles). The 
seat of the swing, like the body of the mandible, moves 
quite a bit, whereas the highest chain links (like the 
beads of the condyles) move little since they are at the 
axis of rotation. This purely rotational movement is 
possible only when opening the mandible up to about 
hair way.c Funl1e::r, the:: rotation of the:: mall(..libk aroum.l 
this hinge axis is possible only when the mandible is 
not bei11g pulled forward. 

C. MOVEMENTS WITHIN THE UPPER 
JOINT SPACE 

Movement between the superior surfaces of the discs 
and the articular fossa (and eminence) occurs within 
the upper joint spaces. When you open and close the 
mouth beyond about half way (i.e., beyond the limit of 
the purely hinge-like movement), the mandibular con­
dyles and discs together translate or glide forward (when 
opening) and backward (when closing). Translation is 
the bodily movement of the entire mandible (and discs) 
downward and forward onto the articular eminences. 
During translation, the horizontal axis between the 
condyles actually moves forward as the condyles and 
discs slide from the articular fossae over the adjacent 
eminences. Think of this translatory movement as tak­
ing the entire playground swing set with its horizontal 
bar (rotational axis) in the previous example and mov­
ing it forward, which moves the swing (condyles and 
body of the mandible) bodily forward. lf the swing is 
still swinging, a hinge movement is now combined with 
translation, similar to most movements within the jaw. 

When the condyles and discs do not move for­
ward simultaneously, the result may be crepitation. 
Crepitation (crepitus) is the crackling or snapping 
sound or noise emitted from the TMJ because of a dis­
ham1onious movement of the mandibular condyles 
against the articular discs, sometimes erroneously 
thought to be caused by the rubbing LOgether of the 
dry synovial surfaces of joints. When the crackling 
noise is heard, the articular disc may be snapping in or 
out of position or it may become locked in the wrong 
position.1•a-1u 1 Crepitation is not a rare occurrence 
and docs not normally require treatment unless it is 
accompanied by pain, limited jaw opening, or trismus 
[TRIZ mus] (i.e., a spasm of chewing muscles associ­
ated with difficulty opening or locking o[ the jaw). 10.1 3 

The noise may disappear with time, or it may persist 
for many years being no more than a noisy annoyance. 
With practice, ir a person who has crepitus on one or 
both s ides can learn LO open the jaw like a hinge with­
out protruding it forward, the condyles will be able to 

~ b,h the discs ,nd <he aoise will s<op 

A 

B 

C 
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MAXIMUM INTERCUSPATION 

MAXIMUM 
HINGE OPENING 

MAXIMUM OPENING 

__.../'-,.__ 

- - "} Average hinge 
_ _ _ opening = 22.4 mm 

t;-. 1 I Average maximum 
opening= 51 mm 

- -- - -

Range of o pening for hinge and translatio n 
movements. A. Maximal intercuspal position . B. Maximum 
opening for hinge movement. C. Maximum normal total open­
ing. Note: Movement from position B to C would include both 
hinge and translacory movement. 

Both translatory and rotational opening movement 
occur when a person continues opening beyond about 
halfway , beginning when the jaw exceeds the maxi­
mum hinge opening limit, and continuing until the jaw 
is opened all of the way (Fig. 9-20). 

LEARNING EXERCISE 

Place your fingers in front of your ears and open 
and close your jaw to palpate the lateral heads 
of the mandibular condyles. When you open 
widely (as in yawning), you will now be rotating 
and translating your mandible. You may feel a 
bump, or hear a click or popping sound, or hear a 
grating noise (called crepitation) as the condyles 
move (translate) forward and slide down onto the 

Ka dose.com 
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Leaming Exercise, cont. 

articular eminences. These sounds could be a sign 
of dysfunction within the joint such as a disc that 
does not follow the movements of the condyle. 
How far are you able to open in the incisor region 
before you feel the condyles begin to slide forward 
(translation in the upper part of the joints)? 

D. TOTALJOINT MOVEMENT 

Normal day-to-day fi.mctional mandibular movement 
required for eating, swallowing, yawning, and talk­
ing involves hinge-like rotation simultaneously with 
some Lrnnslation of the mandible that occurs in both 
the upper and lower spaces of the TM]. The combined 
hinge and translato1y motion fo llows a curved path pri­
marily dictated by the movement of the condyle against 
the posterior and inferior surface of the articular emi­
nence because no conscious effort is being made to 
open in a retruded manner. 14

•
1

$ 

Poor occlusal relationships of any type can contrib­
ute to a variety o[ joint problems.1·'l-11•16•17,1 

E. DISLOCATION OF THE MANDIBLE 

When widely opening the mandible, the disc and head 
o[ the condyle may move forward so far that they slip 

out of the articular fossa and move forward beyond the 
articular eminence. Thus, lhe mandible will be par­
tially dislocated (luxa'.tion or condylar subluxation). 
Thi!i d,1slocation occurs in the upper joint compart­
ment where translation occurs. The mandibular con­
dyle can also come off of the disc, causing the jaw to 
lock open. lf the dosing muscles suddenly conuact, the 
mandible could become painfully loched open. A per­
son's jaw-opening muscles are not nearly as powerful 
as the closing muscles, and therefore, we may not be 
able LO unlock a mandibular dislocation in our own 
mouth without help. (Perhaps you have seen an alliga­
tor trainer hold the alligator's jaws closed with only one 
hand since their opening muscles are so weak.) 

A subluxed position may be Teleased when another 
person depresses the mandible with heavy force down ­
ward and backward to slip the mandibular condyles and 
discs under the articular eminences and back into the 
articular fossae. In order to avoid having the person 
bite down on the fingers of the rescuer. as Lhe muscles 
are released from their state of contraction, the rescuer's 
thumbs should be placed not on the mandibular teeth 
but bilaterally on the bonx sh.elf (buccal shelO of the 
mandible just lateral to the molars. The disc is loosely 
attached to the condyle and normally travels with it. 
There could be a lot of pai.n unti l the contracted mus­
cles relax afler the mandible is depressed and reposi­
tioned by the thumbs of the rescuer. 

SECTION Ill 
TERMS USED TO DESCRIBE JAW RELATIONSHIPS BElWEEN 
THE MANDIBLE AND THE MAXILLAE 

J aw relation (or the maxillomandibular relationship) 
refers to the position of the mandible relative to the 
maxillae and can be described as a tooth-to-tooth rela­
tionship between maxillary and mandibular teeth, or as 
a bone-to-bone relationship between the maxillae and 
mandible. Several terms describing different tooth and 
jaw relations are discussed in this section. 

A. MAXIMAL INTERCUSPAL POSITION 

Maximum intercuspal position (MIP) is a tooth-to­
tooth relationship that is not dependent on where Lhe 
jaw muscles or joint anatomy would like to position 1l1e 
mandible. It is the tightest or best fit between maxil­
lary and mandibular posterior teeth and can be demon­
suated on hand held casts of the uppi:r and Jo er arches 
without looking into the mouth (Figs. 9-21 Band 9-228). 
Th.is ca i be call~d maximal intercuspation. 

J, 

8 . CENTRIC RELATION 

Centric relation (CR) or centric jaw relation is an 
important reproducible and repeatable relationship of 
the mandible to the maxillae because it is the relation­
ship people return to each time they chew and swal­
low, and it is the relationship that dentists use when 
they moum diagnostic casts of the mouth prior LO 
major restorative procedures. This jaw relationship is 
not affected by the presence (or absence) of teeth, so it 
does not change due to LOoth malocclusion. lt includes 
the range., of positions of the mandible during a hinge­
like opening and closing without. moving bodily forward 
and without teeth touch ing, or up until the first two 
teeth initially just touch but do not yet begin to close 
more tightly into MfP.1&-20J 

It is a relatively rare but ideal occurrence when CR 
coincides with the MlP. This occurs when the mandible 
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c.E.H'l'ff,c J AW REI.A TION WITH TEETI­
BARE).. y OOHTJICTING ~EPUc.t 

Mll)!IM '-1 IITTf:flCJJSPAL POSmo.~ 

UTT 511)( 

Maximum intercuspal position (MIP) compared to centric jaw relation. A. Mandible has closed in the centric j aw 
relation until che first tooth contact between any upper and lower ceerh (indicating a prematurity or deflective contact). B. The man­
dible has continued to close from the first tooth contact into M IP, and as a result of the prematurities, the mandible has deviated 
( deflected) forward ( as seen in the shift of the relationship of the vertical lines placed on the maxillary and mandibular first premolars) 
and laterally to the left (as seen in the shift of the alignment of the mid lines of the maxillary and mandibular dentition). 

closes in its CR position and there is simultaneous even 
contact of teeth in maximal imercuspation when the 
teeth first touch.8•

19
-

22 This type of ideal occlusal rela­
tionship results in a harmony between the guidance 
afforded by jaw muscles, the position of condyles 
against the discs and fossae, and the maximum fiuing 
Logether of the teetl1. This condition does not occur in 

most people unless they have just bad a well-executed 
occlusal reshaping (equilibration) where small amounts 
of imerfering occlusal enamel were removed by the 
dentist co equalize occlusal scress,22 have a well-made 
removable denture, or have had a compleLe dental arch 
rehabilitation replacing or reorienting all occlusal sur­
faces (described laLer in this chapter). 

FIGURE 9-~ MIP compared to centric jaw relation on a patient with severe deflective tooth contacts. A. Patient's casts (left side 
and right side) mounted in centric jaw relation. An articulator mounting of these cases in centric jaw relation using a leaf gauge 
revealed che severe deflective left second molar contact that was impossible co correct by an equilibration. This person's mandible 
deflected forward 2 mm and co the right 1 mm as the ceech closed into MIP. B. Same patient' s cases (left side and right side) mounted 

~ a use.com 
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When centric jaw relation does not coincide with 
the MIP, a prematurity or deflective occlusal con­
tact exists. Most people have deflective malocclusion 
to some degree. Premature or dellective occlusal con­
tacts refer to the teeth that are the first to contact as 
the mandible closes into its most retruded position in 
CR. Dt:fit:<.:Livt: 01.:dusal <.:oULa<.:Ls guidt: or dirt:<.:L dtt: 

mandible away from where healthy muscles and joim 
anatomy would comfortably guide the mandible if 
there were no teeth. Mandjbular deviation refers to 
the direction and movement of the mandible from the 
first slight premature tooth contact with the jaw in CR 
until the teeth reach their MIP. The direction of the 
deviation of the mandible is usually forward (about 
1 LO 2 mm) and upward, with or without simultane­
ous lateral movement.18•20-2 t.2➔ .i, This is illustrated in 
Figure 9-21 where premature contacts deflect the man­
dible forward and Lo the left as the Leeth move from CR 
into MIP (from A to B), and in Figure 9-22, where the 
mandible is deflected forward 2 mm (from A to B). In 
Figure 9-22, compare the short vertical pencil lines on 
two pairs of opposing maxillary and mandibular teeth 
that line up when the teeth are in their MIP but reveal 
how distally the mandible is positioned when in centric 
jaw relation. A prematurity is most obvious on the skull 
in Figure 9-23 where the supraerupted maxillary third 
molar occludes before any other teeth when the man­
dible closes in its CR. This deflective occlusal contact 
forces the mandible to move considerably forward and 
superiorly in order to reach MIP. 

AGURE 9.2)1 
Centric prematurity: initial contact of a 

supraerupted maxillary th ird molar. When rhe mandible is 
positioned as ir closes in cenrric relation, the first toorh to con­
tact in this dentition is the third molar. The mandible must then 

• d upward (arrows) in order for all teeth to come 
IP. 

Edentulous people (with no teeth) who wear 
complete dentures or false Leeth are provided with CR 
that coincides with MIP because they can learn Lo pull 
the mandible back and close imo a stable and repeatable 
position of CR during jaw closure. This enables the tight 
occlusion of denture Leeth Lo coincide with the repeat­
ablt: <.:t:ntri<.: jaw position, so Liu:: c.kntun:::; will rt:mai1 1 

Lightly secured against the mucosa and not rock loose 
when functioning. 

An articulator is a mechanical device that holds 
casts of the two arches, permitting a close duplication 
of the patient's opening and closing centric jaw rela­
tions (Fig. 9-24). Notice the fit of the ball of the lower 
(mandibular) part fitting imo a concavity on the upper 
(maxillary) part. This design simulates the heads of the 
condyles fitting into their articular fossae. IL is easier 
to study tooth relationships with the patient's dental 
arches (dental stone casts) on the articulator in your 
hands, rather than with your hands in the patient's 
mouth. What beuer wa)' is there LO determine whether 
or not the maxillary and mandibular lingual cusps fi t 
together tightly or properly in the maximal intercuspal 
relationship? 

LEARNING EXERCISE 

Open your mouth so that your teeth are slightly 
apart, and close very slowly in a hinge motion 
without sliding the jaw forward until the first teeth 
initially touch gently. The relationship of your jaws 
prior to your first gentle tooth contacts is your 
centric jaw relation. The relation of this pure hinge 
opening is a most important one to record when 
making extensive dental restorations for a patient. 
If your mandible is deAected (hits and slides) for• 
ward as you continue to close your teeth together 
into their MIP where they fi t together most tightly, 
you are experiencing deAective or premature 
occlusal contacts, and you are among the major­
ity of people whose CR does not coincide with 
the MIP. The mandible will almost always slide 
forward from CR into MIP, ei ther straight forward 
or to one side. More than likely, your own deAec­
tive tooth contacts will not be as severe as that 
shown in Figure 9-22. Can you determine in which 
direction your premature tooth contacts defl ect 
your mandible? Compare the location of your 
first (premature) tooth contact in CR with those 
in Table 9-1. Less than 1 % of this group had Ml P 
coincide with CR, yet most were asymptomatic. 

Ka dose.com 
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FlGURE9-~ Casts mounted on an articulator. A. This articu lator (Denar, Anaheim, CA) can be used to mount casts of the 
patient's dentition in order ro reproduce the position and movements of mandibular teeth relative to maxill ary teeth. This mounting 
was used to design the tooth a natomy and occlusion for a fixed denta l prosthesis (bridge) from tooth 18 to 20 ( replacing tooth 19) 
and a removable partial dental prosthesis replacing teeth 12 through 15. (Mounting courtesy of Dr. Lisa Knobloch, Ohio State 
University. ) B. Skull superimposed over an articulator to show how tooth models mounted on an articulator can reproduce the 
movements of the teeth relative to the TMJ. (Photo compiled by Dr.Julie Holloway, Ohio State University.) 

C. PHYSIOLOGIC REST POSITION 

Occlusal vertical dimension refers to the d istance 
between a selected point on the mandible and a 
selected point on the maxillae. This dimension can be 
measured with the jaws positioned in CR or in MIP. 

The physiologic res t position (or vertical dimension 
of rest position) is the position of the mandible when 
all of its supporting muscles are in their resting pos­
ture.16 Physiologic rest position is further defined as 
the mandibular position when the person's head is 

T bl 
9

_
1 

DEFLECTIVE CENTRIC RELATION TOOTH CONTACT DATA 
a e FROM 811 DENTAL HYGIENISTS 

LOCATION OF ARST CENTRIC RELATION TOOTH CONTACT 

Premolars one side 
Premolars both sides 
Molars one side 
Molars both sides 
Molar one side; premolar one side 
Canine 
MIP a centric jaw relation (no prematurity) 

TYPE AND PLACE OF DEFLECTIVE CONTACT 

Premolars only 
Molars only 
Un ilateral prematurity 
Bilateral prematurity: same tooth 
Bilatera l prematurity; premolar-molar 

•Tortt of the six r-ec.ently had an tquilibtation by rhtif dtnti.sts. 
R<S<?ar<h o dua<d by Dr. Woelfi!I at th• Ohio State Univ,rsity, 1974-1986. 

NUMBER OF HYOIENISTS PERCENT 

232 28.6 
90 11. 1 

328 40.5 
113 13.9 
38 4.7 
4 0.5 
6· 0.7 

PERCENT 

39.7 
54.4 
69.2 
25.8 
4.7 
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upright, the muscles of mandibular movement are in 
equilibrium, and the condyles are in an unsLrained 
position. Unless we are nervous, eating, talking, 
yawning, or using our muscles to perform other less 
natural [unctions (such as playing a clarinet), the 
mandible is in this comfortable resting position most 
of the Limt: (ovt: r 23 h ours ea\:h <lay). 'vVht:n a pt:r:son 
with an erect posture is totally relaxed and makes no 
conscious effort to open or close the mouth so that 
the mandible is in itS physiologic rest position, there 
is a space between the occlusal surfaces of the maxil­
lary and mandibular teeth called the interocclusal rest 
space (or freeway space). This space is normally 2 LO 

4 mm between the maxillary and mandibular teeth. 
Of course, when the teeth are missing (in an edentu­
lous person), there would be a much larger distance 
between the residual toothless ridges when the man­
dible is resting.27 

A simple change in posture, such as looking up at 
the sky or stretching the 11ec/1 back in the reclined den­
tal chair, will change the resting position of the jaw, 
pulling the mandible back and separating the teeth 
fanher than wben in a comfortable upright position 
(fig. 9-25). This change is due to the pull on the man­
dible by sLretching skin and underlying tissue (fascia). 
Therefore, when a dentist places a restoration (fill ing) 
for a patiem who is reclined in the dent.al chair, a final 
assessment and possible adjustment of the occlusion on 
this new restoration should take place with the patient 
in a relaxed upriglit position. 

A B 

D . JAW RELATIONSHIPS DURING 
HORIZONTAL MOVEMENTS 
OF THE MANDIBLE 

Relationships between the mandible and the maxillae 
can be derined and documented as the mandible moves 
horizontally om of its centric relationship into other 
positions. Eccentric jaw relationships are any devia­
tion of the mandible from the CR position. These rela­
tionships occur when the lower jaw moves anteriorly 
(protn.ision), laterally (mandibular lateral translation 
or excursion), or a combination of both. 

1. PROTRUSIVEJAW RELATION 
AND OCCLUSION 

Protn.isive movement occurs when the mandible moves 
anteriorly (as when incising food between the ante­
rior teeth). Both mandibular condyles and discs move 
forward together in their articular fossa, functioning 
against and beneath the articular eminences whose 
sloping morphology guides the mandible downward as 
it moves forward. As protrusion occurs, the movement 
of the mandible is also influenced by the amount of 
overlap of the anterior teeth. When teeth are positioned 
in MIP, upper incisors and canines overlap lower inci­
sors and canines (fig. 9-26). As stated earlier in this 
chapter, this overlap can be described in terms of a hori­
zontal overlap where maxillary incisal edges are labial 
to the mandibular incisal edges and a vertical overlap 

Physiologic rest position: effects of posture. A. This man assumes a normal posture with his mandible in physi­
ologic rest position (RP). Posterior teeth, though not visible, are not occluding. B. Now the man is looking up and his mandible is 
again ,n physioJogic RP with his posterior teeth separated but more so than in A because of the stretch offascia, skin, and muscles. 
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MAXIMUM INlERCUSPAiilON 

HORIZONTAL ' 
OVERLAP 

Incisor and canine relationship and guidance. 
Lateral view of maxillary and mandibular incisors shows the 
normal vertical and horizontal overlap of incisors when the 
posterior teeth are in maximum intercuspation. The incisal 
guidance angle is the angle formed between the occlusal plane 
(horizontal numbered line on illustration) and a line connecting 
the upper and lower incisal edges. It is only 37° in chis illustra­
tion, which is less steep than in many dentitions. A canine guid­
ance (rise) angle of 60° or more is necessary to provide 
canine-protected articulation ( or canine guidance). 

where maxillary incisal edges overlap (and facially 
hide from view) pan of the mandibular incisor crowns. 
(See Table 9-2 for the average amount of overlap and 
range of variations on 1114 dental and dental hygiene 
students.) When a person with nomrnl horizontal and 
vertical overlap of the incisors moves the mandible for­
ward, the incisal edges of the mandibular anterior teeth 
glide against the lingual surfaces of the maxillary ante­
rior teeth, also guiding the mandible downward when 
protruding (Fig. 9-27). This is known as incisal guid­
ance, which is a type of anterior guidance, or anterior 
protected articulation. lt is influenced by the angle 
at which the lower incisors and mandible must move 
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Movement of incisors during protrusive 
movement. Notice how the normal overlap (in A) causes the 
incisors to direct the mandible downward as it moves forward 
(the red arrow in B), a movement chat normally separates poste­
rior ceeth. This is called anterior guidance or anterior protected 
articulation. 

downward and forward from the MlP to reach the edge­
to-edge incisor relationship. Anterior guidance is a desir­
able relationship since, when the mandible protrudes 
or moves to either side a small distance as in chewing, 
the incisor overlap causes the mandible to move down­
ward resulting in the separation (disocclusion) of the 
posterior teeth .23-28,K In other words, the posterior teeth 
only occlude in CR but not during protrusion. When 
the mandible is fully protruded, the incisal edges of 
the mandibular incisors move in front of the maxillary 
anterior teeth (Fig. 9-28).L When the mandible moves 
posteriorly toward its maximum imercuspal position, 
jaw movement is known as retrusion (retraction). 

Table 9-2 INCISOR AND CANINE OVERLAP OF 1114 STUDENTS 

INOSOR OVERLAP CANINE HORIZONTAL OVERLAP CANINE VERTICAL OVERLAP 

Horizontal (mm) Vertical (mm) R;ght (mm) uft (mm) R;ght (mm) uft (mm) 

"' VI Average 2.78 3.27 ~z'z-
~~~~ Low -2.5 -1.0 ... l,?~~ 
0 :t 

High 9,0 13.0 

2.0 1 2.02 3.23 3.19 

-1.0 -1.0 - 1,0 - 1.0 

6.2 6,2 11,0 9.0 

~t. Average 2.88 3.60 
Low -6.5 -2.0 

WO~ ( prognachic) (open bite) 
o~~ 

High 10.0 8.0 

4,05 4.25 
0.0 0.0 

8.5 9.0 

Ka dose.com 
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Maximum Protrusion 

FIGURE 9-2]1 
Maximum protrusive jaw relationship. This is 

the relationship of mandibular to maxillary central incisors when 
the mandible is maximally protruded. The mandible has 
protruded 11 mm because the mandibular central incisor was 
3 mm lingual co the maxillary incisor in centric occlusion. 

2 . LATERAL MANDIBULAR RELATION 
AND OCCLUSION 

During mandibular lateral translation, lhe mandible 
moves to the right or lefL side and slightly downward 
as when chewing food. When Lhe mandible moves to 
one side, both condyles do not move equally toward 
that side. Rather, when tl, e mandible moves to the 
righl side, the right condyle rotates but remains rela­
tively stationary, while the left condyle and disc move 
forward , downward, and medially within the articular 
fossa. During maximum jaw movement, the mandible 
can move almost twice as far from side to side as it can 
directly forward_M 

When the ma11dible moves laterally, the working 
side is the side toward which the mandible moves dur­
ing lateral excursion (seen in Fig. 9-29), and iL is also 
the side where chewing (or work) occurs. The oppo­
site side is called the nonworking side. These terms are 
dependent upon which way the mandible is moved. For 
example, when the mandible moves to the right, the 
right side is the working side and the left is the non­
working, whereas when the mandible moves to the left, 
the left side is the working side and the right is the non­
working side. The working side is the side where the 
"work" of chewing occurs. As a person with an ideal 
occlusal relationship moves the mandible laterally, the 
ridges of mandibular teeth on the worliing side move 
over the opposing maxillary ridges until maxillary buc­
cal cusps line up over mandibular buccal cusps, and 
maxillary lingual cups line up over mandibular lingual 
cusps (seen in Fig. 9-29). The condyle on the working 
side does not move much; it rotates on its vertical axis 
and moves laterally only about l to 2 mm (called lat­
erotrusion or Bennett's movemem). When the working 
side cusps are lined up end to end, the maxillary lingual 
cusps of the 110nworldng side are aligned over th.e man­
dibular buccal cusps. 

Canine-protected articulation is the desirable 
occlusal relationship in which the verlical overlap o( 
the maxillary and mandibular canines produces a disoc­
clusioo (separation) o( all of the posterior teeth when 
the mandible moves to either side. Disocclusion refers 
to the separation of opposing posterior teeth during 
eccentric movements of the mandibleY-28 That is, when 
the person moves the mandible to the right (working) 
side, there are no posterior t◊oth contacts evidem on 
the working side (Fig. 9-29) and, although you can­
not see this in the figure, there are also no nonworliing 
posterior tooth contacts due to the s teep canine guid­
ance on the right (working) side. Nonworking side 

FIGURE 9-il Canine-protected articulation. 
When the mandible moves to the patient's right side 
(in the direction of the red arrow), the overlap of 
canines results in the separation (disocclusion) of his 
posterior teeth on the right side. This is the patient's 
working side since the mandibular buccal cusps are 
lining up directly under the maxil lary buccal cusps (as 
during chewing or working) . 

a use.com 
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interferences refer to the tooth contacts on the non­
working side, which are considered undesirable.N If the 
nonworking side interferences are heavy and frequent, 
they may actually be destructive to the supportive struc­
tures of the involved teeth and can possibly cause TMJ 
pain on the opposite side because of the pivoting of the 
mandible and the stretching of opposite side ligaments 
and muscles. Many dentists consider canine-protected 
occlusion to be a desirable or healLhy relalionshlp LO 
have. One srudy of 500 persons indicated that there was 
a lesser tendency t0ward bruxism (grinding the teeth 
together) with canine-protected occlusion.29 Another 
study found posterior tooth mobility LO be higher in 
<lentil.ions with canine protection than those with group 
function. 30 When canine-protected articulation is not 
present, it may be achieved through orthodontic treat­
ment or by adding length or lingual thickness to the 
maxillary canines (by placing restorations). 
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Group function (or unilateral balanced occlusion) is 
an occlusal relationship in which mulliple teeth on a 
working side contact evenly as the jaw is moved toward 
that side.0 

The occlusion between an upper and lower complete 
denture false teeth is different from natural teeth.r 

LEARNING EXERCISE 

Place a finger just in fron t of your ears or in your 
ear openings while you move the mandible to the 
right side. Do you feel more movement of the 
condyle on the right side or on the left s ide? How 
do you account for this difference? Repeat while 
moving the jaw to the left side. (See Ref. 31 for 
interesting information on this subject. ) 

SECTION IV 
FUNCTIONAL MOVEMENTS WHEN EATING: CHEWING 
AND SWALLOWING 

Functional movements are the nonnal movements of 
the mandible during speech, chewing, yawning, and 
swallowing. Functional occlusion refers tO the teoth 
contacts that occur only during chewing and swal­
lowing. You may think that your Leeth need to touch 
when speaking, bur go through the alphabet to see if 
teeth need to touch for any sound. You will find that, 
for most persons, teeth do not actually touch, although 
they must come close during sounds like "sss.~ since if 
the incisors are moved very far apan, the resulL is more 
of an "sh" or whistling sound. 

Eating involves the intake of food by placing it in the 
mouth, incising (bringing incisors together) to bite off 
a manageable size piece of food, chewing (also called 
mastication [mas Li KA shun)) , and swallowing (also 
called deglutition [deg loo TISH uni). The follow­
ing descriptions of incising, chewing, and swallowing 
apply to persons with ideal class 1 occlusion eating a 
piece of chicken. 

A. INCISING 

Incising is the articulation of the anterior teeth per­
formed to cut food inLo chewable pieces. Eating begins 
as the mandible drops downward Lo open the mouth, 
and the mandible is protruded as food is placed between 
the opposing anterior teeth. The mandible then closes ), .. :. .. 1~1s~trn,;vo posH;o., u,,,;i the ;,,c;,,1 edges of 

the amerior teeth meet the food. The mandible is then 
moved up and posteriorly with the mandibular incisors 
against lingual surfaces of the maxillary incisors, thus 
cutting off a small portion of the food. 

8. MASTICATION (CHEWING) 

Next, the tongue transfers food to the posterior teeth; 
iL is held in position on the teeth of the working side 
by the cheek muscles and the action of the tongue. The 
teeth are brought together, engaging the food with the 
mandible in a slightly lateral position toward the work­
ing side. The upper buccal cusps are directly over the 
lower buccal cusps with the mandible in this lateral 
position. The closing motion slows as the mandible is 
forcibly closed32 while the canine overlap and inclines 
of posterior tooth cusps guide the mandible into maxi­
mal imercuspati.on of the posterior teeth for chewing. 
Tooth cusp slopes and triangular ridges act as cut­
ting blades, whereas major and supplemental grooves 
serve as escape pathways (spillways or sluiceways) for 
crushed food to squeeze out through the buccal and lin­
gual embrasures and over the cooth curvatures toward 
the cheek and onto the tongue. There, it can be tasted, 
mixed with saliva, placed back over the teeth, and 
chewed some more. This process significantly reduces 
lateral forces applied Lo the teeth that could be damag­
ing LO the Leeth and their supporting bone. After the 
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posterior teeth contact in MlP, there is a slight pauseQ 
before the mandible opens and moves laterally to com­
mence the next chewing cycle. We usually chew like 
this on one side for several cycles and then switch the 
food over to the opposite side where a sim ilar chewing 
cycle occurs. This process is called mastication. 

LEARNING EXERCISE 

Look in a mirror and move your jaw as far as pos­
sible in all directions (wide open, and from right 
to left) to discover exactly how wide and long your 
total range of motion is. Then chew some sugarless 
gum and notice that you use perhaps only half of 
this overall range of motion. Observe the pattern 
of movement of your mandible from the facial view 
during chewing to see if you move your mandible 
in a tear drop or circle shape similar to the pattern 
of chewing. Your side or sagittal view could also be 
viewed using a second mirror placed at 45°. 

C. SWALLOWING (DEGLUTITION) 

Swallowing begins as a volunta1y muscular act (when 
we decide to) but is completed involuntarily by rellex 
action. The mechanics are as follows: 

• The anterior pan of the mouth is sealed (lips 
closed). 

• The teeth are closed into their MlP. 
• The soft tissue in the back of the roof of the mouth 

(soft palate) is raised, so food cannot enter the nasal 
passageway. 

• The bone above the voice box (hyoid bone) is raised 
as we close off the trachea (windpipe). This prevents 
food from passing into the lungs. 

• The posterior part of the tongue is engaged in a 
piston-like thrust causing the small mass of chewed 

food (bolus) to be pushed into the throat (oral 
pharynx [FAR inks]). 

• The act of swallowing, also known as deglutition, 
takes place. 

• Once the bolus is in the pharynx, the superior por­
tion of the posterior wall presses forward to seal the 
pharynx, an<l the::11 the:: e::supltage::al ph ase:: of swal­
lowing commences. This is accomplished by invol­
untary peristalsis (waves of contraction), which 
moves the food bolus through the entire length of 
the digestive trac t. 

• Then the mandible usually drops open, assuming its 
physiologic resting posture where relaxed musdes 
permit a slight space between upper and lower teeth. 
Several swallows are necessmy to empty the mouth 
of a given food mass. However, even without food 
or drink, we swallow saliva a number of times every 
hour without thinking about it. 

LEARNING EXERCISE 

Bite off a piece of firm food and analyze your 
jaw movements by looking in a mirror as you 
prepare the food for swallowing. This process 
is called mastication followed by degluti t ion 
(swallowing). Observe and feel the hyoid bone 
above the voice box move as you swallow. 
During swallowing, feel the bulge of the muscles 
located inferior to the mandible (near the mid­
line) but superior to the hyoid bone. Also notice 
how difficult it is to swallow with your lips and 
teeth apart. Dental professionals must remem­
ber this fact as they keep patients' mouths open 
for extended periods oftime without providing 
an opportunity for them to close their teeth 
together and swallow! 

SECTION V 
PARAFUNCTIONAL MOVEMENTS AND HEAVY TOOTH 
CONTACTS: SIGNS AND SYMPTOMS 

Functional tooth contacts occur during the normal day­
to-day processes of mastication and deglutiLion. Some 
fo rces between teeth are actually necessa,y for maintain­
ing a healthy periodontium. Parafunctional contacts, on 
the other hand, are those tooth contacts that occur out­
side of these nomrnl functions, like when teeth contact 
~ o, so[t tissue, 01 othec 1wh. Fo, ""npi<, 

tooth-to-hard object contacts occur when smoking a pipe 
if the smoker chews on the pipe stem, or when playing 
a reed instrument such as a clarinet, or when chewing 
on a pencil. Tooth-to-soft tissue contacts occur during 
cheek biting or lip biting that can be confirmed dur­
ing an oral examination as raw or thickened mucosa of 
the cheek or lip. Parafunctional tooth-to-tooth contacts 
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occur when clenching (squeezing the teeth together 
without jaw movement) , bruxing (grinding the teeth 
back and forth during movements other than chewing), 
or playing a violin ( where tooth contacts occur when 
supporting the instrument with the chin). Bruxing can 
be particularly damaging to teeth and to the TM]. 

Tooth contacts during parafunctional movements 
may be nothing more than an annoyance, but if Lhese 
comacts involve considerable force and frequency beyond 
which the tooth and muscles are able to withstand, they 
can be potentially damaging tO teeth, to t0oth support­
ive structures, and LO the TM]. When a person develops 
a bruxing habit, these heavy and potentially damaging 
tooth contacts may be exercised almost constantly under 
stressful situations. In a healthy person without occlusal 
problems, functional tooth comacts including eating 
three meals will total only 7 to 8 minutes over a 24-hour 
period. Parafunctional tooth contacts, in contrast, may 
occur several hours per day or night. Also, biting strength 
in bruxers or clenchers can be as much as six times l1igher 
than in the nonbruxers, so iL takes little imagination to 
understand why parafunctional habits like bruxing can 
be an undesirable and damaging habit. ••.s Bruxing can be 
confirmed by the noise it produces that can be heard by 
others and can result in sore chewing muscles. Bruxing 
may be worse if a person has malocclusions; anxiety or 
stress; suppressed anger; or is hyperactive; uses caffeine, 
tobacco, or dmgs like cocaine and amphetamines. (See 
general reference for the Mayo Clinic.) 

Teeth in heavy occlusion often exhibit flattened 
tooth contours seen as tooth facets, or chipped enamel 
and exposed dentin. These teeth may become sensi­
tive when chewing forcefully or when tapped on with 
a dental instrument, a condition known as sensitivity 
to percussion. Heavy occlusion can also lead to tooth 
mobility and loose teeth, possibly seen as fremitus. 
Fremitus [FREM i tus) is the palpable or visible vibra­
tion or movement of a tooth when subjected to heavy 
occlusal forces. Fremitus is not necessarily an unhealthy 
condition but may be an indication of a premature CR 
tooth contact or of interferences during sideways (lat­
eral) movements of the mandible. 

On a radiograph, heavy occlusion on a tooth may 
contribute to a widened periodontal ligament or angu­
lar bone loss or loss of bone in the furcation (which 
could result in a loose tooth), thickened lining of the 
tooth socket (lamina dura), and root resorption (i.e., 
the shortening of a root). ln the presence of factors 
contributing to periodontal disease, heavy occlusion 
can worsen the disease process. Open proximal con­
tacts associated with malocclusions can contribute 
to ro;~;action, gingivitis, and periodontitis if not 

)...:..r,i; 
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Parafunctional c<mtacts like bruxing can also nega­
tively impact on the ability to open and close the mouth 
due to tired muscles, or trismus (a disturbance of the 
trigeminal nerve resulting in spasms of the chewing 
muscles and limited jaw openil1g). Myofascial [my o 
FASH i ell trigger points may result from overuse of the 
jaw m us<.:k,.9•16 "Myufa:,dal " ref,:;r:, LU 111u:,d,:; a11Jf~tii1, 

which is the thin connective tissue covering that con­
nects muscles. Sympto1ns include tenderness and pain of 
the muscles of the face and head, and even the neck and 
back. Other sympt0ms associated with heavy occlusion 
include migraine-type headaches, sinus pain, and jaw 
joint pain. The pain can sometimes be severe. '-9•16.1 7.i 7•333+ 

Joint pain can result from heavy forces on pre­
mature or undesirable contacts,21 but joint pain can 
also be due to disease, such as arthritis, or injury. 
Temporomandibular disorders (TMDs) caused by ab­
normal functioning of the TMJ can result from loss of 
vertical dimension from tooth wear or tooth loss, loss 
of posterior tooth support, or other malocclusions. 
Symptoms of TMD include headaches, ringing of the 
ears (tinnitus [ti NJ tis)), ear pain, and impaired hear­
ing. Symptoms can be made worse when the force or 
frequency of clenching and grinding increases, as might 
occur in persons under psychological stress, or in per­
sons with poor posture (e.g. those who frequently rest 
one side of their jaw on their hand) . 

Some lOOth contacts are less desirable than others 
because they are less capable of withstanding heavy 
forces and more likely to resulL in an increase of muscle 
or tooth pain. For example, signs and symptoms from 
heavy occlusion are more likely when only two poste­
rior teeth occlude during heavy or repeated contacts. 
Canines, on the other hand, are more capable of with­
standing heavy occlusal forces, which is why canine­
protected occlusion is desirable since posterior teeth 
separate during protrusive and lateral jaw movements. 
Also, tooth contacts on the nonworking side are not tol­
erated well, and heavy forces that are not along Lhe ver­
tical axis of the tooth are more likely to be destructive. 

Fortunately, we have a natural mechanism that 
helps to protect teeth from heavy tooth contacts. Our 
fifth cranial nerve (trigeminal nerve) provides nerve 
branches to the periodonral ligaments of each tooth 
(especially canines), and these nerve fibers send mes­
sages to the brain from sensory end organs called pro­
prioceptors [PRO pree o SEP ters) . Therefore, tooth 
contacts direct movements of the muscles that move 
the mandible in order for us to avoid heavy traumatic 
or deflective contacts.R By virtue of tl1is complex pro­
tective mechanism, traumatic or deflective tooth con­
tacts are most often avoided during normal functioning 
(chewing, talking, and swallowing).8 •1&-20-12 

e.com 
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SECTION VI TREATMENT METHODS RELATED TO MALOCCLUSION 

There are many treatment methods for patients symp­
tomatic due to heavy bruxing, myofascial pain, and 
TMDs.29•30·n-35 Lt is appropriate to begin with therapies 
that are re:ve1·sible (do not result in permanent changes 
LO the teeth or supporLive structures) or diagnostic (i.e., 
therapies used lO confirm that the symptoms are caused 
by malocclusion) before irreversibly moving, restoring, 
or reshaping teeth or jaw bones. 

A. PATIENT EDUCATION 
AND BEHAVIOR THERAPY 

It is important to educate a person on self-treatments that 
help alleviate muscle pain or tooth pain related to unde­
sirable or premature occlusion. To begin with, they need 
to know that their pain may be due to their tooth grind­
ing. Just knowing that clenching and bruxing may cause 
their pain can help the patient to stop bruxing, at least 
during the day when they notice it. They need to know 
that keeping their teeth apart and resting the muscles for 
a while may help. It is better to eat foods that are easy to 
chew (like pasta and soups), to avoid foods that require 
considerable force to chew (like candy-coated peanuts 
or taco chips), and to avoid foods that increase the fre­
quency of tooth contacts (like chewing gum). Also, limit 
alcohol, tobacco, and caffeine, all of which may worsen 
the problem. They should be made aware that bad pos­
ture might contTibute to muscle pain in the neck and 
jaws. Biofeedback (from monitors charting muscle activ­
ity) may also be helpful to provide patients with print­
outs that confirm when they are tightening their muscles 
so that they can learn how to avoid these actions. 

8. STRESS MANAGEMENT 
AND MUSCLE RELAXATION 

Since persons under psychological stress are more likely 
to clench and brux more frequently or with more force, 
therapies that can reduce s tress may help. Self-therapies 
include yoga, meditation, deep breathing, and visualiza­
tion of a peaceful scene. Referral for psychological coun­
seling may also be necessary. The dentist may prescribe 
pain medications initially to reduce the pain, tranquil­
izers to help the patient relax, or muscle relaxants to 
help reduce muscle tension, but side effects like drowsi­
ness or dry mouth may be undesirable. Botulin um toxin 
(Botox) has been shown lO be helpful for some persons 
with severe bruxism who have not responded to other 
therapies.~ New research has actually shown that tak­
ing some antidepressant medications (like serotonin 
specif~t'iw'rake inhibitors) may have the side effect 

,-.-.;o,,.lj,5{i1 Therapies that help relieve muscle pain 

elsewhere in the body could also be used to reduce pain 
in the muscles of mastication, and these include apply­
ing ice for several minutes followed by moist heat lO 

relax muscles. Jaw muscle exercise may also be helpful 
once the muscle pain has been eliminated. 

C. CHANGING JAW RELATIONSHIPS 
WITH AN OCCLUSAL DEVICE 

To successfully correct a patient's unfortu nate parafunc­
tional bruxing habit is not an easy task and takes time, 
skill, and patience at best. A basic principle of treating 
occlusal dysfunction is to get the teeth to come together 
evenly (without premature on undesirable contacts) 
whHe the mandible is in its most comfortable position. 
'vVhen a patient suffers from pain due to malocclusion, 
the use of an occlusal device like a bite plane should 
be considered, and extensive dental work (multiple 
restorations, bridges, equilibration, orthodontics, etc.) 
should be postponed until the patient has remained 
comfortable for several weeks, and upon return visits 
requires little or no adjustment of the device. 

An occlusal device (sometimes called a bite guard 
or night guard) is a removable art.ificial occlusal sur­
face that can be used to stabilize occlusion, n·eat the 
pain from TMDs, or prevent tooth wear. A detailed 
description of the method for constructing a maxillary 
occlusal device is presented in Figure 9-30. This type 
of occlusal device is constructed of a thin, horseshoe­
shaped layer of transparent plastic that fits over the 
upper teeth to provide a smooth surface for the mandib­
ular teeth to contact without a deflective prematurity. 
A properly constructed occlusal device reduces deilec­
tion of the mandible by preventing the input to prop­
rioceptive sensors around the teeth that are in heavy 
occlusion, thereby providing a noninvasive, reversible 
therapy.1-s.is-io.u.35 lts use permits the mandible Lo close 
into a centric jaw relation, which is the most comfort­
able and stable position. Patients are advised to wear Lhe 
occlusal device 24 hours each day except when eating, 
and the device should be periodically evaluated and 
adjusted as needed. After a few days, the patient may 
experience u·emendous relief from severe facial mus­
cle pain, headaches, or even some backaches that are 
related to an imbalance of the TMJ and tooth occlu­
sion. For example, the patient in Figure 9-22 exhibited 
trismus and limited jaw opening over a 4-year period. 
He was only able to open 35 mm at the incisors, but 
after he wore a maxillary occlusal device for 18 months, 
his mandible stabilized into a comfortable CR position, 
and he was able to open at the incisors 55 mm. :11 
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A B 

D E F 

G H 

Stages of construction and adjustment of a maxillary occlusal device (previously called a night guard). A. A thin 
plastic sheet (1.5 to 2.0 mm thick) has been heated and vacuum-molded (sucked down) onto a clean, dry, accurate cast of the maxil• 
lary teeth. The center palatal portion and excess on the sides and posteriorly have been removed, leaving only a 3-mm overlap on the 
facial surfaces of the teeth. The occlusal surfaces are roughened with a carbide bur so that additional acrylic resin will adhere securely. 
B. A triangular-shaped anterior ramp of cold-curing acrylic resin llas been added lingually between the central incisors ro maintain 
vertical dimension and to guide the mandible posteriorly (like a leaf gauge or sliding guide). C. Contact with the anterior ramp shows 
an excessive increase of the vertical dimension, so this is adjusted leaving only a point of contact with the mandibular incisors, so they 
will contact at an incline of about 45° upward and posteriorly. D .. The softened dough roll of orthodontic cold-curing clear acrylic 
resin is adapted over the roughened occlusal and incisal portion of the template with the anterior portion slightly longer and thinner 
than the posterior part. E. The template with the molded softened acrylic resin dough is placed in the mouth and the patient closes 
gently two or three times in the terminal hinge position and just far enough upward so that the mandibular incisors are stopped and the 
mandible is guided posteriorly by the previously adjusted narrow anterior hard resin ramp. The resin dough is permitted to harden. 
F. With the acrylic resin hardened, return the occlusal device or bite plane to the cast, mark the cusp indentations with a bright red 
felt marker, and then grind off all excess acrylic except the imprints of only the tips of the cusps resulting in a Aat plane. G. Relieve the 
anterior portion of all tooth imprints and slope it sharply upward coward the lingual to provide a ramp for disocclusion during lateral 
jaw movement. The posterior imprints a re correct for initial placement ofche device. Whi le on the cast, the roughened acrylic resin is 
lightly buffed with a rag wheel and polishing compound. H. Place the maxillary occlusal device with che patient initia lly closing in 
centric relation. The mandibular posterior teeth contact uniformly (without deAections) on a Aat smooch plane. The mandibular 
anterior teeth are just barely out of contact until the jaw moves forward or to either side. I. The patient slides the mandible co the 
right, and all teeth on the right side disocclude as the lower left canine slides up the lingual ramp. (Courtesy of Dr. Richard W. 
Huffman, Professor Emeritus, Ohio State University.) 
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D. CHANGING TEETH SHAPES TO TREAT 
SYMPTOMS OF MALOCCLUSION 

Occlusal equilibration is the process by which a den­
tist modifies the occlusal or incisal form of the teeth by 
using revolving burs or stones in a dental handpiece to 
remove very small amounts of enamel at the sites of the 
100th prematurities.22 An occlusal equilibration should 
never be attempted without (irst having the patient 
wear a maxillary occlusal device for 1 to 6 weeks, 
which ensures natural and comfortable repositioning of 
the mandible and its TMJ. After equilibration, the teeth 
should be in harmony with physiologically relaxed 
joints. The occlusal equilibration should be reevalu­
ated at appropriate intervals to confirm the need for 
follow-up treatment. 

Another technique that can be used to perfect the 
contours and occlusion of Leeth that are not too badly 
out of alignment is to reconstruct the occluding surfaces 
of all or most teeth by constructing large, s tress-bearing 
restorations such as crowns or fixed partial dentures 
(bridges). This technique is called a full-mouth reha­
bilitation where most teeth are restored with crowns 
that change and perfect the occlusion. An example of 
the stages of a full mouth rehabilitation performed dur­
ing the 2000s is presented in Figure 9-31. This patient 
presented to the dentist with a history of severe gastTic 
(acid) reflux, which contributed to erosion of lingual 
enamel and much dentin on the ling11al surfaces of 
the anterior teeth. He complained of tooth pain (due 
to exposed dentinal tubules), muscle pain, and TMJ 
pain. He exhibited a deviation between CR and MIP of 
about 2 mm. After preliminary diagnostic procedures 
were completed, the decision was made to restore all 

posterior teeth ,vith crowns to correct the deviation, 
and place all-ceramic crowns or lingual indirect com­
posite veneers to improve contours and cover exposed 
dentin on all anterior teeth. Figure 9-31 shows the teeth 
before, during, and after the full mouth rehabilitation. 
After therapy, the patient reported no symptoms, and 
t:stht:Lit:s W<IS i rnpruvt:u. 

E. CHANGING TOOTH LOCATION 
TO TREAT MALOCCLUSION 

When teeth are so poorly aligned that the amount of 
tooth structure Lo be removed during an equilibration 
or a full mouth rehabilitation would result in exposure 
of sensitive dentin or even exposure of pulpal tissue, 
the demist needs to consider other tream1ent options. 
Orthodontic treatment can be used to bodily move the 
teeth into an improved alignment. Figure 9-22 shows 
the results of a severe unilateral molar prematuri1.y in 
the centric relation position. This patient underwent 
over 2 years of orthodontic therapy to correct the 
enormous discrepancy between centric jaw relation 
and MIP. Other alternatives would have been surgery 
(intrusion of molars) or possibly root canal therapy 
on the molars followed by eight cast crowns (reduc­
ing molar cusp height). Ordinarily, a centric relation 
prematurity is not as severe as this and often can be 
corrected when necessary with minimal occlusal equili­
brations or minor orthodontic tooth movement. 

Treatment of class 11 and class Ill malocclusions 
using orthodontics (including braces) usually requires 
much longer correction time and often involves surgical 
intervention compared Lo treatment of class I malocclu­
sions. This is due to the g1·eater disparity from an ideal 

FIGURE 9-3]1 Stages of a full mouth rehabilitation. A. Pretreatment: facial surfaces of teeth in maximum incercuspal position. 
Notice the ancerior deep overbite. B. Precreatmenc: facial surfaces ofceeth with the mandible procruded so che incisors are now in an 
edge-to-edge position. Notice the translucency of the maxillary central incisors, indicating very thin enamel due to severe lingual ero• 
sion. Also notice the gingival irritation related co a bulbous existing crown on the mandibular left central incisor (No. 24). 
C. Pretreatment: incisalfocclusal view of the mandibular teeth. Notice the th inness of the mandibular anterior teeth due to severe 
lingual erosion. D. During treatment: incisa l view of maxillary anterior teeth revealing the temporary (interim) restorations on the 
lingual surface of each of these teeth. These restorations cover the 01Penings chat were required co access and remove the pulp from 
each tooth ( endodontic therapy). E. During treatment: a ll maxillary anterior teeth (chat had been treated with endodontic therapy) 
were prepared for crowns and, due to the reduction of remaining tooth structure, had custom cast post and cores placed within each 
anterior tooth. The posts were cemented into spaces prepared by the dentist into the root a long the pulp canals, and the core (the 
metal that shows) provides additional support and retention for the crowns that would be placed over them. F. Posttreatment photo• 
graph of the mandibular teeth showing complete cast metal crowns o n both second molars (Numbers 18 and 31 ), metal ceramic 
crowns on both first molars (Numbers 19 and 30), and metal ceramic crowns (metal is not visible) on a ll premolars (Numbers 20, 21, 
28, and 29), as well as replacing an overcontoured crown on the mandibular left central incisor (No. 24). All other mandibular ante­
rior teeth were veneered lingually with indirect composite veneers (Numbers 22, 23, 25, 26, and 27). G. Posrcreatment of the maxil­
lary teeth showing metal ceramic restorations (porcelain fused to metal crowns) on firsc and second molars (Numbers 2, 3, 14, and 
15), metal ceramic crowns (metal is not visible) on the two remaining premolars (Numbers 4 and 13), and all-ceramic crowns on the 
anterior teeth ~umbers 6, 7, 8 , 9, 10, and 11 ). H. Posttreatment: facial view of all teeth in intercuspal position (which now is the 

~ rela,ioo 1 •h=iog impnw«l .. h&ic>. 1 Pro0d,d by Joli, Holl=•,. o.o.s. , M.S., Th, Ohio Sm, 'c"'~•icy. l e •CO m 
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FIGURE 9-jj] (Continued). Legend is on previous page. 
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A B 

C 

Comparison of jaw alignment before and after otrthognathic surgery. A. Pretreatment patient prognathic profi le. 
8. Pretreatment class Il l molar a lignment with anterior cross bite. C. Posttreatment orrhognathic profile. D . Posttreatment class I 
(almost) molar alignment. (Slide courtesy of Dr. Guillermo E. Chacon, D.D.S. , The Ohio State University.) 

relationship of the corresponding Leeth in the maxillae 
and mandible. When Lhe jaws are so poorly aligned or 
so differenL in size LhaL iL is impossible LO perfect tooth 
contour using only restorations or orthodontics, surgi­
cal techniques can be used Lo reshape and realign jaw 
bones, usually followed by orthodontic treatment to 
perfect tooth alignment. Orthognathic surgery [or thog 
NA TH ik] is the surgical reshaping of the jawbones and 

may be used in conjunction with orthodontics to cor­
rect severe class 11 and class lll skeletal malocclusions. 
This technique dramatically and quickly improves 
appearance; provides better tooth relationships; and 
eventually, better function as well. The change in pro­
file and occlusion from this surgery can clearly be seen 
in Figure 9-32. 

SECTION VII ADVANCED TOPICS IN OCCLUSION 

A. ENVELOPE OF MOTION 

A helpful method for analyzing a patient's mandibular 
movement is lO obtain an outline of their jaw movement 
called an envelope of motion. This is done by attaching 
a marking device (stylus) to the mandibular Leeth Lhat 
can trace on paper the movements of the mandible as 
viewed from the from (a frontal view) or from the side 

~ w) f;g,," 9.33 shows mmples of ,h,se 

two tracings, both reproducing the outer border move­
ments during maximal movement of the mandible. 
When facing a person , tbe frontal envelope is the out­
line formed (traced) by a marker located between the 
mandibular central incisors while the mandible moves 
maximally in all directions. Beginning with teeth in their 
most intercuspal position (MIP), the mandible (with 
Leeth lightly touching) moves the maximum distance 
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to the right, then, in its most right position, depresses 
to its most open position, and from there closes in its 
most left position until teeth lightly touch, and finally 
returns (with teeth lightly touching) to the MlP. 

Now, analyze an actual tracing of a frontal envelope 
in Figure 9-33A in order to appreciate what it reveals. 
Bt:gin in tl1t: MIP at Ll1t: top and follow dot:kwist:. Tht: 

mandible with the teeth in light contact first slides lat­
erally Lo the patient's left (our right) as far as possible. 
The outline reveals the amount of canine overlap result­
ing in the mandible initially moving down as it moves 
to the side u11til the canines are end to end, and then 
moves upward as the canines move laterally beyond 
their end-to-end alignment. Next, the jaw opens down­
ward in its most left lateral position until open about 
30 mm, then begins veering toward the center to a 
maximum opening of 51 mm. From this point, the jaw 
moves to the patient's right (our left) as far as possible 
as it begins Lo close. Finally, from the closed maximum 
right side position, the teeth slide into MJP as the jaw 
slowly moves back and upward (due to the canine over­
lap) into the starting point (MJP). 

The sagilta/ envelope can be visualized, when view­
ing a person from the side, as an outline formed (traced) 
by a dot located between the mandibular central inci­
sors while tl1e mandible begins in the centric relation 
(CR) position, just before the teeth move forward imo 
the MIP. Next, with teeth lightly wgether, the mandible 
moves imo its most anterior (protruded) position, then 
to its most open position, and from there the mandible 
closes in its most posterior position into CR until teeth 

Frontal View 
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lightly wuch. Finally, the mandible returns (with Leeth 
lightly wuching) LO the MlP. To analyze the tracing of 
a sagillal envelope of motion in Figure 9-33B, begin 
at the centric relation or CR. Due Lo a slight deflective 
(premature) contact, the mandible is directed forward 
and slightly upward into the MlP. With the teeth held 
together lighLly as tht: mandible cominues to protrudt: 
maximally, the initial downward movement of the man­
dible is due to incisal overlap (normal overbite) where 
the lingual surfaces of maxillary incisors guide the 
mandible downward as it goes forward, followed by an 
upward and forward movement as mandibular incisors 
move beyond the edge-to-edge position into the most 
protruded position. With the mandible protruded, it 
moves down to the maximum opening of 51 mm. From 
this point, the jaw doses while firmly retruded, which 
develops the curved translation portion of closure, fol­
lowed by the straighter hinge-opening boundary (with 
rotary motion only) , and finally back LO the starting 
point (MIP) . We can tell from this enve.lope of motion 
that upon opening, this person can ro tate his retruded 
mandible open 30 mm at the incisors with a l1inge 
movement before it begins to translate forward. 

Now, study Figure 9-34 to compare the uppermost 
portions of the frontal envelopes of motion of three 
subjects in order to visualize differences in the supe­
rior portion related to the amount of canine guidance 
(overlap). Subject A has the smallest and narrowest 
range of movement for his mandible (32 mm verti­
cally, 21 mm sideways). No lowering of the mandible 
on either side of the MIP indicates Lhat he did not have 

Sagittal View 

Maximum MIP 

CR = centric relation 

Hinge opening 
limit 

MIP = maximum intercus 
position 
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FIGURE 9-3.JI Frontal and sagircal 
maximum envelopes of motion with 
chewing strokes. A. Frontal view: Four 
chewing strokes are shown within the 
large envelope of motion as the pa ti enc 
chewed on 3 gm portions of peanuts, 
first on the lefi: side and then on the 
right side (arrows denote direction of 
chewing strokes). B. Sagittal view 
of same patient during chewing. 

om 
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Frontal envelopes of motion for three young men 

FIGURE 9-.tl Envelopes of 
motion that reveal variations in 
movement and canine guidance 
(canine-protected articulation): 

MIP = maximum intercuspal position 
AP = rest position 

The frontal envelopes of motion 
of three men, demonstrating the 
wide range of variability 

A B C 

canine protection (i.e., there are no deeply overlapping 
canines) to lower the mandible and disocclude the pos­
terior teeth. Subject B can open bis mandible 53 mm 
and move iL laterally 31 mm. He has a canine-protected 
occlusion as indicated by the steep portion where the 
mandible drops on either side of the MIP. Subject C has 
a medium-sized envelope of motion with canine pro­
tection on his right side (left side of envelope C) and 
group function occlusion with shallow canine rise on 
his left. This patient preferred to chew mostly on his 
left side where his envelope is lopsided. 

To appreciate the amount of mandibular move­
ment during chewing relative to the entire envelope of 
motion, once again analyze Figure 9-33A. Focus on the 
smaller pattern of lines with arrows (enclosed within 
the larger frontal envelope of motion) of that person 
chewing peanuts on the right and left sides. The lines 
traced during the opening stroke (denoted by opening 
arrows pointing downward) are somewhat straight, 
whereas the closing stroke lines are considerably convex 
(or bulge) as the mandible moves toward the working 
side to obtain working side tooth contacts. The chew­
ing cycles occupy only 25 mm of the maximum 51 mm 
opening range for this man. The chewing strokes on 
peanuts in a lateral direction utilize only 12 mm of the 
total side-to-side range of mandibular movement. 

On the sagittal view (Fig. 9-33B), note that the chew­
ing stroke begins at the MIP and that the opening stroke 
is more posterior than the closing strnke. The open­

~ o<>ly 7 mm an«<io, ,o U,e bi<>ge-ope<>ing 

between che movement capabili­
ties and their canine guidance. 

boundary, whereas the closing stroke is 10 mm ante­
rior to that boundary. However, as the jaws are closed 
to crush the food bolus, the mandible is slightly more 
retn.1ded than the MIP. Crushing of the food bolus (a 
rounded mass of food) occurs at this MIP. 

8. ACCURATE RECORDING 
OF THE CENTRIC RELATION 
JAW POSITION 

The process of obtaining an accurate centric relation jaw 
registration or occlusal record is seen in Figure 9-35. 
First, a leaf wafer19•25•39 is selected and deformed in the 
mouth as the patient bites into it. Then an anterior 
deprogrammer18•22•2; .39--13 is inserted at an upward angle 
between the incisors as the patient arcs the mandible 
open and then closes (hinge type or rotational open­
ing) unti l the incisors engage the leaf gauge of suffi­
cient thickness so all other Leeth separate slightly (fig. 
9-35C). Anterior deprogramming18•22.25311-+7 is the pro­
cess of getting the TMJ into a relaxed or comfortable 
neuromuscular position (centric relation) by interrupt­
ing or negating the proprioceptors surrounding the 
teeth in the periodontal ligaments. These propriocep­
tors would otherwise automatically or subconsciously 
direct the mandible into the habitual or acquired 
intercuspal position. Anterior deprogramming is usu­
ally accomplished in 10 to 15 minutes by interposing 
something between the anterior teeth20•39•4 1•42•45•46 (such 
as a leaf gauge, Lucia jig, or sliding guide) while the 

n 
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patient retrudes the mandible and squeezes slightly on 
the centered anterior [ulcrum (see Fig. 9-35C). In this 
manner, the mandible is "tripodized" (stabilized by two 
condyles and the lea[ gauge) by the patient's nerves 
and muscles, and the patient is momentarily unable 
to aim the jaw into the acquired or habitual occlusion 
ut:<.:aust: nu sigm1b <.:an bt: St:nL LU Litt: brai11 from the 

proprioceptors in the separated teeth.38 Otherwise, the 

D 
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teeth could cause the mandible to deflect forward from 
the centric relation position. The posterior teeth must 
remain separated several minutes for deprogramming 
to occur.20•43 Once iL has occurred, the patient will [eel 
as if the posterior teeth occlude (contact) improperly 
or in a strange way (with deflective contacts). In some 
i 11sLa11<.:t:s, the ut:prugramrning will nut O<.:<.:ur u111il the 

patient has worn an occlusal device for several weeks 

G :::::''.:'.''.'.:"''.'.'.u:'.'."'..':"'..':"'..':1t''..':li~ti::1t~· ''.:'.' ':::i '=:,a'.'.::::.--

Procedure for making a centric relation jaw reg istration. This jaw relation registration (interocclusal record) is 
used for mounting casts in centric jaw relation on an articulator for analysis and possible tooth alteration or orthodontic movement. 
A. A Woelfel leaf wafer used to carry a leaf gauge (in 8 ) of predetermined thickness and the registration medium into the mouth. 
B. Paper leaf gauges above (color coded for thickness) and below, a numbered plastic leaf gauge. C. Patient, with head tipped back, 
is arcing his mandible in the hinge position and closing on the leaf gauge of minimal but sufficient thickness co separate all teeth co 
negate any learned habitual closure. D. The recording materia l, polyether rubber, was applied co tooth indentations on the wafer. 
E. The patient closes firmly onto the leaf gauge as the recording material sets. F. The centric relation registration with leaf gauge. 
G. The leaf wafer registration is used co orient the lower co upper ,cast for assembly on an articulator. A brittle, strong sticky wax 
(shaded area on drawing) is used to maintain the relationship of the maxillary and mandibular casts until the mounting plaster 
attach casts to the articulator sets. 

a :se.com 
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and has maintained a stable and comfortable mandibu­
lar position for at least 1 week.➔3 

Next, the leaf gauge is inserted in the wafer, and an 
impression material is thinly spread over tooth inden­
tations in the leaf wafer (Fig. 9-35D). Then the entire 
assembly is carried Lo the mouth (Fig. 9-35E) , and the 
patit:11 L du:st::s firmly, a::; prt:viuu::;ly, unto tht: lt:af gaugt: 
until the recording medium sets. The imprints of the 
upper and lower teeth in this centric rel.ation regis tra­
tion (Fig. 9-35F) are used to relate casts of each arch 
moumed on the articulator (Fig. 9-35G). This diagnos­
tic mounting procedure should always be accomplished 
prior 10 attempting any type of tooth equilibration in 
the mouth.18

•
19

•
22 These dental s tone casts, mounted in 

their relaxed centTiC relation posilion, can be used LO 
determine the extent of tooth reshaping required in 
order LO decide the best treatment. The den tal stone 
teeth with interfering or premature contacts can be 
reshaped (reduced) in order to predict the amount of 
tooth reduction that will be required during the equil i­
bration. I[ the amoum of tooth strncture that must be 
removed during the equilibration would likely expose 
dentin or pulp, then orthodontics or surgical proce­
dures must be considered. 

Another device used for anterior deprogramming 
of the mandible and for recording centric jaw relation 
is the sliding guiding inclined gauge or sliding guide-+0--4~ 
(Fig. 9-36). It comes in three maximum thicknesses, 
and the thickness used is dependent on the severity of 
the malocclusion (Fig. 9-36A). The thickness gradually 
increases from tip to handle, and the curvature of the 
sliding guide is critical, so th at it can be placed in the 
mouth between overlapping incisors at a relatively s teep 
angle relative to the plane of occlusal without injuring 
the tissue of the roof of the mouth (Fig. 9-36B). The 
exact thickness between the incisors is read on the mil­
limeter scale (Fig. 9-36(). Minimal incisal separation 
is the goal for deprogramming and jaw position regis­
tra tion , just so long as no posterior Leeth touch, thus 
avoiding propr:iocepLive impulses. This is particularly 
important for the centric jaw relation registration to 

minimize errors between the articulator and the patient. 
The sliding guide is made of a non-brittle autoclavable 
plastic and works well with a custom bite defonned 
Woelfel leaf wafer for cenLric relaLion jaw registra tions 
(Fig. 9-36D and E) .-+D--13 

C. LONG CENTRIC ARTICULATION 

Long centric articulation or the intercuspal contact 
area is actually a range of mandibular movement where 
a person can smoothly (without interferences) move 
the mandible from centric relaLion direc tly forward in a 
horizontal plane to the position of maximum in tercus­
pation. There is no upward or lateral component. This 
range of movement is often the goal during an equil i­
bration Lo provide the patiem with a long centric rela­
Lionship by relieving all deflective or premature tooth 
contacts that had previously caused the mandible co 
deviate either sideways or upward from centric relation 
to the MIP. The patient with a long centric aniculation 
\viii have a small ameroposterior range (0.5 LO 2.0 mm) 
of unifonn posterior tooth contact occurring at the 
same vertical dimension of occlusion. 

LEARNING EXERCISE TO EVALUATE 
YOUR OWN JAW MOBILITY 
OR MANDIBULAR MOVEMENT 
CAPABILllY 

It should be an educational and interesting experi­
ence for you to complete this simple exercise in 
order to increase your awareness of your own jaw 
movements. It will take about 20 minutes to do 
this exercise. 

Obtain a clean, plastic mill imeter ruler cut off even 
with the zero mark. Make the following measure­
ments as described while observing your tooth 
relationship in a mirror. 

Obtaining centric relation jaw registrations. A. Three sliding guiding inclined gauges. The millimeter scales denote 
the amount of incisal separation between overlapping incisors (left s liding guide 16 mm, center o ne 9 mm, right one 4 mm). 
8. A 4 -mm sliding guide is held between the incisors at a steep angle co the ocdusal plane separating them by 2.5 mm, just eno ugh co 
keep all of the posterior teeth from touch ing. C. A 9-mm sliding guide is placed in the mouth so that the incisors are separated by 
6.5 mm d uring the muscular deprogramming period. D. A centric relation jaw registration made with a 4-mm sliding guide inserted 
into a previously constructed custom "bite d eformed Woelfel leaf wafer." The minimal amount ofincisal separation (2.5 mm) was 
determined prior co the centric relation registration chat was used to mount diagnostic casts of the patient on an articulator in centric 
jaw rela tion. E. The curvature ofche sli ding guide and its proper angle above the occlusal plane are seen. F. Maxillary side o f the 
registrati,on showing the tooth indentations and the 3.5-mm incisal .separation. G. Inferior view with mandibular tooth imprints in 
the regis t1 media a nd pertinent patient information written with a Sharpie fine point marker. 

,.__..J, a use.com 
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(Continued). Legend is on previous page. 
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-~= ..a H is the horizontal overla p of central incisors 
with the teeth in maximum intercuspatio n, and P is the horizo n­
tal overl ap with the mandible protruded as far as possible. 

Learning Exercise, cont. 

1. Horizontal overlap (H) of incisors and canines 

Using a mirror, measure the horizontal overlap 
(H in Fig. 9-37) in the following three locations 
while holding your teeth together in MIP ( or on 
handheld tooth models with teeth tightly closed). 

1 a. _ mm • horizontal overlap between the 
labial surfaces of central incisors at the 
midline 

1 b. _ mm = horizontal overlap between 
labial surfaces of left canines 

1 c. __ mm a horizontal overlap between 
labial surfaces of right canines 

2. Protrusive overlap (P) •_mm 

Measure the protrusive overlap (Pin Fig. 9-37) 
with your lower jaw moved forward as far as 

Learning Exercise, cont. 

possible (like a bulldog), between the labial surface 
of the maxillary central incisors and the labial sur­
face of the mandibular incisors. 

3. Horizontal overlap of canines during lateral 
excursions ( right and left sides) 

Measure the horizontal distance between the 
facial surfaces of the upper and lower canines 
during maximum movements in lateral excursions, 
first with the lower jaw moved to the left as far as 
possible as seen in Figure 9-38A. This is just like 
the measurement Pin Figure 9-37, only between 
the facial surfaces of the maxillary and mandibular 
left canines. 

3a. _ mm a left horizontal overlap of 
canines 

Next, measure the horizontal distance between 
the facial surfaces of the upper and lower canines 
during a maximum lateral movement of the jaw 
to the right side as far as possible, as seen in 
Figure 9-388. 

36. _ mm = right horizontal overlap of 
canines 

4. Vertical overlap of central incisors (V) = _mm 

Measure the vertical overlap (V in Fig. 9-39) 
at the midline between the incisal edges of your 
central incisors while holding your back teeth 
tightly closed or on your tooth models in MIP. 

5. Opening movements (hinge opening and total 
opening) 

Maximal left 
lateral excursion 

Maximal right 
lateral excursion 

R L 
R 

midline 

B 

' I 

L 

LMldlineto 
midline 

Lateral jaw movements 
of the mandibu lar moved as far as pos• 
sible to the left (A) and to the right (B). 

m 
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Vis the vertical overlap o f central incisors in 
maximum intercuspation, and O denotes the maximum opening 
distance between incisors. 

Learning Exercise, cont. 

The hinge opening is the distance between 
incisal edges at the maximum hinge-only opening. 
Practice opening your jaw slowly as far as possible 
with a hinge movement in centric relation. Hinge 
opening is usually only half or less than half of the 
maximal opening (fi rst portion of O in Fig. 9-39, 
and represented in Fig. 9-208 as the limit of the 
hinge opening). If you open properly, there should 
not be any crepitation because the articular discs 
and condyles are fixed posteriorly. 

Sa. _ mm = hinge opening 

Now open as widely as you can and measure 
the maximum opening (0 in Fig. 9-39) between 
the incisal edges (usually you can fit four fingers 
between your incisors). If you noticed a noise 
near one or both ears when you opened widely, 
it is probably caused by a disharmony between 
the movement of the jaw and the movement of 
the disc that fits between the jaw condyle and 
the skull on either side. It is usually not a serious 
problem, and many people experience crepitation 
for a while during their lifetime. 

Sb. _ mm • maximum opening (0 in 
Fig. 9-39) 
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Leaming Exercise, cont. 

6. Calculate maximum movements 

6a. Add measurements 4 plus Sb to obtain 
total incisor opening •_ mm 

6b. Add 4 and Sa to obrain maximum hinge 
opening at incisors = _ mm 

6c. Add measurements 1 b and 3a to obtain 
maximum left latera.l movement = mm 

6d. Add measurements 1 c and 3b to obtain 
maximum right lateral movement•_ mm 

6e. Add measurements 1 a and 2 co obtain 
maximum protrusion •_mm 

6f. Add totals 6c and 6d to obtain total lateral 
movement (from right to left) a_ mm 

Are you surprised that you can move your man­
dible farther from side to side than you can move it 
directly forward? Usually your jaw can move about 
twice as far sideways (laterally) as it can protrude or 
move directly forward. Compare the results of your 
own jaw movement capability with that of 796 den­
tal hygienists and 318 dental students in Table 9-3 . 

LEARNING EXERCISE 

Sketch, by memory, the teeth on the right side 
of the mouth in ideal class I relationship. (Third 
molars do not need to be included.) 

To appreciate the alignment of maxillary and 
mandibular teeth in ideal class I occlusion, use 
the following directions to sketch all teeth on the 
right side of the mouth several times until you 
can repeat the sketch by memory. Perfection of 
anatomic form is not as critical as developing 
the correct proportions and shape of each tooth 
(incisal edges vs. one, two, or three facial cusps), 
and correct alignment between arches. 

1. Use a model of maxillary and mandibular teeth, 
or a typodont, with teeth in ideal alignment 
as a guide. First, hold the teeth together in 
maximal intercuspation but then separate them 
only enough so that from the facial view, you 
can see all maxillary and mandibular facial cusp 
tips and incisal edges. 

Ka dose.com 
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Table 9-3 CAPABILITY OF MANDIBULAR MOVEMENT OF 1114 STUDENTS 

MAXIMUM JAW RIGHT MAXIMUM LEFT MAXIMUM MAXIMUM JAW ENTIRE LATERAL 
OPENING LATERALJAW LATERALJAW PROTRUSION JAW MOVEMENT 

(mm) MOVEMENT (mm) MOVEMENT (mm) (mm) (mm) .,, 
51 .01 7.68 7.71 8.44 15.39 ~ ~ ~ ~ Average 

1- w w 1.0 L 27.0 2.5 2 .0 3.0 7.0 ffi i30~ ow 
>::, - High 68.5 14.0 15.2 16.0 28.4 0 J: t; 
VI 

50.99 9.12 9.32 7.95 18.44 ~ t:z ~ Average 
~ w .. 

Low 35.5 2.0 3.0 2.5 6 .0 o~ 
~~e High 71.0 14.0 15.4 13.S 32.0 

T oral average 50.29 8.09 8.17 8.30 16.26 
(1 114 students) 

Research conducted by Dr. Woel fel ar t he Ohio State Universi ty, 1974- 1986. 

learning Exercise, cont. 

2. To make your job easier, do not attempt to 
reproduce the anterior-posterior curve of Spee. 

A 

On your paper, place two horizontal, slightly 
separated, parallel lines that can be used to align 
the chewing edges of a ll teeth. Also, place vertical 
lines to denote the midline of both arches (Fig. A). 

3. Sketch (very lightly) the right maxillary and 
mandibular central incisors. View the anterior 
teeth from the facial view with the midlines 
lined up. The mesial surfaces of each tooth 
should touch the midline, the incisal edge 
should touch the parallel horizontal lines, and 
the maxillary central should be wider than the 
mandibular incisor. 

4. Next, sketch ( very lightly) the relative shape and 
width of each incisal edge or cusp in the maxillary 
arch using the top horizontal line as a guide for 
placing the incisal and occlusal surfaces. Note that 
the models or typodonts must be rotated when 
viewing more posterior teeth so that each tooth 
is viewed directly from the facial. Recall that the 
maxillary lateral incisor is narrower than the cen-
tral, but the canine and two premolar cusps are 
about equal in width ( except the canine is often 
slightly longer [beyond the horizontal line]). The 

~ 

learning Exercise, cont. 

first and second molars each have two facial cusps 
of approximately the same width, neither of which 
is as wide as the premolars or canine (Fig. 8). 

5. Now sketch (lightly) the incisal edge or cusp 
of each tooth in the mandibular arch. Try to 
correctly align mandibular cusps relative to 
maxillary cusps. For example, the cusp tip of the 
mandibular canine is aligned with the embra­
sure between the maxillary lateral incisor and 
the canine, the cusp tip of the mandibular first 
premolar is aligned with the embrasure between 
the maxil lary canine and first premolar, and so 
forth. Recall that the mandibular first molar 
most often has three buccal cusps; keep the 
distal cusp quite small in order to maintain 
the proper alignment between arches. Begin 
to form the occlusal/ incisal embrasure spaces 
by rounding the mesial and distal "corners" of 
each tooth (more so for posterior teeth). 

6. Sketch (very lightly) the proximal and cervical 
contours of each tooth. Remember to form the 
rounded incisal/occlusal embrasures that con­
tour to form proximal contacts with the adja­
cent tooth, and then taper narrower toward the 
convex cervical line (which, in health, parallels 
the free gingival margin) (see Fig. C). 
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Leaming Exercise, cont. 

C 

7. Evaluate the overall shape and proport.ion of 
each tooth to see if changes are required. If you 
sketched lightly up to this point, it should be 
easy to erase and make corrections. Self-evaluate 
your light sketches using the following criteria: 

Crown shapes are recognizable as facial views 
of each type of tooth. 
Proportions for each tooth are reproduced 
(i.e., approximate width vs. height). 
Relative s izes of teeth are correct. 
Proximal contacts are in the incisal or middle 
thirds but never in the cervical half of the tooth. 
Embrasure spaces are reproduced. 
Cervical line contours approximate the junction 
of gingiva and tooth. 
Correct class I occlus ion is reproduced. (That 
is, mesiobuccal cusp tip of the maxillary first 

Chapter 9 I Functional Occlusion and Malocclusion 285 

Leaming Exercise, cont. 

molar aligns with the mesiobuccal groove of 
the mandibular first molar, and the cusp tip 
of the maxillary canine aligns with the embra­
sure between the mandibular canine and first 
premolar.) 

8. Then, finally, neatly perfect the contours with 

D 

a darker line in order to produce the final, 
distinct shapes for each tooth. Two drawings 
sketched from memory by two dental students 
during a final dental anatomy examination are 
presented in Figure D. 

Review Questions 
Answer the following questions with the one best 
answer based on this sketch of teeth in class I 
occlusion. 

1. In the maximum intercuspal position (MIP), 
which two teeth occlude with the maxillary first 
premolar? 

a. Mandibular canine and first premolar 
b. Mandibular first premolar and second 

premolar 
c. Mandibular second premolar and first 

molar 

2. In MIP, which two teeth occlude with the 
mandibular second molar? 

a. Maxillary first premolar and second pre­
molar 

b. Maxillary second premolar and first molar 
c. Maxillary first molar and second molar 

3. Which two teeth would occlude with the incisal 
edge of the right mandibular lateral incisor during 
protrusion of the mandible? 

a. Maxillary right central incisor and left cen­
tral incisor 

b. Maxillary right central incisor and right lat­
eral incisor 

c. Maxillary right lateral incisor and canine 
d. Maxillary right canine and first premolar 

4. In MIP, with what landmark would the lingual 
cusp of the maxillary second premolar occlude? 

a. The mesial marginal ridge of the mandibular 
second premolar 

b. The mesial fossa of the mandibular second 
premolar 

c. The distal marginal ridge of the mandibular 
second premolar 

d. The mesial fossa of the mandibular first molar 
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5. If this person did not have class I occlusion but 
had class II occlusion (where the mandible was 
positioned one full tooth distal to its class I posi­
tion), which tooth or teeth would contact the 
maxillary second premolar? 

a. Mandibular canine and first premolar 
b. Mandibular first premolar and second pre­

molar 
c. Mandibular second premolar only 
d. Mandibular second premolar and first 

molar 
e. Mandibular first molar only 

6. If this person did not have class I occlusion but 
had class Ill occlusion (where the mandible was 
posi t ioned one full tooth mesial to its class I posi­
t ion), which tooth or teeth would contact the 
maxi lla ry second premolar? 

a. Mandibular canine and first premolar 
b. Mandibular first premolar and second pre­

molar 
c. Mandibular second premolar only 
d. Mandibular second premolar and fi rst 

molar 
e. Mandibular first molar only 

a- 9 :q- £ :(au11 P!W 
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Critical Thinking 
1. It has been determined that Randy Matthews, a 35-year-old stock broker since 2008, has a third molar, 

tooth No. 1, that occludes before any other teeth in the mouth. Us ing two columns, one for signs ( that 
can be seen) and one for symptoms (that are felt), list as many signs and symptoms that might be associ­
ated with this tooth, especially if Mr. Matthews is a bruxer. 
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Original Research Data 

interesting research findings and facts related to wpics 
found within this chapter were referenced using super­
script letter throughout the chapter like this (data"), 
and are described here. 

A. Some evidence indicates that people with severe 
overjet exhibit more crackling or grating noise in 
their joint (called crepitus or crepitation) because 
of the frequent necessity to protrude the jaw con­
siderably forward it1 order to properly enunciate 
and to incise. 

B. People with a class II, division 1 malocclusion 
often have a long face, a narrow maxillary arch 
with high palace, diminished muscle wne in the 
upper lip, and an overactive lower lip.12 

C. People with class 11, division 2 malocclusion often 
exhibit unique oral traits including a short, wide 
face, square arch, severe anteroposterior curve 
(of Spee), anterior crowding, and well-developed 
chin musculature_l2 

D. ln addition to a massive mandible, people with 
class III occlusion have a long narrow face, a 
tapered upper arch with a high vaulted palate, 
increased activity of their upper lip, and decreased 
activity of their lower lip. Crepitus is not common 
with class 111 malocclusion since little, if any, 
protrusion is required to clearly enunciate or to 
incise. 

E. From eight unrelated surveys of the prevalence 
of malocclusion treated by orthodontists on 
21,328 children, ages 6 to 18, in the United States 
between 1951 and 1971, Dr. Woelfel averaged the 
results and derived the following information: 

• 71.7% had malocclusion (range: 31 to 95%) 
• 28.3% had acceptable occlusion 

• 72.3% of those with malocclusion had Angle's 
class I malocclusion (range: 62 to 88%) 

• 22.0% of those with malocclusion had Angle's 
class II malocclusion (range: 8 to 32%) 

• 5. 7% of those with malocclusion had Angle's 
class Ill malocclusion (range: 2 to 12%) 

F. Even in the highest order of apes (chimpanzee), 
the mandible can only drop open in a simple 
hinge movement. 

G. The maximum separation of the incisors for a 
pure hinge opening (maximum hinge opening in 
f ig. 9-20) averages only 22.4 mm or 44% of maxi­
mum opening on 352 subjects (Table 9-4). 

H. The frequency of crepitation among 1099 den­
tal hygiene and dental students was presented 
in Table 9-5. Over one third of these students 
had some crepitus while opening widely; it was 
slightly more prevalent on the right side than on 
the left side and was more common in women 
than in men. 

I. An exhaustive study on the TMJ by Turell includes 
color pictures of many human TMJs- some 
healthy, some with displaced discs, and others dis­
eased with osteoarthritis. 11 This project involved 
dissection and analysis of joints from 100 cadav­
ers (dead for <12 hours). Joint conditions were 
found to be directly related to existing occlusal 
relationships. Older people wilh their teeth and 
natural occlusion had normal joints. Internal joint 
changes were determined to be more cOJmnon in 
the elderly only because of ocdusal interferences, 
loss of teeth, heavy attrition, and uncorrected 
malposition of teeth. lt was concluded that many 
of Lhe alterations seen in osreoarthriLic TMJs had 
been caused by abnormal, heavy forces within the 

Tabl 
9

_
4 

TERMINAL HINGE (ROTARY) OPENING CAPABILITY OF 352 DENTAL 
e HYGIENE STUDENTS* 

TYPE OF JAW OPENING 

Maximum opening ar incisors 
Hinge opening at incisors 
Percentage of maximum 
incisor opening 

AVERAGE 

51.0 ± 6.3 mm 
22.4 :1: 5.7 mm 
44.0% 

0 Unkl'}own becaust translation has taScen place in upper compartment. 
•ResultS ob~,n d by Or. Woelfel (1980- 1986). 

RANCE 

27.0-68.S mm 
9.5-40.5 mm 
18.9- 50.6% 

CONDYI.AR ROTATION 
(AVERAGE IN DECREES) 

NA** 
12.7 

RANCE OF CONDYI.AR 
ROTATION (IN DECREES) 

NA** 
4.4-24.2 
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Table 9-5 PREVALENCE OF CREPITUS DURING MAXIMUM OPENING* 

NONE(%) BOTH SIDES (%) RIC HTSIDE (%) LEFT SIDE (%) ONE SIDE (R OR L) (%) 

594 denta l hygiene students 52.0 13.3 18.2 16.8 35.0 
SOS dental students 72.0 4.2 15.9 7.9 23.8 
Percentage of all 1 099 students 61.2 9.1 17.1 12.7 29.8 

• Determinations by Or. Wo(':lfel, 1970- 1986. Mort than 2096 of these professional students had o, were. undergoing ort..hodonuc trt-acment. 

jointS from poor occlusion. 11 Try to find a copy 
of reference13 in your library. It has a glossary, 
a review of significant research on the TMJ, and 
488 references, and contains original research on 
the jointS of 318 oral rehabilita tion patients com­
pared to those of 61 other patients. lt is a fascinat­
ing trea Lise. 

J. Posselt fo1.111d the distance between centric rela­
tion and MlP to average 1.25 ±1 mm with a range 
of0.25 to 2.55 mm.21 

K. The average incisal guidance angle for 1114 den­
tal hygiene and dental students is 50° as shown in 
Table 9-6. Many of these people did not have ideal 
class 1 occlusion. 

L. The average maximum forward protrusion for 
1114 young men and women was 8.3 mm with 
a range from 2.5 to 16.0 mm (Table 9-3). These 
extremes included a very tight TMJ compartment 
that exhibited the smallest protrusion, and a very 
large jaw with loose ligament attachments that 
exhibited 16 111111 protrusion. 

M. The maximum average movement to ei ther the 
right or left side was about 8.l mm. Therefore, 
the entire lateral movement from right to left 
averaged 16.2 mm compared to an average for­
ward protrusion of only 8.3 mm (Table 9-3). 

N. The nonworking side mandibular condyle moves 
medially, downward, and forward perhaps 5 
to 12 mm. As seen in Table 9-7, of 342 dental 
hygiene students examined, 26.8% had nonwork­
ing side interferences in at least one side. 

0 . Group fu nction is much different from disoc­
clusion because multiple vosterior teeth contact 
along with the canines on the working side.1•3 As 
seen in Tabl.e 9-6, the average canine guidance 
angle was a litLle steeper (at 56 and 57°) than 
the anterior guidance (at 50°). To have a canine­
protected articulation where the overlap of the 
canine teeth disengages the posterior teeth dur­
ing excursive movements of the mandible, it is 
usually necessary to have a canine angle of over 
60°. Dr. Woelfel found canine-protected articu­
lation with posterior disocclusion i.n 60.2% of 
the natural dentitions of dental hygiene students 
(Table 9-7). 

P. Complete Denture occlusion: The desirable t)'l)e 
of relationship in a patient who has no teeth and 
must wear a set of complete demures is bilateral 
balanced occlusion. This occurs when all of the 
posterior teeth contact on the working side and 
one or more teeth on the balancing side contact 
simultaneously. With complete dentures, the 
bilateral balancing contacts help to prevent the 
dentures from til)ping and coming loose. It is 
considered undesirable for a patient v.rith natural 
teeth, however, to have any tooth contact on the 
nonworking side. 

Q. There is a pause of about 0.16 second (silent 
period) between chewing into MlP and commenc­
ing the net chewing stroke. The duration of each 
chewing cycle varies from 0.7 to 1.2 seconds in 
most people.32 

Table 9-6 INCISAL AND CANINE GUIDANCE ANGLES OF 1114 STUDENTS 

Average 
Low 
High 

INCISAL ANCLE (CENTRAL INCISORS) CANINE !USE ANCLE RIGHT SIDE LEFT SIDE 

57° 
oo 

83° 
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Table 9-7 ECCENTRIC OCCLUSAL CONTACTS OF 342 HYGIENE STUDENTS 

CONDmON IN RIGHT QUADRANT IN LEFT QUADRANT TOTAL PERCENT 

Canine-protected articulat1on 
Group fu nccion 

No contact 
Interference 

CONOmON 

Bilateral canine-protected articulation 
without nonworking side interference* 
Bilateral canine-protected articulation with 
nonworking side interference 
Bilateral croup function without nonwork­
ing side interference 
Bilateral group function articulation with 
nonworking side interference 
Different relationships on each side 

•Considered to be the best type of relations.hip. 

207 
135 

250 
92 

STUDENTS 

129 

29 

58 

34 

92 

205 
137 

251 
91 

PERCENT 

37.7 

8.5 

17.0 

9.9 

26.9 

412 
272 

501 
183 

60.2 
39.8 

73.2 
26.8 

Survey conducted by Dr. Woelfel and his carefully trained staff. He personally reexamined suspicious recordings for their validity (1980- 1986). 
More than JO% of these 342 dental hygitne studeflts had undttgone orthodontic cre:atmenr. 

R. Several animal studies using cats have found LhaL 
canines are more richly represented by neuron 
units (mechanoreceptors in the periodontal liga­
ment) than any other teeth.38•

48
•49 Another study 

reported that the periodontal ligament propri.o­
ceptors were directionally sensitive to fo rces of a 
just few grams.50 Such evidence lends credence to 

the canine protection theory.8•23-u 
S. Natural dentition chewing forces are well bel.ow 

maximum bite force on average foods, ranging from 

0.5 to 33 pounds, seldom exceeding 100 pounds. 15 

The human jaw muscles are very powerful, how­
ever. The largest maximum bite strength ever 
recorded was that of a 37-year-old man who 
maintained a force of 975 pounds for 2 seconds. 14 

The average maximum biting force for 20 subjects 
was 192 pounds (range: 55 to 280 pounds). 
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Treating Decayed, Broken, 
and Missing Teeth 

I. Overview of carious lesio ns 
II. Operative dentistry, restorative dentistry, a nd 

prosthodontics: defin itions 
111. Dental materials used to restore teeth 
IV. Principles of cavity preparation 

A. Establish an outl ine form 
B. Provide retention form 
C. Remove caries and treat the pulp 
D. Finish the preparation wa lls 
E. Clean the preparation 
F. Final evaluation of the preparation 

OBJECTIVES 

This chapter is designed to prepare the learner to 
perform the following: 

Describe the process of caries formation and the 
importance of prevention. 
List types of restorations involved in operative den­
tistry, restorative dentistry, and prosthodontics. 
Classify dental ca.ries according to pit and fissure 
versus smooth surface, and describe (and sketch) 
the pattern of spread of each within enamel and 
once it reaches dentin. 
List and describe characteristics of commonly used 
restorative materials. 
List and describe the principles of cavity 
preparation. 

V. Restoring each class of caries 
A. Class I caries 
B. Class II caries 
C. Class 111 caries 
D. Class IV caries 
E. Class V caries 
F. Class VI type of dental caries 

VI. Restoring large tooth defects and tooth 
replacement 

Define and identify root caries. 
Describe and identify each G.V. Black class of 
dental caries clinically and radiographically. 
Describe the indications for restoring a tooth for 
each clas.s of caries. 
For each class of caries, describe the unique 
application of the principles of cavity preparation 
dependent upon the materia.l used. 
For each class of caries, define terms used to 
describe cavity walls, cavosurfaces, line angles, and 
point angles. 
Describe and identify the types of restorations used 
to restore large tooth defects. 
Describe and identify the restorations used to 
replace lost teeth. 

SECTION I OVERVIEW OF CARIOUS LESIONS 

T 
ooth destruction can occur from dental decay 
(caries), attrition (from tooth-LO-LOoth wear) , 
abrasion (from improper tooth brushing with 
abrasive wothpaste) , erosion (from acids), 

fracture, and the breakdown of old restorations. Dental 
caries I CARE eez] (always plural, never a carie) , known 
more commonly as tooth decay, is the most common 
cause of tooth destruction. Caries ( which literally means 
"rotten") Tesults from the demineralization of mineral­
ized tooth structures, that is, the loss of minerals from 
enamel, denlin , and cementum. This demineralization 
process begins when specific bacteria firmly adhere to 
Leeth in a layer called dental plaque (or biofilm) and 

~ d u, w~in wdwhydrnt<o in the diec om 

an extended period of time. These carbohydrates react 
with the bacteria to form acids (such as lacLic acid) that 
act upon hard tooth structure, resulting in the loss of 
minerals. As minerals are lost, the affected tooth struc­
ture becomes "softer," and as the process continues, a 
hole or cavity can form. Streptococcus mutans and lac­
tobacilli are t\vo types of bacteria known to contribute 
LO the caries process. Sugar-containing food, such as 
candy, honey, pastries, and especially nondiet, sugar­
containing soft drinks, contribute to acid formation 
that can desLroy mineralized tooth structure. 1 

Demineral ization can be reduced if plaque is removed 
frequemly through good oral hygiene measures, or if 
sweets in the diet are limited. The process can actually 
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be reversed if minerals, especially calcium in healthy 
saliva, and fluoride, are available for uptake (reminer­
alization) into the softer demineralized tooth. The tug­
of-war between demineralization and remineralization 
is constant and is the basis for prevention methods that 
are applied and taught by dental professionals. 

Patit:fll e::tluc.:aLiun antl pre::ve::ntive:: LT<::at1ne::11L are:: 
important aspects o[ dental patient care. Prevention 
and treatment should be based oo personalized risk­
based assessment of each patient's caries history, which 
includes their hist0ry of fluoride use, their salivary 
flow rate, and the frequency of sugar uptake (espe­
cially snacks).23 Fluoride !FLOOR ide] applied LO 

teeth in appropriate concentrations has been shown 
to reduce dental caries incidence because it increases 
the tooth's resistance to breakdown by caries-fonning 
acids. Therefore, caries prevention includes daily use 
of fluoride-containing paste and fluoride-containing 
mouthwashes (either prescription or over the coun­
ter), as well as office-applied fluorides. Further, since 
saliva is normally rich in minerals like calcium, healthy 
saliva flow improves remineralization. W11en saliva 
flow is reduced (from damage tO the salivary glands 
due to radiation therapy, or as a side effect of certain 
medications), teeth are more susceptible to tooth decay. 
Artificial saliva or sugarless chewing gum (which stimu­
lates saliva flow) can be used to alleviate this problem. 

Finally, patients must be educated to reduce the 
amount and frequency of carbohydrates in the diet and 

Occlusal 

Mesial 

A n 

to remove harmful bacteria off of the teeth. Since more 
acids form when teeth are exposed frequently to snacks, 
frequent snacking mu.st be curtailed. Frequent intake of 
carbonated, nondiet soft drinks can be especially dam­
aging since these drinks not only contain sugar but are 
also mildly acidic due to the carbonation. Since bacteria 
in plaque can, over time, begin to form enough acid 
to begin destroying teeth, it is important to remove all 
plaque frequently and thoroughly. 

ln a 1979 to 1980 survey representing 45.3 million 
U.S. school children between the ages of5 and 17 years, 
the estimated prevalence of breakdown in permanent 
dentition was 4. 77 decayed, missing, or filled surfaces 
per child.4 Comparing data from two studies conducted 
for the Centers for Disease Control and Prevention, the 
number of carious permanent teeth (both treated and 
untreated) in children from 6 to 18 years old decreased 
by 57% from 1971- 1974 through 1988-1994 (decreas­
ing from 4.44 to 1.9 carious teeth).~ These studies 
also showed a 40% decline in the number of primary 
teeth with caries in two to ten year olds (from 2.29 to 
1.38). These and other reports have shown a world­
wide decrease in the incidence of coronal caries, espe­
cially in children and adolescents, ranging from 10 to 
60% depending on the article cited. However, the 
number of adults older than 65 is expected to double 
by 2025, and people are keeping their teeth longer 
(53% of persons older than 65 still have at least 20 
natural teeth).6 Further, the prevalence of root caries 

FIGURE 10JI Pattern and location of pit and fissure and smooth surface caries. A. Drawing of a cross section of a mandibular 
molar showing the usual pattern of spreading decay. The occlusal lesion (class I, pit and fissure) is small externally, widening toward 
the depth of the fissure as it approaches the dentinoenamel junction (DEJ). Once within dentin, the caries spreads out laterally, as 
well as progresses coward the pulp. The mesial lesion (class II , smooth surface) is broad externally, narrowing coward the DEJ. Once 
within dentin, chis lesion spreads out laterally (like che class I) as well as progressing coward the pulp. B. Spread pattern of caries in 
enamel and dentin . The red line labeled "A" follows the DEJ of one cusp. The arrow labeled "B" points to caries that began o n the 
smooth proximal surface of the tooth enamel ( class II caries) showing that when it reaches dentin, it spreads out along the DEJ. The 
arrow labeled "C" points to pit and fissure (class I) caries, which began in the occlusal pit (almost hidden from view clinically) show-

~ =ches doo<ia, i< Sro •p=d• omHhe OEJ. a USC,CQ ffl 
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Pit and fissure caries (at arrow) visible as 
stained grooves and adjacent demineralization seen as a chalky 
whiteness surrounding the stained pit. 

in the elderly is increasing, with one study reporting 
75% of elderly women with clinically detectable root 
caries.7•8 Therefore, the restoration of damaged teeth 
(from caries and other reasons) will continue Lo be a 
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part of the practice of general dentistry for some time to 

come. Additionally, with improvements in the proper­
ties of contemporary esthetic restorative mate1ials, the 
decline in caries rate is being offset by the increased 
number of patients who ask for dental procedures that 
improve esthetics. 

Tl tt:n:: art: two broad dassificalium; of LUoLlt dt:cay 
based on the anatomy of the tooL11 surface involved: 
pit and fissure, and smooth surface. Caries prone pit 
and fissures form when enamel lobes fuse incom­
pletely during tooth development. These pits and fis­
sures are often nearly impossible to keep clean. Note 
the deep occlusal fissures on the occlusal surfaces of 
a molar in Fig. 10-1. Remember chat pits and fissures 
are located most often on the occlusal surfaces of 
posterior teeth (molars and premolars), as well as on 
the lingual surface of maxillary molars, on the buccal 
surface of mandibular molars, and in the lingual fos­
sae of maxillary incisors, especially lateral incisors. 
A small pit and fissure lesion may be almost undetect­
able externally (Fig. 10-2) , but as it progresses deeper, 
the decay widens within the fisswe as it approaches 
the dentinoenamel junction (DEJ). Then, when it 
reaches the DEJ, il spreads faster because dentin is 
less mineralized than enamel, especially near the DEJ 
(seen 011 the occlusal surfaces of molars in Fig. 10-lA 
and B). 

In contrast to pit and fissure caries, smooth sur­
face carious lesions occur on the smooth surfaces of 
the anatomic crowi, of a tooth in locations that are not 
readily accessible to the natural cleansing action of 
the lips, cheeks, and tongue. These areas include the 

Smooth surface caries on 
the mesial surface of a mandibular second 
premolar (arrow) is clearly visible because the 
adjacent first premolar was broken off at the 
cervical line. Notice the location of the lesion 
(just cervical to where the proximal contact 
had been) and the color: a darkly stained 
hole surrounded by discoloration and chalki­
ness. This lesion would have been difficult to 
detect clin ical ly when the adjacent first pre­
molar was intact. Bitewing radiographs are 
most useful for confirming these lesions. 

Jm 
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inaccessible proximal surfaces of teeth just cervical to 
the proximal contact (Fig. 10-3) and on the facial and 
lingual crown surfaces in the gingival one third, cer­
vical LO Lhe crest of curvature of the crown as seen in 
Figure 10-4. The pattern of spread within enamel for 
smooth surface caries differs from that of pit and fis­
sure caries since it begins near the enamel surface as 
a relatively broad area of destruction but narrows as 
it progresses more deeply toward the DEJ due to the 
convergence of enamel rods. Once it reaches dentin, 
however, it spreads out wider al the DEJ, just like pit 
and fissure caries (seen on the smooth surfaces on the 
molars in Fig. 10-lA and B). 

= = - Smooth surface demineral· 
ization appearing as chalky white area {at 
arrows) seen in the cervical third of a maxillary 
lateral incisor is evidence of the first stages of 
dental caries. If this demineralization contin· 
ued and did not reverse icself(chrough excel­
lent oral hygiene, diet, and use of topical 
Auoride), this area could develop a cavitation 
(hole) that would need co be restored. Also 
notice the inAammacion of the adjacent 
gingiva (gingivitis), which is a lso caused by 
bacterial plaque. 

Root surface caries is another type of smooth surface 
caries that begins when cementum (which is much less 
mineralized than enamel or dentin) is exposed to car­
ies-forming plaque. Cementum is exposed frequently 
in persons with periodontal disease, or in older persons 
who have had gingival recession. The potential for root 
caries is increased greaLly in persons wiLh decreased 
saliva now. Root caries is a softening, destructive pro­
cess that may 110! require a restoralion if there is only 
minimal involvement.9 Treatment in these cases can 
include polishing the root, applying fluoride (topical or 
fluoride-containing varnishes), and keeping the roots 
clean through excellem oral hygiene. 

SECTION II 
OPERATIVE DENTISTRY, RESTORATIVE DENTISTRY, 
AND PROSTHODONTICS: DEFINITIONS 

There are several terms that define treatment methods 
used to restore carious, broken, or missing teeth. These 
terms can be used to define courses within a dental 
curriculum and are used in the literature LO categorize 
types of dental treannents. The first term, operative 
dentistry, includes the art and science of the diagno­
sis, treatment, and prognosis of defects in teeth that 
require restorations that do not cover Lhe entire tooLh 
crown. Most of this chapter is devoted to the concepts 
and cavity preparation terminology applied to conser­
vative restorations placed when treating small carious 
lesions that are confined to enamel or have progressed 
only sliglllly deeper than the DEJ. 

When tooth destruction increases in size, larger res­
• L cover (and protect) all or most of the 

occlusal surface may be a more appropriate restoration 
of choice. These larger restorations often surround and 
cover all or part of the exposed tooth and include crowns 
(also known by many as "caps") or onlays. The goal of 
the dentist when placing both large and small tooth res­
torations is to reproduce proper tooth form, function, 
and esthetics while maintaining a harmonious relation­
ship wiLh Lhe adjacent hard and soft tissues, all of which 
enhances the general health and welfare of the patient. 10 

Restorative dentistry is a term used LO describe 
the phase of clinical dentistry that involves the resto­
ration of lost tooth structure of individual teeth and/ 
or replacement of lost or missing teeth with the ulti­
mate goal of reestablishing a healthy, functioning, 
and comfortable dentition. Prosthodontics [pros tha 
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DON tiksl, on the other hand, is defined as a phase of 
denlistry that includes the treatment o( patients with 
missing or deficient teeth. (A p rosthesis [pros THEE 
sis] is defined as an artificial replacement of a missing 
part of the human body.) Fixed prosthodon tics is the 
branch of prosthodontics concerned with the replace­
mt:m anti/or rr::!>LOrat io 11 or tt:eth with parts that uumul 

be readily removed from the mouth. An example is a 
dental bridge (more appropriately called a fixed den­
tal prosthesis) where artificial teeth are cemented onto 
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adjacent Leeth in the mouth. Removable prosthodon­
tics involves the replacemenL of teeth with devices that 
can be readily removed. Examples include a complete 
denture (also called a complete removable dental pros­
thesis but known to the public as false teeth or a den­
ture) or a removable partial denture prosthesis (called 
a partial tlemure), both of which can antl should bt: 
removed often for easy cleaning and to maintain tissue 
health. These prostheses will be described in the last 
section of this chapter. 

SECTION Ill DENTAL MATERIALS USED TO RESTORE TEETH 

The success of decay prevention techniques taught in 
dental offices and presented in the media is an impor­
tant fact0 r for reducing the number and size of restora­
tions being placed in the adult population. Susceptible 
smooth surfaces can be protected by the application of 
fluoride and fluoride varnish, which strengthens the 
enamel and can even reverse early bacterial damage in 
lesions on smooth surfaces. Also, susceptible pi!S and 
fissures can be treated with sealanlS before the caries 
process has begun. These efforlS reduce the number of 
invasive (surgical or cutting) procedures. 

When it is deemed necessary to use surgical tech­
niques to restore small carious defects, conservative 
tooth preparations are most often filled with dental 
amalgam, composite resin, and glass ionomer or resin 
ionomer. The materials of choice for restoring larger 
defects that require protection of thJn remaining tooth 
structure include cast gold or semiprecious or nonpre­
cious metals, and porcelain. 

Amalgam restoration on a maxillary first 
premo et."i can be abbreviated No. 5 DO-A. 

A. AMALGAM 

Dental amalgam has been a widely used restorative 
material owing to its ease of placement and rela­
tively low cost. Tt is silver in color and is condensed 
(packed) into a preparation in successive small incre­
ments that, within several hours, becomes a hard 
mass that can withstand chewing forces. Therefore, 
amalgam is often used for restorations on the chewing 
(or occlusal) surfaces of posterior teeth and Lo restore 
posterior proximal contacts, but when esthetics is not 
a factor (Fig. 10-5). 

B. ESTHETIC RESTORATIVE 
MATERIALS 

Esthetic restorative materials such as composite resin, 
glass ionomer, and resin ionomer are being increasingly 
used due LO patients' demands for esthetic restorations. 
Composite resin is a tooth-colored restorative material 
that is applied into a preparation in a dough-like consis­
tency. It hardens quickly when exposed to a liglusource. 
Due to initial concerns about the strength and abrasion 
resistance of composite resins, 11 •12 it was historically 
used primarily for restoring the proximal surfaces of 
anterior teeth and the facial surfaces of teeth on which 
esthetics was a chief concern (Fig. 10-6A). Newer gen­
erations of esthetic restorative materials pe1form better 
in posterior areas, so composite is replacing amalgam as 
the restoration of choice for small class l and 11 lesions 
(Fig. 10-6B). One Longitudinal study rated composite 
restorations after 10 years (using a U.S. Public Health 
system of evaluation) to be over 90% satisfactory for 
color stability, surface smoothness, anatomic form, 
lack of recurrent caries, and pulp response. 13 Only mar­
ginal adaptation was scored below 90%, with a score of 
81%. With recent physical property improvemenlS,H 
a new generati.on of dentin bonding agents that can 
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etch enamel and dentin simultaneously, 15 and a new 
generation of packable composite-based resins, these 
estheric restoration materials are being used more 
frequemly. 

When esthetics is a factor, tooth-colored composite 
resin restorations can also be constructed outside the 
mouth and then cemented in place. Also, when there 
are large caviti.es, an adhesive (bonded) indirect com­
posite restoration that has adequate wear resistance can 
be used Lo strengthen the remaining tooth. 10 

Glass ionomer and related materials such as 
resin-modified glass ionomer are recommended for the 
treatment of caries on the root surface or over erosion 
lesions. 16 These materials bond chemically to dentin, 
are reasonably esthetic, and contain fluoride, which 
protects the tooth agai nst future caries. 

Gold onlay Porcelain laminate 
veneer 

FIGURE 10~ Composite 
resin restorations. A. A compos­
ite resin restoration on a maxillary 
central incisor, which can be 
abbreviated No. 8 D IFLC. 8. A 

composite resin restoration on a 
mandibular second premolar, 
which can be abbrevia ted No. 20 
MOC. 

C. CAST METAL RESTORATIONS 

When the tooth structure is weak and needs to be pro­
tected from occlusal forces, a cast restoration is often the 
treatment of choice. Cast gold or semiprecious metals 
can be used for constructing onlays (rest0rations, which 
cover cusp tips) or complete cast crowns (which cover 
the entire tooth crown). A gold onlay is seen on tOoth 
No. 3 in Figure 10-7 A, and a complete cast metal crovvn is 
seen on tooth No. 31 in Figure 10-7B. These cast restora­
tions are constructed on a precise dental stone reproduc­
tion of the individual prepared t0oth called a die (seen 
later in Fig. 10-21). Since they are constructed outside 
of the mouth, cast metal restorations can be contoured 
more perfectly than an amalgam restoration that must 
be contoured in the mouth. Further, since cast metal 

Complete cast metal 
crown 

Metal ceramic crowns 

Cast metal and ceramic (porcelain) restorations. A. Tooth No. 3 has a cast gold onlay that covers the entire 
occlusal surface. It can be abbreviated No. 3 MOD On. Tooth No. 7 has a porcelain laminate veneer. The veneer has reasonable 
contours but the shade is too dark. 8. Tooth No. 31 has a complete cast metal (gold) crown. Tooth No. 30 has a metal ceramic 
restorati~ n o celain fused to metal crown). Both mandibular premolars (No. 28 and No. 29) also have metal ceramic crowns (the 
metal is t v· 1ble). (Photos courtesy of Dr. Julie Holloway.) 
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is stronger than amalgam, it can be used to restore the 
entire occlusal, stress-bearing surface of a tooth using a 
thinner layer than amalgam, and therefore requiring less 
occlusal tooth reduction to make room for the restora­
tion. Finally, cast metal restorations have better marginal 
stability over time. However, since considerably more 
timt: is n::4.uin::<l lU rt::;lOrt: a LuuL11 with a ca:;t rc:;turn­

tion (including the laboratory procedures outside of the 
moitth) than for composite resin or amalgam restora­
tions that are placed the same day the tooth is prepared, 
cast reswrations are more expensive for the patient. 

D. PORCELAIN: INLAYS, ONLAYS, 
AND VENEERS 

lndirect (i.e. , constructed outside of the mouth and 
cemented) porcelain (ceramic) restorations are esthetic 
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alternatives to cast metal inlays and onlays due to 
advanced processing methods and bonding techniques 
that have improved fit. 17•18 Advances are also occurring 
in the generation o( these restorations using a comput­
er.19 Porcelain veneers are conservative restorations 
that require minimal or no tooth reduction in order to 
vt:nt:t:r tht: labial :;urfact: of an auu::riur tuuth iu urdt:r tu 

improve esthetics (seen on tooth No. 7 in Fig. 10-7 A). 
Fees for a veneer are generally less than for a crown 
with a porcelain veneer. Porcelain can also be used to 
construct all ceramic restorations (crowns) (seen later 
in Fig. 10-45) or metal ceramic restorations or crowns 
where porcelain is fused LO underlying metal in order to 
provide an esthetic result (teeth numbers 28, 29, and 
30 in Fig. 10-7B) . 

SECTION IV PRINCIPLES OF CAVITY PREPARATION 

Basic principles of cavity preparation were developed 
by Dr. G.Y. Black in the early 1900s and are uniquely 
applied to each class of caries and type of restorative 
material. Today, Lhe application of his principles has 
been modified due to the intToduction of new den­
tal restorative materials that were not available in his 
day. A dentist still needs to consider each principle 
when preparing a tooth for a conservative operative 
restoration. 

A. ESTABLISH AN OUTLINE FORM 

The outline form of a preparation is the external shape 
of the preparation where prepared tooth meets unpre­
pared tooth. It is developed by removing the least 
amount of tooth structure possible, yet adhering to the 
following principles: 

1. EXTEND THE PREPARATION 
TO SOUND ENAMEL 

The dentist enlarges the preparation outline so that it 
extends to enamel that has no signs of active decay. 
Also, when the dentist ends the preparation on enamel 
margins, the enamel must be able to withstand the 
forces required when placing the restoration, and the 
forces applied during tooth function. In many cases, 
this involves extending the preparation to enamel that 
is supported by, or rest ing on, sound dentin that is not 
undermined by the spread of caries within the den­
rin. Since enamel is brittle, if it is not sufficiently sup-

~ sound d<ntin ,nd/o, bond;ng .echn;ques, 

the unsupported, brittle enamel rods may frac ture, 
leaving a gap between the tooth and the restorative 
material. 

2. EXTEND THE PREPARATION 
FOR PREVENTION 

The dentist evaluates the need to enlarge the prepara­
tion within enamel beyond the specific area of decay 
in order to include adjacent tOoth structure felt to be 
prone to the development of future decay. For example, 
when treating a carious pit and fissure lesion, it may 
be advisable to include adjacent deep pits and fissures 
thought to be caries prone, even though they have not 
yet become carious. Similarly, when developing the 
cavity preparation for smooth surface carious lesions, 
the outline of the preparation may be extended to 
include adjacent smooth surface areas likely to become 
carious. 

The dentist must determine whether or not to extend 
the outline based on a risk assessment of that patient. 
Over the past 35 years, there has been a tremendous 
increase in the use of fluoride (in community water, 
toothpaste, rinses, and topical applications applied 
periodically in the dental office), as well as improved 
efforts by dental professionals to educate the popula­
tion in prevention techniques. Therefore, the need for 
preventive extension on smooth surface lesions must be 
weighed against the possibility that excellent hygiene 
and fluoride could stop or even reverse the decay pro­
cess, especially if the decay has not progressed too far. 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

298 Part 2 I Application ofTooth Anatomy in Dental Practice 

The degree or extension should be based on factors 
such as the age of the patient (younger enamel is more 
susceptible to caries than mature enamel), the person's 
rate of caries activity, personal oral hygiene, and dietary 
habits. For example, extension for prevention for a 
tooth preparation on a younger patient with multiple 
an::a::; uf al:livt: Ut:l:ay, !JUUr oral l1ygit:nt:, am! frt:4ut:11L 

intake or high-sugar snacks and sugar-containing car­
bonated beverages wf10 is unwilling or unable co change 
is more appropriate than it would be in an older patient 
with a lower caries rate, better eating habits, and good 
or improving oral hygiene. 

3. PROVIDE ADEQUATE ACCESS 

A restoration outline must be large enough for the den­
tist to ensure that all carious tooth s tructure has been 
removed and that instruments required to insert the fill­
ing material will fit. A small, narrow initial cut through 
the enamel might not permit the dentist to confirm the 
removal of all caries that may have spread laterally at 
the DEJ. Further, even when the removal of all caries 
can be verified visually or by probing, the initial prepa­
ration might be too small to place the restoration with­
out voids. 

4 . PROVIDE RESISTANCE FORM 

The dentis t must design a preparation to ensure room 
for an adequate tl1i.ckness of restorative malerial for 
s trength, and sufficiem remaining solid looth structure 
to withstand or resist occlusal forces. This is known as 
resistance fonn. lf the preparation depth is inadequate 
for the material of choice to withstand occlusal forces, 
the restoration could break. lf the remaining tooth 
structure is too thin or undermined, it could fracture. 

B. PROVIDE RETENTION FORM 

Retention form is the design of a preparation that pre­
vents the restoration from falling out. The methods 
for providing retention differ depending on the restor­
ative material and on the location of the carious lesion. 
Retention for amalgam restorations is provided by inter­
nal retentive features, such as retenLive grooves, and by 
the convergence of some preparation walls. Retention 
for composite resin restorations is provided by acid etch­
ing tl, e enamel to produce microscopic irregulari ties 
(minute undercuts) on the surface. Then, a first layer 
of flowable resin (bonding agent) can fl ow into the 
irregularities forming retentive resin tags that, when 
hardened, mechanically lock into the microscopic reten­
tive features of the etched enamel (Fig. 10-8). Layers 

~ " composite m io, cm subsequemly be 

B 

The effect of etching enamel. A. Magnified 
view of a nonetched enamel surface (3260 times bigger). 
B. Magnified view of an etched enamel surface (3600 times 
bigger) after application of 50% phosphoric acid. This etched 
surface a llows the resin bonding agent of the composite systems 
to flow into the irregular microscopic undercuts, thus affording 
mechanical retention for the material. (Courtesy of Dr. Ruth 
Paulson, Ohio State University.) 

chemically bonded to the initial fiowable resin layer 
to complete the restoration. When using newer adhe­
sive agents, additional retention is gained by chemical 
bonds formed between tooth and resin. 

C. REMOVE CARIES AND TREAT 
THE PULP 

All principles of the cavity preparation described up 
to this point assume that caries has spread just beyond 
the DEJ into dentin. The demist usually prepares the 
outline form and retention for a cavity preparation to 
a depth just beyond the DEJ with a high-speed den­
tal handpiece using carbide or diamond burs that cut 
quickly, minimizing the potenliaUy damaging heat by 

n 
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Model of an amalgam preparation ill ustrating 
three areas of the axial and pulpal walls that had caries deeper 
than ideal that were fi ll ed with a cement base (shown in green) 
before the amalgam would be placed. 

use of an effective water coolant spray. When removing 
carious lesions that have progressed deeper into dentin, 
the demist uses slowly rotating round burs in slow­
speed hand pieces, or hand instruments. The slow-speed 
handpiece, or hand instrumellls, permit the demist to 
differentiate between the softer carious dentin and the 
harder healthy or noncarious dentin. 
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When caries extends close lO the pulp, il may be 
advisable lo protecl the Vila\ tissues o( the looth (odon­
toblasts, blood vessels, and nerves within the pulp) 
with dental liners and cement bases prior Lo placing 
the rinal resloration (fig. 10-9). Various dental maleri­
als have been developed for this purpose. When used in 
Litt: appruprialt: t:u rnuinatiun an<l in tht: t:urrt:t:l ur<lt:r, 

they can prevent bacterial penetration, provide thermal 
insulation, sedate the pulp, or stimulate the production 
of secondary dentin. 

D. FINISH THE PREPARATION WALLS 

This step involves using a handpiece with appropri­
ate burs or hand instruments (chisel type) designed 
Lo smoothly plane the walls while removing unsound 
enamel (i.e., enamel that is crazed or cracked, or not 
supported by sound demLn). 

E. CLEAN THE PREPARATION 

Prior to the restoration of any cavity preparation, the 
operator must remove tooth debris, hemorrhage, saliva, 
and any excess cement base. In this way, the restorative 
material will contact only sound, clean tooth structure. 

F. FINAL EVALUATION OF THE 
PREPARATION 

Finally, it is critical to evaluate the finished preparation 
to ensure that all o( the principles of cavity preparation 
have been addressed. 

SECTION V RESTORING EACH CLASS OF CARIES 

In 1908, Dr. G.Y. Black developed a comprehensive 
method for classifying carious lesions that has been 
useful when describing specific principles of cavity 
preparation.20 The original classifications were G.Y. 
Black classes I, 11, m, lY, and V. All pit and fissure type 
lesions are class I, whereas class II , Ill , IV, and V car­
ies are all smooth surface-type lesions. The five clas­
sifications of decay devised and published by Dr. G.Y. 
Black in 1908 are still appropriate to consider, although 
the principles of cavity preparation are now applied 
uniquely for each class of decay, and for each new 
restorative material. Successful cavity preparations for 
restorative materials such as denlal amalgam, compos­
ite, resin, or cast metal are designed to allow placement 
and main tenance of each restorative material and, at 
the same Lime, to ensure the preservation of remaining 

~ UC< 

The discussion of tooth restoration in this section 
assumes that the LOOth to be prepared fo r a reswration 
is periodontally sound (i.e., has healthy periodontium 
with adequate bony support) and that the maintenance 
of the tooth is an integral pan o( the overall treatment 
for that pa ti.en t. 

A. CLASS I CARIES 

1. CLASS I CARIES: DEFINED 

Class l lesions form in enamel pits and fissures and 
may form wherever deep inaccessible pits and fissures 
occur (Fig. 10-10). In a 1979 to 1980 survey of U.S. 
schoolchildren aged 5 LO 17 years, 54% of all carious 
lesions were found on the occlusal surfaces.< In 2000, 
studies of teeth at risk showed that the occlusal surfaces 
of the first molars are at greatest risk for initial caries, 

7 
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-FIGURE·10· 10 
Class I caries. A. Class I caries visible as stained grooves and adjacent demineralization seen as a chalky whiteness 

surrounding the stained pit. 8. This maxillary molar has a small hole in the central pit (and in the lingual groove) that ind icates class I 
decay. C. The dentist removed the decay in the maxillary molar seen in "B," and since the decay spread out considerably at the DEJ, 
the outline has gotten quite wide. D. Typical stained occlusal grooves that need to be evaluated for decay by cleaning debris and 
using air and good light. E. This class I decay is so la rge that it might be best to restore this tooth with a crown. 

followed by Lhe occlusal surfaces or lower, and then 
upper second molars. 21 

Detecting class I lesions clinically requires visual. 
inspection and tactile evaluation. Carefol visual analysis 
or a clean, dry, well-lighted occlusal surface will reveal 
this type or caries as a fissure or p'il surrounded by 
enamel that is challiy or more opaque (less translucent) 
than the adjacent enamel (Fig. 10-l0A). Some dentists 
prefer to confirm caries within these suspicious defects 
by probing with a very sharp explorer. When the den­
tist presses the explorer into the defect with moderate 
to firm pressure, and, upon removal, senses a resistance 
(known as tug-back), this helps to confirm the presence 
of softness and therefore caries within the defect or fis­
sure wall. However, the firm use of the explorer for the 
detection of occlusal caries should be used with cau­
tion. One swdy suggests that the confirmation of decay 
based on wg-back may not always be accurate (there 
might l decay, just a deep groove), and excessive 

force could actually damage fragile enamel rods on 
the tooth.22 Even in the absence or obvious tug-back, 
loss of translucency of enamel around a pit or ftssure 
may be considered to be reliable evidence or attack. 1t 
is especially important to avoid undue pressure with 
the explorer point in larger, rrank lesions (as seen in 
Fig. 10-lOB and E) because probing in these areas may 
cause pain or additional enamel rod destruction. 

A class 1 lesion is usually not detectable on a radio­
graph until it has spread considerably into dentin 
because the lesion is superimposed between the thick 
buccal and lingual surfaces of enamel, which show up 
whiter (radiopaque), thereby masking the darker color 
of caries. By the time the cavity is visible on the radio­
graph (fig. l.O·J.l), the size of the preparation required 
to remove all of the decay would be considerably deeper 
(toward the pulp) than if the decay had been detected 
during a good clinical examination when the lesion was 
smaller. Thus, early class I decay can be best diagnosed 

n 
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OoclUc;.al 

Meslal 

B 

A. Radiograph of a class I lesion (arrow) on tooth No. 31. By the time the lesion appeared this deep on the radio­
graph, the caries had destroyed dentin co such a depth that a thermal-insulating base of some type of dental cement will possibly be 
needed to protect the pulp from thermal conductivity through the metal filling. This pit and fissure caries should have been detected 
earlier with a good clinical examination. (There is also a large distal class II lesion on tooth No. 4, which appears to be rotated [cop 
right)). B- Spread pattern of class I decay: The occlusal lesion at the arrow (class I, pie and fissure) is small externally, widening 
coward rhe depth of rhe fissure as ir approaches rhe DEJ. Once within dentin, rhe caries spreads our latera lly, as well as progressing 
coward rhe pulp. 

during a thorough, systematic clinical examination of 
clean, dry teeth using good lighting and a sharp explor­
ing point. 

Recall that the shape of class l lesion in cross sec­
tion in enamel is somewhat triangular in shape with the 
apex of the triangle barely visible on the enamel sur­
face, and its wide base located along the DEJ. Once imo 
dentin, the spread at the DEJ also forms a triangle with 
its base along the DEJ and its apex toward the pulp fol­
lowing the dentinal tubules (as seen in Fig. 10-llB). 
That is, the shape of the spread of class T caries through 
enamel and into dentin Ls like two triangles with their 
bases touching at the DEJ. 

2. CLASS I CARIES: WHEN TO RESTORE 

Some class 1 lesions are difficult t.o differentiate from 
noncarious, deep enamel defects. 1f tug-back occurs 
with a sharp explorer in a deep pit or fissure and the 
surrounding enamel is chalky or less translucent, a res­
toration is indicated. However, if tug-back is slight but 
there is no accompanying evidence, the dentist might 
consider periodically reevaluating the area during 
recall appointments, especially if the patient is older 
and has a low caries rate, since tug-back can occur 
when probing in deep fissures even when caries is not 
present. Generally, multiple signs should be present to 
make a clinical diagnosis of caries and then consider 
the need for a restoration. Finally, it is important to 

~ ;f dea"l ,.,l,nts '" ,ppH,d shonly ,r,., 

tooth eruption, pit and fissure decay on adult teeth can 
be prevented. For permanent first molars, this would 
be age 6, and for second molars, age 12. Certainly, by 
the time class I caries is obvious on the radiograph, it 
would be quite large, evident clinically, and should be 
restored. 

3. CLASS I: CAVITY WAU TERMINOLOGY 

The traditional occlusal preparation fo r amalgam can 
be compared to a room (with no ceiling) that has four 
vertical walls and a horizontal floor (sometimes called 
a fifth wall). The four vertical walls are named after the 
closest tooth surfaces, namely, buccal, mesial , lingual , 
and distal; the horizontal floor is called the pulpal 
floor (or wall) because it is over the pulp (abbreviated 
as B, M, L, D, and P in fig. J 0-12A). A line angle in 
the preparation is the line formed when two walls join. 
There are eight internal line angles in a conservative 
class I preparation (if the preparation is confined LO 

the occlusal surface and is not extended into a buccal 
or lingual groove). These are named by combining the 
terms for the two walls that join to make up each line 
angle, changing the suffix of the first word from "al" 
to "o." The junction of t11e pulpal n.oor and distal wall 
is the disLOpulpal line angle. All possible line angles in 
a class l occlusal preparation include four horizontal 
ones (distopulpal, mesiopulpal, buccopulpal, and lin­
guopulpal), and four vertical ones (mesiobuccal, disto­
buccal, mesiolingual, and distolin~al). 

use.com 
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,.,.. ______ L • Lingual 
cavosurface 
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B (hidden) p 
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0 . . .1 
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.-- --L 

Buccal 

C n Lingual 

Three drawings of a conservative class I cavicy preparat ion for amalgam on tooth No. 31. A. Occlusa l surface 
showing extension for prevention into the major grooves. 8. Mesiodiscal cross section of the same tooth showing the ideal depth of 
the pulpal Aoor (red), just into dentin (about 0.5 mm). The lingual cavosurface is also identified where the lingual wall of the prepara­
tion joins the unprepared surface ofche tooth. C. Buccolingual cross section of the same tooth showing the convergence of the verti ­
cal buccal and lingual wall s coward the occlusal for retention a nd resistance form. Key for nomenclature: 8, buccal wall ; L, li ngual 
wall; M, mesial wall ; D, dist.al wall; P, pulpal wall or Aoor (red). Example ofa line a ngle: L-P is the linguopulpal line angle. Example 
of a point angle: M-8 -P is the mesiobuccopulpal point angle in A. 

The term that describes the junction of any waU of 
the preparation with the unprepared tooth structure is 
called the cavosurface. The cavosurface, therefore, is the 
outline that encircles the preparation (or rest0ration). 

Finally, there are four point angles in a class I prep­
aration, each formed by the junction of three walls 
(as in the corner of a room where two walls meet the 
noor). Point angles are named after the three walls that 
form dmn: mesiobuccopulpal (abbreviated M-B-P in 
Fig. 10-12A), rnesiolinguopulpal, distolinguopulpal, 
and distobuccopulpal. Since the junction of walls in 
a preparation is often rounded, line angles and point 
angles may be small, general areas ra ther than distinct, 
sharp angles or points. 

A specific class l restoration is properly idemified 
by naming the surfaces involved and material used. 
For example, an amalgam on tooth No. 14 involving 
the occlusal surface with a lingual extension would be 

~ L-A , No 14 (Fig. 10·l3C). The lrne, 0 

represents the occlusal portion of the preparation, the L 
represents the lingual extension, and the lener A repre­
sents the restorative material, amalgam. Test yourself by 
referring to the teeth in Figures 10-13 and 10-23 where 
the legends give the correct abbreviations for several 
types of amalgam resLOrations. lf composite had been 
used, the representation would have been OL-C, No. 14. 
A lower right third molar with an occlusal amalgam and 
buccal extension would be an OB-A, No. 32. A buccal 
or lingual pit restored with composite would be a B-C 
or L-C, followed or preceded by the tooth number. 

4 . CLASS I CARIES: APPL YING PRINCIPLES 
OF CAVITY PREPARATION 

Pit and fissure sealams can be used as a preventive 
measure to prevent class l caries in deep caries-prone 
pits and fissures, especially for the young patient. 
A sealant is a "nowable" resin that is applied over 

n 
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Amalgam restorations for conservative class I caries. A. An occlusal amalgam on a maxillary first premolar 
(abbreviated No. 4 OA) and cwo occlusal amalgams on a maxillary first molar that are separated by the oblique ridge since che trans­
verse groove ofche oblique ridge is rarely carious (abbreviated No. 3 OA, OA). B. An occlusal amalgam on a mandibular first molar 
(abbreviated No. 19 OA). If chis restoration needed co be replaced, the buccal groove would have co be evaluated carefully co see ific 
should be included in che new restoration. C. Class I caries was restored on a maxillary first molar with a preparation that included 
che distal pit and the lingual groove. It is abbreviated No. 14, OLA. 

noncarious but caries-prone, unprepared pits and fis­
sures on recently erupted Leeth. These sealants have 
been shown to be an e[ective means of preventing car­
ies in pits and fissures. 23-2) An initial sealant applica­
tion for all permanent molars and premolars requires 
only 15 to 20 minULes per child.26 lf there is a slight 
bit of decay in a groove, the dentist may make a very 
small preparation, possibly confined to enamel. This 
very small preparation can be restored with a small 
amount of composite resin followed by a sealant to 
protect other deep grooves. This restoration is called a 
conservative resin restoration (previously called a pre­
ventive resin restoration or PRR). A sealant and con­
servative resin preparation are shown in Figure 10-14. 
Conservative preparations can also be formed using an 
air-abrasion system where abrasive particles are blown 
forcefully toward the tooth to actually remove tooth 
structure. This technique permits removal of only a 

minimum amount of tooth s tructure, but the principles 
of cavity preparation for this new technology (such as 
providing retention, obtaining access to the decay, and 
extending to sound enamel, etc.) must still be consid­
ered. Retention is obtained by flowing an initial layer of 
bonding agent, similar to a sealant, into the irregulari­
ties of the microscopically roughened enamel.27 

Amalgam is frequently chosen for larger stress­
bearing class I restorations on occlusal surfaces 
(Fig.10-13). For small class I pits or fissures on posterior 
teeth where esthelics are important, composite resins 
may be used, possibly in conjunction with sealants 
tO protect, rather than cut into, adjacent susceptible 
pits and fissures. 

Certain of G.V. Black's principles of cavity preparation 
are uniquely applied when restoring the class I cavity 
with amalgam as described l1ere. Differences in prepara­
tion requirements will be noted for resin materials. 

Conservative treatment for class I decay. A. A typical groove pattern for a mandibular second molar. B. A sealant 
place over t h_J grooves of a mandibular second molar would normally be almost invisible, so this sealant was outlined. C. A prepara-
t ion fi c nservative resin restoration. 

a use.com 
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= ::;,,;;=, Class I amalgam preparations showing vari­
ous degrees of extension for prevention. A. Tooth No. 3 with an 
occlusal and an occlusal-lingual preparation (OA, OLA). The 
preparations a re separate since in this case, there was no need 
co cross che oblique ridge. B. An ocdusal amalgam preparation 
of tooth No. 31 (OA). C. An occlusobuccal amalgam prepara• 
tion on tooth No. 30 (OBA). 

a . Extensio n for Prevention (Class I) 

Extension for prevention, to include those pits and 
fissures adjoining the defects with active decay, should 
be considered when the paLient is young, has a high 
caries rate, ancl/or exhibits poor oral hygiene, but seal­
ants may also be used to protect adjacent pits and fis­
sures. Examples of several amalgam preparations that 
include all major grooves can be seen in Figure 10-15. 

b. Resistance Form (Class I) 

When amalgam is used on a SLres~-be<,¼ring surface, 
a minimum depth (of ~.5 to 2 111111) is recommended 
due to the brittleness of amalgam in thinner layers. 
However, if cast metal is used, less reduction (of only 
1 mm) will provide room for a sufficient bulk of gold 
to withstand occlusal forces and preserve more tooth 
structure. Ideally, amalgam meets the unprepared tooth 
surface at right angles to provi.de resistance to marginal 
breakage, whereas the preparation margins for small 
cast restorations end with a bevel at the cavosurface 
(Fig. 10-16). Bevels are angular enamel reductions 
placed at the cavosurface of cast metal preparations in 
order for the margins (or outer edges) of the casting to 
be thin enough so that the dentist can perfect Lhe adap­
tation and minimize the cavosurface gap between tooth 
and metal. The goal is to minimize the gap between the 
casting and tooth since this gap is filled with a dental 
cement, which is neither as StTOng nor as durable as 
the metal. 

c . Retention (Class I) 

For amalgam, retention is provided in an occlusal 
preparation by a slight convergence of the buccal and 
lingu~rep&'ration \\'alls toward the occlusal surface. 

,_ __ T_lJ"Ji~~r and lingual cavity walls each form almost 

I 
I 

Buccal 

Gingival bevel 

Buccal bevel 

~ 5°-?°divergence 

Class II MOD cast metal inlay preparation 
showing retentive form (similar to porcelain inlay) provided by 
opposing walls diverging very slightly ( only S to 7°) so that the 
inlay fits snuggly li ke a stopper in a wine decanter bottle. Also, 
note that this cast metal inlay preparation design includes 
bevels that permit chin metal to be burnished or adapted 
more closely co rhe enamel. 

a right angle with the uncut.. tooth at the cavosurface 
that permits a good bulk of amalgam to abut against a 
strong enamel surface (Fig. 10-12C). 

For eomposite preparati.ons, retention is also pro­
vided by acid etching the enamel to produce micro­
scopic irregularities on the surface that can be filled 
with a Cirst layer of CTowable bonding agent. 

For inlays or on lays (cast gold or porcelain), reten­
tion is provided by preparing the opposing internal 
walls of the preparation with a slight (5 to 7°) diver­
gence toward the occlusal surface (as seen within the 
class 11 gold inlay preparation in Fig. 10-16), thi1s 
allowing the solid casting LO be seated snugly within 
the tooth, somewhat like a glass stopper fitting into the 
opening of a decanter. The dental cement (or sealant 
for porcelain) placed between the inlay and the tootlJ 
provides retention by sealing the margins and by set­
ting to hardness at the interface between Lhe slight 
irregularities of the enamel walls of the preparation and 
those of the inlay/onlay. Some tYI?es of dental cement 
chemically bond to the calcimn of the tooth and can 
be mechanically attached to th e etched surface of metal 
castings. 

8. CLASS II CARIES 

1. CLASS II CARIES: DEFINED 

Class II lesions form on the smooth proximal surface 
of posterior teeth just cervical to Lhe proximal contact 
(Fig. 10-l 7 A and B). ll forms due to inadequate plaque 
removal in the hard to reach interproximal surfaces. 
Judicious use of dental floss LO rempvehacteyiaJ J?laque n 
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Class II lesions. A. Class 11 caries on the mesial 
surface of a mandibular second premolar ( arrow) is clearly visible 
because the adjacent first premolar was broken off at the cervical 
line. Notice the location of the lesion (just cervical to where the 
proximal contact had been) and the color. a darkly stained nole 
surrounded by discoloration and chalkiness. This lesion would 
have been difficult to detect cl inically when the first premolar was 
intact. Bitewing radiographs are most useful for confirming small 
class II lesions. B. An incipient (beginning) lesion without cavita­
tion (arrow) on the mesial surface of tooth No. 14, probably visible 
only on a radiograph if an adjacent tooth was present. C. A larger 
class II lesion with cavitation (arrow) on the mesial surface of tooth 
No. 1 S, with color changes to the enamel that would be evident 
beyond che proximal contact area in che mouth. D. A very large 
clas~ e,?o:?'on the mesial surface ofcooth No. 30, which resulted 1, ~ {pse of che entire mesial marginal ridge of enamel. 
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between posterior teeth is one method for preventing 
(or reversing) class 11 caries. 

Clinical detection of a small class 11 lesion in the 
mouth without the aid of radiographs is oflen difficult 
due to the inability to visualize or probe the areas where 
it forms. A loss of translucency of the enamel seen when 
t:xam i11ing Lht: ovt:rlying margi11al ridgt: may ut: th t: first 

clinical evidence of class 11 caries (Fig. 10-18). As a car­
ious lesion increases in size, it may appear as a dark, 
cavitated area (hole) that can be detected by a using 
a thin probe (explorer) into the interproximal space. 
A very large class 1l lesion may actually undermine the 
marginal ridge, causing the emire ridge of enamel to 
break off during mastication (Fig. 10-17D). 

Radiogrnphic detection of an incipient (beginning, 
small) class 11 lesion is most predictably accomplished 
using bitewing radiographs because a class 11 lesion 
is normally visible on the radiograpb before it can be 
detected clinically A class 11 lesion is seen as a narrow 
triangular shadow within the enamel just cervical to 
the proximal contact (Fig. 10-19A). Unlike the spread 
pattern of class 1 caries, the wide base of the triangle is 
located at the enamel surface, and it tapers to its apex 
toward the DEJ. When the lesion gets large enough to 
reach demin, the spread pattern is the same as for class I 
caries. It is triangular with its base spread out along the 
DEJ, and its apex follows the denlinal tubules toward 
the pulp (seen in two large lesions in Fig. 10-19B and 
on the proximal surface of the cross section diagram in 
Fig. 10-19C). 

FIGURE 10~ Class II caries is suspected when the area of 
the marginal ridge over the proximal contact of this posterior 
tooth shows a change in translucency appearing like a brown or 
gray shadow (arrows) beneath the surface of the enamel. 
Inspection ofche cooth surrounding the proximal contact and 
evaluation ofbicewing radiographs would be useful co confirm 
chis area of decay. ll 
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Occb:r~r 

Radiographs of class II lesions. A. Rad iographic evidence of a 
class II lesion that has barely spread into dentin on the distal surface of tooth 
No. 20 (arrow). Note the location of the lesion just cervical to the proximal contacts, 

Mesia! and that the lesion is wider at the surface of enamel than at the DEJ. B. Several class 
II lesions (arrows), some of which are confined to enamel and two (No. 12 and 
No. 19, distal) that have spread out in dentin. (Note the existing class II amalgam 

C 

on tooth No. 13 with a deep base and large undesirable overhang, chat is, excess 
bulk of amalgam beyond che gingival cavosurface margin.) C. The spread pattern of 
Class II smooth surface caries (arrow) is broad externally, narrowing toward the 
dencinoenamel junction (DEJ). Once within dentin, this lesion spreads out laterally 
at the DEJ (like in a class I lesion) as well as progressing toward the pulp. 

2 . CLASS II CARIES: WHEN TO RESTORE 

Class II lesions that are clinically obvious, when 
cavitated (with a break or hole in the surface), should 
be restored (Fig. 10-17D). The radiograpliic indication 
for restoring a small lesion is when the lesion has pen­
etrated LO the DEJ and begins LO spread out into dentin 
( teeth numbers 12 and 19 in Fig. 10-19B). If the lesion 
is small enough to be confined to enamel on the radio­
graph, the dentist must consider the patient's previ­
ous his tory of carious activity, oral hygiene, and age in 
order to decide whether to restore now or to reevaluate 
at subsequent recall intervals. The use of fluoride and 
fluoride varnishes has improved the potential to arrest 
early lesions. However, a young patient with a small car­
ious lesion only two thirds of the way through enamel, 
but with many deeper lesions and poor oral hygiene 
that is not improving, should probably have the tooth 
restored, especially since a lesion exte11 ds deeper i11 the 
actual t.ooth than it. appears on the radiograph.9 

3. CLASS II: CAVITY WALL TERMINOLOGY 

To reach and remove class ll lesions (which form just 
cervi.cal to the proximal contact), the dentist most often 
needs to prepare a proximal box that extends cervi­
cally thr • h the marginal ridge. The proximal box is 

level that is more gingival than the pulpal 
ass I preparation and has vertical buccal, 

Lingual, and axial walls (the axial wall is along the long 
axis of the tooth) and a horitontal gingival wall (or 
floor) (all labeled with abbreviations in Fig. 10-20). 

Further, class II lesions can involve just one or botl1 
proximal surfaces of a posterior tooth (i.e., have one or 
two proximal boxes). Since obtaining access into the 
proximal lesion normally requires breaking through 
the occlusal marginal ridge, these res torations involve a 
minimum of two (occlusal and mesial, or occlusal and 
d istal) or three (mesial, occlusal, and distal) surfaces. 

The line angles that are preseOL in a mesial or distal 
proximal box are axiopulpal, axiogingival, buccogin­
gival, linguogingival, axiobuccal, and axiolingual. In a 
mesio-occlusodistal preparation, you can differentiate 
each line angle in a proximal box by stating whether 
it is located in the mesial or distal box. For example, 
there are two axiopulpal line angles in the mesio­
occlusodistal amalgam preparation: One is the axiop­
ulpal line angle of the mesial box and the other is the 
axiopulpal line angle of the distal box. The point angles 
in each box include axiolinguogingival (A-L-G in Fig. 
10-20B), axiobuccogingival, axiobuccopulpal, and 
axiolinguopulpal. 

Class Il preparations for amalgam involving only two 
surfaces, such as mesio-occlusal or disto-occlusal, are 
traditionally abbreviated as MO-A or DO-A (not OM-A 
or OD-A). A mesio-occlusodistal amalgam prepara­
tion is abbreviated as MOD-A (not DOM-A). A class ll ,.. m 
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1 
' Conservative class II preparation for amalgam on tooth No- 30- A. Occlusal view showing the proximal box 

extending just through the proximal contact buccally and lingually. 8. The mesia l view showing the slight convergence toward the 
occlusal of the buccal and lingual walls of the box, and axiobuccal (A·B) and axiolingual (A-L) line angles where retentive grooves are 
placed. An example ofa point angle: A-L-G for axioli nguogingival is seen. C. A cross section of this prepared tooth in the middle third 
of the crown showing the placement of the retentive grooves entirely within dentin at the axiobuccal and axiolingual line angles. 
Key for nomenclature: Walls, B, buccal; P, pulpal (red); L, lingual; A, axial (blue); G, gingival (green). Example of line angles: A-B, 
axiobuccal; A-L, axiolingual ( location of retentive grooves). 

preparation for composite material involving only 
two surfaces would be abbreviated similarly, with the 
abbreviation of "C" such as MO-C or D0-C. For inlays 
(I) or onlays (0), the abbreviation would be MO-I and 
D0-l, MOD-I and M0-0 , and D0-0 and MOD-0, 
respectively. 

4. CLASS II CARIES: APPLIED PRINCIPLES 
OF CAVITY PREPARATION 

The preparation for a class 11 carious lesion can be 
restored with amalgam, direct composite, inlays, or 
onlays (cast metal or tooth colored). lmprovementS in 
composite restorative materials and techniques have 
resulted in the increased use or this tooth-colored mate­
rial for class ll restorations, especially when esthetics 
is an important factor. The larger the preparation (and 
therefore the thinner the remaining tooth structure), 
the more appropriate the onla>' restoration might be to 
cover the cusp Lips, protect the remaining thin LOoth, 
and provide adequate resistance form (seen in gold on 
tooth No. 31 in Fig. 10-21). 

Three gold cast restorations were constructed 
on stone dies. There is an inlay on tooth No. 29 (MOD In), an 
occlusal inla on No. 30 (0 In ), and an on lay on tooth No. 31 
(MOD n 

a. Extension for Prevention (Class 11) 

The class 11 preparation often extends over some of the 
occlusal surface to include adjacent derective or cari­
ous occlusal pits and fissures as in a class I preparation. 
The proximal box might be compared LO a stair step 
descending farther gingivally than the occlusal portion 
(Fig. 10-22A and 8). When proximal decay is present 
but there are no carious fissures on the occlusal surface, 
the dentist may prepare a slot preparation. This conser­
vative preparation is just the proximal box of the tradi­
tional class 11 amalgam preparation with no extension 
across the occlusal surface into the occlusal grooves 
(Fig. 10-22C). Notice that in Figure 10-22A, the maxil­
lary molar preparation does not extend over the oblique 
ridge since there is seldom a susceptible groove in Lhis 

area. Also, the DO-A preparation on the mandibu­
lar first premolar does not cross the transverse ridge 
(which seldom has a deep groove), nor does it include 
the mesial pit if it is not deeply fissured or carious. 

The class I portion follows the principles for restoring 
a class l lesion already discussed, but the proximal exten­
sion (box) adds new foatures. For example, the buccal 
and lingual walls of the proximal box of class 11 prepa­
rations are prepared beyond the proximal contact areas 
just into Lhe buccal and lingual embrasures (Fig. 10-23). 
In this way, Lhe margins of the restoration can be better 
evaluated by Lhe dentist and kept clean by the patient. 

b. Retention Form (Class 11) 

The buccal and lingual walls or the occlusal portion and 
the proximal boxes for amalgam are prepared so that 
Lhey conve,ge slightly t0ward tl1e occlusal to prevent 
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Models of conservative class II amalgam preparations. A. Occlusal views: Left: MO-A ( mesio-occlusal amalgam) 
preparation on tooth No. 30. Left-center: MO-A, DO-A (mesio-occlusal and disro-occlusal amalgam) preparation on tooth No. 3 
with the oblique ridge intact. Right-center: MOD-A (mesio-occlusodisral amalgam) preparation on tooth No. S. Right: DO-A (disto· 
occlusal amalgam) preparation on tooth No. 28 with the transverse ridge intact. B. Proximal views of class II amalgam preparations. 
Left: MOD-A preparation on tooth No. 4. Right: MO-A preparation on tooth No. 30. Nore the convergence of the buccal and lingual 
walls toward the occlusal for retention and resistance form. When the decay process has progressed deeper and wider, the prepared 
walls by necessity will be farther apart than these. C. Conservative slot preparation involving the distal and occlusal surfaces ofrypo­
dont tooth No. 28; note the amalgam restoration (MO-A) in a similar slot preparation on the mesial and ocdusal surfaces. This con­
servative preparation may be preferred co reach interproximal caries when there is proximal caries without any occlusal involvement. 

the resLOration Crom dislodging occlusally (seen clearly 
in Fig. 10-22B). Retentive grooves may be prepared 
buccally and lingually in a proximal box as extensions 
of the internal vertical wall of the box that is aligned 
along the long axis of the tooth, and is therefore called 
the axial wall. These retentive grooves are designed to 
prevent the amalgam restoration from dislodging in a 
proximal direction. They are located al the axiobuc­
cal (A-B) and axiolingual (A-L) line angles seen best 
in Figure 10-20C. Resin restorations are generally pre­
pared in a similar fashion to amalgam. However, with 

additional retention gained from the enamel etching 
and bonding, there is less need for internal retention 
grooves. 

For cast metal or porcelain inlays or onlays, oppos­
ing buccal and lingual walls must diverge slightly 
toward the occlusal (seen on a die for a cast metal 
on lay in Fig. 10-24), and the two axial walls in a mesio­
occlusodistal inlay preparation must converge slightly 
toward the occlusal. This is necessary so that an accurate 
restoration can be refined outside of the mouth and then 
be seated within the tooth preparation in the mouth. 

Class II amalgam 
restorations. A. A polished class II amal­
gam on a maxillary first premolar (No. 12 
DOA). B. This class II amalgam restoration 
on a tooth with no adjacent tooth shows 
how the dentist had co extend this prepara­
tion toward the gingiva in order co reach 
the area where caries had been located: 
gingival to the proximal contact. 

e.com 
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I , 
A die of a tooth prepared for a cast metal 

onlay that covers the mesial, occlusal, and distal surfaces (MOD 
On). The line on the die marks the cavosurface margin that ends 
with a continuous bevel. The buccal and lingual walls diverge 
toward the occlusal so chat the restoration can be removed from 
the die and then placed in the prepared tooth in the mouth. 

C. CLASS Ill CARIES 

1. CLASS Ill CARIES: DEFINED 

Class III lesions are smooth surface lesions located 
on the proximal surfaces of anterior teeth, just cervical 
to the proximal contact, but not involving the incisal 
angle (or corner) of the tooth (Fig. 10-25). 
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An incipient (small or beginning) class 111 lesion can 
often be detected clinically by carefully examining the 
enamel facially or lingually for changes in translucency 
just cervical Lo the proximal contact (Fig. 10-26). The 
underlying lesion causes overlying enamel to appear 
slightly darker or more opaque than surrounding, sound 
enamel. These changes are most evidern when a source 
of light (such as fiber optics) is placed lingually agai11st 
the proximal enamel of the tooth, revealing the change 
in translucency facially (Fig. l0-27). This method of 
clinical detection is called trausillumination. 

Racliographs of the anterior teeth can also be used to 
confirm a class Ill lesion (Fig. 10-28). The location, just 
cervical to the proximal contact, and pattern of spread 
are both typical of smooth surface lesions that were 
described for a class 11 lesion. 

2. CLASS Ill CARIES: WHEN TO RESTORE 

The indications for restoring a class Ill lesion are the same 
as for a class 11 lesion: That is, if the surface is cavitated or 
decay has reached the dentin as seen on the radiograph 
or through transillumination, a restoration is indicated. 

3. CLASS Ill: CAVITY WALL TERMINOLOGY 

Since the class Ill resin restoration obtains retention in 
most cases from the bonding of resin to etched enamel 
and to dentin, the fina l shape of a resin class 111 prepa­
ration may be somewhat amorphous, removing only 

Class Ill lesions. A. A class 111 
lesion on the mesial ofcooch No. 6 with an area of 
obvious cavitation ( or hole) in the enamel surface. 
8 . Most of these anterior teeth have large class 111 
lesiorns. The decay on the distal surfaces of the 
maxi I lary central incisors may be class IV decay 
since the decay is close co the incisa l a ngles. 

'"aduse.com 
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Tooth No. 6 lingual view. Class Ill caries is 
suspected when the area of the marginal ridge lingual co the 
proximal contact of chis anterior cooch shows a change in trans­
lucency (arrows) appearing like a brown or gray shadow beneath 
the surface of the enamel. Inspection of the tooth surrounding 
the proximal contact and transillumination or radiographs 
would be useful to confirm this area of decay. 

carious tooth structure wh.ile conserving as much 
healL11y tooth structure as possible. Sometimes, how­
ever, a more defined, traditional preparation may be 
desirable. The traditional preparation for the lingual 
approach for a class lII composite is represented in Figure 
10-29A. This lingual approach preparation can be com­
pared to the slot preparation of a class 11 preparation, 
which is also cut through the marginal ridge. However, 
due to the more horizontal alignment of the box or a 
class lll preparation, the names assigned to the walls 
differ. Here, the four walls are called gingival, facial, 

Transillumination. A light source is directed 
through the proximal surfaces of these anterior teeth to reveal a 
change ,n t ransJucency just cervical to the proximal contact 
area, in • 1 f the presence of class Ill caries. 

Radiograph of a class Ill lesion (arrow) on tne 
mesial of tooth No. 8 . Note the location of this decay just cervi­
cal co the proximal contact and the characteristic spread or 
widen ing of the decay at the DEJ. 

incisal, and axial (as abbreviated in Fig. 10-30A and 8). 
There are only five imernal line angles: gingivofacial, 
incisofacial, gingivoaxial, facioaxial, and incisoaxial. 
There are only two internal poim angles: gingivofacio­
a:xial and incisofacioaxial. 

The traditional preparation for a composite with a 
facial approach may be more triangular in shape (with 
itS base near the gingiva) . It has three walls and a floor 
(Fig. 10-29B). The three walls are the facial, lingual, 
and gingival walls, and the fourth wall (or lloor) is 
the axial. Subsequently, this preparation has s ix inter­
nal line angles: facioaxial, linguoaxial, gingivoax:ial, 
faciolingual, linguogingival, and gingivofacial. There 
are only three internal point angles: faciolinguoaxial 
(abbreviated F-L-A in Fig. 10-30C), linguogingivoaxial, 
and faciogingivoaxial. 

Class Ill composite restorations may be abbreviated 
by identify ing the proximal surface, as well as the sur­
face through which access was gained and the male­
rial used. For example, the class Ill composite on the 
mesial surface of tooth No. 10 (in Fig. 10-29C) with 
access LO the decay through the lingual enamel would 
be identified as M-C, No. 10, lingual approach, or more 
precisely, ML-C, No. 10. An old class Ill restored with 
amalgam approached from the lingual on the distal of 
tooth No. 11 would be identified as DA, No. 11 , Lingual 
approach, or DLA, No. 11 (Fig. 10-29C). A composite 

n 
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Class Ill cavity preparations. A. A composite resin preparation with lingual approach on tooth No. 8 DLC. Note the 
axioincisal retentive feature. (The axiogingival retentive feature is less visible here.) B. A class Ill composite resin preparation with labial 
approach can be seen in the facial embrasure (No. 7 DFC preparation). (This tooth was prepared by Gregory Blackstone, second-year 
dental student.) (There is also a class V preparation on the facial of the canine, No. 6.) C. Two teeth with class Ill restorations: tooth 
No. 10 was restored with a mesial composite restoration with a lingual approach (ML-C, No. 10), a nd tooth No. 11 was restored 
with a distal amalgam with a lingual approach (DLA, No. 11 ). 

with a facial approach on the mesial of LOoth No. 24 
would be identified as MF-C, No. 24. Note that instead 
of using "L" LO denote the labial (or facia l) surface, "F" 
is used to denote the facial surface in order to avoid 
confusion with "L," which is used to denote the lingual 
surface. 

4 . CLASS Ill CARIES: APPLIED PRINCIPLES 
OF CAVllY PREPARATION 

Since tl1e class 111 lesion occurs in a non-stress-bearing 
area that is most often of esthetic concern to the patient, 
a toow-colored composite resin is most often the resto­
ration of choice. 

G 
F 

I-A A 
I 

Lingual 
A view B 

a. Extension for Prevention: Class Ill 

Extension for prevention is minimal in we class lll com­
posite preparation since we dentist wants to preserve 
as much enamel as possible for esthetic reasons. The 
approach for removing the decay, whenever possible, is 
from the lingual of the tooth, so we facial plate of enamel 
is preserved for maximum esthetic effect (Fig. 10-29A), 
but when the decay has already destroyed the facia l 
enamel, a facial approach can be used (Fig. 10-29B). 

b. Retention: Class Ill 

When restoring teeth wilh larger carious lesions, 
retention form may be obtained by simply removing 

F G 
L 

A 
F-L-A 

C view 

Class Ill preparations. A. The lingual view of the class Ill amalgam preparation, lingual approach, on the distal of 
tooth No. 6. Retentive grooves are evident at the cavosurface of the gingivoaxial and incisoaxial line angles. B. The discal view of a class 
Ill composite preparation, lingual approach. Note the slight convergence of the incisal and gingival wall toward the lingual for reten­
tion. This preparation also has a retentive groove (in the shadow between G and A) at the gingivoaxial line angle, but it does not 
extend co the cavosurface. C. The mesial view of a class Il l composite preparation, labial approach. Note the triangular shape. Retentive 
features are found internally at the axiogingiva l line angle and the faciolinguoaxial point angle. Key for nomenclatu re: for lingual 
appro~;nd B): G, gingival; A, axial (blue); F, facial; I, incisal. Examples of the angles are the retentive features G-A and I-A for the 
~ II "' iod-ial ""' aogl", re,p=i~ly. ,,, fonh, fadal •pp=ch (C)c F, facial; A, .;,1 (bl.,), G, giogi,al; L, 11,,.,1. ) ffl 
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the decay that has spread out at the DEJ, resulting in 
a preparation that is wider internally than externally. 
Historically, retentive pits or grooves have been used 
as extensions of the axial wall in order to improve 
retention for either a composite or amalgam class Ill 
preparation (seen in Fig. 10-30A). However, the more 
1.:onst:rvativt: mt:t.l1o<l of affor<ling n::tt:11.tion an<l rt:<lu<.:­
ing leakage at the cavosurface margin of a composite 
restoration is by bonding the composite resin to an 
acid-etched, beveled enamel surface. The preparation 
shape therefore can be more conservative, withom the 
need for internal retentive grooves or pits. 

D. CLASS IV CARIES 

1. CLASS IV CARIES: DEFINED 

A class IV lesion involves the proximal surface of an 
anterior tooth (as does a class Ill lesion) , but, in addi­
tion, it involves the incisal angle (or comer) of the tooth 
(Fig. 10-31). The class IV lesion is frequently the result 
of a class Ill lesion that became so large that the under­
mined tooth angle broke off. A similar-shaped defect 
occurs when the tooth comer fractures off due to a blow 
10 the mouth. The loss of an incisal angle is plainly vis­
ible upon clinical examination. Radiographs are not 
needed to detect the class IV lesion but may be useful to 
determine the depth of the lesion relative to its proxim­
ity to the pulp chamber (Fig. 10-32). 

2. CLASS IV CARIES: WHEN TO RESTORE 

The class lV restoration is indicated when active caries 
is detected. Many class IV restorations are indicated, 

however, not because of caries but because the incisal 
angle of the tooth has frac tured off in an accident. ln 
these instances, the extent of the fracture, the proxim­
ity of the exposed tooth structure to the pulp cham­
ber, hypersensitivity to temperature changes, and the 
patient's concern for esthetics are important factors 
when deciding whether or not to restore the tooth. 
If the fracture is not into the dentin and the patient 
is not concerned about the appearance of the tooth, 
smoothing the rough edges of the tooth may suffice. 
If, however, dentin is involved or if there is evidence 
of decay, a restoration is indicated to prevent discom­
fort from the exposed dentin and to stop the spread 
of decay. 

3. CLASS IV CARIES: CAVITY WAU 
TERMINOLOGY 

Depending on the degree of involvement, this prepara­
tion may have only one flat wall (as in a fracture; similar 
to the shape seen in Fig. 10-33) or may be made up of 
two main surfaces: a gingival surface and a more axial 
surface. These two portions may join at an angle called 
the axiogingival line angle. There are no point angles. 

A composite restoration that restores one incisal 
angle actually restores parts of four surfaces, so it 
may be abbreviated as either an MIFL-C or DIFL-C 
(Fig. 10-34) to denote the involvement of all surfaces 
of either the mesioincisal or the distoincisal angle of 
the tooth. If both proximal surfaces were involved, the 
restoration would be designated as MIDFL-C. As usual, 
the tooth number can be added before the abbreviation, 
for example, No. 9 MIDFL-C. 

FIGURE 1 o.jjl 
Class IV caries. A. An enormous class 

IV carious lesion involving the mesioincisal angle ofcooth 
No. 26. 8. The left maxillary central incisor (No. 9) has 
extensive class IV caries and could be restored with a 
MIFLC). 

Ka dose.com 
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FIGURE 10-~ Radiograph of a class IV lesion (arrows) 
involving the distoincisal angle of tooth No. 10. 

4. CLASS IV CARIES: APPLIED PRINCIPLES 
OF CAVfJY PREPARATION 

If a class IV preparation is conservative, a composite 
resin, particularly one that utilizes an acid-etching 
technique, is the restoration of choice. An alternative 
treatmeDL is a veneer of porcelain bonded to the facial 
surface of the 100Lh, replacing the fractured incisal area 
(seen previously in Fig. 10-7 A). If the preparation is 

A 

Axial 

Gingival 

Sleeve 

B 

Class IV carious lesion on tooth No. 8 and 
the resultant restoration. A. View of the lesion showing the 
gingival and axial portions of the defect. B. Ali:er smoothing the 
preparation and acid etching the enamel, the restored tooth 
with a sleeve (thin layer of bonded resin) that overlaps the 
etched enam;I surface, thus establishing maximum retention 
and e ~ mg (blending) the color match. 
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FIGURE 1og~ This class IV composite re.sin restoration on a 
maxillary central incisor can be abbreviated No. 8 DIFLC. 

extensive or if the whole incisal edge of the tooth and 
both proximal surfaces are involved, buL there is suf­
ficient remaining tooth structure, it may be bener Lo 
restore the tooth with a full crown that has a tooth­
colored facial surface, or an all ceramic restoration 
(crown), for the best esthetics and longevity. 

Caries removal and smoothing extremely rough or 
unsupported enamel may be all that is needed to pre­
pare the tooth for a class IV composite. The occlusion, 
as always, must be analyzed to be sure that tl1ere is 
room for the restoration when the palieDL chews and 
incises, especially iJ1 a protrusive direction. Retention is 
most commonly achieved by acid-etch techniques that 
permit resin tags to bond the composite to the tooth. 
A thin overlapping sleeve of excess composite mate­
rial can cover beveled enamel that has been acid etched 
10 maximize retention (Fig. 10-33B) and ro improve 
esthetics by blending the color differential between 
composite and enamel. 

E. CLASS V CARIES 

1. CLASS V CARIES: DEFINED 

The class V lesion is located in the cervical one third 
of the facial or lingual surface of any anterior or pos­
terior tooth crown (Fig. 10-35). lt is a smooth surface 
lesion that results from poor oral hygiene i.n the area 
of the tooth just cervical to the buccal or lingual crest 
of curvature, adjacent 10 the gingiva, where the natural 
cleansing action of the lips, tongue, and cheeks is inef­
fective. This area of the tooth is susceptible to plaque 
accumulation and resultant caries. Over the lifetime of 
a tooth, Lhe gingiva and supporting bone may recede 
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Class V lesions. A. Incipient (beginning) facial lesion that is seen as chalky and discolored and is Aaking away. 
8. An obvious cavitated class V facial lesion that has destroyed much of the enamel on the buccal surface ofrhe crown and adjacent 
cementum and dentin ofrhe root. C. Class V demineralization: a chalky white area (arrows) seen in the cervical third ofa maxillary 
lateral incisor with incisal wear is evidence of the first stages of dental caries. If this demineralization continued and did nor reverse 
itself ( through excellent oral hygiene, diet, and use of topical Auoride), this area could develop a cavitation (hole) that would need to 
be restored. Also, notice the inflammation of the adjacent gingiva (gingivitis) , which is also caused by bacterial plaque. 

apically, exposing greater amounts of the root surface. 
With decreased salivary !low and/or poor oral hygiene, 
lhe incidence and severity of caries increase in this area 
(Fig. 10-35B). 

As a class V lesion begins to fonn, it appears as a 
chalky white or stained surface (Fig. 10-35() . In these 
beginning (incipient) lesions, care should be taken with 
the explorer not to break through an area of beginning 
demineralization that has not yet cavitated since excel­
lent oral hygiene and lluoride have been shown to 
reverse the caries process. These lesions may be hid­
den slightly apical to the level of inllamed gingiva so 
that the use of the tactile sense obtained through the 
explorer is critical for detection of cavitation9 and for 
distinction between these lesions (which are cavitated) 
and a calcined buildup of calculus (wnich is felt as a 
bump attached to the surface of the tooth). 

Other areas of cavitation (or depressions) located 
in the cervical of the crown and the adjacent root sur­
face include defects formed from erosion by acids, or 
from abrasion (most commonly caused by abrasive 
toolhpastes and improper toot!, brushing [as seen in 
Fig. 10-361), and a process known as abfraction (the loss 
of hard tooth structure, which appears similar to abra­
sion but is caused by flexure or bending of the tooth 
caused by heavy ocdusal forces). Caries may develop 
at the depth of lhese defects. Also, as the root becomes 
exposed to the oral environment due to gingival reces­
sion, the cementum, which is much less mineralized 
than enamel , is more susceptible to caries compared 
to enamel. The result is root caries, a condition that 

more frequently in our aging population 

As with a radiograph of a class 1 lesion, the class V 
lesion is superimposed over buccal or lingual surfaces 
of enamel that show up whiter (radiopaque), lhereby 
masking the darker (racliolucent) caries (Fig. 10-38). 
By the time a class V lesion is evident on radiographs, 
it has progressed far beyond the incipient stage and 
will require a much larger restoration than would have 
been required if it were clinically diagnosed at its earli­
est stages. Therefore, the examiner should not depend 
on radiographs for detection of these lesions. However, 
when discovering a cervically located radiolucency 
on a radiograph, the dentist should carefully evaluate 
the tooth to clinically prove or disprove the presence 

FIGURE 10~3b Maxillary anterior teeth showing cervical 
a brasion, possibly due to poor tooth brushing techn ique and 
abrasive pastes. These areas are prone ro caries and often 
become sensitive. Each tooth should be evaluated carefully to 
determine if application of a desensitizing solution or a 
restoration is indicated. 

a use.com 
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Root caries (arrow) on an area of exposed 
cementum afi:er gingival recession. 

of class V caries. Darker (radiolucent) areas of ce1vical 
abrasion, as well as older types of radiolucent restor­
aLive materials, can appear like class V or root surface 
caries on radiographs. 

2. CLASS V CARIES: WHEN TO RESTORE 

Not all areas at the cervical of the tooth that are white 
or darkly stained require a class V restoration (as in 
Fig. 10-35C) since these areas of beginning (incipient) 

Radiograph of a class V lesion (arrow) on rooth 
No. 22. It is impossible to tell from the rad iograph whether it is on 
the buccal or lingual surface or whether it is decay or a radiolu­
cent rrf oking on the rad iograph) composite restoration. 
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decay could respond to nuoride and improved oral 
hygiene and actually remineralize so that no restoration 
is required. Also, these defects could be areas of arrested 
(old, inactive) decay, or noncarious cavitated defects 
due to abrasion , erosion, or abfraction. Class V lesions 
require restorations when tooth structure is soft or cavi­
L<1Lt:d (a:; :st:t:n iu Fig. 10-358). Rt::sturaLiun:; :should abu 

be considered to protect noncarious defects (like abra­
sion defects) that occur in this pan of the tooth if the 
tooth is sensitive and does not respond LO desensitizing 
agents, if the lesion is very deep and cannot be kept 
clean, or if it appears that it will continue to advance 
due LO poor oral hygiene or parafunctional habits. 

3. CLASS V CARIES: CAVITY TERMINOLOGY 

The class V preparation is somewhat box shaped and 
consists of five walls: distal, occlusal, mesial, gingival, 
and axial. These preparations have eight line angles: 
axiomesial, axiogingival, axiodistal, axio-occlusal, 
mesiogingival, distogingival, mesio-occlusal, and disto­
occlusal. The axio-occlusal and axiogingival line angles 
are prepared with retentive grooves labeled as A-O and 
A-G in Figure J 0-398. There are four point angles: axio­
occlusodistal (A-O-D in fig. 10-39A), axio-occlusome­
sial, axiodistogingival, and axiomesiogingival. 

The restoration is identified by surface and material. 
For example, a buccal amalgam on tooth No. 19 is B-A, 
No. 19, a facial composite on tooth No. 7 is F-C, No. 7, 
and a glass ionomer on the facial surface of tooth No. 11 
would be F-Gl, No. 11. Typically, the tenn facial (F) is 
applied to anterior teeth, whereas buccal (B) is applied 
LO posterior LeeLh. 

4 . CLASS V CARIES: APPLIED PRINCIPLES 
OF CAVITY PREPARATION 

Since a class V lesion occurs in non-stress-bearing areas, 
when esthetics is a factor, a composite may be used, 
even though ii may be less resistant to abrasion than 
amalgam (Fig. 10-408). In gingival abrasion lesions and 
areas of root caries, Lhe dentist may restore the LOoth 
with a glass ionomer or resin-modified glass ionomer 
because Lhey both bond to demin and contain fluoride. 
Amalgam may be used when the esthetics are not of 
prime concern (Fig. 10-40A). In rare cases, primarily 
at the patient's request, a cast metal inlay (or porcelain 
inlay) could be used to replace lost tooth contour. 

The preparation for a class V composite restora­
tion is usually kept as conservative as possible (Fig. 
10-40B), with a convex axial wall that is just into den­
tin (Fig. 10-39C) and little or no extension for preven­
tion. Prevention of future caries occurs through patient 
education in oral hygiene techniqueJ and from periodic 
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Buccal view 
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Conservative class V preparation for amalgam on tooth No. 29. A. Buccal view showing the trapezoidal outline 
form . Example of a point angle is the A-0-D or axio-occlusodistal poinr angle. B. Buccolingual cross section of the same tooth 
revealingaxio-occlusal (AO) and axiogingival (AG) line angles and retentive grooves. C. Cross section ofB showing the axial wa ll 
(A) just minimally inro dentin (0.5 mm) forming a convex axial wall. Key for nomenclature: 0 , occlusal; M, mesial; A, axial (blue); 
D, distal; G, gingival. 

application of topical fluoride. The retention of amalgam 
restorations is obtained by preparing retentive grooves 
that are extensions of the axial wall in an occlusal and 
gingival di rection (A-O and A-Gin Fig. 10-39B). When 
using composite, similar retentive grooves could be 
used, but more oflen, retention is dependent on bev­
eled enamel surfaces that have been acid etched. A glass 
ionomer restoration in an area of deep cervical abrasion 
(V-shaped or notched) may require no preparation, 
only a treatmem with a dentin conditioner or primer 
that aids in the chemical bond between dentin and a 
glass ionomer restoration. 

F. CLASS VI TYPE OF DENTAL CARIES 

A class VI type of dental caries or restoration is not one 
of Black's original classifications. In Baum's text, it is 
defined as the cavity or defect found on the tips of cusps 
or along the incisal edges of incisors.0 In Sturdevant's 
text, class VL caries includes lesions on the cusp lips 
of posterior teeth. 10 The resultant preparation for a 
class VI lesion conservatively follows Black's principles 
of cavity preparation, and the restoration of choice 
depends on size and location of the lesion and the need 
for strength and esthetics. 

1 
'

1 
Class V restorations. A. Two buccal amalgams on ceech No. 29 and 30 (abbreviated BA). The extent of these 

amalgams is usually dictated by the extent of the caries. B. Class V buccal composite (arrows) on tooth No. 27 (abbreviated BC). lfche 
shade of the material is excellent, these restorations are difficu lt co detect, and their surface grittiness felt by a dental instrument 
might be confused for incipient calculus formation. (Restorations by Gregory Blackstone, second-year dental student.) 
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SECTION VI RESTORING LARGE TOOTH DEFECTS AND TOOTH REPLACEMENT 

When a tooth is too badly broken down to be res tored 
with a conservative resroration and only a thin shell of 
enamel remains. it may be necessary to remove decay 
and replace some or all of the lost tooth snuctu1·e with 
amalgam or composite lO develop a "core" of tooth 
and ftlling around which a complete crown can be 
constructed. The core rest◊ration that replaces tooth 
structure prior to preparing a tooth for a crown may 
be called a restoration under crown (RUC) or amalgam 
under crown (AUC). When the remaining tooth crown 
is almost completely gone, a cast metal core (resembling 
a tooth prepared to receive a crown) must be designed 
with a metal post, which fits snugly into one of the 
previously endodontically treated and prepared root 

canals. The post is necessary 10 provide retention. This 
restoration is called a cast post and core (Fig. 10-41). 

On posterior teeth, a crown will sometimes be con­
structed entirely of cast rnetal and is called a complete 
cast metal crown (fig. 10-42). To prepare a woth for 
a complete crown, the previously restored anatomic 
t◊oth crown (or prepared core) is externally reduced 
with diamond burs to make room for the required 
thickness of the cast metal crown. The preparation usu­
ally extends gingivally beyond the core filling material, 
so that the crown margins end on sound tooth st.ruc­
i-ure. Full cast metal crown preparations end at the gin­
gival cavosurface with a rounded shape called a chamfer 
(Figs. 10-42A and 10-43A). 

R GURE 10-~ Cast post and core. A. The 
visible portion of a pose a nd core is che core chat 
can be seen formi ng che missing part of che crown 
preparation. 8. The post can be seen on this 
rad iograph extending well down within the root to 
provide retention for the crown that will be placed 
over the post and core. 

1 
Complete cast metal crown. A. Crown preparation on tooth No. 20 for a full cast metal crown. The reduction at 

~ avosurface is called a chamfer. B. The complete cast metal crown cemented in place. 
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FIGURE 1 o-iJ Proximal views: Crown preparations with 
their facial surface toward the right. A. Full cast metal crown 
(no porcelain veneer) preparation on a mandibular premolar. 
8. Preparation on a maxillary canine that will have a facial fused 
porcelain veneer over metal to provide esthetics. Greater facial 
tooth reduction was necessary (arrow). 

Types of crowns. Tooth No. 31 is restored 
with a complete cast metal crown; No. 30 is restored with a 
metal ceramic restoration (porcelain fused to metal crown), and 
Numbers 28 an 29 both have metal ceramic crowns (metal is 
nocvisib •. otographs courtesy of Dr.Ju lie Holloway.) 

When esthetics is a factor, especially on anterior teeth 
and maxillary premolars, further reduction of tooth 
stn.icture is necessary on the facia l surface to make 
room not only for the thin cast metal but also for au 
additional thickness of tooth-colored porcelain veneer, 
which can be fused onto the facial surfaced of the metal. 
Thb n::sturntiu11 i:, <.:alku a m t:tal <.:t:ram i<.: rt::sturatiun 

(also called a porcelain fused to metal crown) and is 
seen on tooth No. 30 in Figure 10-44. Crowns gain 
retention from the nearly parallel walls that slightly con­
verge wward the occlusal, accurate fit, and the cement. 
Another esthetic solution for a full coverage restoration 
is an all ceramic restoration (previously called a porce­
lain jacket crown). Teeth are prepared with a wi.de cham­
fer completely around the tooth. There is no internal 
metal support under the porcelain, permitting increased 
translucency that more closely resembles a natural tooth 
(seen on the maxillary incisor teeth in Fig. 10-45). 

Even when liule or no caries or breakdown is evi­
dent, a crown may be recommended if the tooth is 
cracked, or when needed to support an adjacent false 
tooth (pontic) that replaces a missing tooth. The 
crowned teeth and the replaced tooth or teeth together 
are called a fixed dental prosthesis (also called a fixed 
partial denture I FPD] or a bridge by many people) 

FIGURE 10~ 
A. Thin, badly damaged maxillary incisors. 

8. Same incisors after placing all ceramic restorations (porcelain 
full jacket crowns). (Photographs courtesy of Dr. Julie Holloway.) 

n 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Chapter 10 1 Treating Decayed, Broken, and Missing Teeth 319 

=="-"'--- •_, Fixed dental prosthesis also called a "bridge" by many persons. A. Buccal view offull crown preparation on tooth 
No. 3 ( on left) and a crown veneer preparation on tooth No. S for the attachment of a bridge to replace tooth No. 4. B. The com• 
pieced three-tooth fixed dental prosthesis (fixed partial demure o r bridge) for replacing tooth No. 4. The premolar retainer (abut­
ment tooth crown) and pontic (replacement tooth) in the photograph are restored with porcelain fused to metal. The molar retainer 
is covered with a complete cast metal crown. 

(Fig. 10-46). The fa lse t0oth is called a pontic, and 
the teeth that are attached LO and support the pontic 
are call.ed the abutment teeth, which are covered by 
their crowns called retainers. A fixed dental prosthesis 
replacing tooth No. 4 with an abuunent metal ceramic 
crown on tooth No. 5 and a complete cast metal crown 
on tooth No. 3 is shown in Figure 10-46B. The metal 
pontic replacing No. 4 is veneered with porcelain. 

In the 1980s and 1990s, techniques for replacing 
lost teeth with dental implants (titanium alloy roots 
surgically embedded imo the bone) were perfected and 
are now widely used (Fig. 10-47). A dental implant 

involves embedding an artificial root (titanium alloy) 
into the bone. Three to six months after surgical place­
ment, the embedded implant can be used to provide 
retention for a crown or a screw-retained fixed dental 
prosthesis, or to provide support for a removable par­
tial denture. Ten-year success rates of 91 % for dental 
implants in the mandible have been reported. 28 

Groups of lost teeth can also be replaced with mul­
tiple implants, a fixed dental prosthesis, or a removable 
dental prosthesis (also called a removable partial den­
ture). One type of removable dental prosthesis is made 
of an acrylic saddle that adapts to the edentulous area, 

FIGURE 10a An implant. Tooth No. 29 has been 
extracted and replaced with a dental impla nt. It supports a 
crown veneered with porcelain. A. A rad iograph of the 
implant with the screw-retained component and full crown. 
8. The screw-retained component (crown support) attached 
to the implant and extending above the tissue prior to 
placement of the crown. C. The crown cemented on the 
screw-reta ined component of the implant. (Photographs 
courtesy of Ed McGlumphy, D.D.S., M.S. , Associate 
Professor, Ohio State University, College of Dentistry.) 
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FIGURE 1 O,lij 
A. Removable partial dental prosthesis (also known as a removable partial denture) on a typodont replacing teeth 

numbers 30 and 31, and attached to abutment teeth numbers 19 and 29 using clasps (a) a nd rests (b) that retain and posit ion the 
prosthesis in the mouth. The major connector (c) of the metal li-amework that connects the left and right sides of the prosthesis has a 
lingual plate that adapts to the lingual surfaces of all of the mandibular anterior teeth, providing additional stability. B. Complete 
removable dental prosthesis (also known as a complete denture). The upper denture on the left is designed to cover the palate, while 
the lower denture on the right is designed to maintain room for the tongue. 

and the acrylic saddle comains the artificial replace­
ment tooth crowns, and a framework (usually metal) 
that provides stability and retention (Fig. 10-48A). The 
pan of the framework that connects the left and right 
sides of the prosthesis is called a major connector. The 
framework also contains clasps, which surround abut­
ment teeth and adapt to these teeth just cervical to the 
height of contour facially or lingually to provide reten­
tion. It also has rests that are designed to adapt into 
small depressions (rest seats) that the dentist has pre­
pared in the enamel of the marginal ridges and adjacem 
tooth structure in order to keep the partial denture from 
seating too firml y against the mucosa. When all teeth 
have been lost, a complete. removable dental prosthe­
sis (~;tfd a complete denture or false teeth) can 

---dt~'j,S~ ted (Fig. 10-48B). 

LEARNING EXERCISE 

Without looking at the key to each photograph of 
restorations in this chapter, identify the material 
used, the surfaces involved, and the abbreviation 
that could be used to denote the restoration. Do 
the same with extracted teeth that have existing 
restorations. Looking in your mouth using a mirror 
or in a friend's mouth, identify the classification 
of the existing restorations ( according to Dr. G.V. 
Black). Note that some restorations are extended 
over more of the tooth than others. Could this be 
because the dentist extended the preparations, or 
was it due to the spread of caries? Do you suspect 
any areas of decay? ( If so, check with a dentist.) 
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Review Questions 
Answer each of the following test items by selecting 
the correct answer, or answers, for each item. 

1. What is the class of decay found in the buccal pit 
of tooth No. 19? 

a. Class I 
b. Class II 
c. Class Ill 
d. Class IV 
e. Class V 

2. Which material is more likely to be used for a 
conservative class Ill restoration (mesial and 
facial surfaces) on tooth No. 8? 

a. Amalgam 
b. Cast metal crown 
c. Composite resin 
d. Cast porcelain inlay 
e. Cast metal onlay 

3. Caries in the lingual fossa of tooth No. 7 is an 
example of which class of caries? 

a. Class I 
b. Class II 
c. Class Ill 
d. Class IV 
e. Class V 

4. Throughout the end of the 20th century, has 
occurrence of dental caries in children increased, 
decreased, or stayed about the same? 

a. Increased 
b. Decreased 
c. Stayed about the same 

S. Which class(es) of caries occur(s) in posterior 
teeth but not in anterior teeth? 

a. Class I 
b. Class II 
c. Class Ill 
d. Class IV 
e. Class V 

6. Which class( es) of caries occur(s) in anterior 
teeth but not in posterior teeth? 

a. Class I 
b. Class II 
c. Class Ill 
d. Class IV 
e. Class V 

7. A point angle is the junction of how many cavity 
preparation walls? 

a. One 
b. Two 
c. Three 
d. Four 
e. Five 

8. Which of the following are point angles in a 
conservative class I preparation ( if it has not 
extended onto the buccal or lingual surfaces to 
include buccal or lingual grooves)? 

a. Gingivobuccoaxial 
b. Occlusobuccoaxial 
c. Mesiobuccopulpal 
d. Distolinguopulpal 
e. Buccolinguopulpal 

9. Which of the following are line angles within a 
DO-A preparation? 

a. Axiobuccal 
b. Axiopulpal 
c. Distopulpal 
d. Distoaxial 
e. Mesiopulpal 

Critical Thinking 
1. List as many types of restorations (and materials involved) as possible that could be used to restore small, 

and then large, defects on a maxillary incisor. First, start with as many combinations of surfaces and 
materials that might be used to restore the smallest areas of decay for each G.V. Black class of decay. Use 
words to describe the surfaces and materials, and then the abbreviations. Second, list the largest types of 
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I. Anodonria: absence of teeth 
A. Total anodontia 
B. Partial anodontia 

11. Extra or supernumerary teeth 
A. Maxillary incisor area 
B. Third molar area 
C. Mandibular premolar area 

OBJECTIVES 

This chapter is designed to help the learner perform 
the following: 

Identify variations from the normal (anomalies) for 
the number of teeth in an arch. 
Identify anomalies in crown morphology and, when 
applicable, identify the anomaly by name and give a 
possible cause (etiology). 

n anomaly [ah NOM ah lee] is a deviaLion 
from normal, usually related to embryonic 
development LhaL may resulL in Lhe absence, 
excess, or deformity o( body parts. 1 Dental 

anomalies are abnormalities of teeth that range from 
such "common" occurrences as malformed permanem 
maxillary lateral incisors that are peg shaped, to such 
rare occurrences as complete anodontia (no teeth at all). 
Dental anomalies are most often caused by hereditary 
factors (gene related) or by developmental or metabolic 
disturbances. While more anomaUes occur in the per­
manent than primary dentiLion and in Lhe maxilla Lhan 
the mandible, it is important to remember that their 
occurrence is rare. For example, only 1 LO 2% of the 
population have some fonn of anodontia (one or more 
missing teeth) , while another I to 2% have supernumer­
ary (extra) teeLh.2..., \lvhen specific deformities or abnor­
mal fo rmations of teeth occur with greater frequency, it 
i.5 difficult LO say wheLher Lhe deviation is a "true" anom-

~ y, ""'"loo io tooth mo,phology. 

Ill. Abnormal tooth morphology 
A. Abnormal crown morphology 
B. Abnormal root morphology 
C. Anomalies in tooth position 
D. Additional tooth developmental 

malformations (and discoloration) 
E. Changes in tooth shape due to injury after 

tooth eruption 
F. Unusual dentitions 

Identify anomalies in root morphology and, when 
applicable, identify the anomaly by name and give a 
possible cause (etiology). 
Identify anomalies in the alignment of teeth within 
an arch. 

Familiarity with dental anomalies is essential to 
the clinical practice of dentistry and dental hygiene. 
Recognition and correct idemification of anomalies 
are important wl1en communicating with other den­
tal team members, especially in the case of referral to 
or from another dental office. Additionally, a dental 
professional's communication with the patient (or, in 
the case of a child, the parent) should refiect knowl­
edge of abnormal oral conditions. Your assurance 
that the fused anterior teeth of their 4-year-old child 
occur with 0.5% frequency but rarely affect the num­
ber of teeth in the permanenL dentition, will go a long 
way to promote the patient's confidence in you and 
the office. Likewise, the informed patient who under­
stands why the accessory cusp on Lhe buccal of his 
maxillary or mandibular molar is more prone LO decay 
than normal will likely be more receptive to home 
care instructions that are specific to his mouth and 
his needs. Finally, understanding the etiology (cause) 
of a specific anomaly is important in determining the 
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course of treatment, if any. Additional information 
related to the etiology of the following anomalies is 
found in the study of both oral histology/embryology 
and oral pathology. 

Note that within this chapter, the frequency of anoma­
lies is included in brackets [like this}. These details do 
not need to be committed to memory but are usef-ul ref-er­
ences when considering how common each anomaly is. 

SECTION I ANODONTIA: ABSENCE OF TEETH 

A. TOTAL ANODONTIA 

True anodontia [an o DON she ah} (or total anodontia) 
is the total congenita l absence of a set of teeth. Total 
anodontia is characterized by the absence of the entire 
prima1y and secondary denti tions and is extremely rare. 
It is most often associated with a generalized congeni-

artial anodontia. Mouths with congenitally 
ceral incisors. A. Notice chat maxi llary 

ved into che spaces normally reserved for the 
cisors. B. Maxillary lateral incisors are missing. 

ta! deformation (a sex-linked genetic trait) involving 
the abnormal development of the ectoderm or outer 
embryonic cell layer. Faulty ectodermal development 
further affects such structures as hair, nails, sebaceous 
and sweat glands, and salivary glands. 

B. PARTIAL ANODONTIA 

Partial anodontia, also referred to as congenitally miss­
ing teeth, involves one or more missing teeth from a 
denti tion. Though not proven to be a hereditary trait, 
the tendency for missing the same teeth does run in 
families. Radiographs are required to assure that miss­
ing teeth are, in fact, missing and not just unerupted. 

1. MOST COMMONLY MISSING 
PERMANENT TEETH 

The most commonly missing permanent teeth are third 
molars, with the maxillary third molars absent from the 
dentition more often than the mandibular thirds. 

2 . SECOND MOST COMMONLY 
MISSING TEETH 

The pennanent maxillary lateral incisors are the next most 
commonly missing teeth (Fig. 11-1). (Approximately 

FIGURE 11 m Partial anodontia. A radiograph revealing a 
missing mandibular second premolar. A routine radiographic 
examination of a 10-year-old female revealed chat boch man­
dibular right and left second premolars were missing. The first 
premolar is erupting between the roots of the primary first 
molar. The primary second mola r is functional and its roots will 
probably not resorb resulting in a retained primary tooth. 
(Notice the fully erupted permanent first molar a nd the 
unerupted second molar partially visible at c~e excreTe lefb) 0 m 
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1 LO 2% of the population are missing one or both of 
these maxillary incisors.4 •5) 

3. THIRD MOST COMMONLY MISSING TEETH 

The mandibular second premolars are the third 
most frequently missing permanent teeth (seen on 
a radiograph in Fig. 11-2) ( with 1 % of the popula-

Chapter 11 I Dental Anomalies 325 

Partial ano• 
dontia. A. Congenitally missing 
primary mandibular central 
incisor. 6 . Congenitally missing 
permanent mandibular central 
incisor. 

Lion missing one or both4
). Some s tudies indicate the 

order of most commonly missing t.eeth to be third 
molars, maxillary and mandibular premolars, and then 
maxillary lateral incisors.6 The most stable teeth in the 
pemianent dentition, the canines, are the least likely tO 

be absent from the dentition.6 

Other congenitally missing permanent and primary 
teeth are evident in Figure 11-3. 

SECTION II EXTRA OR SUPERNUMERARY TEETH 

Supernumerary teeth are teeth that form in excess of 
the normal dental formulas for each quadrant (primary 
quadrant: 1-2, C-1, M-2; permanent quadrant: 1-2, C-1, 
P-2, M-3). They occur in 0.3 to 3.8% of the popula­
tion.7 They are found in both permanent and primary 
dentitions, with 90% of all occurrences in the maxilla.8 

Specifically, the most frequent supernumerary speci­
mens are found in one of two localions: maxillary inci­
sor area or maxillary third molar region . One report 
states that supernumerary teetl1 occur eight times 
more often in the maxillary than mandibular regions 
and twice as frequently in men than in women.9 

(Another study of 50 patients from 16 months to 
17 years of age found 20% of the supernumerary teeth 

to be inverted. 1° Fourteen percent of these patients had 
multiple supernumerary teeth, and 80% of the extra 
teeth were in a lingual position relative to the dental 
arch.) Supernumerary teeth can vary considerably in 
size and shape. 

A. MAXILLARY INCISOR AREA 

The most common location of supernumerary teeth 
in the permanent dentition is located at the maxil­
lary midline (called a mesiodens). A mesiodens is a 
small supernumerary tooth that forms between central 
incisors. lt has a cone-shaped crown and shore root 
(Fig. 11 -4) . lt may be visible in the oral cavity or remain 

Supernumerary mesiodens. A. 
Radiograph showing a mesiodens next to the fully 
erupted permanent maxillary centra l incisor. B. Fully 
erupted mesiodens (facial and incisal views) chat has 
a peg shape. :) 
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=::.;.. _ _, Supernumerary tooth. Maxillary dentition 
with three incisors shaped like central incisors ( and only one 
shaped like a lateral incisor). 

aramolars, distomolars, or fourth (supernu­
. . Radiograph showing a maxillary (fourth) 

disco r. . Mandibular (fourth) distomolar just distal to the 
e a e ch/rd molar. 

unerupted. If unerupted, a diastema (space) may be 
present.11 (One study of 375 children with mesiodens 
reports that they are often in an inverted position and 
rarely erupt into the oral cavity.9 The prevalence of 
mesiodens in the permanent dentition in the Caucasiau 
populations is 0.15 to 1.9%. 12) Less frequently, super­
numt::nu:y Lt::t::Lh may bt:: pu:sitiunt::<l bt::LWt::t::n (;t::fllral anti 

lateral incisors or between lateral incisors and canines. 
An unusual occurrence of a person \vith what appears 
to be three maxillary central incisors is seen in Figure 
11-5. The occurrence of supernumerary teeth in the 
primary dentition is low (approximately 0.5%).'2 

B. THIRD MOLAR AREA 

The presence of supernumerary teeth distal to the 
thi rd molars is more common in the maxillary arch 
but does occur in the mandible. These supernumer­
ary teeth are often called distomolars, paramolars, or 
fourth molars. These extra teeth rarely erupt into the 
oral cavity and , thus, are usually discovered through 
radiographs (Fig. l J-6). 

Supernumerary teeth in mandibular premolar 
region. A. View of extra mandibular first premolar ( on the left 
side of the mouth) fully erupted but crowded. (Courtesy of Or. 
L Claman.) B. Extra mandibular first premolars on each side of 
the mandibular arch are positioned lingually. 
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C. MANDIBULAR PREMOLAR AREA 

The most common location for supernumerary teeth in 
the mandible is between the first and second premolar 
regions (Fig. 11-7). Supernumerary teeth appearing in 
this area generally resemble normal premolars in size 
and shape. 13 

Extra teeth may also form in other locations in the 
mouth. For example, a most unusual instance of three 
mandibular central incisors is seen in the radiograph in 
Figure 11 -8. 
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Supernumerary mandibular central incisor. 
Radiograph of che mandibular incisor region depiccing chree 
cencral incisors and cwo laceral incisors wich no fused roots, and 
wich normal pulp cavities. 

SECTION Ill ABNORMAL TOOTH MORPHOLOGY 

A. ABNORMAL CROWN MORPHOLOGY 

Crown malformations may be seen clinically upon 
visual inspection of the oral cavity. 

1. THIRD MOLAR MALFORMATIONS 

Maxillary thi rd rnolars have the most variable crown 
shape of all permanent teeth followed by mandibu­
lar thirds. These anomalies can range in shape from a 
small peg-shaped crown to a multicusped, malformed 
version of either the first or second molar. 

2. PEG-SHAPED LATERAL INCISORS 

The most common anomaly in tooth shape in the ante­
rior region of the secondary dentition is the peg-shaped 
(or cone-shaped) lateral incisor (Fig. 11-9) (which 
occur in l to 2% of the population).➔ The tooth is some­
what conical in shape and broadest cervically and tapers 
toward the incisal to a blunt point. Several studies of 
identical twins seem to indicate that missing and peg­
shaped lateral incisor teeth may be varied expressions 
of the same genetic trait.14

•
15 A most unusual occur­

rence is that of peg-shaped maxillary central incisors 
(Fig. ll-10). Recall that peg-shaped teeth develop from 
one lobe instead of the four lobes, which are normal for 

~ th 

3. GEMINATION OR TWINNING 

Gemination or twinning results from the spli tting (or 
twinning) of a single forming tooth. Since the tooth 
division is incomplete, the t\vinned crown appears 
doubled in width compared to a single tooth and pos­
sibly notched (Fig. 11-11). The single root is not split 
and has a co111111011 pulp canal. If the doubled tooth is 
counted as two teeth, the den tal arch containing the 
geminated tooth will have an extra tooth beyond the 
normal number of teeth. lt occurs more frequently in 
the primary dentition than in the permanent demi­
tion and most commonly in the region of the max­
illary incisors and canines.3 (Gemination occurs in 
<1% of the population.) Note in Figure ll-12 that the 
wide, notched crowns of the anterior maxillary teeth 
of this Native American resemble teeth that have 
geminated. 

4 . FUSION 

Fusion is the union of two adjacent tooth germs, always 
involving the dentin. Upon clinical examination, this 
condition appears sin"tilar to gemination since the fused 
teeth have one crown that appears doubled in width. 
However, unlike gemination, radiographs usually 
reveal two separate but fused roots (seen in Fig. 11 -13 
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FIGURE 1111 Peg-shaped maxillary lateral incisors. 
A. lncisal view on a plaster model. B. A peg-shaped lateral 
incisor seen in the mouth. 

Peg-shaped maxillary central incisors, a very 
rare occurrence. A. Facial view. B. lncisa l view showing both 
canines, one lateral incisor and the two peg-shaped central 
incisors. 

Gemination. It appears 
that the left lateral incisor germ split or 
divided into two since, if that tooth is 
counted as two, there are five incisors 
(five arrows), one more than expected. 
The geminared tooth will generally have 
a single root and common pulp canal. 
The facial view is seen in A, and the 
incisal view of the same mouth is shown 
in B. 
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Deep labial grooves on all four maxillary 
central incisors and four canines ( maxillary and mandibular) of a 
Native American. Notice the similaricy in morphology of these 
wide, grooved incisor crowns with the crowns of geminated ceech. 

with separate pulp chambers). Another way LO differen­
tiate fusion from gemination is to count the teeth in 
the arch. If the fused teeth are counted as two, the total 
number of teeth will reflect the normal number of teeth 
in that arch (Fig. 11-14). Like geminated teeth, fused 
teeth occur more commonly in the anterior portion of 
the mouth (but in <l % of the population) and more 
often in the primary dentition than in the permanent 
dentition. The mandibular incisor area is affected more 
often than the maxilla.1•3 

It is thought that fusion is caused by pressure or 
force during development of adjacent roots. Many of 
the reports of fusion involve a supernumerary tooth 
joining with an adjacent tooth, such as the fusion of a 

Fusion. Two ceech appearing similar to man­
dibular first premolars are fused together. Buccal aspect (A) and 
lingual aseeJ (B). Some separation between the roots is visible. 
There ~ o pulp canals. 
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Fusion. A. If the tooth that is twice as wide as 
it should be is counted as two, the number of incisors is four 
(fourarrows)- the expected number. Therefore, we suspect that 
the maxillary right laceral and cencral incisor have fused. Another 
possibilicy is the fusion of the central incisor and a supernumer­
ary mesiodens, and the lateral incisor is congenitally absent. 
B. Four teeth (four arrows) appear like three crowns due to the 
fusion of a mandibular central and lateral incisor. 

mandibular third and fourth molar seen in Figure 11-15, 
or the fusion of a maxillary lateral incisor and anterior 
supernumerary tooth.16-18 

5. HUTCHINSON'S INCISORS 
AND MULBERRY MOLARS 

When an infected mother passes syphilis on to her 
unborn baby, the child's teeth in both dentitions may 
develop with unusual shapes. Maxillary and mandibular 
incisors may be screwdriver shaped, broad cervically, 
and narrowing incisally, with a notched incisal edge. 
These teeth are referred to as Hutchinson's incisors. 
Note in Figure 11-16A that the crowns of Hutchinson's 
incisors resemble somewhat the notched crowns of 
fused incisors seen in Figure 11-14. Also, first molars 
in these dentitions may have occlusal anatomy made up 
of multiple tiny tubercles with poorly developed indis­
tinguishable cusps. Because of the berry-like shape on 
the occlusal surfaces, these molars are called mulberry 
molars (Fig. 11-16B). Other manifestations of congeni­
tal syphilis may include scarring of the skin around the 
mouth, bone pain, and swelling of the joints. 

·.com 
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6. ACCESSORY CUSPS, TUBERCLES, 
OR RIDGES 

Accessory enamel projections may result from devel­
opmental localized hyperplasia (increase in volume 
of tissue caused by growth of new cells), or crowded 
conditions prior to eruption may result in fusion of a 
supernumerary tooth, which may be appear similar to 
an extra cusp (Fig. 11-17). A third lingual cusp may 
develop on mandibular molars on the lingual surface 
and is called a tuberculum [too BER ku lum] interme­
dium (Fig. 11-18). lf this extra cusp were located on 
the distal marginal ridge, it would be called a tubercu­
lum sextum. 

A talon cusp (like a "claw of an animal") is small pro­
jection on the lingual surface of maxillary or mandibu­
lar anterior permanent teeth (Fig. 11-19A). Frequently, 
the cusp has a pulp horn so that on a radiograph it may 
be mistaken for a supernumerary tooth superimposed 
over an anterior tooth, or a dens in dente (described 
later in this chapter) . Removal of this cusp is often 

Fusion. Unusual maxillary third molar 
with a supernumerary paramolar fused to its distal 
surface. 

necessary because of its imerference in jaw closure in 
the maximum intercuspal position. Since the pulp horn 
is present, endodonlic treauuent is usually required 
when this cusp is removed.2•19 The malformed mar­
ginal ridge that extends over much of the Ungual sur­
face on the anterior tooth in Figure ll-19B resembles a 
talon cusp. 

Mandibular second premolars vary in the number of 
lingual cusps, ranging from one to three. Occlusal mor­
phology can vary greatly in terrns of groove and fossa 
patterns established by the n umber of lingual cusps.20 

Recall that mandibular second premolars have three 
cusps (one buccal and two lingual) most of the time. 

Teeth may also exhibit extra small enamel projections 
called tubercles (Fig 11-20), or extra accessory cusps. 
Finally, an unusual prorninelll ridge is seen on the facial 
surface of a maxillary central incisor in Figure 11-21. 

FIGUR~ 11~ Effects of congenital syphilis on the teeth. A. Hutchinson's incisors are notched on these maxillary central incisors 
emale. {Model courtesy of Dmitri J. Harampopoulos, D.D.S.) B. Mulberry molars (arrows) resemble the shape of a 
any tubercles. 
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Extra cusps. A. Extra buccal cusp (or a fused paramolar) seen on a maxillary second molar. B. Two extra cusps 
(or two fused paramolars) on the buccal surface of a maxillary molar. C. Extra buccal cusp on a mandibular molar. 

Tuberculum 

Tuberculum intermedium (arrows). Mandibular 
first and second molars with extra, midlingual cusps called 
tuberculum intermedium. 

Talon cusps. A. Lingual view of two maxillary 
central incisors with c:alon cusps. B. Lingual view of a maxillary 
left latera l incisor shows an enamel prominence in the lingual 
fossa r.wi~dpears similar to a talon cusp. The lingual defects in 

1,~frhese teeth could affect the occlusion. 

FlGURE 111.m Tubercles. A. Elevations or tubercles 
( or cusplets) on the cingula of a canine and lateral incisor. 
B. Pronounced tubercles on the cingula of maxillary anterior 
teeth, most noticeable (due to lighting) on the patient's left 
central and lateral incisor and canine. C. Proximal views of both 
mandibular first premolars from a young Native American 
showing tubercles emanating from the triangular ridges of the 
buccal cusps. 
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Unusually prominent labial ridge on a secondary 
maxillary central incisor. 

FIGURE 11 -22 
Variation in tooth size from macrodontia 

(very large) to microdontia (very small). A. Macrodontia of two 
very long incisors (one 34 mm long). 8. Microdontia of three 
very shore central incisors with dwarfed roocs. 

7 . VARIATIONS IN TOOTH SIZE 

Microdontia (very small, but normally shaped teeth) 
and macrodontia ( very large, but normally shaped 
teeth) may occur as a single tooth, several teeth, or 
all teath in a dentition. 21 Macrodontia most frequently 
involves incisors and canines, whereas microdontia 
affects maxillary lateral incisors and third molars.JJ ·22.l3 

Some examples of variaLion in size of teeth are shown in 
Figure l 1-22A and B. One report described a maxillary 
canine 39 mm long and a maxillary first molar 31 mm 
long (compared to average lengths of 26.3 and 20.1 
mm, respectively), both removed from a pituitary 
giant.2' 

8 . SHOVEL-SHAPED MAXILLARY INCISORS 

Possibly not a trne anomaly, shovel-shaped incisors are 
a frequently occurring trait that reflect biologic differ­
ences between races.~ The lingual anatomy includes a 
pronounced cingulum and marginal ridges that resem­
ble the shape of a "shovel" (fig. 11-23A). These teeth 
occur most frequently in Asian, Mongoloid, Arctic, and 
Native American populations. Double shoveling refers 
to the pronounced lingual marginal ridges, as well as 
prominent ridges on the mesial and distal portions of 
the labial surface as seen in Figure 11-23B. 

B. ABNORMAL ROOT MORPHOLOGY 

Root malformations are normally only obvious on 
radiographs, although close examination of extracted 
teeth reveals much varia tion. 

1. ENAMEL PEARLS 

Enamel pearls are small, round nodules of enamel 
with a tiny core of dentin. Since they are covered with 
enamel, they prevem the normal connective tissue 
attachment, may be felt with a probe and, consequently, 
may lead to periodontal problems in this region. 

They are found most frequently on the distal of third 
molars and near the buccal root furcation of molarsH 

A. Shovel-shaped permanent incisors from a young Native American dentition (incisal view). Note the prominent 
n the lingual surface. 8. The range of prominent la bia l ridges on double-shovel -shaped incisors varies from labial 

rid r discernible) on the left co more prominent labial ridges on the right. ) m 
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FIGURE 1 1-m 
Enamel pearls on maxi llary molar roots, many 

located near the furcation. 

(Fig. 11-24). On a radiograph, enamel pearls appear as 
small round radiopacities (i.e., areas appearing light or 
white on the exposed film). 

2. TAURODONTIA 

In taurodontia, or so-called bull or prism teeth, the 
pulp chamber is very long, without a constriction 
near the cementoenamel junction (Fig. 11 -25). This 
occurs only in permanent teeth (with a frequency of 
<l in 1000 among American Indians and some Arctic 
populations).2, Taurodontia is caused by a disorganiza­
tion of the calcified tissues and possibly occurs in den­
titions subjected to heavy use. 

3. DILACERATION 

Dilaceration [die lass er A shun] is a severe bend 
or angular distortion of a tooth root (Fig. 11-26).26 

This unusual occurrence may be the result of a trau­
matic injury or of insufficient space for development, 
as is often the case with third molars (Fig. 11 -27). 
Dilaceration is often observed in teeth with accessory 
roots. Historically, fiexion is another term that has 
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Taurodontia. Photograph of extracted tooth 
on left; radiograph on right. (Courtesy of Professor Rudy Melfi, 
D.D.S.) 

been used to describe a sharp curvature or bend of a 
tooth root. 

4. DENS IN DENTE 

Dens in dente (literally "tooth within a tooth") is a 
developmental anomaly resulting from the invagina­
lion of the enamel organ within the crown of a tooth 
(seen in Fig. 11-28A). Clinically, it appears most often 
as a deep crevice near the cingulum region of incisors. 
Although most commonly found in maxillary lateral 
incisors, this condi tion has also been noted in maxil­
lary cennal incisors aud in mandibular incisors. On a 
radiograph, dens in dente appears as a mass of elon­
gated enamel within the dentin of a normal-sized tooth 
(Fig. 1.1-288). Usually, it appears in the coronal third of 
the tooth bm may extend the entire root length. Often 
peg-shaped lateral incisors, with failure of mesial and 
distal lobes to develop, are found to have dens in dente 

• Oilaceration. A, 8, and C. 
Three teeth with dilace~ i.91:1 o the root. m 
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=--"-- --' Dilaceration (severe) of the roots of a 
mandibular molar. 

upon radiographic examination. (Their occurrence is 
from 1 to 5% of the population. 2) 

5. CONCRESCENCE 

Concrescence Ikon KRES ens] involves the superficial 
fusion or growing together of only the cementum of 
two adjacent tooth roots (Fig. 11-29). Unlike fusion , 
these teeth usually become joined after eruption into 
the oral cavity due to the close proximity of the roots 
and excessive cementum deposition.6 This anomaly 
occurs most frequently in the maxillary molar region. 

FIGURE 11 :iiJ 
Dens in dente ("tooth within a tooth") is 

caused by a n invagination of the epithelium of the enamel organ 
before the formation of hard tissue. A. A facioli ngual, very thin 
cross section of a maxi llary lateral incisor with a dens in dente 
(tooth within a tooth). The defect within the tooth that connects 
with the lingual pit is seen here and may be an area where dental 
decay can occur. B. Radiograph of a dens in dente on a maxillary 

~ ro,. (Co,m,y ofProS,= R,dy Melfi, 0.0.S.) 

Concrescence is the junction or joining of 
cementum between adjacent teeth. Here, the cementum of a 
maxillary first molar is joined to the cementum of an adjacent 
second molar. left: Lingual view. Right: Disto-occlusal aspect 
with the buccal coward the right. 

6. DWARFED ROOTS 

Maxillary teeth o£ten exhibit normal-sized crowns with 
abnormally dwarfed (short) roots (seen in Fig. ll-22B). 
The incisal edges of maxillary teeth with dwarfed roots 
are often displaced lingually (as also occurs on man­
dibular incisors). This condiLion is often hereditary; 
however, isolated or generalized dwarfing of roots may 
also result from onhodontic movement of the teeth 
(with braces) when the movement has occurred LOO 

rapidly. 

7. HYPERCEMENTOSIS 

Hypercementosis is the excessive formation of cemen­
tum around the root of a tooth after the tooth has 
erupted (Fig. 11-30) . It may be caused by trauma, meta­
bolic dysfunction, or periapical inOammation. Excess 
cementum may actually form a thin layer that com1ects 
adjacent roots, similar Lo the thin tissue that connects 
the "toes" on the webbed foot of a duck. 

8 . EXTRA (ACCESSORY) ROOTS 

Usually occurring in teeth whose roots form after birth, 
accessory roots are probably caused by trauma, meta­
bolic dysfunction, or pressure. Third molars are the 
multirooted teeth most likely to exhibit accessory roots 
(Fig. 11-31A).2 Other molars may also develop extra 
roots, as seen on a mandibular molars in Figure 11-318 
and C. The single-rooted teeth most likely to have an 
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extra TOOt are the mandibular canines and premolars. 
Two roots (one facial and one lingual) are found rarely 
enough on mandibular canines LO be interesting but 
frequently enough not to be amazing (fig. 11-32A). 
Mandibular first premolars may also exhibit a bifurcated 
root, one buccal, and one lingual (Fig. II-32B), a con­
dition less common for these teeth than for mandibular 
canines. A rare occurrence of two roots on mandibular 
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Hypercementosis or excess 
cementum thickness is evident on a variety of teeth. 

premolars (one mesial and one distal) is evident in the 
radiographs in Figure 11 -32C. (A Japanese study of 
500 mandibular first premolars found that this type of 
bifurcation occurred in 1.6% of Japanese teeth. These 
researchers also found one very rare specimen with 
three roots, two buccal and one Lingual.27) 

A very unusual maxillary first premolar with three 
roots ( two buccal and one lingual) similar to the 

FIGURE 11-11 Extra roots. A. Three examples 
of distolingual extra (accessory) roots in a young 
Native American: two permanent concralareral 
first mandibular molars and a primary second 
molar. B. Secondary mandibular left second 
molar with extra root-like appendage in the 
furcation area. C. Two radiographs showing a 
right and left mandibular first molar, each with 
three (instead of two) roots. 
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roots or a maxillary molar is seen in Figure 11-33. 
The somewhat rare occurrence of a primary maxillary 
canines with their root divided rnesiodistally is shown 
in Figure 11-34.21•2s..33 There have also been a number 
or reports of bifurcated roots on primary maxillary 
canines: five discovered from routine radiographic 
examination and Lhe sixth on a routine demal recall 
examination.2s.33 

C. ANOMALIES IN TOOTH POSITION 

1. UNERUPTED (IMPACTED) TEETH 

Unerupted teeth are embedded teeth that fail to 
erupt into the oral cavity because of a lack of erup­
tive force. Impacted teeth , on the other hand, fail lo 
erupt due to mechanical obstruction, often related to 
the evolutionary decreasing size of modern man's jaw. 
The most common teeth to be impacted are maxillary 
and mandibular third molars (Fig. 1 l-35) and maxil­
lary canines.2•1•34 (At least 10% of the population have 

~ •I 

FIGURE 11~ 
Unusual bifurcated roots. A. 

Two mandibular canines with a bifurcated root 
(one facial and one lingual) . B. Two mandibular 
right first premolars with bifurcated roocs, a 
condition that is less common on chis tooth than 
on mandibular canines. C. Radiograph showing 
borh first and second mandibular premolars with 
mesial and distal roots. This mesiodiscal split is 
quite rare. A more common occurrence is for 
mandibular first premolars to have rheir roar 
divided buccolingually (as in B). 

2 . MISPLACED TEETH (TRANSPOSITION) 

Occasionally, the cells that form a t0olh (tooth buds) 
seem LO get out of place, causing teeth to emerge in 
unusual locations. The most common tooth involved 
is the maxillary canine seen in FigtLre 11-36 (20 of 25 
cases reported) ,3) followed by the mandibular canine 
(fig. 11-37). Maxillary canines can even be transposed 
Lo lhe central incisor region.36•

37 

3. TOOTH ROTATION 

Rotation is a rare anomaly, most common for lhe maxillary 
second premolar (Fig. 11-38), sometimes the maxillary 
incisor, Hrst premolar, or mandibular second premolar.38 

A tooth may be rotated on its axis by as much as 180°. 

4. ANKYLOSIS 

Ankylosis [ang ki LO sis) may be initiated by an infec­
tion or trauma LO the periodontal ligament, resulting in 
the loss of its periodontal ligament space so the tooth root 
is truly fused tO the alveolar process or _bone. These teeth 
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Distal Mesia! 

Unusual trifurcation on a maxillary premolar. 
Three views of a maxillary right first premolar with a normal­
looking crown but with three roots: two buccal and one lingual 
root (mesiobuccal, distobuccal , and lingual) . These roots some­
what resemble rhose found on maxillary molars. A is the mesial 
view, B is the distal view, and C is the occlusal view. 

erupt into the oral cavity but after anky\osis, fail to reach 
occlusion with the opposing arch and appear shorter 
than adjacem teeth in its arch. Many Limes, ankylosis of 
a primary tooth occurs when the permanent successor is 
missing. P1imary mandibular second molars most often 
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Unusual bifurcation seen on buccal views of 
primary maxillary cani nes." The le~ cooth was extracted from a 
9-year-old African American child ( mesial surface is to the 
right). The middle and right teeth came from a 5-year-old Native 
American child in Woods County, Ohio, believed co be 2580 
years old. Mesial sides face each ocher. (Courtesy of Dr. 
Ruth B. Paulson.) 

fail LO continue erupting as the jaw grows. Consequently, 
the ankylosed t0oth will be 2 LO 4 mm short of occluding 
with an opposing tooth. 

D. ADDITIONAL TOOTH 
DEVELOPMENTAL MALFORMATIONS 
(AND DISCOLORATIONS) 

Other tooth malformations may be related LO hered­
ity or injury during fo rmation and therefore may affect 
many teeth raLher than just one or two specific teeth. 
These conditions are not anomalies, but dental profes­
sionals should be able LO distinguish them from other 
anomalies. 

--;;,,;;;;;;,.;.;=,, Impacted mandibular third 
molar. Because of its horizontal position, it is 
mechanically locked beneath the distal bulge on 
the second molar. 
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• Switched positions for the permanent left 
maxillary lateral incisor and canine. 

There are several terms you need to be familiar 
with in order to understand this section. First, the 
suffix "-plasia" refers to formation or development. 
Dysplasia is a generic term that indicates abnormal 
development. Dysplasia can result from too little min­
eral content being incorporated (hypomineralization) 
or too litt le calcium (hypocalcification) incorporated 
into enamel or dentin. Hypoplasia is a form of dyspla­
sia that refers to an incomplete formation of a tissue. 
Dysplasia of the enamel or dentin can result from a 
number of factors during tooth formation , such as 
taking in too much fluoride, administration of tetra­
cycline antibiotic, congenital syphilis, or injury to the 
tooth. 

Unusual order of teeth. Bilaterally misplaced 
ines and lateral incisors, a rare occurrence. Also 

noce the n'fai , retained left primary lateral incisor. 

FIGURE 11-II Rotation of a secondary maxillary second 
premolar with its buccal surface rotated 180° so that it is now 
facing the li ngual. 

1 . ENAMEL DYSPLASIA 

Enamel dysplasia is a tem1 used to describe a distur­
bance in the enamel-forming cells (ameloblasts) dur­
ing early enamel formation. Enamel dysplasia may be 
hereditary (as with amelogenesis imperfecta) or could 
result from systemic causes during early tooth for­
mation (such as exposure to a high fever, nutritional 
deficiencies, or an excess amount of fluoride) or local 
disturbances (such as trauma or periapical infection). 
Generally, variations in color (from white to yellow 
and brown) or variations in morphology (such as pit­
ting or roughened enamel) can result. Several examples 
of enamel disturbances are presented here. 

a . Amelogenesis lmperfecta 

Amelogenesis irnperfecta I ah mel o J EN e sis im per 
FEC ta) is a heredita1y disorder that affects the enamel 
formation of both dentitions (fig. 11-39). ("Amelo-" refers 
to the ameloblasts or enamel-forming cells, and "genesis" 

FIGURE ll•Jll Amelogenesis imperfecta is a hereditary 
disorder affecting enamel formation. (Courtesy of Carl Allen, 
D.D.S., M.S.D.) 
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refers to the beginning formaLion of these cells. The word 
«imperfecta" means imperfect.) The partial or complete 
lack of enamel results in rough yellow to brownish crowns 
that are susceptible to decay. This condition is rare (with 
an incidence in the United States of 1 in 15,0002). 

b. Fluorosis 

Fluorosis is a condition caused during enamel forma­
tion by the ingestion of a high concentration of fluo­
ride compounds in drinking water that greatly exceeds 
the concentration recommended for contTolling decay. 
The amount of lluoride compounds in some naturally 
occurring mineral water that causes this condition is 
many times greater than the one part per million that is 
added to drinking water LO effectively reduce the preva­
lence of decay. If during enamel formation, teeth that 
are forming their crowi1S are exposed to excessively 
high concentrations of ingested fluoride, the LOoth can 
exhibit a color change from white to yellow/brown 
spots called mottled enamel, and if severe, the tooth 
enamel can undergo a morphologic change result­
ing in the formation of pits with.in the enamel (p in ed 
enamel) (seen on erupting secondary central incisors 
in Fig 1 l-40). Clinically, all permanent teeth may be 
involved depending on Lhe length of Lime that the per­
son was ingesting high levels of lluoride. These teeth 
are most often resistant to decay. 

c. Enamel Damage Due to High Fever 

Pitted enamel on permanem teeth may result from a 
very high fever during early childhood due to diseases 
such as measles.➔ Usually, the tooth crowns that are 
developing at the time of the fever are affected. For 
example, the damage to the crowi1s of the permanent 

Auorosis. This condition is most evident on 
the maxillary and mandibular central incisors. It is seen as white 
coloration o1mottling of color, and some pitting (on partially 
erupt ~ th No. 9). (Courtesy of Carl Allen, D.D.S., M.S.D.) 
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Enamel dysplasia (hypoplasia). This tooth 
damage resulced rrom the disruption of enamel formation on 
the mandibular second premolar and second molar at about 
2 years of age when these crowns were forming. (Courtesy of 
Carl Allen, D.D.S. , M.S.D.) 

second molars as well as the permanent second pre­
molars of the person in Figure 11-41 resulted from a 
high fever at about age 2 years and 3 months when the 
enamel was forming on both the mandib1.1lar second 
premolar and second molar. 

d. Focal Hypoplasia (or Hypomaturation) 

Focal hypoplasia is an incomplete development of 
enamel seen as a localized discolored spot or deformed 
area on a tooth. During enamel format.ion , this con­
dition may res1.1lt from trauma, a local infection of an 
adjacent abscessed primary tooth, or some other inter­
ference in enamel matrix maturation, most likely Lo 
occur .in succedaneous teeth (called a Turner's tooth) 
seen in Figure 11-42. Unlike decalcification (early 
decay) , which can usually be seen ill the cervical thirds 
of teeth or on occlusal surfaces of posterior teeth, this 

Enamel hypoplasia (focal hypomaturation) 
caused by a disturbance during the formative stage of the 
enamel matrix. A defect on the labial surface of the maxi llary 
central incisor (a so-called Turner's tooth) could be caused by 
an infection (abscess) on the primary central incisor that 
preceded it. 

a use.com 
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form orhypomaturation generally appears in the middle 
third of the smooth crown surfaces (facial and lingual 
surfaces). The underlying enamel may be sort making 
the area susceptible to decay. 

2. DENTIN DYSPLASIA 

Dysplasias or dentin occur twice as often as those in 
enamel (1 in 8000).39 Abnormal development of the 
dentin includes conditions with hereditary and sys­
temic cai1ses as follows. 

a. Dentinogenesis lmperfecta 

Dentinogenesis [den ti no JEN e sis] imperfecta is a 
hereditary disorder that affects the dentin formation of 
both dentitions. Clinically, all teeth have an unesthetic 
light blue-gray to yellow, somewhat opalescent appear­
ance (Fig. 11-43A), hence the tern, hereditary opales­
cent dentin. On a radiograph, there may be a partial 

B 

Oentinogenesis imperfecta ( opalescent den· 
tin) is a hereditary disorder chat affects the dentin and external 
appearance of all teeth. This condition occurs only once in every 
8000 people. A. The ceech take on a gray or yellow opalescent 
appearance. B. Radiographs reveal the total or partial lack of 
pulp chambers and canals. (Courtesy of Carl Allen, D.D.S., 

~ 

Tetracycline staining in this permanent denti• 
cion resulted from the administration of tetracycline antibiotic 
during che rime char crowns formed. Teeth have the appearance 
of yellow to gray-brown horizontal bands across the crowns. 
(The staining on cooth No. 8 has been covered with a rooth• 
colored restorative material such as composite resin.) (Courtesy 
of Carl Allen, D.D.S., M.S.D.) 

or total absence or pulp chambers and root canals 
since the pulp chambers and root canals may calciry 
(Fig. 11-43B). These teeth may be weak because or a 
lack of support in the dentin, so they may be suscep­
tible to severe attrition. 

b. Tetracycline Stain 

When the antibiotic tetracycline is taken by a pregnant 
woman, an infant, or a child during the time of tooth 
formation and calcification, it can affect developing 
dentin. The result is a change in tooth color depend­
ing on the dose of the drug, to a yellow or gray-brown 
(fig. J l-44). The resultant staining may be generalized 
in the primary dentition but may also affect some per­
manent teeth, depending on the age at which tetracy­
cline was administered. Since only the teeth that are 
calcifying during the tetracycline therapy are stained, 
it is possible to confirm this condition by noting the 
age when tetracycline was given and comparing this LO 
the teeth that were calcifying at that age. Some persons 
have erroneously blamed the staining from tetracycline 
antibiotic therapy during LOoth formation on fluori­
dated community drinking water, which is beneficial 
for both teeth and general health. 

E. CHANGES IN TOOTH SHAPE DUE 
TO INJURY AFTER TOOTH ERUPTION 

Reactions to injury are not really anomalies but are 
unique changes in tooth morphology associated with a 
speciftc cause. lt is important to recognize these condi­
tions so that their etiology (causes) can be identified 
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and modified, when possible, Lo avoid the causaLive 
facLOr(s) thal could worsen the condi1ion. 

1. ATTRITION 

Attrition is the wearing away of enamel (and evenLu­
ally dentin) clue to Lhe movement o( mandibular teeth 
against maxillary teeth during normal function and 
is made worse by excessive grinding Logether o( Leeth 
known as brnxism. Two examples of severe allrition 
are shown in Figure 1 J-45. Stress greatly increases brux­
ism. Altrition should be distinguished from oLher forms 
of tooth damage such as abrasion and erosion since the 
cause of each condition, and therefore Lhe therapy LO 
prevent further damage, is quite different. Recall from 
Lhe discussion on bruxism in Chapler 9 (Occlusion) 
thaL normal tooth-Lo-tooth contacts per day in a healthy 
person without occlusal problems may be as linle as 
7 LO 8 min/d during mastication of food wiLh a force 
thaL is normally less than 33 pounds. Imagine, on the 
other hand, the poLenLial damage to teeth (as well as 
muscles and the TMJ) if a bruxer biles together for 
5 hours per nighL al pressures exceeding 190 pounds! 

Attrition results from prolonged bruxism or 
grinding of the teeth. A. The anterior teeth have been worn 
down almost to the gingival sulcus. B. The permanent mandibu­
lar incisors are worn down to a level where the pulp chamber 
had been at one time many years previously. (Note the darker 
circula~'o/'val areas of exposed secondary or reparative den• ,q,

1 

,h, iaci~lridg,s J 
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' Abrasion (sometimes called toothbrush abra• 
sion) is due in pan: to incorrect horizontal tooth brushing over 
areas of cementum that are exposed due to the recession of the 
gingiva. Flexing of the teeth during heavy occlusal forces and 
subsequent enamel loss (called abfraction) may contribute to 
and appear similar to abrasion. 

2. ABRASION 

The wearing away of tooth structure by mechanical 
means is called abrasion. A common example of abra­
sion (someLimes called tooLhbrush abrasion) results in 
Lhe loss of enamel near the cememoenamel junction 
of Lhe facial surfaces of crowns, especially on premo­
lars and canines, due to improper toolh brushing tech­
niques (fig. 11-46). Lt can be caused by using a hard 
bristle Loothbrush, a horizomal brushing Slroke, and/ 
or a griuy denturice. Another comributing facwr Lo Lhe 

FIGURE 1 1-iJ Eros ion. Severe erosion is evident on the lin­
gual surfaces of these maxillary teeth, especially the anterior 
teeth. This pattern of tooth destruction is typically associated 
with someone with severe acid reflux, or repeated regurgitation 
in bulimic persons. Note the exposure of one pulp chamber on 
tooth No. 10. (Coun:esy of Carl Allen, D.D.S. , M.S.D.) Erosion 
of facial enamel may be caused by holding pieces of acidic fruit 
like lemons next to the teeth and sucking on them for an 
extended period of time, a habit practiced by some persons in 
Southeast Asia. 

a use.com 
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loss of tooth structure near the cememoenamel junc­
tion is known as abfraction [ab FRAC shun], which 
is the bending (flexure) or the tooth caused by heavy 
occlusal forces. This condition is thought to result in 
loss of tooth structure due to separation or enamel rods 
near the CEJ. 

Ocdu:,al abra:.iu11 rt::;uh:, [rum du::wiug ur biLing 

hard foods or objects, or from chewing tobacco and 
results in flattened cusps on all posterior teeth and 
worn incisal edges (appearing similar to attrition). An 
unusual type of abrasion, caused by the use for many 
years of a toothpick between the maxrnary cemral inci­
sors, has been reported by Melfi."'° The same type of 
proximal abrasion has been reported from the use of a 
su·aight pin for the same purpose over many years. 

3. EROSION 

Erosion is the loss of tooth structure from chemical (not 
mechanical) means and affects smooth and occlusal 
surfaces. Erosion can be the result of excessive intake 

or use of citric acid (like in lemons) , carbonated bever­
ages, or the result of regurgitated sLOmach acids (seen 
in bulimic individuals who habiwally induce vomiting, 
as in the "binge and purge" syndrome).2 Erosion can 
also occur from an unknown cause (idiopathic) . Severe 
erosion of the lingual enamel of all maxillary amerior 
Lt::t::th b t::vidt::11L i11 figure 11-47. Cardul i11:,pt::<.:tiun uf 

the tooth damage evident in the figure reveals that al 
least one pulp horn bas been exposed on the maxillary 
left lateral incisor. 

F. UNUSUAL DENTITIONS 

Careful examination of the casts of the dentition of a 
23-year-old man reveals that the mandibular left first 
molar closely resembles a maxillary first molar, com­
plete with what appears to be an oblique ridge and a 
cusp of Carabelli (Fig. 11-48). On closer examination, 
the first and second mandibular premolars and first , 
second, and third mandibular molars on both sides also 
appear remarkably similar morphologically LO maxillary 

A MOST UNUSUAL MANOtBULAR DENTITION 
FIGURE 11,g A most unusual mandibu­
lar dentit ion. A. A close-up ofche mandibu­
lar dentition of a 23-year-old man who has 
premolars and molars with crown morphol­
ogy more simi lar to maxillary premolars and 
molars, particularly on the left side. B. The 
teeth as they fir rogecher well inro the maxi­
mum intercuspal position. C. Both denti­
tions are seen from rhe occlusal aspect, 
maxillary in the top photo and mandibular 
in the bottom photo. Lower premolar 
crowns do not resemble mandibular premo­
lars in any fashion but are more similar to 
maxillary premolars. However, the six man­
dibu lar anterior teeth appear truly mandibu­
lar. The mandibular right first molar has 
three buccal cusps but otherwise seems to 
be a mixture of both maxillary and man­
dibular first molars: oblong mesiodiscally 
like a lower, but with a much larger mesio­
lingual cusp and a Carabelli-like cusp similar 
co upper first molars. The mandibular left 
three molars seem to have only morphologic 
characteristics of maxillary molars. This 
man's maxillary dentition seems entirely 
norma l. It is most interesting to note that 
the lower left posterior teeth (particularly 
the premolars) have the morphology of 
maxillary right-side teeth. Likewise, the lower 
right teeth appear similar to those found in 
an upper left quadrant. 

ad use.corn 
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FIGURE 11-§ Very unusual permanent maxillary dentition 
with 24 teeth, including 13 molars. This cast was furnished 
courtesy of J. Andrew Stevenson (D.T.L.) and Dr. Robert 
Stevenson, Columbus, OH. 
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posterior teeth The mandibular six anterior Leeth 
unquestionably belonged to the mandibular dentition. 
The occlusion of Lhe young man's teeth was remarkably 
good considering the fact thaL maxillary posterior teeth 
were occluding agai.nst practically identical maxillary 
teeth on both s ides! 

Anulht:r mu~l u11u~ua l <.kntiliun of a fu rdg,11 
exchange student from Africa is seen in figure 11-49. 
This maxillary demition has a total of 24 erupted or 
partially erupted teeth. There appear to be 4 incisors, 
1 canine, 6 premolars , and 13 molars (5 of which 
somewhat resemble mandibular molars). 

Review Questions 
Circle the correct answer(s). 

1. What condition may result when a forming succe­
daneous tooth is located next to an abscess on an 
adjacent primary tooth? 

a. Turner tooth 
b. Fluorosis 
c. Tetracycline staining 
d. Dentinogenesis imperfecta 
e. Amelogenesis imperfecta 

2. An adult has only three maxillary incisor crowns, 
but one of the crowns is doubled in width and 
notched. What do you suspect? 

a. Fusion 
b. Twinning 
c. Gemination 
d. Concrescence 
e. Cementosis 

3. Which condition may be caused by habitually 
sucking on lemons (which are quite acidic)? 

a. Attrition 
b. Erosion 
c. Abrasion 
d. Amelogenesis imperfecta 
e. Hypoplasia 

4. Which three of the following locations are most 
likely to have supernumerary teeth form? 

a. Mandibular premolar area 
b. Maxillary premolar area 
c. Maxillary incisor area 
d. Mandibular incisor area 
e. Third molar area 

5. Which one of the following teeth that are nor­
mally single rooted are most likely to have a bifur­
cated root? 

a. Maxillary central incisors 
b. Maxillary lateral incisors 
c. Mandibular canines 
d. Mandibular first premolars 
e. Mandibular second premolars 

6. Which two of the following are most likely to 
exhibit unusually formed crown morphology? 

a. Maxillary central incisors 
b. Maxillary lateral incisors 
c. Mandibular canines 
d. Maxillary third molars 
e. Maxillary first molars 

n 
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Critical Thinking 
List and describe as many anomalies you can tha t you a re likely to see in the maxilla ry incisor area of the 

mouth. 
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I. Forensic dentistry defined 
11. Dentistry a nd human identification 
Ill. Civi l litigation (including human abuse a nd 

neglect) 
IV. Bite marks 
V. Mass disasters 

A. Preparation and training 

OBJECTIVES 

This chapter is designed to prepare the reader to 
perform the following: 

Cite examples of the importance of dentistry in 
human identification and crime investigation. 

B. Initial response 
C. Morgue and forensic dental identi fication 

operations 
D. Forensic a nthropology 
E. Mass d isaster ca se studies 

VI. Importa nce of forensic dentistry to practicing 
dentists 

Recognize the role of the dentist in identifying and 
reporting cases of abuse. 

SECTION I FORENSIC DENTISTRY DEFINED 

orensic dentistry, or forensic odontology, is 

F the area of dentistry that encompasses con­
cepts and practices related to the oral and max­
illofacial structures in the context of the legal 

or judicial system. f orensic odomology is a pan of the 
much larger field of fo rensic sciences, which includes 
all the areas of practice and activity used in a j udicial 
setting. The fo rensic sciences are accepted by the legal 
system, as well as by the scientific community as the 
means of separating trULh and untruth. 

Forensic dentistry as a science is represented in the 
United States by numerous forensic dentistry teams on local 
levels, including the Odontology Section or the American 
Academy or Forensic Sciences (AAFS), the American 
Board of Forensic Odontology, and the American Society 
or Forensic Odontology. Each year more dentists become 
involved as law enforcement becomes increasingly aware 
~ poten<fal , nd reH, bl< conrriburion 

This chapter provides an overview and introduction 
LO forensic dentistry, while illustrating its elemental 
dependence on dental anatomy. This textbook is cited 
in the American Society of f orensic Odontology Manual 
as the prime dental anatomy reference on this subject. 

The fo rensic sciences include many areas of spe­
cialization and special imerest. The AAFS is the larg­
est forensic proressional organization in the world with 
over 5600 members worldwide (hllp://www.aafs.org). 
The AAFS recognizes 10 areas of forensic endeavors as 
noted below: 

1. Forensic anthropology is the study of skel­
etal evidence in a manner similar LO the field of 
archeology. The forensic anthropologist exam­
ines evidence such as bones, teeth, hair, clothing, 
artifacts , and other aspects of the scene of a legal 
matter such as the crime of murder. This person 

34S 
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addresses considerations such as time of death, 
age, sex, race, ethnicity, culture, body size and 
weight, and cause and manner of death. 

2. Forensic pathology and biology is the field that 
uses autopsy techniques and the analysis of tissues 
in the investigation of a crime or suspicious death 
such as homid<le, suid<le, .tn<l acd<lenLal de,nh, or 
if the subject is unidentified. This duty is legally 
the responsibility of a coroner or medical examiner 
with specialized training in pathology and forensic 
sciences. A forensic pathologist attempLS to deter­
mine matters such as the cause and manner of 
death (for example, a gunshot wound to the chest 
resulting in laceration of the left ventricle, which 
resulted in cardiac a1Test as a result of a homicide). 

3. Criminalistics is the forensic science that analyzes 
fingerprinLS, ballistics, tool marks (knife, saw, 
hammer, etc.). and other physical evidence from 
the investigated scene to reconstruct the crime 
(or other event) and to confirm or eliminate the 
connection between suspects and victims. 

4. Toxicology uses chemistry, photography, and 
biology to identify harmful substances in the victim 
such as medications, poisons, and illegal drugs. 

5. Forensic psychiatry and behavioral sciences 
examine and provide legal opinions regarding 

such matters as sanity, human motivation, and 
personality profiles that are relevant to the inves­
tigation of an event such as a c1ime. 

6. Forensic engineering investigates evenLS such as 
airplane and od1er vehicular accidenLS, as well as 
structural collapse as part of the legal process. 

7. Questioned documents is a field where technicians 
study and provide legal testimony abom printing, 
handwriting, typewriting, ink, paper, and other 
features of documents. 

8. General forensics involves other specialists 
who are qualified to analyze specific evidence 
such as designers, photographers, and techni­
cal experts. They might report, for example, in a 
case of product liability associated with death or 
injury. 

9. Forensic jurisprudence involves criminal and 
civil lawyers using the earlier described special­
ists, reports, and testimony to pursue their case in 
our system or justice. 

10. Forensic odontology is divided into five major 
areas: (a) human dental identification, (b) mass 
disaster human dental identification, (c) bite 
mark analysis, (d) human abuse, and (e) legal 
issues such as the standard of care considerations 
in personal injury cases. 

SECTION II DENTISTRY AND HUMAN IDENTIFICATION 

Teeth are the most durable pans of the body, and den­
titions are as individual as fingerprints. Therefore, 
individual LOOth morphology as well as the restora­
tions that exist in teeth are usdul for human identifi­
cation. Situations involving decomposition and skeletal 
remains may yield no recognizable facial features or 
fingerprints. Postmortem (after death) teeth, jaws, 
prostheses, and appliances can yield a positive identifi­
cation, given the existence and accuracy of antemortem 
(before death) records. Even DNA, a popular and valu­
able identification tool, relies on accurate and complete 
antemortem (before death) records. Therefore, accu­
rate, comprehensive, and current racliographs and den­
tal charting are critical Lo the successful confirmation 
or elimination of an individual as a victim. 

Even with the lack of antemortem records, evalua­
tion of the dentition is a worthwhile aid for investiga­
tors to provide information regarding the age, sex, and 
estimated socioeconomic (sometimes called race or 
cultural heritage) grouping. This infonuation is derived 
from tooth and dental arch morphology and anatomy, 

~ ie,;,~, ,nrition p.u<ms, periodon"l 

status, eruption pauerns, skeletal features , and serology 
( the study of body £1uids like blood). 

Forensic dental techniques most commonly i11clude 
collection and preservation of dental and jaw remains, 
dental radiographs, photographs, impressions and 
casts, antemortem and postmortem charting, and the 
comparison of these records. Points of comparison 
(specific features) include (a) the number, class, and 
type of teeth; (b) tooth rotation, spacing, and malposi­
tion; (c) anomalies and general morphology (fig. 12-1 ); 

(d) restorations (Fig. 12-2) and prostheses or appliances 
(fig. 12-3); (e) caries and other pathology (in some 
situations); (I) endodontic treatment; (g) implants and 
surgical repairs; (h) bony trabecular pauems; and (i) 
occlusion, erosion, and aurition. 

DNA can be recovered from periodontal and pul­
pal tissues, as well as the hard tissues, of the teeth. 
Although DNA analysis has become an important 
t0ol in the fo rensic science armamentaria, its limita­
tions include high costs and lengd1y processing times. 
And like all methods, the use of DNA requires ante­
mortem information. A DNA collection kit is shown 
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Comparison of antemortem and postmortem 
photographs looking for similarities in general morphology. 
A. Antemortem dental photograph showing gingival cle~ing. 
B. Postmortem photograph showing similar clefong found in 
the victim at autopsy. Similar dental arch form is observed as is 
the overall morphology of the dental coronal structure. 

in Figure 12-4. Forensic dentistry techniques retain a 
valuable place in the scope of forensic sciences because 
of the accuracy; low cost, generally available antemor­
tem records, and speed with which a conclusion can 
be reached. 

The forensic dentist must carefully organize all evi­
dence so that it is analyzed in a systematic manner 
using consiste11t and standardized methods that are 
easily understood by other professionals and defen­
sible in a legal action. A well-organized and thorough 
approach results in accurate comparisons and mini­
mizes the chance of error. The examiner should record 
each feature of the postmortem teeth, jaws, and radio­
graphs on a standardized dental chan (Fig. 12-58). 
The same is done for antemortem records, radio­
graphs, casts, and pictures on a separate, but identical, 
chart (Fig. l2-5A). Antemortem records vary widely 
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Comparison of antemortem and postmor­
tem radiographs looking for similarities of restorations and 
general morphology. A. Antemortem radiographs ofche 
same victim shown in Figure 12-1 demonstrate multiple den­
tal restorations, unique root and sinus morphology, pulp 
chamber shape, interdental bone height, and trabecular pat­
terns. B. Postmortem radiographs show consistency in some 
restorations when compared to the antemortem radiographs, 
but note that several teeth have had restorations p laced after 
the antemortem radiographs were obtained. For example, an 
MOA was placed on tooth No. 13, a crown was placed on 
tooth No. 19, an MOA on tooth No. 20 was replaced with an 
MODA, and third molars numbers 16 and 17 were extracted. 
Also noted a re identical matching restorations that had not 
been replaced, as well as the unique root and sinus morphol­
ogy, pulp chamber shape interdental bone height, and trabe­
cular patterns. This was sufficient to prove positive 
identification of this individual. 

Ka dose.com 
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in quality and completeness. Some dentists mount 
radiographs as viewed from the front of Lhe patient 
(with the film bump facing LOward the viewer), which 
is the standard in forensic dentistry, while others still 
prefer mounting them as viewed from the lingual 
(film bump facing away from the viewer). Charting 
Looth identification in dental offices (the antemor­
tem record) is not always done using the Un iversal 
system. (See Chapter l for other tooth identification 
systems such as Palmer and the FDl or In ternational 
systems.) 

A real test of the value of dental identification is 
found in the case of John Wayne Gacy of Chicago, con­
victed of 33 counts or murder. Only five of the human 
remains found still had soft tissue, making the iden­
tification process a challenge. However, 20 or the 33 
known victims were identified through their dental 
records. 

FIGURE 12,ii Comparison of antemortem radiographs with 
postmortem findings (photographs). A. These radiographs 
show ancemortem (top) and postmortem (bottom) radiographs 
of a homicide victim with orthodontic appliances in place, 
which are identical to actual postmortem findings (seen in B 
and C) and served to confirm the identity. Note also the restora­
tion of tooth No. 10, a peg lateral chat matches as well. 8. This 
postmortem photograph shows the orthodontic retainer in the 
mandibular arch as evident in the ancemortem radiographs. 
C. This postmortem photograph shows the orthodontic retainer 
in the maxillary arch as evident in the antemortem radiographs. 

I 
FIGURE 12:I Th is is a DNA collection kit as used by the FBI 

co obtain swabbings of bite marks or ocher human tissues for 
comparison co antemortem records. 

Ka dose.com 
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A. An antemortem dental chart using the Win ID format and coding. 
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FIGURE 12:il (Continued) , 8. A postmortem dental chart using t he Win ID format and coding. Notice how the two forms can be 
placed side by side for easy comparison. 
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SECTION Ill CIVIL LITIGATION (INCLUDING HUMAN ABUSE AND NEGLECT) 

Civil litigation (violations of the standard of care or 
malpractice) and human abuse and/or neglect are two 
distinct areas of endeavor for the forensic dentist. Due 
to the focus of this text (the relevance of dental anat­
omy), only brief comments will be made about these 
topics. 

ln civil litigation cases, a person might claim that 
improper dental care was rendered (malpractice) as 
illustrated in the radiographs in Figure 12-6; damage 
was sustained at the hands of another person (criminal 
assault and battery); damage was sustained due Lo food 
contaminated with a foreign body (glass, shell, etc.) 
(product or corporate liability); or a dentist failed to 
provide specific treatment that had been billed to the 
patient and/or third-party payer (fraud). Investigators 
of these situations often require examinations, com­
parisons, and testimony by expert witnesses including 
the forensic dentist. Tl1is may involve examining a per­
son and studying records and radiographs from prior 

These bitewing rad iographs were used in a 
standard-of-care case. One can see marginal discrepancies 
between tooth contours and restoration contours ( especia lly on 
the mesial crown margin on rood, No. 3) and poor endodonric. 
procedures that are the basis for the malpractice claim. 

A. This is a Panorex (panoramic) radiograph of 
a 14-year-old girl showing rampant caries chat progressed over 
many years resulting in a treatment recommendation co extract 
a ll teeth. This evidence of parental neglect was reason for the 
dentist to contact legal authorities for suspected child abuse/ 
neglect. B. This is a photograph of this same 14-year-old girl 
showing rampant dental caries. 
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dentists. All of the techniques and careful comparisons 
described previously are useful. 

Dentists and other health caregivers have a respon­
sibility to report suspected abuse and neglect of their 
patients by others. This includes recognition and dif­
ferentiation of the signs, symptoms, and body areas 
invulvt:d i11 acdut:11L::; cu111part:d LU Lht: injuri i::::; tl1aL art: 

sustained by a child, a spouse (male or female), or an 
elderly or disabled individual. One abuse scenario is 
described here. A young adult male brought his girl­
friend into the dental office for emergency treatment 
of several broken front teeth and lacerated lips. The 
woman was silent while the man related an accident 
as the cause of the injuries. The man insisted on being 
present during the treatment and was evasive about 
answering questions. As required by all state laws, the 

SECTION IV BITE MARKS 

Bite marks are in the category described as pattern 
injuries. Pattern injuries can result from teeth, belt 
buckles, and other blum objects such as a hammer or 
pipe. l.fomicicles and assault and battery cases have been 
solved by bite mark identification, analysis, and com­
parison. Many bites are severe and leave telltale marks 
long after an assault. One of several techniques of com­
parison and analysis is shown here, comparing bite 
mark tracings to the tooth imprint pattern tTacings of 
the suspect or defendant. Dental casts and photographs 
from the suspect or suspects are made after obtaining a 
court-ordered search warrant (fig. 12-BA and B). 

In all cases of bite mark analysis, the forensic demist 
must have a thorough knowledge and understanding of 
tooth morphology, occlusion, dental arch characteris­
tics, and the physiology of jaw fun ction. Teeth that are 
malpositioned, not in occlusion, fractured, or restored 
may not leave the same mark on a victim as teeth that 
are in ideal al ignment. This deviation from nonnal (or 
differences from one suspect to another) could benefit 
the forensic dentist in analysis and identification. 

Although these techniques can be useful in solving 
some child abuse cases, assaults, and homicide, bite 
marks cannot generally be used to a level of absolute 
certainty in suspect identification. A potential suspect is 
either "ruled out or eliminated" as the perpetrator of the 
crime or "included" as a suspect (see Fig. 12-8C and D). 
Additional evidence is usually required 10 obtain a firm 
conviction. However, in this autl10r's experience, sus­
pects often admit their guilt prior to trial when faced 
with a forensic dentist who would testify in court 

~ bi« msck 

situation was reported immediately to the appropriate 
law enforcement agency. The dentist's suspicions had 
been aroused sufficiently regarding the incongruity of 
the s tory and the injuries sustained. Toward the encl of 
treatment, the police arrived, and the man was arrested. 
Radiographs, the dental record, and the dentist's testi­
mony were criti<.:al s ince the victim was fearful of future 
revenge from her abuser. lnjuries the dentist might 
observe include fractured bones and teeth, bruises, lac­
erations, and bite marks. 

Neglecting dental pathology is also a reportable 
and potentially criminal offense. As often seen by this 
author, children may not be taken to a dentist for treat­
ment of dental caries. This can result in pain and infec­
tion and, in some cases, may result in the loss of all 
teeth at an early age (fig. 12-7). 

Photography can be used to assist bite mark identifi­
cation. Color and black-and-white film photography is 
s till the standard, but digital phot0graphy has become 
fairly well accepted. The use of infrared photography 
can be used 10 identify subcutaneous evidence of dam­
age from a bite mark that is not visible on the surface of 
the skin. Ultraviolet phot0graphy can serve to depict a 
bite mark in an area with extraneous other marks such 
as tattoos and skin damage. 

The forensic dentis t must first establish the mark as 
a human bite mark, and then identify, if possible, the 
teeth involved in the mark. Aberrations include teeth 
that are missing, extruded (supererupted), hypo­
erupted or ankylosed, rotated (torsiversion), tilted, 
chipped, and anomalous. The chapter in this text on 
anomalies should be reason enough to remain open­
minded and diligent when considering bite marks! 
The dental forensic exam iner must also consider 
the possibility of animal bites, victim self-bites, and 
marks from foreign objects that might be mistaken fo r 
a bite mark. Separate analysis of those markings may 
be useful to law enforcement agencies by connecting 
the victim's injuries to a tool or instrument owned by 
a suspect. 

A bite mark may also provide DNA evidence of 
the perpetrator of the crime. Techniques are available 
Lo obtain this information. Today, when DNA can be 
collected, amplified, and analyzed with the standard 
accepted modern methods (e.g., polymerase chain 
reaction (PCR) 1 of mitochondrial or nuclear DNA), it 
is possible to quantify the numerical probability of the 
association between the biter and the bite mark injury. 

m 
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C 

Bite mark evidence. A. A photograph of the dentition of the perpetrator of child abuse of a 2-year-old girl resulting 
in her death . B. Models of the suspect show a distinct dental pattern that matches well to the injuries depicted in C. C. This photo­
graph shows the bite marks on the victim depicting the relationship of the maxillary teeth as shown in A and 8. 0. This photograph 
shows the bite marks of the mandibular teeth. 

Law enforcement agencies are becoming increasingly 
aware of potential identifications from the dental pro­
fession. In a landmark bite mark case in California, 
State v. Marx, Dr. G. Vale, a forensic dentist, recog­
nize rft: narks on the aut0psy photograph of a nose. 

After alerting investigators, tbe body was exhumed and 
studied with the resultant identification and convic­
tion of the murderer based on the victim's nose bite 
mark and the suspect's dentition! An appeal was made 
to the Supreme Court on the grounds that the dental 
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techniques were unique, untested, and not scientific. 
The appeal was denied, making this the first U.S. bite 
mark case to withstand the appellate process. Thus, the 
reliability of this method of identification was legally 
verified. (People [of California] versus Marx, 54 Cal. 
App. 3rd 100, 126 Cal. Reptr. 350, Dec. 29, 1975.) 
Since the outcome of the decision in this landmark 
case, it has been cited many times in most state, federal, 
and military courts. 

The notorious mass murderer Ted Bundy (executed 
January 1989) was positively identified as the perpetra­
tor by his bite marks found on the bullocks of one of 
his young female victims. 

An important development in forensic sciences was 
the report of the National Academy of Sciences in 2009 
titled Strengthening Forensic Science in the United 
States, A Path Forward. This is an exhaustive report on 
all the forensic sciences and focused on the improve­
ment of the entire field. This report is most applicable 

SECTION V MASS DISASTERS 

Mass disasters are relatively common occurrences in 
our world. Most of us vividly recall the mass disaster 
that occurred on September 11, 2001 at the World Trade 
Center in New York City as well as at the Pentagon 
and in Pennsylvania. However, there are many natu­
ral disasters that cause mass fatalities. These include 
the August and September 2005 hurricanes (Katrina, 
Rita, and Wilma) affecting the Gulf Coast of the United 
States, the December 2004 tsunami in Indonesia and 
the Indian Ocean, and other hurricanes, earthquakes, 
floods , and tornados. Man-made mass disasters include 
the various forms of terrorist acts, armed conllicts, 
building collapses, large freeway motor vehicle acci­
dents, industrial accidents, airplane crashes, and train 
wrecks. Mass disasters cannot be predicted with any 
accuracy, but they will certainly continue to happen in 
our immediate future and beyond. 

The role of the forensic dentist in mass clisasters is 
primarily to identify human remains. Knowledge of 
dental anatomy is crucial to this role. Human fatalities 
in mass disasters can number from a relative handful 
of individuals to thousands or hundreds of thousands. 
Management of small disasters can be relatively easily 
managed while larger disasters are more complex. The 
management of any size disaster will necessarily include 
considerations for harmful chemicals or other biologic 
agentS (such as in bioterrorism). The dentist must be 
able to coordinate and function well in these situations 
from the initial occurrence of the disaster. This requires 
that th o nsic dentist and the dental team are well 

to forensic dentistry in the area of bite marks. The 
Academy agreed that (1) the uniqueness of the human 
dentition has not been scientifically established, (2) the 
ability of the teeth to transfer a truly unique pattern 
to skin has not been scientifically established, (3) the 
analysis of the distortion of bite mark patterns has not 
been demonstrated, ( 4) the effect of distortion on dif­
ferent comparison techniques is not fully understood 
and has not been quantified, and (5) a standard for the 
type, quality, and number of individual characteristics 
required to make a bite mark valid for evidentiary value 
has not been scientifically established. 

As a result of this report, the field of forensic den­
tistry is now working LOward establishing increased 
scientific validity for human bite marks so that the evi­
dentiary value is adequate for jurisprudence purposes. 
However, in the mean time, bite marks continue to 

remain a serious and important tool in criminal inves­
tigations. 

trained, led by experienced individuals, and completely 
integrated into the operation. 

A. PREPARATION AND TRAINING 

A forensic dental team must be trained at the individ­
ual level and as a team. The Armed Forces Institute of 
Pathology (AFIP) course is the premier international 
training course held annually in Bethesda, Maryland 
(hup://www.afip.org). The Southwest Symposium is 
offered biannually i nJ u neat theU n iversi tyo fTexas Heal th 
Sciences Center at San Antonio (http://www.uthscsa. 
edu). Additionally, the American Society of Forensic 
Odontology (http://www.asfo.org) offers annual train­
ing and scientific programs and information on other 
courses nationally and internationally. All forensic den­
tists and teams who were iJ1itially called to New York 
City for the World Trade Center attack on November 
9, 2001 were required to be AFIP trained and/or 
board certified by the American Board of Forensic 
Odontology. 

B. INITIAL RESPONSE 

In the evem of a mass disaster, local law enforcemem 
agencies and emergency medical teams respond first. 
Legal authority and jurisdiction are by the legal entity 
such as city or county in wl1ich the disaster occurs. 
Rescue of injured individuals is the fi rst priority for 
emergency medical services (EMS) personnel. Site secu­
rity is the first priority for the law enforcement agency. 
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The initial response may include the mobilization of 
federal and statewide assistance. Responding agencies 
may include the National Transportation and Safety 
Board (NTSB), the Federal Emergency Management 
Agency (FEMA), the Disaster Mortuary Operational 
Response Team (DMORT), the Federal Bureau of 
lnvestigation (FBl) , the National Disaster Medical 
System (NDMS) , the Department of Homeland Security, 
and related state agencies. 

It is critical for a dentist LO be available at the disaster 
site to identify human remains and dental components 
of human remains that may not be recognizable by a 
non-dental-trained person. There should be a dentist 
onsite during the entire operation of search and recov­
ery. Obviously, the knowledge of dental anatomy is 
critical to this aspect. A general recommendation is to 
have a forensic dentist accompany each body recovery 
team to ascertain that all relevant dental information 
necessary for identification is retained in a useful and 
trackable manner. All body parts are initially nagged 
on si te and in sim, then photographed in place prior to 
removal. Extreme burn cases may require stabilization 
of the dentition with a spray lacquer such as polyure­
thane or even hair spray. This will stabilize the fragile 
demal evidence from damage during transport. 

All body parts are given separate identification num­
bers , which \viii often mean that several parts of a single 
individual's dentition may possess different and unique 
identifiers that will ultimately be connected to a single 
identified body. In New York City after the World Trade 
Center disaster, as many as 200 individually identified 
and numbered body parts were later associated with 
a single victim. A single tooth found separated from a 
portion of a jaw or body would have a different number 
than the jaw part from which it is later associated. An 
appropriate tracking method is used 10 locate within 
the site grid and diagram the original location of each 
body and pan. Aspects o[ this process can be used later 
in the forensic determination of cause and method of 
progression of the disaster event. 

C. MORGUE AND FORENSIC DENTAL 
IDENTIFICATION OPERATIONS 

The dental section of the morgue operation is divided 
imo three major components: antemortem examina­
tion, postmortem examination, and a compa1ison of 
each. Each of the three major sections has two foren­
sic dentists. There is a minimum of one experienced 
forensic demist in each of the teams. A team leader 
generally functions in a supervisory capacity as a shift 
commander. There are usually additional secretarial 
sup ~ rsonnel for overall coordination. Figure 12-9 
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depicts the dental radiographs and actual dissected 
jaws with dentition used LO identify an actual aircraft 
incidem victim for which a dental identification was 
required. 

A critical component for dental identification proce­
dures is the computer-based Win ID program developed 
by Dr. James McGivm:y. An example of the document 
used for gathering information for this program is seen 
in Figure 12-9D. 11 is a database program that utilizes 
specific codes of amemortem and postmortem dental 
findings and identifies records that have a possible 
identification match. The forensic dental team then 
examines hardcopy records for final verification. This 
program can be downloaded at no cost from http:// 
www.winid.com. 

The personnel in charge of antemortem records 
obtain antemonem dental records from dentists of 
likely victims. These records must include copies of all 
dental chart information and notations, as well as origi­
nal dental radiographs that are identified by name, date, 
and position (left, right, etc.). The amemortem team 
verifies and inputs this information into the vVinlD 
program to create a digital database. 

The dental radiographs alone are not adequate to 
complete antemonem charting. One must also consider 
the time span between antemonem information and the 
presumed time of death. Additional dentists may have 
provided dental care, and therefore, additional ante­
mortem records may exist. The dental chart must be 
reviewed in detail to determine what additional resto­
rations or other treatments (such as extractions) were 
provided subsequent to the date of the radiographs. For 
example, even though there is no antemortem radio­
graphic evidence of a new mesio-occlusal amalgam, the 
postmortem charting can still be considered consistent 
with the anternortem radiographs if the radiographs 
were obtained prior to the placement of this more recent 
restoration, and if all other findings match. A paper 
record is filed in the antemortem file area. (See fig. 12-2 
for a comparison of antemonem and postmortem radio­
graphs to illustrate the changes that can occur between 
the antemortem and posnnortem radiographs.) 

Dental records could be provided in a language 
other than English, so translation may be necessary. 
When revi.ewing the antemortem chart, it is impor­
tant, as noted earlier, to convert any numbering sys­
tems used by the dentist of record (Palmer, FDI, etc.) 
to the Universal numbering system common in the 
United States (numbered 1 LO 32 for permanent teeth 
and A to T for primary teeth). One should also be atten­
tive to esthetic treatments (composites, veneers, etc.) 
that could be missed on postmortem examination of 
remains that are covered with debris or damaged by 
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fire and trauma. Finally, i.n reviewing dental records, 
the quality of the handwriting and/or completeness of 
the record may pose significant barriers to detennining 
accurate antemonem information. 

A team of two forensic dentists performs a thorough 
postmortem examination and then verifies each other 
lU re<lm:e Llie d1am:e uf t:rrur:s. ln :severe burn i:a:st:::,, 

resection of the jaws may be required LO accurately 
observe and take radiographs o[ the dental conditions 
(Fig. 12-9B). The victim's condition is recorded pho­
tographically, radiographically, and in wriuen notes 

as received in the morgue area. The process of post­
mortem dental examination, both clinical and radio­
graphic, must consider numerous factors. On clinical 
examination, the forensic personnel must prepare the 
specimens by careful cleaning of debris, with care taken 
not to destroy fragile LOoth fragmems or the relation of 
tt::eth am.l tuuth fragmt::ut:, LU the re:,;t of the <lt:: 11 ta l ard1. 

Thi.sis most critical in the burned victim. As noted ear­
lier, the preservation of fragile dentition can be aided 
with spray lacquer or hair spray. Failure to do so can 
cause enamel LO separate from the dentin, restoration 

A. Antemortem films from the victim of an aircraft crash and severe burning. Original fi lms must always be pro­
vided to the forensic dentist so that appropriate anatomic orientation can be made. Bitewings are the most helpfu l images for use in 
comparison of restoration morphology and pulpal conditions such as recession, pulp stones, etc. The ancemortem charting of this 
individual's dentition can be seen in Figure 12-SA. 8 . For this victim, the jaws had to be resected to permit a ppropriate detailed clini• 
cal and radiographic examination. When properly dissected and cleaned, a ll tooth surfaces can be directly visualized, examined, pho­
tographed, and radiographed. (The forensic dentist must have appropriate permission from the medical examiner or coroner to 
remove body parts such as the jaws. Only when the victim is not viewable in a funeral home open casket setting, can this procedure be 
permitted ,) C. The postmortem dental radiographs are shown here and can be easily compared to the antemortem records found in 

~ " m"" b, p,id ,o <oo<h aod ,oo< mo,phology, ,;,"~', «ab""'" pmem,, boo, l=I,, aod ,e,co::•· ( eo,,~o/] 
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FIGURE 12~ 
(Continued), D. Antemortem and postmortem information is transferred from the paper charts shown in Figure 

12-SA and B to the Win ID database. The database can then be used to search all un identified victims for possible matches to ante­
mortem records. The computer will provide a report as shown here in graphic fashion. The forensic dentist is sti ll required co visua lly 
compare the denral radiographs and other examination information co ascertain identity, which was "positive" in chis case. 

loss, and/or destruction of porcelain restorations. The 
use or disclosing solution or transillurninalion can aid 
in the identification or composite restorations or other 
esthetic restorations. 

The postmortem examination must also take into 
account the following: (a) identification of existing 
and missing teeth; (b) developmental and eruption 
stage; (c) estimated dental age; (cl) occlusion and align­
ment of teeth; (e) structure of tooth crown (basic den­
tal anatomy, anthropologic features, rest0ratious, wear 
patterns, appliances, etc.); (0 root structure (such as 
apical development, dilacerations, root numbers, and 
endodontic therapy); (g) pulpal anatomy (pulp stones, 
recession of pulp chamber); (h) pathologic changes; (i) 
retained primary and supernumerary teeth, impactions, 
and retained root tips; (j) anatomy of sinuses; (k) bony 
architecture and trabeculation as seen on a radiograph; 
(1) bony pathology (exostoses, cysts, tumors, periodon­
tal condition, periapical pathology, fractures, and for­
eign objects); (m) bone plates, screws, and wires, etc.; 
and (n) evidence of systemic diseases and conditions as 
well as congenital abnormalities. 

At this time, the postmortem record can be completed 
according Lo the appropriate coding as shown on the 

~ ;ng used ;n ili, WIDID pcogc,m;, shghtly 

different from that used in the average dental practice. 
Failure to use the appropriate codes will prevent the 
comparison feature of Win!D from functioning prop­
erly. As a result, a match may not be found and a victim 
may not be properly identified. 

The final step is comparison of the antemortem and 
postmortem records. In cases of individual identifica­
tions or the review of a few charts, this may be done 
manually. However, in large disasters, the use of a com­
parison program such as WinlD is critical. In the man­
agement of a disaster on the scale of the World Trade 
Center disaster in 2001 involving the analysis of several 
thousand antemortem records and over 1000 posunor­
tem dental examination records, Win ID and computer­
ized assistance are mandatory. 

In the comparison process, there are three outcomes 
possible. ldeally, a positive identification is obtained. 
The other possible outcomes are either "consistent with" 
or "not a match or unidentified." If any of the follow­
ing conditions exist in the antemortem record bUL not 
in the postmortem record, there is an immediate non­
match: missing teeth, restored tooth surfaces, unusual 
root morphology, or chronic pathology. However, it 
is possible for teeth to be removed, restored, or even 
orthodontically moved between the elate or antemortem 
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informaLion and Lime of death (recall Fig. 12-2A com­
pared Lo B). These postmorlem findings would noL rule 
ouL a maLch between a person and an unknown victim. 
Pathology present in antemonem information could 
have been treated, or pathology present in the post­
mortem condition may not have existed in antemortem 
infurrnalion. All of tht:st: situation!:> 111usl bt: re::a<lily an<l 

reliably explained. 
Final "sign-ofP' of the comparison is legally the respon­

sibility of a licensed dentist with appropriate forensic 
odontology credentials. 

D . FORENSIC ANTHROPOLOGY 

Another component of forensic identification may 
involve determining the age, race (cultural heritage), 
and sex of the victim. Age can be estimated in some 
cases by the evaluation of the teeth, especially during 
the Lime of primary or mixed dentition as described 
in detail in Chapter 6. Growth and development of 
the dentition are complete by about 18 years of age. 
Once all primary teeth are exfoliated and third molars 

are fully developed, whether impacted or erupted, the 
abi.liLy to gauge age by dental development is no lon­
ger reliable. Wear panerns and pulp chamber changes 
such as pulp stones and pulpal recession are noL accu­
rate. This author has worked with forensic cases where 
dental wear and pulpal recession appeared LO indicate 
a pt:rson of 35 LU 50 yt:ars t>f agt: wl1t:n in rt:ality the:: 

victim was in Lhe early 20s. In another homicide case, a 
known 21-year-old female presented with an impacted 
tooth No. 16, which suggested a developmental age of 
15 years, and an impacted tooth No. 17, which sug­
gested a developmental age of at least 18 (Fig. 12-10). 

Other anthropologic aspecLS of Lhe dentition can 
provide indicators of racial or cultural backgrounds. 
Shovel-shaped incisors may indicate a person of Asian 
or Mongolian background. Other indicators of this 
ancestry include prominenL zygomatic processes, mod­
eraLe prognathism, rotation of the incisors, buccal pit­
ting, an elliptical dental arch form, a straight mandibular 
border, and a wide and vertical ascending ramus. The 
presence of a cusp of Carabel.li is most often an indi­
caLOr of Caucasian ancestTy. Other traits of Caucasian 

FIGURE 12- t]l Dental aging can be variable as shown in this same homicide victim case depicted in Figure 12-3. The development 
of the root of tooth No. 1 7 appears to be of a person around 1 5 years of age as shown in dental growth and development charts 
elsewhere in chis textbook. However, tooth No. 16 appears to be of an ind ividual at least 18 years of age. The actual victim's age was 
20 years.;,2gh dental growth, eruption patterns, tooth apex development, and closure patterns are well documented, the reality 

~ ; ,;oos Qa s,;u b< p,obl,ma,;, ;, a«o,mly •=s;,g aa ;,dMd"'l 's ag, . a US e • CO ffl 
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ancestry include a parabolic dental arch form, bilo­
bate ( two-lobed) , and/or prominent chin, slanted and 
pinched vertical ramus, canine fossae, retreating zygo­
matic bones, and lack of progoathic mandible. The 
African American population may show vertical zygo­
matic bones, a noliceably prognathic mandible, molar 
t.:n:m:hlliuns (st.:.illupeu ur tlUlt.:heu), ltyperbulk ue11t.il 
arch form, blunt and vertical chin, and a pinched and 
slanting ascending ramus. However, one must be cau­
tious when making an ancestral determination due 10 

the increasing number of mixed racial and ethnic back­
grounds that can blur these findings. 

Anthropologic determinants also include overall skull 
characteristics for ethnic, as well as sexual determina­
tion. The cranial sutures will ossify and obliterate as a 
person ages and can be used for age determination. 

E. MASS DISASTER CASE STUDIES 

Several disasters highlight the value of a forensic dental 
team in the accurate identification of bodies. On thej uly 17, 
1996, off East Moriches, New York, TWA 0ight 800 
(a Boeing 7 4 7 aircraft) bound for Paris, France, exploded 
with 230 passengers aboard. Within the first 12 hours, 
a team of 30 dentists began the painstaking work of 
identifying the recovered bodies, which were devoid 
of clothing. Two and a half weeks later, 208 of the 210 
recovered bodies and body parts had been positively 
identified. Ninety-five bodies were identified by dental 
records alone and another 60 by dental records along 
with medical records (radiographs, magnetic resonance 
images, etc.), medical anomalies, and fingerprints. 

For the first time ever, all relatives were screened 
for DNA samples to compare with the more than 400 
recovered body parts, enabling the return of each Lo 
the families for an appropriate resting place. Nuclear 
DNA samples were extracted from both bone and den­
tal pulps (which was all that remained after the first 
week). Mit0chondrial DNA was also extracted from 
ground tooth structme, but it is only effective in match­
ing maternal family connections. One victim was iden­
tiried by examining DNA on toothbrushes in his home 
(Columbus Dispatch, Columbus, Ohio, April 1, 1997) 
since, during tooth brushing, microscopic bits of tis­
sue from the gums and mucosa are scrubbed off and 
collect on the brush bristles. ln all , seven people were 
identified by DNA alone because no other method was 
available. 

One month later, Norwegian researchers were able 
to identify 139 of 141 people who died in a plane crash 
in Spitsbergen, Norway, in August 1996 (Joumal of 
Nat1ire Genetics, April 1997). They proved that 257 

~ ody p>eIB belonged w 141 people. They 
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collected DNA samples from close relatives. When rela­
tives were not available, investigators collected DNA 
from hairbrushes, dirty laundry, and toothbrushes in 
the victims' homes. 

On September l l , 2001, both towers of the World 
Trade Center in New York City were destroyed by ter­
rorist hijat.:ked aircraft, and 2726 people were killed in 
the disaster, more than those who died at the attack of 
Pearl Harbor by the Japanese Navy in 1941. The den­
tal identification team consisted of over 200 dental per­
sonnel working for more than 1 year to identify bodies 
and body parts by dental records. Approximately 50% 
of all known victims (<1500) were identified, about 
half of those by dental records and half by DNA means. 
On November 12, 2001, American Airlines Oight 587 
crashed in Queens on Long Island due to mechanical fail­
ures and air rnrbulence. All 265 victims were processed 
for dental identification through the same facility serv­
ing the victims of the World Trade Center disaster. The 
identification process was completed in approximately 
1 montb and attention returned to World Trade Center 
victims by the Dental Identification Unit of the Office of 
the Chief Medical Examiner of New York City. 

On December 26, 2004, the tsunami struck many 
communities around the Indian Ocean, causing an esti­
mated death toll in excess of 212,000 people. The chal­
lenges for dental identification in this situation included 

The dental scone case ofan upper denture (A) 
was obtained in evidence collection for investigation of an 
airliner crash. A denture fragment (B) recovered from che crash 
site, with teeth numbers 2, 3 , and 4 present, marches the 
antemorrem cast. The impact broke off a distal piece of tooth 
No. 2. Un ique horizontal grooves in the buccal resin of the 
denture precisely match those seen in the anremortem cast. 
(This photograph was provided by Dr. Theodore Berg.) 

.com 
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FIGURE 12-fll 
Although one or two ceech might seem scant 

evidence for identification, they should be thoroughly examined 
and radiographed. The labial laminate bonded veneer (arrow) 
made this specimen especially unique since this was in the early 
period of such technique. Also useful can be crown, root, and 
pulp shape; tooth positions; other restorations; pin and base 
buildups; endodoncic therapy; poses; and bone crabecular pat· 
terns. (This photograph was provided by Dr. Theodore Berg.) 

the loss of dental records from destroyed demal offices, 
and the socioeconomic and cultural situation that pre­
cluded many people from visiting a dentist and having 
antemonem information available for comparison. 

On August 29, 2005, Hurricane Katrina, which 
had slighLly weakened from a Category 5 to Category 
4 storm, struck the New Orleans, Louisiana area of 
the Gulf Coast of the United States. At least 1386 
people lost their lives. The primary challenge for the 

Even an edentulous jaw might provide a big 
clue co identification with some unique feature such as rhe 
dentigerous cyst shown in the maxillary canine region. Each case 
chal lenges the investigator co carefully consider all possibilities 
and to make no premature assumptions. (This photograph was 
provided by Dr. Theodore Berg.) 

dental identification teams was obtaining antemortem 
records. Many dental offices had been destroyed in 
the hurricane, and records were either lost entirely OT 

too damaged by water to be usable. Only a minority 
of victims has been ide111ified by any of the available 
techniques. 

Figures 12-11 through 12-13 provide three addi­
ti.onal examples of dental evidence that was useful for 
identifying the victim of a mass disaster. Figure 12-11 
shows a denture, Figure 12-12 shows a two-tooth jaw 
fragment with a unique restoration, and Figure 12-13 
shows a radiograph of a uniquely impacted tooth. 

SECTION VI 
IMPORTANCE OF FORENSIC DENTISTRY 
TO PRACTICING DENTISTS 

Forensic dentistry is a large area of special interest. This 
short chapter could only provide a brief overview of the 
importance of dental anatomy as a foundation for the 
effective practice of the specialty. All dental profession­
als must maintain accurate and comprehensive dental 
records for legal, standard-of-care, and forensic pur­
poses. This includes written records, radiographs, and 
models that accurately describe or reproduce the oral 
~ ,onh,opologk fom,s ;n d,i,;t. Th, w<ak<>< 

link in the dental identification process (subsequent lO 

locating the antemortem dentist of record) is Lhe qual­
ity of the dental written and radiographic record. These 
records are the first step in the practice of forensic den­
tistry by every dental professional. 

Even if the average dentist does not intend to be 
involved in forensic dentistry, the probability is that 
evemually he or she will be comacted regarding ques­
tions about quality of care or observed injuries (such as 

n 
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suspected child or spousal abuse), or from law enforce­
ment agencies requesting help. A valuable contribution 
can be made by understanding the role of dentistry in 
forensic science, by recognizing dental evidence or a 
bite mark, and by helping to properly preserve crucial 
evidence for later analysis. 

Tht:: 1.k111al pruf1::::;::;iu11al rnu::;1 u11d1::rs1aml how <.l1::111al 
anatomy knowledge is valuable in forensic procedures. 
OLher chapters of this text describe in more detail some 
of these anatomic features. The presence of a cusp of 
Carabelli on a maxillary first molar will identify a per­
son as Caucasian heritage. Shovel-shaped incisors will 
idemify a person of Mongoloid or Asian origin. Tooth 
root apex developmem is an age indicator. Cusp con­
tours of lower premolars assist in the orientation of 
bites in a bite mark case when one understands cusp 
anatomy of lower versus upper premolars. Root dilac­
erations, pulp stones, pulpal recession in the elderly or 
bmxing patient, maxillary sinus morphology, and vir­
tually all aspects of dental anatomy are useful in the 
forensic identification of an individual or for assessing 
standard-of-care issues. In some cases, as in the World 
Trade Center disaster, the ability to identify a single 
LOoth as a maxillary versus mandibular premolar was 
the key to the ability to search the database of antemor­
tem records and confirm identification. 

You will find dental anatomy the foundation or basis 
for any forensic dentistry investigation. The references 
offered wi.thin this chapter were selected to give the 
novi.ce a practical and representative introduction to 
the field and techniques of forensic dentistry. 

GENERAL REFERENCES 
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Guidelines for Drawing, 
Sketching, and Carving Teeth 

I. Drawing teeth 
A. Materials needed 
B. How to accurately reproduce a tooth outline 
C. Example: accurately reproduce the sha pe of a 

mandibular canine ( copying an actual cooch or 
tooth model) 

II. Sketch teeth recognizably from memory 

OBJECTIVES 

This chapter is designed to prepare the learner to 
perform the following: 

Carefully draw a tooth to reproduce its contours 
precisely from various views. 

SECTION I DRAWING TEETH 

A. MATERIALS NEEDED 

• Graph paper ruled eight squares to the inch 
• DrawLng pencil, sharpened to a fine poLm 
• Eraser 
• Ruler with millimeter scale 
• Boley gauge 
• Teeth or tooth model 
• Chart with dimensions of tooth to be drawn (such 

as Table 1-7) 

8. HOW TO ACCURATELY 
REPRODUCE A TOOTH OUTLINE 

To accurately reproduce the outline or any object, not 
only must yo,1 look at the object, but you must also study 
and visualize it. Rarely is there a person, however lack­
ing in artistic skill, who cannot make a reasonably good 
drawing of a human tooth. Those who are not skilled in 
accurate drawing (extensive an tTaining does not neces­
sarily result in accuracy o( outline) may find a solution 
in using graph paper ruled eight squares to the inch. 
The tooth specimen is measured in millimeters with a 
Boley gauge, and the measurements are transferred to 
the graph paper, allowing one square to equal 1 mm. 

111. Carving teeth 
A. Materials needed 
B. How to carve a tooth 
C. Example: how to carve a maxillary central 

incisor from a block of wax 
D. Advice 

From memory, sketch (quickly) teeth from various 
views so that the sketch is recognizable as the tooth 
is being sketched. 
Reproduce the contours of a tooth in wax. 

Drawings may be made to scale or each type of tooth: 
maxillary and mandibular incisors, canines, premolars, 
and molars. All drawings should depict maxillary teeth 
with crowns down and mandibular teeth with crowns 
up, the same orientation they have in the mouth. 

Using an undamaged extracted tooth or a rooth 
model for a specimen, make the following six measure­
mentS with the Boley gauge (Fig. 13-IA and B): 

• Crown length 
• Root length 
• Mesiodiscal crown width 
• Faciolingual crown width 
• Mesiodistal cervix 
• Faciolingual cervix 

Using a consistent method of measurement avoids con­
fusion. On anterior teeth, measure the crown length 
on the facial side from the cervical line to the incisal 
edge. On premolars, measure the crov.rn length on the 
facial side from the cervical line to the tip of the buc­
cal cusp. On molars, which have more than one buccal 
cusp, crown length is always to the mesiobuccal cusp 
tip. Make the other cusps their proper length relative 
to the measured cusp, that is, either longer or shorter. 

Ka dose.com 
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With more than one root, the overall tooth length is 
measured from the mesial or mesiobuccal root apex to 
the mesiobuccal cusp (refer to Table 1-7). 

Plan how yoi1 want 10 place your drawings on the 
graph paper. One convenient arrangement is facial 
aspect, upper left corner; lingual aspect, upper right; 
mesial aspect, lower left; distal aspect, lower right; 
and incisal aspect, center (Figs. 13-2 and 13-3). These 
views will be centered nicely if you allow a four-square 
border on all sides of the paper, as shown in the same 
illustrations. 

C. EXAMPLE: ACCURATELY 
REPRODUCE THE SHAPE 
OF A MANDIBULAR CANINE 
(COPYING AN ACTUAL TOOTH 
OR TOOTH MODEL) 

1. FACIAL VIEWS 

Use the measurements you have made of the tooth speci­
men you intend to draw. Begin with the outlines for the 
facial view of the tooth in the upper left corner of the 
page, and count down from the upper four-square bor­
der the number of squares and fraction thereof equal to 
the crown le11gtli in millimeters and draw a horizontal 
line. From this line, count down the number of squares 
equal to the root length in millimeters and draw a sec­
ond horizontal line. From the inside of the left four­
square border, count to the right the number of squares 
equal • .;;t I:. mesiodistal crown measurement and draw a 

A. Facial s ide of a maxillary right 
canine tooth model showing how measurements of a 
tooth may be made co assist in drawing and carving. 
8. Mesial side of the same maxillary ca nine showing how 
tooth measurements can be made and how the incisal 
portion is positioned relative to the root axis line. 

vertical line. You will draw the facial aspect of the tooth 
inside the box. Make your lines very light at first so 
that corrections can be made easily. Remember Lo begin 
from the four-square margin (top and side), as seen in 
Figure 13-2. 

Before you start to draw the crown from the facial 
view, make a light mark at the locations of the mesial 
and distal comacL areas of the crown. (A pencil or 
straight edge held vertically against the side of the tooth 
parallel to the root axis line will help you determine 
where to put these light marks.) Then, mark the loca­
tion of the apex of the root. Also, mark the mesiodistal 
width of the cervix of the tooth on the horizontal line 
that separates the crown from the root. When you fit 
the crown imo the box, if you remember to keep the 
root vertical, the mid-root axis \viii not always be an 
equal distance from the mesial and distal sides because 
the crowns of some teeth are tilted distally. Mark off 
the mesiodistal cervical measurement very lightly. 

Now draw in the curvature of the crown at the con­
tact areas (you marked the location) and draw in a 
portion of the cervical line and the incisal cusp ridges. 
Draw the root apex and the cervical part of the root. 
Correct any errors in location or shape, and then con­
nect the lines you have drawn. You have a dra\ving of 
a tooth. You may be pleasantly surprised how natural 
and morphologically correct this first sketch appears. 
Many professional artists are unable to depict natural 
teeth accurately because they are unfamiliar with tooth 
morphology, and they do not have the proportions that 
were dictated by your measurements. 

juse.com 
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A precise drawing on graph paper of a model of a mandibular right canine by a first-year dental hygiene student. 

2. LINGUAL VIEWS 

In the upper tight corner of the page (Fig. 13-2), use 
the same set of measurements to make the box in which 
to draw the lingual aspect of the tooth. Remember that 
al.most all teeth taper toward the narrower lingual sur­
face, but the overall outline from the lingual is the same 
width a ro 1 the facial view. The cingulum is narrower 

than the cervical portion on the labial sketch, and it 
should be drawn centered or a little toward the distal. 

3. MESIAL AND DISTAL VIEWS 

Draw these two boxes in the lower left and right 
corner of the page (Fig. 13-2) using the same root and 
crown lengths. However, use thejaciolingual crown 

n 
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FIGURE 13_3 Professional drawing (by medical artist) ofa model ofa maxil lary canine based on dimensions given in Table 1-7. 

measurement instead of the mesiodistal measurement. 
Before you start to draw the tooth, lightly mark the 
locations or the incisal edge, the labial crest of cur­
vature (i.e., where the curve or greatest convexity of 
the labial surface will touch the line of the box) , and 
the crest of curvature on the cingulum (Fig. 13-lB) 
and the root Lip. Mark the faciolingual width of the 
cervix. Then draw the tooth. Remember to leave 

~ "'" bo,d" " ,ach side , nd bdow <hes, 

4 . INCISAL VIEW 

Near the center of the page, draw a box with the distance 
between the upper and lower horizontal lines the exact 
number of squares for the facio/i11gual measurement of 
the crown in millimeters. The distance between right 
and left vertical lines of this box should equal the num­
ber of the squares of the mesiodistal crown measure­
ment in millimeters. Hold the tooth facial side down 
and in such a position that you are looking exactly in 
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line with the root axis line. Be sure that the tooth crown 
is not tilted up or down. On the sides of the box, mark 
the places where you are going to locate the mesial and 
distal contact points of the crown. The incisal edge of 
the tooth wil l normally have a slight lingual twist of the 
distoincisal corner (not evident in Fig. 13-2) and will lie 
t::itht:r in Litt: t:t:rller of tltt: box faciolingui:llly or slightly 
lingual to the center (in the same position it is shown 
on your drawings of the mesial and distal aspects). 

The cingulum is normally centered on, or slightly distal 
to, the root axis line. 

Do you find any straight lines (ruler-straight, that is) 
011 any tooth other than those lines that have been pro­
duced by attrition? This would be most unusual. 

Using the same approach, you will be able to draw 
otht:r typt:S of lt:t:Lh. Lauding tht: gruuvt:S, t.ht: [u::;::;i:lt:, 
and the ridges on the occlusal surfaces of the posterior 
teeth wi ll help lo fix the morphology in your mind. 

SECTION II SKETCH TEETH RECOGNIZABLY FROM MEMORY 

The extremely precise and accurate drawings described 
in Section I of this chapter have the value of developing 
skills to accurat.ely visualize and reproduce the subtle 
outlines and exact grooves of a specific tooth from vari­
ous views. However, this time-consuming method of 
copying teeth may have limited value in helping the 
student to quickly sketch a lOOth from memory for a 
specified view as might be expected during a conver­
sation with an instructor or a patient. Therefore, this 
section includes guidelines that can be useful for den­
tal and dental hygiene students when learning how to 
quickly sketch a specific LOoth and view from memory. 

ln order to sketch a facial view of a recognizable 
tooth from memory, the drawer must have knowledge 
of the following characteristics related to the tooth 
being drawn: (a) approximate crown-to-root ratio (i.e., 
how much longer is the root compared to the crown), 
(b) approximate crown proportions (i.e., which is 
wider: the crown width or its length), (c) location of 
the crown heighLS of contour (crests of curvature), (cl) 
crown shape (taper, incisal edge shape or number and 
relative size of cusps, and cementoenamel junction 
(CEJ] shape), and (e) root shape (taper and number 
of roots) when drawing the entire tooth. 1f one consid­
ers each of these tooth characteristics in the appropri­
ate order, sketching a tooth becomes a relatively easy 
task and is an excellent exercise to apply all of the 

Root Root 
box 

Crown D Crown 
box 

M D 

StepB Step C 

knowledge of dental morphology that was presented in 
Section I of this text: Comparative Tooth Anatomy. 

As an example, consider a sket.ch of a riglrt maxillary 
central incisor from the facial view. Follow along with 
Figure 13-4 as you read about each step. 

Step A: Consider the root-to-crown ratio. It is not 
expected that a student will remember the exact 
ratio of this tooth (1.16 Lo 1) but rather he or she 
should recall that all rooLS are normally longer than 
the crown. On maxillary central incisors, the root is 
only slightly longer than the crown. Based on this 
fact, three parallel horizontal lines can be drawn to 

denote the distance of the crown length from incisal 
edge to the cervical line relative to the root length 
from cervical line to root apex (only slightly longer). 
Position the smaller crown length on top fo r the 
mandibular Leeth and on the bottom for maxillary 
teeth. For this maxillary central incisor, the crown 
length is on the bottom. 

Step B: Consider the proportions of the crown, that 
is, the crown height (incisocervically) compared to 
its width (mesiodistally). Again, you do not need 
to memorize that the average crown width for this 
tooth is 8.6 mm and its average length is 11.2 mm, 
but you should recall that the maxillary central inci­
sor crown is slightly longer than it is wide. Using this 

"\ 
M D M D M 

'-

StepD Step E 

Five steps involved in sketching the facial view of a tooth (in chis case, a right maxillary central incisor). 

'e.com 
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knowledge, two parallel vertical lines can be placed 
perpendicular to the horizontal Lines to establish 
the proportion for the tooth crown. Extending these 
vertical lines along the entire tooth length results in 
the formation of two boxes: a crown box that will 
surround the crown and a root box that will enclose 
tht:: ruol. Al this lirnt::, labt::l Lht:: mt::sial (M) ,m<l <lisLal 
(D) surfaces of the crown box that is dependent on 
whether you are viewing a right or left incisor. For 
this right incisor, the mesial surface is on the right 
side of the box, and the distal is on the left side, as if 
you were facing the patient. 

Step C: Consider the heights of contour (crests of cur­
vature) on the mesial and distal surfaces. Since these 
two points are the widest parts of the tooth crown 
where the mesial and distal surfaces bulge out the 
most, they are therefore the points where the crown 
outline touches the crown box established in the 
previous step. When the teeth are in ideal alignment, 
they are the location of the proximal contacts. On all 
incisors, the proximal heights of contour (contacts) 
occur in the incisal one third (EXCEPT on the distal 
of a maxillary lateral incisor, which is in the middle 
third) and are located more incisally on the mesial 
surface than on the distal surface (EXCEPT on the 
symmetrical mandibular central incisor). With this 
knowledge, a dot can be placed on the mesial and 
distal crown box outline at the appropriate levels. IL 
is not until this step is complete that you actually 
begin sketching the tooth crown shape (omline). 

Step D: Begin sketching the crown outline. Use as many 
of the criteria presented in the Appendix as you can 
recall in order to sketch a recognizable tooth. For 
example, on a maxillary central incisor, we know 
that the areas immediately surrounding all con­
tact areas are convex; mesial and distal crown walls 
taper slightly toward the root; and the incisal edge is 
almost Oat or slightly convex and is a little shorter 
toward the distal. We also know that the cervical 
line from the facial view is broad and curves toward 
the apex. Based on this knowledge, begin sketching 
the crown omline by placing subtle convexities that 
touch the crown box at the heights of contact points 
(dors). These convexities blend apically LO become 
the mesial and distal crown walls, and these walls 
converge (just slightly) toward the cervical line. The 
proximal convexities also curve incisally LO blend 
with the relatively straight incisal edge that t0uches 
the iJlcisal line of the crown box in the mesial half and 
tapers shorter (farther from the box outline) toward 
the distal. Finally, the cervical line appears as a con­
tinuatio of the mesial and dist.al walls and curves 
to ar e apex, just touching tl1e cervical line of the 

crown box. lf a sketch of the crown were all that you 
are reproducing, you would be finished. If, however, 
you wish to add the root, proceed Lo the Ulla! step. 

Step E: Sketch the root. We know that the apex of the 
root is near the center of the tooth root axis (a ver­
tical line in the center of the root al the cervix). 
Wt:: also know tl1at rooLs art:: bruaclt::st in tht:: t:t::rvit:al 

third (but not very much narrower than the width 
of the crown), may be nearly parallel in the cervi­
cal third, and taper toward the rounded apex. Based 
on this knowledge, you can finish the sketch. Be 
aware that part of the root outline where it joins the 
CEJ is actually visible within the crown box, and 
the rounded apex just touches the apical line of the 
root box. 

When sketching other teeth from the facial views, use 
steps A through C as described earlier for developing the 
"boxes" and crests of curvature, and refer to the Appendix 
pages for tooth traits when sketching the actual tooth 
outlines. With practice, teeth can be sketched without 
the boxes in less than a minute while still maintaining the 
approximate proportions and heights of contour. See 
the student sketch of a recognizable mandibular second 
molar from the buccal view in Figure 13-5A. 

The steps used to sketch the lingual view of all teeth 
are the same as for the facial view EXCEPT the outline 
is a mirror image of the facial view. Also, on this surface 
of anterior teeth, there is normally evidence of a nar­
rower crown cingulum, marginal ridges, a lingual fossa, 
and a cervical line that often includes a partial view of 
the proximal CEJ due to the taper of teeth toward the 
lingual (as seen in Fig. 13-2, lingual view). On maxil­
laiy molars, the lingual root is now in the foreground. 

When sketching tl,e proximal view of teeth, the first 
two steps are similar to steps A and B above except tl1at 
the crown outliJle box is developed for this view by using 
the faciolingual and incise- or occluso-cervical crown 
proportions. The facial crest of curvature is similar for all 
teeth: in the cervical third. Lingually, the crest of curva­
ture is in the cervical third on the cingulum for anterior 
teeth but in the middle third for most posterior teeth. 
Develop a crown and root shape according lo guidelines 
in the Appendix. See the student sketch of a mandibular 
second molar from the mesial view in Figure 13-5B. 

Posterior teetl, from the occlusal view are viewed 
looking directly down along tl1e axis of the root. 
Crown-to-root ratios do not apply from this view. The 
crown outline box is developed for this view by using 
the mesiodistal and faciolingual crown proportions. 
On mandibular premolars, the crown proportions are 
slightly longer buccolingually than mesiodistally, but 
close Lo square. Maxillary premolars from the occlusal 
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0 

A B 

D 

C D 

view are similar Lo mandibular premolars except 
crown proportions are less square, more rectangular: 
proportionally wider buccolingually than mesiodistally. 
Mandibular molars from the occlusal view are wider 
mesiodistaUy than buccoHngualJy, whereas maxiJlary 
molars are slightly wider buccolingually than mesiodis­
tally. The crests of curvat1.1re on molars and premolars 
on the mesial and distal surfaces are located in the cen­
ter or slightly co the buccal of the buccolingual midline. 
The buccal and lingual crests of curvature for molars are 
located mesial to the middle, except on the buccal of the 
mandibular first molar where it is close to the middle. 
After the outline "box" is sketched and crests of curva­
ture have been noted, sketch the crown outlines using 
descriptions from the Appendix pages. 

An additional challenge on these views involves 
reproducing the location of the cusp tips, grooves, and 
pits (as must be accomplished by dental personnel 
every time a restoration is placed on an occlusal sur­
face, finished and polished, or constructed or carved in 
wax in the laboratory). 

SECTION Ill CARVING TEETH 

A. MATERIALS NEEDED 

• Blocks of carving wax (34 x 17 x 17 mm for molars 
or 32 x 12 x 12 mm for other teeth) 

• Boley gauge (Vernier caliper) 
• Mill. tef ruler 

L 

M 

Four sketches of teeth by first­
quarter dental and dental hygiene students: 
although not perfectly drawn, each sketch is recog­
nizable as the tooth being drawn. A. Right man­
dibular second molar, facial (buccal) view. B. Right 
mandibular first molar, mesial view. C. A right 
mandibular first molar, occlusal view. D. A right 
maxillary first mola r, occlusal view. Sketches A and 
B would look nicer if the lines were not so wide 
and dark. 

Cusp rips can be idemified by placing small dots 
(or small circles) on the sketches al these locations. 
It may be helpful Lo remember these basic guidelines 
regarding pits and grooves. Most premolars have a 
mesial and distal pit connected by a groove running 
mesiodistally between buccal and lingual cusps. Most 
molars (and three-cusped mandibular second premo­
lars) have three pits (mesial, central, and distal) that 
are also connected by a groove passing mesiodistally 
between buccal and lingual cusps. Molars also have one 
or two buccal grooves that separate the two or three 
buccal cusps, respectively. On mandibular molars, the 
lingual groove comes off near the central pit, but on 
maxillary molars, a lingual (distolingual) groove comes 
off of the distal pil and parallels the oblique ridge. 
Developmental triangular or Cossa grooves or supple­
mental grooves may angle off from the mesial and dis­
tal pits of most posterior teeth, directed LOward the 
"corners" of the tooth. See the student sketches of the 
occlusal views of two recognizable molars in Figure 
13-SC and D. 

• Office knife and sharpening stone 
• Roach carver, No. 7 wax spatula, and PKT-1 (for 

melting and adding wax) 
• No. 3, No. 5-6, 6C, and PKT-4 carvers 
• Sharpened drawing pencil 
• Large or small LOoth model and i~ measurements 
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B. HOW TO CARVE A TOOTH 

Carving a LOoLh helps you to see Lhe tooLh in three 
dimensions and also Lo develop considerable manual 
skill and dexterity. Examples of carvings by dental 
hygiene students are shown in Figure 1.3-6. While 
eventually you may be able to carve a tooth from a 
block of wax withouL preliminary measurement., Lhe 
beginner can only do well by approaching the carving 
systematically in the same way you approached the 
drawings: firsL , by drawing a box on the wax block; 
second, by sketching an outline of the Looth in the 
box; and third, by carving around the sketch or out­
line, one view or aspect at a time (sequence is shown 
in Fig. 1.3-7). 

When approaching the task of carving a tooth, con­
sider Michelangelo who conceived of his task of pro­
ducing a marble statue by "liberating the figure from 
Lhe marble that imprisons it." And remember that he, 
too, sometimes made mistakes and had to discard a 
half-finished statue. The same can happen to your 
tooth carving. To minimize this, as you cuL away wax, 
repeaLedly examine your carving from all sides; Lum 
it around and around and compare iL wilh your speci­
men from each view. Where it is Loo bulbous, the fauh 
is easily correctable by further reductions. Where too 
much wax has been removed, you have one of three 
choices: add molten wax LO the deficient region, make 
the entire carving proportionaUy smaller, or start with 
a new block of wax. 

Maxillary central incisor wax carvings by 
first-year dental hygiene students as seen from the mesial (M), 
lingual (L), incisal (1), facial (F), and mesial-facia l (M, F) 
aspects: The crown and half of the root were carved to specific 
dimensions that were proportional to the tooth model they 
viewedo/~ the carving. These excellent carvings were each 

~ I hao 3 hooo a, a «qoireo ,k;u "" 

tl E F 

G 

The sequential method described in this 
chapter for carving a tooth from a block of wax. The final 
product should look like those shown in Figure 13-6. The large 
letter M denotes the mesial aspect of the carving. Likewise, 
F indicates the facial side of the block. 

C. EXAMPLE: HOW TO CARVE A 
MAXILLARY CENTRAL INCISOR 
FROM A BLOCK OF WAX 

Use the measurements you used for drawing. (Again, use 
the measurement of the buccal cusp on premolars for the 
crown length, and of the mesiobuccal cusp and mesiobuc­
cal or mesial root on molars for the rooL length.) This 
consistency of method prevents confusion. Allowance 
is made for Lhe greaLer length of some lingual cusps, 
which are longer than the measured buccal cusp. Refer to 
Figure 13-7 as you follow the following guidelines: 

Step 1: Shave the sides of the block OaL and make all 
angles right angles. 

Step 2: Measure 2 mm from one encl of the block and 
draw a line al this level, encircling the block (on all 
four sides). (This end of the block will be the incisal 
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or occlusal end of the tooth and the 2 mm allowance 
here is to provide for the extra length of the lingual 
cups on molars that are longer than the mesiobuccal 
cusp that established crown length. Although it is 
convenient to allow the 2 mm on all carvings, it is 
essential only for molars.) 

Stt:µ 3: From du:: 2-mm lim:, mt:1:1sure tlte <.:ruw11 length 
and draw a second line around the block at this level. 
This line is the location of the cervical line on the 
facial, mesial, distal, and lingual sides of the tooth 
(Fig. 13-7 A). 

Step 4: From this cervical line, measure one half of the 
length of the root and draw a third line around the 
block. (The end of the block beyond this Line will be 
referred to now as the base.) 

Step 5: On the base of the block, carve, on appropriate 
sides, F (facial), L (lingual), M (mesial), and D (dis­
tal). Be sure to put Mand Din the proper relation to 
F and L so that you will carve a right or a left tooth, 
whichever you intend. 

Step 6: Using a very sharp pencil, draw a shallow line 
lengthwise 011 the block in the center of the mesial 
surface. Do the same on the clistal surface and be 
sure that these lines are exactly opposite. 

Step 7: Adel 0.5 mm to the faciolingual measurement 
of the crowi1. Divide this number by 2. Using this 
measurement, draw a line this distance on either 
side of the center line on the mesial and distal sides 
of the block (Fig. 13-7 A). These two outer lines 
should be parallel t.o the center line and extend 
from the top of the block to the base. These two 
lines form a box whose dimension faciolingually 
is equal to the crown dimension plus 0.5 mm. The 
extra 0.5 mm is an allowance for safety in carving. 
Do not make trouble for yourself by allowing more 
than this extra 0.5 mm. 

Step 8: On the mesial side of the block marked M, 
draw, within the box, an outline of the mesial side 
of the tooth as you drew it on the graph paper. Be 
careful to place the incisal edge and the labial and 
lingual crests of curvature accurately. Your ca1ving 
will probably be no better than this drawing. 

Step 9: Draw a similar outline on the distal side of 
the block. Be sure chat on both sides, the drawings 
are oriented so that the facial surface of the tooth 
is toward the side of the block you have marked F 
(facial). (lt is easy to make a mistake here.) These 
drawings of the crown may appear slightly fat due 
to the extra 0.5 mm width allowance confining the 
crown size faciolingually. 

Step 10: Carve away the shaded portions of wax in 
Figu~)7B from the facial, lingual, and incisal 

~ I " block so ,h., h ls oow shaped like 

Figure 13-7C. At this time, do not carve around 
the outline of the tooth, but rather carve up to the 
straight vertical lines that fonn the box in which 
the tooth picture is drawn. 

Step 11: Check the distance between the two opposite 
carved surfaces carefully with your Boley gauge. Be 
sun:: they are perfe<.:lly Oat anti :;mouth. Be s ure the 
thickness of the column of wax between these par­
allel surfaces exactly equals the given faciolingual 
crown dimension plus 0.5 mm. 

Step 12: Now carve away the shaded regions seen in 
Figure 13-7C around and down to the facial and lin­
gual outlines of the tooth. Follow the drawing care­
f-ully, making the tooth shape the same all the way 
through the block. Keep the carving surface smooth; 
if it becomes chopped up, it will be impossible to 

smooth it without losing both the shape and the size 
of the carving. 

Step 13: With a sharp pencil, very lightly draw center 
lines on the curved facial and lingual sides of the 
carving as in Figure 13-7D. Be sure they are exactly 
opposite. 

Step 14: Add 0.5 mm to the mesiodistal crown mea­
surement and draw two lines one half this distance 
on either side of the center line. This makes a box on 
the curved surface as wide as the greatest mesiodistal 
crown measurement plus 0.5 mm (Fig. 13-7D). 

Step 15: Redraw a horizontal line the exact crown 
length distance from the incisal edge on the facial 
and lingual sides (since the original line was carved 
away). Then draw the facial omline of the crown 
and half of the root on the curved facial side of the 
block (Fig. 13-7D). 

Step 16: On the lingual surface of the block, draw an 
outline the same shape as the one on the facial sur­
face except, of course, that it is a mirror image; the 
distal side of the tooth must be toward the same side 
of the block in each case. Check the crown length 
on the lingual surface too, so the crown will not be 
too long. 

Step 17: Carve away all the wax outside the drawing 
box, removing all the shaded portions as shown in 
Figure 13-7£. On some first molars, their spreading 
roors may extend beyond the box lines, and these 
roots should be carved accordingly. Check your 
measuremems again. 

Step 18: Shape the tooth by caref-ully carving the mesial 
and distal contours by removing the shaded portions 
of Figure 13-7F so that it resembles your tooth spec­
imen outline from the facial and lingual sides. 

Step 19: Now it is time to round off the comers, narrow 
the lingual surface, shape the cingulum (it is distal 
to the center line, and the mesial marginal ridge is 

n 
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Maxillary canine wax carvings viewed from 
the distal (D), li ngual (L}, incisal (1), and Facial (F) aspects. 
First-year dental hygiene students carved these during a skill test 
(2 hours, SO minutes time limit). 

longer Lhan the distal), and carve out Lhe lingual 
fossa. Be sure t0 look at all aspects of the woth as 
you are fi_nishing the carving. lnclucle, of course, 
the incisal view (seen in Fig. 13-6), or the occlusal 
view. Four nice carvings of maxillary canines, 
made by dental hygiene students at The Ohio State 
Universi ty, are shown in Figure 13-8. Five aspecrs 
of another very fine carving by a dental student are 
seen in Figure 13-9. 

D M F 

Maxillary right canine carving done by senior 
dental student Keith Schmidt: observe the nearly perfect 
contours from a ll aspects and that the root is not becoming 
narrower as it joins the crown ( a very common carving error in 
attempting to refine the cervical line). 

L 

lncisal view 
labial 

lingual 

Emergence time 

Max. canine _____ yrs . 

Mand. canine ____ yrs. 

Facial view Mesia! view 

FIGURE 13-i]j 
Outlines within which you may draw three views of a maxillary canine: the boxes are proportional to the natural 

tooth average measurements in Table 3-2. The widest portions of the crown ( mesial and distal contacts) should touch the sides of the 
wider lower box. Only the widest part of the root should touch the sides of the narrower box above with the root apex couching the 

I ...., ::z.1'sb?;x. On the incisal view, be sure to position the incisal ridge just labial to the fa.ciolingual middle of~his box. Drawing 
~, 5 {views will be helpful co you when you outline similar contours on a block of wax for carving a ma.Jila,yc<\1'11'')~. m 
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Step 20: Carve your initials on the bottom of the base 
of the block. Be an honest critic of your work, con­
stantly looking for regions where the carving could 
be improved. 

You can work toward becoming proficient in drawing 
teeth by sketching outlines (lightly at fi rst) in the blank 
boxes that are proportionally the correct size for the 
view and tooth listed in Figures 13-10 to 13-11. You 
should have a tooth model or extracted tooth specimen 

30 29 28 

Distal 

Occlusal view 
Lingual 

Distal 

Facial 

LO view as you make these sketches. An example of how 
to sketch teeth into the blank boxes of Figure 13-12 is 
shoWTI in Figure 13-13. 

D. ADVICE 

Practice makes perfect, or at least you will see pro­
nounced improvement in your later carvings. Therefore, 
do not discard your first ones, but keep them for future 
comparisons. The most difficult task is LO begin for 

Emergence dates 

1st premolar yrs. 

2nd premolar yrs. 

Mesia! 
1st molar yrs. 

2nd molar yrs. 

Proximal view (mesial a:spect) 

30 29 28 

75 
6 
C: 

:.::; 

Proportionally outlined boxes for drawing the lower right first and second premolars and first molar in their 
ip to one another: select three nice tooth specimens or tooth models and go to work. 

a use.com 
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2l 
~ 
::, 

2nd 1st M 

Facial view 

Proximal view (meslal) 

2nd 

"' ,_._ ____ __,_ 
iii 
·~ 
u. 

Emergence premolars 

1stPM ______ yrs. 

2nd PM _____ yrs. 

1st 

D 

M 1st 2nd 

lingual view 

Oceilusal view 

Buccal 

2nd 1st 

Lingual 

D 

M Out.lined proportional 
boxes for d rawing several views of the 
maxillary first and second premolars in 
their usual relationship to each other: Use 
the same guidelines given in the legend for 
Figure 13-10. A dental hygiene student's 
drawing of these two teeth within the 
outlined boxes is seen in Figure 13-13. 

Maxillary premolars 

D M 

I 
:, 
<I) 

<ii 
::, 
Ol 
C 
::J 

Lingual view 

Occlusal view 

Buccal 

Lingual 

These drawings within the outlined 
boxes are examples to help you with your drawings in che 
blank boxes in Figure 13-12. Study these and perhaps you 
can make even better drawings. For example, in the 
lingual view, the maxillary first premolar's lingua l cusp is 
too long. It is the correct length in the drawing of the 
mesia I aspect. 

a :sc.com 
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the very first time. We have found rrom many years 
of experience, however, Lhat Lhe inexperienced people 
who follow Lhese or similar directions and proceed step 
by step often end up with some of the best carvings in 
the class. Do not be afraid to begin. When you become 
skillful at carving teeth, iL may surprise y'ou that it is 
possible:: lO t.:arvt: Lht: t.:OlllOUrs or a lOQLh rrwn nusmory, 
possibly aided only by several impor ant dimensions. 
Average measuremenfs (rom 4572 extracted teeth are 
given in Table 1-7. Should you draw or carve a tooth 
to these average dimensions, it might surprise you how 
nonnal it looks. You may find the General References 
helpful in perfecting your carving techniques. 

GENERAL REFERENCES 

Ash MMJr. Wb~eler's atlas of tOOLh form. Philadelphia, PA: W.B. 
Saunders, Hl84. 

Be<ll-ldrcau DE. Tooth form and contour. J Am Soc Prev Dent 
1973;3:36-37. 

Burch JG. Coronal 100th contours: didactic, clinical and labora­
tory. 3rd ed. Worthington. OH· James G Rurch . l980 

Gruncller H. The study of tooth shapes: a systematic procedure. 
Berlin: Buch-und Zeitschriften-Verlag "Die Quintessenz," 
1976. 

Linek HA. Tooth carving manual. Pasadena, CA: Wood and 
Jones, Printers, 1 948. 
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Structures that Form 

< 
I 
u 

the Foundation for Tooth 
Function 

Topics covered within the seven sections of this 
chapter include the following: 
I. Bones ofche human skull (with emphasis on che 

sphenoid, temporal, maxil lae, and mandible bones) 
A. Bones that cover the superior portion of the 

brain case 
B. Bones that form the floor of the brain case 
C. Large bones ofche face and cemporomandibu-

lar joint (TMJ) 
D. Small bones of the face 
E. Hyoid bone 

11. The cemporomandibular joint (TMJ) 
A. Anatomy of the tempo romandibular joint 
B. Ligaments chat support che joint and limit joint 

movement 
C. Development of the cemporomandibular joint 
D. Advanced copies: Dimensions related co che TMJ 

Ill. Muscles ofche mouth 
A. Muscles involved in mastication (chewing) 
B. Other muscles affecting mandibular movement 

his chapter introduces the reader Lo the 

T structures that form the fo undation for the 
[unctions of the oral cavity. Emphasis is 
placed on structures that relate LO the func­

tioning of the jaws and teeth. The chapter begins with 
the gross anatomy of the bones of the skull including 
the identification or important foramen where nerves 
and blood vessels pass rrom the brain to the oral 

C. Other factors affecting tooth position or 
movement 

D. Summary of muscles chat move and control 
the mandible 

IV. Nerves of the oral cavity (with emphasis on cranial 
nerves (CN) V, VII , IX, and XII) 
A. Trigeminal nerve (fi~h CN) 
B. Facial nerve (seventh CN) 
C. Glossopharyngeal nerve (ninth CN) 
D. Hypoglossal nerve (12th CN) 
E. Summary of nerve supply co che tongue, sali-

vary glands, facial skin, and facial muscles 
V. Vessels associated with the oral cavity (arteries, 

veins, and lymph vessels) 
A. Arteries 
B. Veins 
C. Lymph vessels 

VI. Structures visible on a panoramic radiograph 

strucmres of the mouth, the location for attachments 
of the muscles and tendons that supporL and move the 
mandible, and the anatomy of the temporomandibular 
joint (TMJ ). Next, the attachments and functions of 
the major chewing muscles are described, fo llowed by 
a description of the passageway and fu nctioD of the 
nerves, blood supply, and lymph vessels that supply 
the face and mouth. 

SECTION I 
BONES OF THE HUMAN SKULL (WITH EMPHASIS ON THE 
SPHENOID, TEMPORAL, MAXILLAE, AND MANDIBLE BONES) 

OBJECTIVES OF THIS SECTION 

This section is designed to prepare the learner to 
perform the following: 

Describe and identify each bone seen on an intact 
human skull. 
Describe and identify each bony structure high­
lighted in bold in this chapter. (Emphasis is placed 
on structures of the mandible, maxillae, temporal, 
a nd sphenoid bones.) 

Describe and identify the location of the attachment 
of chewing muscles and ligaments that are attached 
to the mandible. 
Describe and identify the foramen of the nerves and 
arteries that supply the teeth and oral cavity. 

Kadust 
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There are 206 distinct bones in our skeleton, 28 of 
which are in the skull if we count the malleus, stapes, 
and incus bones of each ear. To obtain a clear under­
standing of the bones of the skull and their relationship 
to one another and to the Leeth, it is best to have a skull 
or skull model at hand to examine while reading this 
d1apu:r. Tf you LUut:h an<l Lra<.:t:: t::ad1 burn:: wl1li your 
fingers as you read, you are not apt LO forget its char­
acteristics. Also, as you study this section, you should 
relate the location of each bony structure on the skull 
to its location on your own head, that is, where it is 
located under the skin of the face or under the mucosa 
of the mouth. This is important in order LO fully appre­
ciate where muscles auach and how they can move the 
lower jaw (mandible) in all directions, and LO figure out 
where to apply local anesthetic along the path of the 
nerves to the teeth and oral cavity, as described in more 
detail in Chapter 15. 

When reading the description of each bone, there 
are many descriptive terms that are used Lo describe 
the bumps, depressions, holes and relative location of 
important landmarks. Many terms have similar defini­
tions, so they are defined here in groups to facilitate 
learning. Since anatomy terms are often similar to com­
mon familiar words, the new terms are compared LO 
familiar words whenever possible. 

BUMPS-TERMS USED TO DESCRIBE 
CONVEXITIES ON BONES AND/OR TEETH 

Crest: a projecting ridge along a bone 
Eminence: a prominence or elevation of bone 
Process: a projection or outgrowth from a bone 
Protuberance [pro TU ber ahns]: a prominence or 
swelling (of bone) 
Ridge: linear, narrow, elevated portion of bone or tooth 
Tubercle [TOO ber k'l]: a small rounded projection 
on a bone or tooth 

DEPRESSIONS-TERMS USED TO DESCRIBE 
CONCAVITIES IN BONES AND/OR TEETH 

Alveolus [al VEE o lusl (plural: alveoli [al VEE o 
lie]): small hollow space or socket where the tooth 
root fits within the jaw bones 
Cavity: a hollow place within the body of bone (or 
within a tooth) 
Fissure [FISH er]: a cleft or groove (crack) between 
parts 
Fossa [FOS ah] (plural: fossae [FOS eel): a small 
hollow or depressed area 
Fovea I FO ve ah]: small pil or depression 
Groove: linear depression or furrow 
Sinus : hollow, air-filled cavity or space within skull 
bon ,f(!i channel for venous blood 

OPENINGS-TERMS USED TO DESCRlBE HOLES 
IN BONES AND/OR TEETH 

Aperture: an opening; compare a camera lens aperture 
Foramen [fo RAY men] (plural: foramina [fo RAM 
i nah]): a small hole through bone or tooth for pas­
sage of nerves and vessels 
Foramen ovale [o VAL eel: a specific oval or egg­
shaped foramen 
Foramen rotundum: a specific round foramen; recall 
the Capitol's rotunclwn or dome is round when viewed 
(rom above 
Meatus [me A tus]: a natural passage or opening in 
the body 

TERMS USED TO DESCRIBE RELA Tl VE LOCATION­
Figure 14-1 will be helpful in understanding terms with 
an asterisk (*). 

Anterior*: toward the front of the body 
Buccal [BUCK al): related LO or near the cheek; the 
buccal nerve innervates the cheek; the buccinator 
muscle is within the cheek; the buccal surface of a 
tooth is the side wward the cheek 
Cervix: of the neck or neck-like; compare a cervical 
vertebrae in the neck 
External: coward the outside of the body; seen from 
the outside 
Facial*: toward the face ; seen when viewing the face 
side 
Inferior* or the prefix infra: localed below or 
beneath; lower than 
Lateral*: pertaitling to, or situated at, the side 
Medial*: the surface toward, or closest to, the mid­
line (median) plane of the body; do not confuse 
medial with mesial 
Median plane*: a longitudinal plane that divides the 
body into relatively equal right and left halves 
Midsagittal plane* I mid SAJ i t'I]: same as median 
plane 
Posterior*: wward the rear of the mouth or body 
Retro (prefix): back or behind 
Sub (prefix): under or beneath; compare to infra 
Superficial: closer to the surface 
Superior* or the prefix supra: located above or over; 
higher or upper 

GENERAL TERMS RELATED TO BONES 
Acoustic [ah KOOS tik]: referring to sounds or hear­
ing; near the ear 
Cervical ISER vi kal): related to the neck; like cervi­
cal vertebrae 
Condyle [KON dile]: an articular prominence of a 
bone resembling a knuckle 
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Midsagittal plane 
(median plane) 

Posterior direction 

Lateral direction ~ 
Medial direction ~ 

Frontal plane 

Superior direction 

Inferior direction 

Coronoid: where the liing's coronation crowri firs 
or the shape of a crown (compare coronation); for 
example, the coronoid process of the mandible is 
shaped like the point of a coronation crown; or a 
coronoid smure is where the crown fiLS 
Dura: hard, not soft 
Glenoid I GLE noyd] : socket-like 
Glosso: a prefix referring to the tongue 
labial [LAY bee al]: related to the lips; toward the lips 
Lacrimal ILAK ri mall (also spelled lachrymal): 
referring to the tears (compare /acrimosa) 
Lamina: a thin layer (compare laminated wood) 
Lingula [UNG gyoo lal: tongue-shaped structure 
(compare to the word "lingual") 
Malar I MAY lar] : referring to the cheek or cheek 
bone (not to be confused with molar) 
Meatus [mee A tus): a pathway or opening 
Palpebral [PAL pe bral]: referring to the eyelid 
Piriform [PEER i form]: pear shaped 
Septum: a partition (compare separate) 
Suture [SOO churl line: the line of union of adjoin­
ing bones of the skull 
Symphysis [SIM fi s is): fibrocarti laginous joint or 
connection where opposed bony surfaces are joined 
(a suture line may not be evident) 
~ !TROK I« ah], pulley shaped 

Lateral direction 

Medial direction 

~ Anterior direction 
or facial direction 

Planes of the 
head and directions used to iden• 
tify relative location of struccures 
or surfaces ofche head. 

The skull bones can be divided into two broad cate­
gories: the bones of the neurocraniurn [NOOR o CRAY 
ne urn] surrounding the brain, and the facial bones 
that make up the face and mouth and are involved in 
respiration and eating. The neurocranium is the por­
tion of the skull that supports, encloses, and proteclS 
the brain. The eight bones of the neurocranium are 
four single bones (sphenoid, occipital, ethmoid, and 
frontal) and two paired bones (one on each side) : tem­
poral and parietal. 

A. BONES THAT COVER THE SUPERIOR 
PORTION OF THE BRAIN CASE 

Study Figure 14-2 while reading about the frontal and 
temporal bones. The frontal bone is a single, large 
midline bone that forms the "forehead" and eyebrow 
region. Two parietal bones are Large, paired bones that 
protect the brain superiorly, laterally, and posteriorly. 
A small portion of these bones make up a pan of the 
temporal fossa region (outlined in Fig. 14-2), which 
serves as part of the attachmem for the superior end of 
one of the major muscles of chewing called the lempo­
ralis muscle. 

Suture lines are lines of fibrous connective tissue 
that join two bones of the skull immovably together 
as seen in Figure 14-2. The coronal suture is located 
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_c:agittal suture 

Coronal suture 

Frontal 

---
/ 

✓,,,, ~ 

I ~ 
~ Temporal 

(squamous 

Outline of 
temporal Iossa 

Zygomatic 
process of , 

part) 

temporal bone--

AGURE1 ~ 
Human skull, left side: The following large bones of the neurocranium: the single frontal bone (blue) forms rhe 

anterior superior portion, the parietal bones (yellow) form the lateral and superior surfaces, and rhe occipital bone (fight green) forms 
the posterior inferior portion and the greater wing of rhe sphenoid bone (light red). Nore the outline of the shallow temporal fossa, 
which includes portions of temporal, parietal, sphenoid, and frontal bones. 

between the frontal and two parietal bones. (Hint: This 
location is where a crown might fit during the corona­
tion of a royal person.) The sagittal suture (best seen 
on the superior surface of the skull) joins the right and 
left parietal bones along the midline of the skull along 
the midsagittal plane of the skull. 

B. BONES THAT FORM THE FLOOR 
OF THE BRAIN CASE 

The occipital bone, sphenoid bone, ethmoid bone, and 
two temporal bones suppon the base of the brain. They 
all have holes (foramen) for the passage of nerves to the 
face and mouth. However, the temporal bones play a 
most important pan in the functioning of the jaw, so they 
will be discussed separately when discussing the TMJ. 

1. OCCIPITAL BONE 

The occipital bone provides the articulating surface 
between the skull and vertebral column at the occipi­
tal condyles [ahk SIP eh tal KON diles) (seen on the 
inferior surface in Fig. 14-3). The large foramen mag-
~ th, P''"'&''"Y [o, th, spin,! wd that 

connects the peripheral nervous system with the brain. 
The hypoglossal canals are located on the right and 
left lateral walls of the foramen magnum. These canals 
are the passageways of the hypoglossal nerves (CN Xll) 
Lateral to the foramen magnum (between the occipital 
and temporal bones) are the large jugular LJUG you Jar] 
foramen (Fig. 14-3), the passageway of blood draining 
from the brain to the internal jugular vein, and the pas­
sageway of Lhe glossoplwryngeal nerve (CN IX). 

The lambdoid [I.AM doid] suture joins the occipital 
bone with the parietal bones (Fig. 14-2). Its shape from 
the posterior view resembles an upside-down "V" and can 
be compared LO Lhe shape of Lhe Greek letter lambda (A). 

2 . ETHMOID BONE 

The ethmoid bone is a single, hollow, sinus-filled bone 
that is located on the midline inferior Lo the anterior 
part of the brain. The superior aspect of this bone is 
visible within the brain case as the sieve-like cribriform 
l KRlB ri form ) plate (Fig. l 4-4) surrounding the tri­
angular projection called the crista galli I KRIS ta GAL 
Ii, meaning rooster comb]. The cribriform plate is full 

m 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Chapter 14 I Structures that Form the Foundation for Tooth Function 381 

Hypoglossal canals - E-~~!!it!~,:,..~~ ~ 
(hypoglossal nerve, 
CN XII) on walls of 
foramen magnum 

Occipital condyle -----'~_,, 
~ 1 J.-T,._.,.oooe 

Occipital bone ----.....,~----=-.;;,-._..,u,.,_ 

• v--- Lambdoid suture 

'------'-i"----- Jugular foramen 
, (glossopharyngeal 
• nerve, CN IX) .., .. 

FIGURE 14iil Human skull : inferior surface with half of the mandible removed on the right side of the drawing. The occipital bone 
is highlighted light green. Note the location of the hypoglossal canals ( in the lateral walls of the foramen magnum) and the jugular 
fora men just adjacent co the occipital bone. 

Optic canal 

Lesser wing of sphenoid 
Greater wing of sphenoid --1--J.~ 

Sella turcica ---t-..:.;f'---,--~ 

--'-<---- Crista galli of ethmoid bone 

~ ~---Cribriform plate of ethmoid bone 

r-~~ ->,--- Body of sphenoid (hypophysial Iossa) 

_,,--:...-1i--- Superior orbital fissure (hidden under 
lesser wing) 

~ H --Foramen rotundum (maxillary nerve) 
IM-- ~!I;-'.--- Foramen ovale (mandibular nerve) 

Human skull : bones lining the inside of the neurocranium, superior view. The sphenoid bone is shaded light red in 
, notice the portion of the midline ethmoid bone (green) that is visible in the anterior braincase. ill 
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of holes providing the passage from the brain into the 
nasal cavity for the fibers of CN I, the olfacto,y nerve 
(the nerve for smell). 

Inferior to the cribriform plate, the hoUow ethmoid 
bone balJoons out to form part of the medial aspect of 
each eye orbit ( the orbital lamina of the ethmoid bone 
b visible iu fig. 14-5 .im.l l.iLt:r in fig. 14-7). ll .ilsu h.is 
scrolled processes extending into the nasal cavity simi­
lar in appearance to the inferior nasal concha described 
later in this section. Finally, a vertical midline plate of 
the ethmoid bone extends downward imo the nasal 
cavity (along with the separate single vomer bone) to 
form the nasal septum (seen later in Fig. 14-7), which 
separates the riglll and left nasal cavities. The scrolled 
portions and midline plate of the ethmoid bone are vis­
ible through the piriform opening (anterior opening of 
the nasal passageways). 

Maxillary sinus 

3. SPHENOID BONE 

The sphenoid [$FE noid) bone is a single, irregularly 
shaped, midline bone that cradles the base of the brain 
(and forms the posterior part of the orbit or eye socket 
as seen later in Fig. 14-7). The complex shape of the 
sphenoid bone can only be appreciated by looking 
at it from several different views (seen from above in 
Fig. 14-4, from below in Fig. 14-6, and seen later in 
the lateral surface of the orbit in Fig. 14-7). The sphe­
noid bone is important to dental professionals because 
it has processes that serve as part of the attachment 
for three of the four pairs of major chewing muscles. 
The sphenoid bone also has foramina (holes) that are 
the passageway for branches of the important f1fth CN 
(trigeminal nerve) that supply all teeth and surround­
ing strnctures. 

Sella turcica 
oramen rotundum 

Probe in pterygoid 
canal 

Pterygopalatine space 

Lateral pterygoid plate of 
pterygoid process 

Pyramidal proces.s of 
palatine bone (green, 
almost hidden) 

Pterygoid hamulus 

FIGURE 1+]1 Part of human sku ll , lateral view, with the lateral wall of the left maxilla removed, exposing the large max.illary sinus: 
Note the lateral surface of the lateral pterygoid plate of the sphenoid bone (shaded light red) just behind the maxilla. The pterygoid 
hamulus of the medial pterygoid place is a lso visible and is jusc posterior (and slightly medial) to che third molars. Also, noce the part 
ofche midline ethmoid bone (green) char balloons out between che right and lefr eye orbits co form pare of their medial walls, and the 
parc-ofche palatine bone (light green) that extends superiorly from the palate to form part ofche maxillary sinus (and part of the 
pterygopa latine space). (Reproduced from Clemente CD, ed. Gray's anatomy of the human body. 30th ed. Philadelphia, PA: Lea & 

~ '·"'"'''='"'
0
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Orbital Lamina 
of ethmoid bone 

Zygomatic bone 
(right) 

Sphenoid bone 
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,------Medial pterygoid plate 

0r~I<""""--- Pterygo10 namulus 
(extension of medial 
pterygoid plate) 

~....P:¼--- Lateral pterygoid plate 
';...,.......:-+l,,.!--1;,+--Pterygoid Iossa of sphenoid 

Foramen ovale 
1"=:::--7'f---Angular (sphenoidal) spine 

Human skull: infe­
rior surface with half of the mandible 
removed on the right side of the draw­
ing to permit easier viewing of the 
sphenoid bone, which is shaded light 
red. Notice the relative location of the 
medial and lateral pterygoid plates 
and fossae just posterior to the bones 
of the hard palate. 

Human 
Superior orbital fissure 

Frontal process 
skull, frontal aspect: The left 
maxi lla is shaded red ( on the 
right side of the drawing), and 
the right zygomatic bone is 
shaded purple ( on the left side 
of the drawing). Also, the 

of maxilla 

lnfraorbital fissure 

Nasal septum -;....,;--~--:----:~CT 

lnfraorbital foramen 
(infraorbital nerve) 
Zygomatic bone 

Zygomatic process 

facial surface of the arch­
shaped alveolar process of the 
left maxilla ( process that 
surrounds the tooth roots) 

(vomer and 
ethmoid bone of maxilla 

Nasal cavity --'c-311:~~ -......;,_~ dl 
(seen through 

pirifonn aperture) 

.;---1-;-- Body of maxilla (felt) 

I:~~~ g:'J.f.-4-__ Inferior nasal concha 

Alveolar process of maxilla 
and mandible (blue) 

. :._., ,• 

~ .. •• :Ll~ .... 

' 

•.;--- Canine Iossa 

Canine eminence 

Incisive Iossa 

and the alveolar process of 
the entire mandible are 
shaded blue. Also forming part 
of the right eye orbit, the 
orbital lamina of the ethmoid 
bone is shaded green on rhe 
medial surface, and part of the 
sphenoid bone is shaded light 
red in the right eye orbit (left 
side of drawing). 
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The midline body of the sphenoid bone has a 
depression on the superior surface called the hypophy­
seal fossa or sella turcica lSELL a TER si ka] (mean­
ing Turkish chair or saddle) that cradles the pituitary 
gland (Fig. 14-4). This gland secretes l1ormones which 
regulate many body functions. There are two pairs 
of prut:t::sst::, or wing:; (grt:att:r am] lt::sst:r wi ng:s) that 
project off of the body laterally and superiorly. The 
greater wings are visible internally in Figure 14-4 
but are best viewed externally in Figure 14-2. If you 
pm your thumb on the external surface of the greater 
wing, you can place your forefinger opposite to your 
thumb on the inner surface LO confirm the location of 
the greater wing on the inner surface of the braincase. 
These wings extend superiorly from the body, poste­
rior LO the upper jawbones (maxillae) , and medial to 
the lower jawbone and cheekbones. The external sur­
face of the greater wing (along with pan of the tem­
poral, frontal, and parietal bones) forms pan of each 
temporal fossa (outlined in Fig. 14-2) where a muscle 
of mastication, the temporalis muscle, auaches to the 
neurocranium. The lesser wings are located superior to 
a fissure in the posterior surface of the eye socket (seen 
internally in Fig. 14-4 and externally on the posterior 
surface of the eye sockets seen in Fig. 14-7). The fissure 
between the greater wing and the lesser wing is called 
the superior orbital fissure, which is the passageway of 
the ophthalmic nerve (one part of the trigeminal nerve). 
Look at this fissure on the inside of the braincase, and 
then look at the front of the skull to see this fissure on 
the posterior superior surface of the eye socket. 

The sphenoid bone also has two important processes 
that project inferiorly from the base of the skull adja­
cent to the posterior surface of the upper jawbones 
(maxillae). These are called pterygoid [TER i goid] pro­
cesses and are best seen in the lateral view of Figure 
14-5. (Hint: To remember the name of this process, note 
that each has a scalloped border somewhat resembling 
the wings of a pterodactyl flying dinosaur.) When each 
pterygoid process is viewed from below (or posteri­
orly), you can see that it is made up of two thin plates of 
bone (a lateral pterygoid plate or lamina, and a medial 
pterygoid plate or lamina) that surround a concav­
ity about the size of your liule finger called the ptery­
goid fossa (Fig. 14-6). This fossa is where one end of 
another major muscle of mastication, the medial pteiy­
goid muscle, attaches. The lateral surface of the lateral 
pterygoid plate ( visible in Fig. 14-5) is where one end 
of yet another muscle of mastication (the lateral ptery­
goid muscle) attaches. The medial plate has a hook-like 
projection just posterior and medial to the third molars 
and behind the palate, called the pterygoid hamulus 

~ nd 14-6). Th, space just \,tern\ to ,nd 

posterior to the lateral plate and inferior to the temporal 
bone is called the irlfrate.mporal space (Fig. 14-5), and 
it is filled with muscles, ligaments, vessels, and nerves, 
which will be described later. Note that all of the terms 
presented here that contain "ptery" relate to the ptery­
goid process of the sphenoid bone, and the closest you 
t:an t:ornt: tu tuud1i11g this prot:t:ss on your own ht:atl 
is by p lacing a clean finger in the momh and sliding it 
posterior, superior, and medial to the maxillary third 
molars. Confirm this by looking at a skull. 

Two pairs of foramina in the sphenoid bone are 
important to dental professionals: the foramen rotun­
dum and the foramen ovale. The oval, more posterior 
foramen ovale is the passage of the important man­
dibular nerve (pan of the trigeminal nerve) that passes 
from the brain to the mandibular teeth and jaw, and the 
chewing muscles. The foramen ovale is best seen inter­
nally in Figure 14-4 and externally in Figure 14-6. On 
a skull, if you carefully pass a pipe cleaner through this 
foramen , you will see that it drops inferiorly through 
the infratemporal space (beneath pan of the temporal 
bone) toward the lower jaw (mandible). The foramen 
ovale can be easily identified by its proximity LO the 
much smaller foramen spinosum [spy NO sum) that 
is located just posterior to it. Just posterior to the fora­
men spinosum on the inferior surface is a thorn-shaped 
bony prominence called the sphenoidal [SFE noid al) 
spine (or angular spine) (Fig. 14-6). This spine is the 
superior attachmem of the sphenomandibular ligament, 
which extends inferiorly from Lhe spine toward Lhe 
medial surface of the lower jaw (mandible). 

The foramen rotundum [ro TUN dum] is visible 
only internally in Figure 14-4 and is round, anterior, 
and just slightly medial to the foramen ovale. It is the 
opening for Lhe passage of another important branch 
of tl,e trigeminal nerve called the maxillary nerve 
(another pan of the trigeminal nerve) that supplies 
all maxilla1y teeth. 1f you are able to carefully pass a 
pipe cleaner from the brain case through this foramen, 
it will be somewhat hidden in a space between the 
pterygoid process and upper jawbone (maxilla). This 
space between the pterygoid process and the posterior 
wall of the maxilla (which is covered in part by verti­
cal projections of the palatine bones) is known as the 
pterygopalatine (TER i go PAL eh tine] space labeled 
in Figure 14-5. The maxillary nerve that exits the skull 
through the foramen rotundum proceeds through this 
pterygopalatine space as it gives off branches to the 
upper jaw (maxillae) and Leeth. 

At this time, look inside the brain case to review the 
location for the openings of the three branches of the 
trigeminal nerve on each half of the skull (Fig. 14-4). 
The trigeminal nerve begins within the braincase as 

n 
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one cranial nerve but splits to exit the neurocranium 
in three nerve branches through three openings. The 
most anterior opening is the superior orbital fissure 
for the ophthalmic branch. Posterior to it is the fora­
men rotundum for the maxillary branch, and the more 
posterior (and slightly lateral) foramen ovate is for the 
mandibular brand 1. (Rt:(;all that lht: mud1 ~mallt:r fora­
men spinosum is just posterior LO the foramen ovale.) 

C. LARGE BONES OF THE FACE AND 
TEMPOROMANDIBULARJOINT (TMJ) 

The form of 14 facial bones gives us our appearance. 
They function in both respiration and digestion. The 
facial bones are located inferior to the forehead and 
make up most of the anterior pan of the skull. Five large 
bones of the face are the mandible, two maxillae, and 
two zygomatic (cheek) bones. The smaller bones of the 
face are the vomer, two palatine, two nasal, two lacri­
mal bones, and two inferior nasal conchae [KONG keel 
(also called turbinates). The mandible and maxillae are 
most irnponant when considering the foundation for 
teeth and tooth function, so they will be discussed in 
most detail. Although the temporal bones are not con­
sidered facial bones, they are being discussed here due 
to their importance in our understanding of the TMJ. 

1. MAXILLAE 

One maxilla is shaded red in Figure 14-7. Each maxilla 
[mak SILL al ( right or left) consists of one large, hol­
low, central mass called the body, and four projecting 
processes or extensions of bone. The plural of maxilla is 
maxillae [mack SILL ee) . The two maxillae contain all 
of the maxillary teeth. 

a. Body of the Maxilla (Structures 
Seen in Fig. 14-7) 

The body of the maxilla is shaped like a four-sided, hol­
low pyramid with the base oriented vertically next to 
the nasal cavity and the apex or peak extending later­
ally into pan of the cheekbone (or zygomatic bone). 
The superior portion of the maxilla forms the floor 
of the orbit of the eye where an infraorbital fissure is 
located. This fissure disappears anteriorly to become 
the infraorbital canal (hidden within the bone in 
Fig. 14-7). Important branches of the fifth CN and ves­
sels enter this fissure and canal and give off branches 
within the canal, which supply some of the maxillary 
teeth and surrounding tissue. The inf raorbital nerves and 
vessels exit the infraorbital canal on to the face through 
the infraorbital foramen. This foramen is on the ante-,q,'' of m, body of th, moxill,, inf,riot co th, 

eye orbit and superior to the canine fossa, which is a 
shallow depression superior and lateral to the canine. 

b. Maxillary Sinus or Antrum 

Sinuses are hollow spaces within bones and are found 
within the sphenoid, frontal, and ethmoicl bones, as 
well as within each maxilla. The maxillary sinus, 
located within the body of each maxilla, functions to 
(a) lighten the skull, (b) give resonance to the voice, 
(c) warm the air we breathe, and (cl) moisten the nasal 
cavity. (The average size of each maxillary sinus in an 
adult is about 25 mm from side to side, 30 mm from 
front to back, and 30 mm high, with an average capacity 
of 15 mL (range: 9.5 to 20 ml)1 or about 1 tablespoon.) 

Refer to Figure 14-8 whiJe reading about the max­
illary sinus. This large, four-sided, pyramid-shaped 
cavity is located within the body of each maxilla. IL is 
important to dental health professionals because of the 
close relationship it has LO the teeth. The sinus cavity 
floor extends inferiorly onto the superior portion of the 
maxiJlary alveolar process where projections of the api­
ces of the molar roots, and sometimes premolar roots, 
may be found. This intimate relationship between the 
teeth and maxillary sinus space can be appreciated in 
Figure l 4-9A and B. Only very thin bone lies between 
the floor of the sinus and the apices of the roots of the 
maxillary molars. In rare cases, no bone separates the 
root apices from the sinus, but there is always soft tis­
sue between the root and the space of the cavity, made 
up of the periodontal ligament on the tooth root and the 
mucous membrane lining the sinus cavity. Sometimes 
when a dentist extracts a molar and the root breaks off, 
he or she is unjustly accused of pushing the root into 
the sinus. lt may have been located in the maxillary 
sinus prior to the extraction. The other tl1ree walls of 
the pyramid-shaped sinus are toward the orbit of the 
eye, toward the face, and posteriorly and laterally, next 
LO the infratemporal space. 

The nerves to the maxillary molars (posterior supe­
rior alveolar [PSA] nerves) enter the maxilla and sinus 
lining through very small foramina called the alveolar 
[al VEE o lar] canals located posterior and superior to 
the maxilla1y third molars (Fig. 14-8). These nerves 
pass just beneath the membrane lining of the sinus or 
through bony canals within the walls of the sinus. An 
infection in either the sinus or these teeth can spread 
to the other. Pain caused by a maxillary sinus infection 
can be mistaken for pain oiiginating in any one or all 
of the molars or premolars on that side. Unfortunately, 
healthy teeth are sometimes extracted in a futile auempt 
to alleviate pain that was caused by a chronic maxillary 
sinus infection. 

ad use.corn 
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Openings of 
maxillary air sinus 

Maxillary sinus 

Maxilla 

Probe in pterygoid 
canal 

Pterygopalatine space 
(maxillary nerve CN V) 

Palatine bone 

Lateral pterygoid plate of 
pterygoid process 

\__ Pterygoid hamulus 

Alveolar canal openings 
(PSA of maxillary nerve, CN V) 

Part of human skull, lateral view, with the lateral wall of the left maxilla removed, exposing the large maxillary 
sinus: Note that the floor of this sinus is in proximity ro the maxillary posterior teeth but does not extend forward as far as the maxil­
lary anterior teeth. The opening of this sinus (into the nasal chamber) is located superiorly on the medial wall of the sinus. A portion 
of the palatine bone on the posterior wall of the sinus (shaded light green) is the vertical process of the palatine bone located adjacent 
co che pcerygopalatine space. (Reproduced from Clemence CD, ed. Gray's anatomy of the human body. 30th ed. Ph iladelphia, PA: 
Lea & Febiger, 1985:166, with permission.) 

Molar roots Floor of sinus 

A. Three views of part of the lefi: alveolar process of the maxilla surrounding the roots of the maxillary first and 
second molar and second premolar. Note the root tips (apices) shown by arrows extending out of the maxilla into what would have 
been rhe floor of the maxillary sinus space in an intact skull. B. Radiograph of the maxillary molar region showing the roots of the 
first mol?~I mill imeters deep into the maxillary sinus (dark area surrounded by white border). Parts of the roots of the second 
~ I i,hi, ,h, ''""' micy. Tho ,oo, tip ohh, s&oad p«mola, roo, i, i, , h, """' a, = II. Thi, i, • ,ommo, " '"ioa,hip. 
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The opening from each maxillary sinus to the nasal 
cavity i.s located on its amerosuperior wall (Fig. 14-8). 
The maxillary sinus is lined with specialized cells (ci li­
ated columnar epithelium) similar Lo those found in 
the respiratory tract. The li11ing secretes mucous that 
moves spirally and upward (against gravity) across the 
mc::nabra11c:: LUwar<l thr:: opc::11i11g of Ll1r:: :; inu:;, whid1 is 
located on the anterosuperior wall (Fig. 14-8), where 
secretions can drains into the nasal cavity. If hiunans 
walked on all fours with the head forward like many 
animals, this opening for drainage would be on the floor 
of the sinus, not near the roof, and humans would have 
fewer sinus problems. Persons with a congested maxil­
lary sinus may get pain relief by placing their head with 
the face downward for several minutes to permit more 
rapid drainage of the maxillary sinuses. 

c. Bony Processes of Each Maxilla 

There are four processes extending out from the body 
o[ the maxillae. The first three described below are best 
viewed in Figure 14-7. 

(1) Frontal (or Nasofronta/) Process 
The frontal (or nasofrontal) process derives iLS name 
from l11e fact mat its medial edge joins with the nasal 
bone, extending superiorly to also articulate with l11e 
frontal bone. The medial surface forms part of the lat­
eral wall of the nasal cavity and half of the opening of 
the nasal cavity (called the piriform aperture because 
of its pear shape). 

(2) Zygomatic Process 
The bulky zygomatic process forms pan of we anterior 
or facial surface of each maxilla. It extends laterally to 
join with the maxillary process of the zygomatic bone. 

(3) Alveolar Process 
The horseshoe-shaped alveolar (al VEE o Jar] processes 
of the right and left maxillae (also found on the man­
dible, described later) extend from the body of the 
maxillae to surround the rootS of all maxillary teeth. 
The extension of these process from the body of each 
maxilla is best appreciated by vie\ving the maxillary 
from below since when viewed laterally, the alveo­
lar process appears to be continuous with the body of 
the maxilla (seen shaded on the right maxilla and the 
entire lower jaw or mandible in Fig. 14-7 and identi­
fied in cross section in Fig. 14-10). Within each alveo­
lar process, the roots of each tooth are embedded in an 
individual alveoli (or LOoth sockets) that are visible in 
the mouth after a recent tooth extraction. The shape of 
each alveolus or thin bony socket naturally corresponds 
closely with me shape of the roots of the tooth il sur-

~ ,eol,c ,m;n,nm "' ,.;,.d ddgos of bone 

externally overlying prominent tooth root convexities. 
The alveolar eminence over the canine tooth on each 
side is called the canine eminence (Fig. 14-7). Medial 
to the canine eminence is a shallow Cossa over the root 
of Lhe maxillary lateral incisor called the incisive I in SI 
siv] fossa . Lateral and superior to iJie canine eminence 
is a fo:;sa ovr::r thr:: roo~ or maxillary pn:molar:; namc::<l 
the canine fossa. 

The alveolar process is made up of several bony lay­
ers (seen in cross section of the mandible in Fig.14-10). 
The mandibular bone is made up of the thickened inner 
(lingual) and outer (facial) dense cortical plate \vi.th less 
dense trabecular (trah BEK u lar] bone sand\viched in 
between. Trabecular bone is composed of many plate­
like bone partitions that separate the irregularly shaped 
marrow spaces located within this bone. Synonyms for 
trabecular bone include cancellous or spongy bone. 
Small nerve branches and vessels actually pass through 
this spongy bone to enter all teeth through their apical 
foramen. A thin, compact bony layer lines the wall of 
each tooth socket (or alveolus) and shows up on radio­
graphs as a white line called the lamina dura. Other 
terms used to describe this bony layer include alveolar 
bony socket, alveolar bone, true alveolar bone, alveolar 
bone proper, and cribriform plate of iJie alveolar pro­
cess. The only space between the outer layer of tooth 
root (which is covered with cementum) and this alveo­
lar bone is occupied by a periodontal ligament that sus­
pends each tooth within its alveolus by attaching the 
circumference of each woth root to the surrounding 
alveolar bony socket. The periodontal ligament is very 
thin [less than a third of a millimeter). 

(4) Palatine Process of the Maxilla 
The right and left palatine [Pal a line) processes 
(fig. 14-1 J) join to form the anterior three quarters of 
the bony roof of iJie mouth called the hard palate. The 
palatine bones, discussed later in mis chapter, form the 
posterior one quarter of the hard palate. The palatine 
process of each maxilla is a min, bony shelf that projectS 
horizontally to join the process from the opposite side. 
The entire hard palate separates the nasal passageways 
from the oral cavity. That is, me hard palate forms the 
roof the mouth and me Ooor of the nasal passageways. 
The shape and relative location of these processes can be 
best appreciated by viewing them posteriorly between 
the two pterygoid processes of the sphenoid bone. 

The anteroposterior line of fusion between the right 
and left palatine processes of the maxillae (and the 
horizontal plates of the palatine bones) is r.he inter­
maxillary (or midpalatine) suture. Lt is located on the 
midline running posteriorly from the incisive foramen 
(Fig. 14-11). The incisive foramen is a centrally located 
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FIGURE 14!@] 
A buccolingual cross section (about 30 µm thick) ofa human mandible and a molar: To the left of the mandible is 

the soft facial tissue of the cheek. Note the extent of the alveolar process (denoted by a red bracket)- the part of the mandible that 
surrounds the teeth roots. The thick cortical plate surrounds the entire facial (left) and medial (right, inner) surfaces of the mandible, 
whi le the very thin lamina dura layer of bone lines the socket that surrounds the tooth root. A very thin periodontal ligament extends 
between the lamina dura that lines the socket, and outer layer of tooth root. It supports the tooth within its socket. Note that much 
of this mandible has the texture of a sponge with many hollow spaces (bone marrow cavities), allowing nerves and blood vessels, after 
encering che bone through foramen , co pass through this trabecula.r (spongy) bone on their way to each cooch and adjacent bony 
structures. (Tooth enamel was destroyed by the decalcificacion of the specimen with nitric acid preparatory co embedding and 
sectioning.) For further information on the histology of these structures, referto references.10•23·l4-3s 

opening at the most anterior part of this suture, just 
posterior to the central incisors. IL transmits branches 
of the nasopalatine nerve and artery that supply adjacent 
palatal mucosa. Just posterior to the maxillary alveolar 
process of the most posterior maxillary molar is a bulge 
of bone called the maxillary tuberosity. A notch that 
separates the maxillary tuberosity of each maxilla from 
1he adjacem pterygoid process of the sphenoid bone 
is called the hamular notch. Recall that the pterygoid 
hamulus, the hook-Like projection of the medial plate 
of the pterygoid process, is located just posterior to the 
hamular notch. ln your mouth, the pterygoid hamulus 
might be felt with your tongue (or clean fingers) under 
the mucosa of the soft palate posterior to the hard pal­
ate and slightly medial to the maxillary tuberosity. 

An embryonic premaxi!la cannot normally be 
distinguished in the adult skull. lt is the anterior part of 
the maxillary bone, which contains the incisors. When 
visibl_Yi4rlire line separates the premaxilla from the 

J:.=~;.pa,.j;~ /ocesses of the two maxillae. 

2 . PALATINE BONES 

Refer LO Figure 14-11 while reading about the palatine 
bone. The horizontal processes of the paired palatine 
bones form the posterior one fourth of the hard pal­
ate. The entire hard palaLe is made up of these palatine 
bones, along with the right and left palatine processes 
of the maxillae. A palatomaxillary [PAL ah toe MACK 
si lar eel (transverse palatine) suture, at right angles to 
the intermaxillary sULure, is the junction between the 
palatine processes of the maxillae and the horizontal 
processes of the palatine bones. The shape of the pal­
ate and the shape of the maxillary arch vary in length, 
breadth, and height. The hard palate blends smoothly 
with the palatal portion of the maxillary alveolar pro­
cess. Part or all of the palatine processes are absem in a 
person who was born with a cleft palaLe. 

The greater palatine [PAL ah tine) foramen 
(Fig. l 4-11) are located posteriorly on each side near 
the angle where the right and left 8alatine bones meet 

n 
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Inferior view of the hard palate with maxillary 1teeth: The palatine process of the left maxilla is shaded red ( on the 
right side of the drawing), and the horizontal process of the right palatine bone is shaded light green on the left side of the drawing. 
Note the important foramen where nerves and vessels can pass through to supply the palatal tissue: the greater palatine foramen in 
the palatine bones, and the incisive foramen anteriorly between the palatine processes of the two maxillae. Also, notice the location 
of the junct ion of the hard palace and alveolar process. 

the alveolar processes of the hard palate. They transmit 
the descending palatine vessels and greater (anterior) 
palatine nerves to the palate. The lesser palatine foram­
ina are located on the palatine bone just behi11d and 
lateral to the greater palatine foramen. They transmit 
the middle and posterior palatine nerves. 

The palatine bones also have vertical processes that 
are practically hidden from view on the intact skull. 
These vertical processes form part of the posterior 
wall of the maxillary sinus in Figure 14-8. These verti­
cal processes of the palatine bones are separated from 
the pterygoid process of the sphenoid bone by a space 
called the pterygopalatine [TER i go PAL ah tine! 
space, mentioned earlier when discussing the maxillae. 
Recall that this space is an important passageway of the 
maxillary nerve branches of CN V that exited from the 
crani~ /a the forarnen rotundurn on their way to the 

,All•••'"J".. ,r teeth and surrounding structures. 

3. ZVGOMATIC BONES 

The zygomatic bones (also called malar bones) form 
the prominence of each cheek (one on each side of the 
face, shaded green in Fig. 14-12). The temporal process 
of the zygomal.ic bone forms an arch along with the 
adjoining zygomatic process of the temporal bone. This 
zygomatic arch is where another muscle of mastication 
(the masseter muscle) anaches to Lhe skull. 

4 . MANDIBLE: FORMING 
THE INFERIOR PORTION OF 
THE TEMPOROMANOIBULARJOINT 

The single horseshoe-shaped mandible [MAN de b'II, 
seen anteriorly in Figure 14-13, is the largest and stron­
gest bone of the face. Generally speaking, it is bilaterally 
symmetrical, and it contains all of the mandibular teeth. 
lL is attached by ligaments and mµscl~ m rh~rttlaLively 
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Human skull, left side: The lateral view of the mandible is shaded yellow, and the left zygomatic bone ( of the cheek) 
is shaded purple. In this view, the vertical ramus and its two processes (condylar and coronoid processes) are evident. Also, the 
zygoma bone, the zygomacic process of the temporal bone, and the zygomatic process of the maxilla form the zygomatic arch. 

immovable bones of the temporal bone that form part of 
the neurocranimn. Therefore, the mandible is the only 
bone of the skull that can move. The other bones of the 
skull move only when the whole head is moved, and 
then they move in unison. The TMJs between the man­
dible and the temporal bones are movable articulations, 
the only visible movable articulations in the head. 

The mandible has three parts: one horizontal, horse­
shoe-shaped body and two vertical rami [RAY mee] 
(singular, ramus [RAY mus)) (see Fig. 14-13). The 
landmarks of the mandible will be discussed according 
LO their location: first those seen on the external surface 
of the body, then those on each ramus, and then those 
seen on the internal surface. 

a. Body of the Mandible: External Surface 

As with the maxillae, an alveolar [al VEE o tar] process 
surrounds the tooth roots (shaded in Fig. 14-7), and 
alveola • i nences are visible as vertical elevations 

over tooth roots on the facial surface. The prominent 
elevations overlying the roots of the canines are called 
the canine eminences. 

The bulky, curved, horizontal body and the Oauened 
vertical ramus join at the angle of the mandible on 
either side. The angle of the mandible is where the infe­
rior border of the body joins the posterior border of the 
ramus (Fig. 14-12). The roughened portion of the lat­
eral surface near the angle of the mandible is where the 
inferior encl of the powerful masseter muscle attaches. 
The posterior border of the rarnus is the location of the 
attachment of one end of the stylomandibular ligament 
(whose other end attaches to the styloid process of the 
temporal bone). 

The symphysis [SIM fi sis! is the line of fusion of 
the right and left sides at the midline where the two 
halves of the mandible fused (joined together) dur­
ing the first year after birth. IL is therefore usually 
not visible. Near the symphysis, two mental tubercles 
and one mental protuberance make up the human 
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piriform aperture) 

Ramus (right) 
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Human skull, frontal aspect: The mandible is shaded yellow. The bulky body ofche mandible is the horizontal 
portion including rhe alveolar process chat surrounds rhe mandibular ceech, and the cwo vertical processes extending co the base of 
the neurocranium (co the temporal bones) are called the rami (single is ramus). 

chin (Fig. 14-13). No other mammal has a chin. Two 
mental tubercles lie on either side of the midline near 
the inferior border of the mandible. The mental pro­
tuberance is centered on the midline between the two 
mental tubercles but is about 10 mm superior. The 
protuberance and the tubercles are more prominent on 
men than on women. 

An external oblique (ob LEEK] ridge (Fig. 14-12) 
extends from the anterior border of the ramus toward 
the canine region. The nearly horizontal ledge of bone 
in the molar region between the external oblique ridge 
and alveolar process is named the buccal shelf. The 
buccal (or buccinator) nerve is located in the cheek just 
superior to this shelf. 

The mental foramen is located near the root end 
(apex) of the second premolar (Fig. 14-12). The nerve 
within the mandible (inferior alveolar nerve) gives off 
a branch (mental bra11d1 of the inferior alveolar nerve) 

~ mugh U,is m,ni,t fo,,m,n ,o supply skiu 

on that side of the chin. The mental nerve exits the 
mandible in an outward, upward, and posterior direc­
tion before it spreads anteriorly. Place a flexible probe 
carefully into this canal of the mandible to confirm the 
direction of this canal. The mental foramen is located 
at practically the same level on most humans: 13 to 
15 mm superior to the inferior border of the mandi­
ble. (ln a study of 40 skulls,2 the mental foramen was 
found most often to be directly under the second pre­
molar (42.5% of the Lime) or between the apices of 
the first and second premolars ( 40%). ll1frequently, it 
was located distal to the apex of the second premolar 
(17.5%) and was never found under Lhe apex of the 
first premolar.) On dental radiographs (x-rays), this 
foramen appears as a small dark circle next to the pre­
molar root and must be distinguished from a periapical 
abscess (infection desLroying bone near the root apex), 
which may appear very similar to the normal mental 
foramen. 

Ka dose.com 
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b. Ramus of the Mandible: Lateral Surfaces 

Refer to Figure 14-12 while reading about this surface. 
There are two processes on the superior encl of each 
ram us. The coronoid (KOR o noyd] process is the more 
pointed, anterior process on the upper border. The sec­
ond more rounded and posterior process of the ramus 
is the condyloid [KON di loydJ process (also called the 
mandibular condyle). This process is composed of a 
bulky conclyle head and a narrow neck that attaches the 
head LO the ramus. The sigmoid notch (also called the 
mandibular or semilunar notch) is located between 
1he coronoicl process and the conclyloid process. One 
part of an important muscle of mastication, the lateral 
pte,ygoicl, attaches LO the front of the neck of the condy­
loid process in a depression called the pterygoid fovea 
(Fig. 14-14). The head of the mandibular condyle fits 
into and functions beneath the articular (glenoid) fossa 
of the temporal bone (which is discussed in more detail 
later in this chapter). 

c. Internal or Medial Surface of Mandible 

Refer to Figure 14-14 while reading about this surface 
of the mandible. The mandibular foramen is a promi­
nent opening located on the medial surface of the 
ramus inferior to the sigmoid notch near the middle 
of the ramus anterioposteriorly. It is the entrance into 
the mandibular canal where the inferior alveolar ves­
sels and nerves pass from the infratemporal space into 
the mandible. The mandibular lingula (LING gu lab] 
is a tongue-shaped projection of bone just anterior and 
slightly superior to the mandibular foramen. This is 
where the inferior end of the sphenomanclibular ligament 
attaches co the mandible. The superior end auaches LO 

the angular (sphenoiclal) spine on the sphenoid bone. 
The mylohyoid groove is a small groove running 

Coronoid process -------------. 

Temporal crest --------......_ 
(temporalis muscle) 

External oblique line -------~ 

Retromolar Iossa ---------..,_ 

inferior and anterior from the mandibular foramen. 
The mylohyoicl nerve rests in this groove. 

The temporal crest is a ridge of bone extending from 
the tip of the coronoid process onto the medial surface 
of the ramus and terminating near the third molar. The 
tendon from the fibers of the wide, flat , fan-shaped tem­
purulis mu~de aLLad11:::; ht:re. Tiu: i rakriur um: fuunh uf 
the temporal crest is called the internal oblique line. lL 
is most important as a radiographic, rather than an ana­
tomk, landmark. It appears on radiographs as a short, 
curved line somewhat inferior to the image of the exter­
nal oblique line. 

The retromolar fossa is a roughened shallow fossa 
distal to the last molar and bounded medially by the 
lowest portion of the temporal crest and laterally by the 
external oblique ridge. The retromolar triangle is in 
the lowest most anterior, and only horizontal, portion 
of the retromolar fossa. The most posterior fibers of 
Lhe buccinator muscle (a pouch-shaped cheek muscle) 
attach within this retromolar triangle on a slight ridge 
of bone called the buccinator crest. 

Genial U EE ne al] and mental spines or tubercles 
are located on either side of the midline on the internal 
surface of the mandible. Two large muscles (the genio­
glossus and the geniohyoid) attach to these spines and 
the elevated, roughened bone near them. 

The mylohyoid ridge extends downward and for­
ward from the molar region to the genial tubercles. 
lt is not synonymous with the internal oblique line 
as incorrectly stated in some radiographic textbooks. 
The mylol1yoid muscle, which forms part of the floor 
of the mouth, attaches from the mylohyoid ridge on 
the right medial side of the mandible LO the ridge on 
the left medial side (somewhat like a hammock). The 
mylohyoid ridge separates two fossae, one above and 
one below. A very broad, shallow sublingual (sub LING 

Neck of condyle 

Head of condyle (TMJ) 

Condyloid process 

Pterygoid fovea (lateral pterygoid musc,le) 

Retromolar triangle Lingula (sphenomandibuJar lig.) 
(buccinator muscle) 

.._!....!.-I---- Mandibular foramen (inferior alveolar nerve) 
Mylohyoid ridge 

(mylohyoid muscle) Mylohyoid groove 
'--;---+---- Temporal crest (internal oblique line) 

Sublingual Iossa ---f-'--§F,- ~~,!'1~~,,_;:;;-:_-;_(~~~~~~-= ~ Submandibular Iossa (submandibular gland) 
Mental protuberance Angle (medial surface) 

Genial spines --¥.t'-j ~-~-- Antegonial notch (facial artery) 
or tubercles 
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gwal] fossa is found just superior to the mylohyoid 
ridge and lateral to the genial mbercles on each side. 
The sublingual salivary gland rests in this fossa. A shal­
low submandibular fossa is found just inferior 10 the 
mylohyoid ridge in the premolar and molar regions. 
This is where the large submandibular salivary gland 
rests. On the inferior border of the mandible, a shal­
low notch (called the antegonial notch) is located ante­
rior 10 the angle of the mandible and is where Lhe facial 
arteries and veins pass from the neck to the face. You 
should be able to feel a pulse at this location of your 
own lower jaw. 

S. TEMPORAL BONES: FORMING 
THE SUPERIOR PART OF THE 
TEMPOROMANDIBULARJOINT 

The temporal bones are a pair of complex bones that 
form pan of the sides and base of the neurocranium 
(brain case) (best seen laterally in Fig. 14-15 where one 
is shaded blue). Laterally, the temporal fossa (outlined 
in Fig. 14-15) is a large, very shallow depression in the 
temple region of the face formed primarily by the lateral 
part of the temporal bone (also called the squamous 

Zygomatic 
process of 

temporal bone 

part because it is shaped like a large fish scale), and also 
by the greater wing of the sphenoid bone and parts of 
the parietal and frontal bones that were discussed ear­
lier. The temporal fossa is where the superior end of 
the major muscle of mastication (the temporal is muscle) 
auaches. Squamosal [skwa MO sail sutures join the 
temporal bones LU the parietal bones. 

The paired temporal bones are especially important 
to dental professionals since each has a mandibular 
fossa (one is labeled on the right side of Fig. 14-16) 
located on the infed or aspect of the temporal bones. 
It is within these fossae that the condyloid processes 
of the mandible articulate with the temporal bones on 
the base of the neurocranium. This jaw joint (actually 
a joint on each side) is called the temporomandibular 
joint (commonly abbreviated TMJ) where the temporal 
bone and mandible articulate. Each mandibular fossa 
can be divided into two pans by the petrotympanic 
fissure (Fig. 14-16). The anterior two thirds of each 
rnandibular fossa (that portion anterior to the petro­
tympanic fissure) is the important articular fossa (or 
glenoid fossa). Each articular fossa has a ridge of bone 
forming its anterior border, which is called the articu­
lar eminence. 

Squamosal suture 

\~}l • 
,~ X • 

' .: 

Temporomandibular 

Outline of 
temporal Iossa 
(temporalis 
muscle} 

joint (craniomandibular joint) 

Condyloid process of mandible 

Styloid process 
(stylomandibular ligament} 

Human skull, left side: The lateral surface of the left temporal bone is shaded blue. Note its squamous part, as well 
. astoid, styloid, and zygomatic. 
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~

Temporal process 
Arch of zygomatic 

ygomatic process 
of temporal 

Coronoid process 
of mandible 

Lateral pterygoid plate---

Medial pterygoid plate 

Mandibular condyle 

Styloid process 
(stylomandibular ligament) 

·tt---Zygomatic bone 
',---5---Vomer bone (part of nasal septum) 

Pterygoid Iossa of sphenoid 

Foramen ovale 
Angular spine 

---Articular eminence 
---Articular Iossa (part of 

mandibular fossa) 
Petrotympanic fissure 
Carotid canal (internal carotid artery) 

---Stylomastoid foramen (facial nerve) 

---Mastoid process 

----Jugular foramen 
(glossopharyngeal nerve) 

FIGURE 14•.~ Human skull: inferior surface, with ha lf of the mandible removed on the right side of the drawing. The right and left 
temporal bones are shaded blue. Note the zygomacic process forming pare of the zygomatic arch and the mandibular and articular 
fossa and articular eminence. The small portion of che mid line vomer bone (shaded yellow) is seen separating the right and left halves 
of the nasa l passageways. 

Each temporal bone has several processes. The 
zygomatic [zy go MAT ik] process (Fig. 14-15) is 
the finger of bone extending anterior and lateral LO 

Lhe mandibular fossa of the TMJ. It joins with the tem­
poral process of the zygomatic bone (and the zygomatic 
process of the maxillae) to form an arch called the 
zygomatic arch. This arch shape of bones, seen from 
beneath in Figure 14-16, is the attachment of one end of 
the large muscle of mastication (masseter muscle). The 
prominent mastoid process or portion (Fig. 14-15), 
seen inferiorly and posteriorly LO the mandibular fossa, 
is the attachment for one end of a major neck muscle, 
the stemocleidomastoid muscle. You can feel the bump 
of Lhe mastoid process behind your ear lobe. Also on 
the inferior surface of the temporal bones but more 
medial is the styloid process (Fig. 14-15) , shaped like a 
small skinny pencil (or stylus). It is the attachment for 
One end of a ligament (stylomandibular ligament) that 
extends to the mandible. 

Several paired foramina are of importance on this 
bone. Laterally, the large external acoustic (or audi­
tory) meatus [a KOO stik me A tus] is the entrance 
into the ear canal (Fig. 14-15). Note the proximity 
of the TMJ 10 the ear canal opening. The facial nerve 
(CN VII) exits the brain case by entering the petrous por­
tion of the temporal bone through the internal acoustic 
meatus (Fig. 14-17) and exits the temporal bone into 
the infra temporal space through the s tylomastoid fora­
men (Fig. 14-16), which is located between 1.he styloid 
and mastoid processes. This petrous portion of the tem­
poral bone contains the auditory canal with the minute 
bones of hearing known as the malleus, incus, and sta­
pes. The carotid canal is the passageway of the inter­
nal carotid artery into the brain case, and the jugular 
foramen (between the temporal and occipital bones) is 
where the glossopha,yngeal nerve (CN IX) passes out of 
the brain case (seen externally in Fig. 14-16 and inter­
nally in Fig. 14-17). 

Ka dose.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Chapter 14 I Structures that Form the Foundation for Tooth Function 395 

Squamous part --+-iii­
of temporal 

Petrous part---r-r 
of temporal ""'iiH-- Internal acoustic (auditory) meatus (facial nerve) 

--,;;.-+--Jugular foramen (glossopharyngeal nerve) 

FIGURE 14-17 
Part of human skull: bones lining che inside ofrhe neurocranium wich che temporal bones in blue. The chick 

petrous portion ofchese bones concains che very small bones ofche inner ear (incus, stapes, and malleus). lmporrant nerves and 
vessels pass through the foramen labeled on this diagram. (Reproduced from Clemence CD, ed. Gray's anatomy of the human body. 
30th ed. Philadelphia, PA: Lea & Febiger, 1985:166, with permission.) 

D. SMALL BONES OF THE FACE 

The vomer bone is a midline bone that, along with the 
vertical projection of the ethmoid bone, forms the nasal 
septum. The vomer is visible posteriorly between the 
two halves of the nasal passageways in Figure 14-16, and 
the nasal septum is visible anteriorly in Figure 14-18. 
The nasal septum separates the right and left halves of 
the nasal cavity. A deviated septum may limit breathing 
and require surgery. 

The two nasal bones form the bony bridge of the 
nose (Fig. 14-18). 

The lacrimal ILAK ri mall bones (also spelled lach­
rymal) are small rectangular bones at the medial corner 
of each orbit that contain a depression for tear glands 
(Fig. 14-18). 

The inferior nasal conchae [ CONG keel or singular 
concha [KONG kah] (or turbinates) are scrolled bones 
(like the cross section scroll shape of a conch shell) in 
rhe nasal cavity forming part of the maxillary sinus wall. 
These are best seen through the opening to the nasal 

cavity (piriform aperture) (Fig. 14-18). Along with 
other scrolled processes of the ethmoid bone described 
earlier, they increase the area of mucous membrane 
inside the nasal cavity to warm and moisten air that we 
breathe. 

E. HYOID BONE 

The hyoid [HT oid] bone (see later iu Fig. 14-35) is 
not really a bone of the skull but is located in the neck 
above the laryngeal prominence of the thyroid car­
tilage (known to many as the Adam's apple or voice 
box). The hyoid bone is not connected to the bones 
of the skull except via soft tissue. A group of muscles 
that extend from the hyoid bone superiorly to attach 
to the mandible are called suprahyoicl muscles (such as 
the geniohyoid muscles that also attach to the genial 
tubercles), and another group that extend inferiorly 
from the hyoid bone to attach to the sternum (breast­
bone) or clavicle (collar bone) are called inf raliyoid 
muscles. 
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Nasal bone 
(right) 

Nasal septum 
(vomer and ethmoid 

process) 

Nasal cavity -~..-"I~ 
(seen through 

pirifonn aperture) 

. t , ·r-
. . 

l acrimal bone (left) 

Inferior nasal concha 
(left turbinate) 

~❖ 

. .... . .. \' .. "'i--. 

•• ,.,u,t:n\l\.._.... 

_..._-=-:.:., Human skull, frontal aspect: Several small bones of the face and nose are shaded: the nasal bones forming the 
bridge of the nose are shaded green, the lacrimal bones on the medial surfaces of the eye socket are shaded light red, che inferior nasal 
conchae or turbinate bones on the laceral sides of the nasal passageway are shaded blue, and che midline nasal septum is shaded 
yellow. The septum is made up of cwo bones: che vomer bone and che midline place of che ethmoid bone. 

Review Questions 
Select the one best answer. 3. What space does the maxilla ry nerve pass through 

immediately after exiting the foramen ro tundum? 
a. Nasopalatine canal 
b. Mandibular canal 
c. Maxillary sinus 
d. lnfraorbital canal 
e. Pterygopalatine space 

1 . Which of the following bones does not form part 
of the temporal Fossa? 

a. Parietal 
b. Frontal 
c. Sphenoid 
d. Temporal 
e. Occipital 4. What bony process of the maxilla surrounds 

2. The mental foramen is located where? 
a. On the external surface of the mandible 
b. On the internal surface of the mandible 
c. On the palatal surface of the maxilla 
d . On the external surface of the maxillae 
e. the sphenoid bone 

tooth roots? 
a. Nasofrontal process 
b. Frontal process 
c. Alveolar process 
d. Zygomatic process 
e. Palatine process 
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5. Which structure is not located on the sphenoid 
bone? 

a. Foramen ovale 
b. Foramen rotundum 
c. Greater wing 
d. Pterygoid process 
e. Articular fossa 

6. Which teeth are most likely to have the roots in 
proximity with the maxillary sinus? 

a. Maxillary molars and premolars 
b. Maxillary canines 
c. Maxillary incisors 
d. Mandibular posterior teeth 

LEARNING EXERCISES 

Each of the following bony landmarks can be seen 
or felt underneath the soft tissue on the face or in 
the mouth and could be used to describe the loca­
tion of abnormalities during a clinical examination. 
First, describe the location; then, identify each of 
the following landmarks on your own face and on 
an actual skull ( or figures within this text). Use the 
referenced figures to confirm that you have cor­
rectly located each landmark. Use clean fingers 
when palpating structures within the mouth. 

Canine eminence of the mandible and 
maxillae- Figure 14-7 
Mental protuberance-Figure 14-13 
Maxillary tuberosity- Figure 14-1 1 
External auditory meatus-Figure 14-12 

Each of the following landmarks is the attachment 
of a major muscle or ligament of importance to 
the dental professional. First, describe the loca­
tion; then, identify each of the following land­
marks on an actual skull ( or figures within this 
text). Use the referenced figures to confirm that 
you have correctly described the location of the 
attachment on the skull. When possible, also feel 
or point to the landmark's location on your own 
head, or within your mouth ( using clean fingers). 

Angle of the mandible, lateral surface (lower 
end of masseter muscle)- Figure 14-12 
Zygomatic arch ( upper end of masseter muscle)­
Figure 14-12 

7. The suture line joining the two parietal bones is 
called the 

a. Squamosal suture. 
b. Coronoid suture. 
c. Sagittal suture. 
d. lntermaxillary suture. 
e. Lambdoid suture. 

Learning Exercise, cont. 

Angle of the mandible, medial surface (lower 
end of medial pterygoid musc/e)-Figure 14-14 
Medial surface of the lateral pterygoid plate 
and adjacent pterygoid fossa of the sphenoid 
bone (upper end of medial pterygoid muscle)­
Figure 14-6 
Temporal fossa ( upper end of temporalis 
musc/e)-Figure 14-15 
Coronoid process and temporal crest of 
mandible (lower end of temporalis muscle)­
Figure 14-14 
Lateral surface of the lateral pterygoid plate of 
the sphenoid bone ( anterior end of lateral ptery­
goid musc/e)-Figure 14-5 
Pterygoid fovea: anterior neck of mandibu­
lar condyle (posterior end of lateral pterygoid 
musc/e)-Figure 14-14 
Angular spine of the sphenoid (upper end of 
sphenomandibular ligament)-Figure 14-6 
Lingula of the mandible (lower end of sphe­
nomandibular ligament)- Figure 14-14 
Styloid process of the temporal bone ( upper 
end of stylomandibular ligament)- Figure 14-15 
Mastoid process of the temporal bone ( upper 
end of sternocleidomastoid muscle)- Figure 14-15 
Mylohyoid ridge of the mandible (mylohyoid 
muscle )- Figure 14-14 
Genial spines of the mandible ( upper end of 
some suprahyoid muscles)- Figure 14-14 
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Learning Exercise, cont. 

Each of the following foramen or spaces is the 
passageway for nerves and blood vessels of impor­
tance to the dental professional. First, describe 
the location; then, identify each of the following 
foramina or spaces on an actual skull ( or figures 
within this text). Use the referenced figures to con­
firm that you have correct ly located the foramen, 
canal, or space on the skull. Then try to place your 
finger as close as possible to that opening, realiz­
ing that sometimes you cannot get very close with 
your finger but might get closer wi th the needle of 
a hypodermic syringe. 

Foramina rotundum in the sphenoid bone 
(for the maxillary division of trigeminal nerve)­
Figure 14-4 

Learning Exercise, cont. 

Pterygopalatine space (for the maxillary division 
of trigeminal nerve)-Figure 14-5 
Foramina ovale in the sphenoid bone (for the 
mandibular division of trigeminal nerve)-Figures 
14-4 and 14-6 

Mandibular foramina in the mandible (for the 
inferior alveolar nerve) Figure 14-14 
Mental foramina in the mandible (for the mental 
nerve)-Figure 14-12 
Greater palatine foramina in the palatine bones 
(for the greater palatine nerve)- Figure 14-11 
Incisive foramen between the maxillary bones 
(for the nasopalatine nerve)- Figure 14-11 
lnfraorbital foramina in the maxillae (for the 
infraorbital nerve)- Figure 14-7 

SECTION II THE TEMPOROMANDIBULARJOINT (TMJ) 

OBJECTIVES 

The objectives for this section are to prepare the 
reader to perform the following: 

Describe and locate ( on a skull) the articulating 
parts of the TMJ. 
Describe the location and functions of the articular 
disc. 

An introduction to the TMJ was presented in Chapter 9 on 
Occlusion, but this chapter goes into more detail regarding 
the anatomy of this joint. A joint, or articulation, is a con­
nection between two separate bones of the skeleton. The 
TMJ is the articulation between the two condyles of the 
mandible and the two temporal bones. For that reason, 
some authors state that we have two TMJs. This articula­
tion may also correctly be termed the craniomanclibular 
articulation since it is the articulation between the mov­
able mandible and the stationary cran.ium or skull.3 lt is a 
bilateral articulation since the 1ight and left sides work as 
a unit. 1t is the only visible free-moving articulation in the 
head; all others are sutures and are immovable: 

The coordinated movements of the right and left 
joints are complex and usually controlled by reflexes. 
Within some Limit or range, the great adaptability of 
the joints permits the freedom of movement of the 
mandible required during speech and mastication 
(chewing). One can learn, however, to move the man­
dible voluntarily into specific, well-defined positions or 
pathw#9jaoth the maxillae and manclible support 

,All•._:t;;;e:.-.;j,5{e shape and position greatly influence man-

Palpate the lateral and posterior surfaces of the 
condyle of the mandible during movement of the 
jaws. 
On a skull, describe and locate the attachments of 
the ligaments of the TMJ. 

dibular movements.3 Proper functioning of the TMJs 
has a profound effect on the occlusal comacts of teeth, 
which involve nearly all phases of dentistry. 

A. ANATOMY OF THE 
TEMPOROMANDIBULARJOINT 

There are three articulating parts to each TMJ: the 
mandibular condyle, the articular fossa of the tempo­
ral bone (with its adjacent eminence), and the articular 
disc imerposed between the bony parts (Figs. 14-19 and 
14-20). These parts are enclosed by a fibrous connec­
tive tissue capsule. 1 •➔.1 

1 . MANDIBULAR CONDYLE 

Each mandibular condyle [KON dileJ is about the size 
and shape of a large date pit with the greater dimension 
mediolaterally than anterioposteriorly, evidem when 
comparing the width of the condyle mediolaterally in 
Figure 14-20 to the narrower width amerioposteriorly 
seen from the side in Figure 14-19. From the poste-
rior (or anterior) aspect, it is wide ecliota,u:r3;1Iy-wirh ll 
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Medial pterygoid plate 

Mandibular condyle 

Styloid process 
{stylomandibular lig.) 

'\ 't,, \ 

\ \\ 

~ : 
Temporal 

(squamous 
part) Lambdoid suture 

Articular eminence (red) 

..-..--.. ~ -,.,.,'f--+--,,....;,:;r;,.=--- Mandibular Iossa 
of temporal bone (blue) 

Temporomandibular 
joint (disc) 

Condyloid process (yellow) 

FIGURE 14-!]i Human 
skull, left side: This lateral view 
shows the articu lation of the 

bones of the temporoman• 
dibular joint, namely, the 
temporal bones and the man­
dible. The head of the condyle 
of che mandible is shaded 
yellow, and the blue line on the 
inferior border of the zygo­
matic process of the temporal 
bone outlines the concave 
mandibular (with its articular ), 
fossa. A red line just anterior co 
it ouclines the convex articular 
eminence. For the mandibular 
co move forward , che condyles 
guide the mandible down onto 
the articular eminence, so the 
mandible is depressed and th e 
mouth opens. 

Angular spine 
(sphenomandibular lig.) 

Articular eminence {light red) 

Mandibular Iossa 
(blue) 

Petrotympanic fissure 

Human skull : inferior surface with half of the mandible removed on the right side of the drawing. On the left side of 
condylar process of the mandible is shaded yellow, and on the right side with the mandible removed, the mandibular 

fossa of the temporal bone is shaded blue, and the more anterior articular eminence is shaded light red. 
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a narrow neck. The superior surface of the mandibular 
condyle is strongly convex anleroposteriorly and mildly 
convex mediolaterally. 

Carefully examine the photomicrograph of a human 
TMJ seen in Figure 14-2 l. The condyle is in the posi­
tion it would occupy when the teeth Cit together as 
Lightly as µus:siule (111.iximum intt:n.:uspal pusiliun). 
The functioning regions are covered with fibrous con­
nective tissue. The Hbrous layers of the condyle are 
avascular (devoid of blood vessels and nerves). 10 

Upper space 

zone 

This fibrous, avascular type of connective tissue is 
adapted Lo resist pressure. It is particularly thick on the 
supelior and anterior surfaces of the condyle (seen as 
the red-shaded strucLUre in Fig. 14-21) over the region 
where most function occurs when the condyle is for­
ward from its resting position, as when we bring our 
iru;isurs wgt:tht:r. (NuLict: i11 Fig. 14-21 tlrnt Lltis s.im.t: 
type of fibrous covering also lines the posterior articu­
lating surfaces of the articular eminence and adjacent 
fossa, as well as the cemer portion of the disc.) 

Disc 

Fibrous covering 
(red) 

Articular 
eminence (arrow) 

DIRECTION OF FACE .. 
(ANTERIOR) 

Temporomandibular joint, photomicrograph of the lateral aspect: The anterior of the sku ll (the face) is coward the 
righc,_ofthe picture. The white area across the top is the space of the brain case. Notice the thicker fibrous covering (shaded red) and 
underlying compact bone on the functional part of the posterior inferior articular eminence and superior anterior part of the man• 
dibu lar con':!Y/le Also, notice the arrows indicating the contours of the concave articular fossa, and convex articular eminence, of the 
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2. ARTICULAR FOSSA (NONFUNCTIONING 
PORTION) AND ARTICULAR EMINENCE 
(FUNCTIONING PORTION) 

Study the right side of Figure 14-20 where half of the 
mandible has been removed, exposing the maxillary 
teeth and articular fossa and eminence of the tempo­
ral bone. The articular (glenoid) fossa is the portion of 
the mandibular fossa I.bat is anterior to the petrotym­
panic fissure. It is considered Lo be a nonfunctioning 
portion of the joint because, when the teeth are in Light 
occlusion, there is no tight contact from the head of 
the condyle through the disc to the concave part of the 
articular fossa. 

The articular eminence or transverse bony ridge is 
located just anterior and inferior LO the articular fossa 
(Fig. 14-19). As stated previously, its posterior infe­
rior surface is padded or lined with a thickened layer 
of fibrous connective tissue, more than the rest of the 
articular fossa (Fig. 14-21), indicating that this is the 
functional portion of the joint that take the force when 
we are chewing food with the mandible in a slightly 
protruded ancl/or lateral position. This is where the 
anterior superior portion of the mandibular condyle 
rubs against it, but only indirectly since the articular 
disc is nonnally interposed between the two function­
ing bony elements. 

3. ARTICULAR DISC 

Examine a skull with the posterior teeth fitting together 
(in tight occlusion) and study how the mandibular 

External auditory meatus 

Synovial cavity (upper) 

Anterior + toward 
face 

condyle fits loosely into the articular fossa. The disc is 
not present in a prepared dry skull because the disc is 
not bone. There should be a visible space between the 
mandibular condyle and the articular fossa that in li fe 
was occupied by the disc. ' ' 

The articular disc (Figs. 14-21 and 14-22) is a tough 
uv.:11 (J<IU ur Ut::11:St:: fibrous <.:UIIIlt::<.:liVt:: lissut:: <1<.:linu <IS <:> 

a shock absorber between the mandibular condyle and 
the articular fossa and articular eminence. The disc sur­
faces are very smooth. Each d.isc is thinner in the center 
than around the edges. This shape provides one natural 
wedge anterior to the condyle head and a second wedoe 
posterior to the condyle. Rarely, it may become pi­
forated. The center of the disc has no blood supply10; 

however, it is richly supplied elsewhere. The trpper sur­
face of the disc is concave anteriorly to conform to the 
convex articular eminence, and it is convex posteriorly, 
conforming to the concave shape of the articular fossa 
that it loosely rests against. The lower swface of the disc 
is concave anterior Lo posterior, thus adapting to the 
upper surface of the convex mandibular condyle. 

The anicular disc has many functions ll·12 It divides 
the space between the head of the condyle and the 
articiilating fossa into upper and lower spaces (synovial 
cavities seen in Fig. 14-22), which pennits complex 
functional movements of the mandible. 12 The anterior 
and posterior portions of the disc contain specialized 
nerve fibers called proprioceptive [PRO pri o SEP Liv] 
fibers , which help to unconsciously determine the 
position of the mandible, and therefore help regulate 
movements of the condyle. lt stabilizes the condyle by 

• ' Temporomandibular joint, 

Mandible 
$$ 

cular disc (red) 
ovial cavity (lower) 

Condyle 

sagittal section: The anterior surface of the sku ll 
(face) is to the left. The sectioned (blue) temporal 
bone (with mandibular fossa and articular emi­
nence) forms the superior part of the joint, and 
the sectioned head of the mandibular condyle 
(yellow) forms the inferior pare. The articular disc 
is shaded light red. The upper and lower synoviaJ 
spaces surround the disc. (Reproduced from 
Clemence CD, ed. Gray's anatomy of the human 
body. 30th ed. Philadelphia, PA: Lea & Febiger, 
1985:340, with permission.) Styloid process 

U8C.l:Um 
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Table 14-1 PREVALENCE OF CREPITUS DURING MAXIMUM OPENING* 

NONE(%) BOTH SIDES (%) RICHTSIDE (%) L£FT SIDE(%) O NE SIDE (R OR L) (%) 

594 Dental hygiene students 52.0 13.3 18.2 16.8 35.0 
SOS Dental students 72.0 4 .2 15.9 7.9 23.8 
Percentage of all 1099 students 61.2 9.1 17.1 12.7 29.8 

•Determinations by Dr. Woelfel, 1970- 198G. More than 2006 of chcse professional students had or were: undergoing of'thodontic treatment. 

filling the space between incongruous articulating sur­
faces of Lhe convex condyle and concave-convex anicu­
lar fossa and articular eminence. 12 The disc cushions 
the articulating bones of the joint at the areas of contact 
(like a shock absorber). The cushioning and lubrica­
tion reduce physical wear and strain on joim surfaces. 

As the mandible moves forward, the discs move for­
ward with the mandible due, in part, LO the thickened 
borders of each disc, which conforms to the shape of the 
condyles, and because the muscles that pull the mandi­
ble forward (lateral pterygoids) are attached to the neck 
of each condyles (in the pterygoid fovea) as well as LO 

the discs. When the thicker peripheral portions of the 
discs become flattened or the center of the disc thick­
ens, the disc fails to move synchronously with the con­
dyle, resulting in a popping or grating noise (crepitus), 
which is quite an annoying yet a fairly common occur­
rence. The frequency of this occurrence is presented in 
Table 14-1. With an elastic posterior attachment, the 

Temporal bone 

disc can move with the head of the condyle during 
function. 

B. LIGAMENTS THAT SUPPORT 
THEJOINT AND LIMIT JOINT 
MOVEMENT 

Ligaments are slightly elastic bands of tissue. They do 
not move the joint; muscles move the joint. They do 
support and confine the movement of the mandible 
to protect muscles from being stretched beyond their 
capabilities. 

1. FIBROUS CAPSULE (CAPSULAR LIGAMENT) 

The fibrous (or articular) capsule is a fibrous tube 
of tissue that encloses the joint, best seen laterally 
in Figure 14-23 and medially in Figure 14-24. lt is 
fairly thin, except laterally, where the thicker lateral 

Lateral ligament (red) 

Fibrous capsule surround• 
ing the TMJ is shaded green, and che chick­
ened oucer lateral ligament is shaded red. 
(Reproduced from Clemente CD, ed. Gray's 
anatomy of the human body. 30th ed. 
Philadelphia, PA: Lea & Febiger, 1985:339, 
wich permission. ) 

a use.com 
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Capsular ligament --~ .-, 
(green) 

Stylomandibular ---'I., 
ligament (red) 

Mylohyoid groove 

(formerly temporomandibular) ligament is located. 13 

The upper border of the capsule is attached to the tem­
poral bone around the circumference of Lhe articular 
fossa and the articular emLnence. The lower border is 
attached around the neck of the condyloid process, 
thus enclosing the condyle and completing the tube. 

The internal surface of the fibrous capsule is lined 
with a synovial membrane that surrounds the bones 
and their articulating surfaces. This thin membrane 
secretes a fluid, synovial fluid, which lubricates the 
joint. This fluid is three times more slippery than ice. 
The synovial fluid both lubricates and nourishes the 
fibrous covering of the articulating surfaces and center 
of the disc that lack a blood supply. In a normal joint 
space, there is only a small amount of Ouid (one or 
two drops). 

The articular disc is not attached to the skull, 
but anteriorly it is attached tO the fibrous capsule. 
Posteriorly, the disc and the capsule are connected by 
a thick pad of loose elastic vascular connective tis­
sue called the bilaminar zone (Fig. 14-21). Laterally 
and medially, each disc is tightly attached to the lat­
eral and medial sides of the mandibular condyle but 
not to the capsule. Therefore, the disc can follow the 
movement of the condyle when the muscles (lateral 
pterygoid muscles attached LO the neck of the condyle 
and the discs) move the mandible and discs forward. 
ThL~ design of attachmentS gives each disc freedom to 
move anteriorly but limits it from excessive forward 
movement that could result in its displacement ante-
rior to the head of the condyle.14 The anterior part of 
this fibrous capsule prevents excessive movement 
of the condyle of the mandible on wide openings as it 

~ "' 

Ligaments of the temporo­
mandibular joint limit mandibular movement: 
The fibro us capsule (capsular ligament) 
shaded green surrounds the joint, the stylo­
mandibular ligament (red) connects the sty­
loid process of the temporal bone to the 
posterior surface of the mandible near the 
angle, and the sphenomandibular ( or spino· 
mandibular) ligament (yellow) connects the 
spine of the sphenoid bone with the medial 
surface of the mandible near the lingula 
(tongue-like process) adjacent to the man­
dibular foramen. (Reproduced from Clemente 
CD, ed. Gray's anatomy of the human body. 
30th ed. Philadelphia, PA: Lea & Febiger, 
1985:339, with permission.) 

2 . LATERAL LIGAMENT (FORMERLY 
TMJ LIGAMENT) 

The outer layer of the fibrous capsule is a thicker layer 
of fibrous tissue that is reinforced by accessory liga­
ments, which strengLhen it. The lateral ligament or this 
joint is the strong reinforcement of the anterior lateral 
wall of the capsule (Fig. 14-23). 1t attac11es Lo the zygo­
matic arch and is directed obliquely down and poste­
rior to the lateral and posterior neck of the condyle. 
This ligament keeps the condyle close to the fossa and 
helps to prevent lateral and posterior displacement 
of the mandible. It has no counterpart medially, and 
seemingly none is needed since the right and left tem­
poromandibular articulations work together as a unit. 
The lateral ligament on the opposite side, by failing to 
stretch, prevents excess medial displacement on the 
side moving medially. 

3 . STYLOMANDIBULAR LIGAMENT 

The stylomandibular [STY lo man DlB yoo lar] liga­
ment is posterior to the joiJ-1t but also gives support to 
the mandible (Fig. 14-24). It is relaxed when the mouth 
is closed but becomes tense on extreme protrusion of 
the mandible. 13 It is attached above to the styloid pro­
cess of the temporal bone and below to the posterior 
border and angle of the mandible. 

4 . SPHENOMANDIBULAR LIGAMENT 

The sphenomandibular [SFE no man DIB yoo Jar] 
ligament is medial to the joim (Fig. 14-24). It gives 
some suppon to the mandible and may help limit maxi­
mum opening of the jaw. It is attached superiorly to the 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

404 Part 3 I Anatomic Structures of the Oral Cavity 

Anterior fontanelle 

"""""""-...-;....:;.:.c:.."""' I Mastoid fontanelle 
Sphenoid fontanelle 

Lambdoida: 
suture 

FIGURE 14•~ Skull at birth shows fontanelles ( membrane­
covered openings between bones). Notice chat the mandibular 
condyle is barely higher chan the crest of the mandibular ridge. 

angular (sphenoidal) spine of the sphenoid bone and 
fans out inferiorly to anach on the lingula of the man­
dible near the mandibular foramen. 

C. DEVELOPMENT OF THE 
TEMPOROMANDIBULARJOINT 

In infants, the articular fossa, the articular eminence, 
and the condyle are rather Oat. This Oamess allows for 
a wide range of sliding motions ill the TM]. Also, this 

joint is at about the same level as the occlusal plane 
at birth with relatively no ramus height (fig. 14-25). 
During growth, the articular fossa deepens, the articu­
lar eminence becomes prominent, the condyle becomes 
rounded, and the shape of the disc changes to conform 
to the change in shape of the fossa and condyle. There 
i:; abo a lt:11gL11e11i11g of tl1e ra111us. The t:011<lylt: t:011-

tains cartilage beneath its surface, and the condyloid 
process and ramus lengthen until a person is 20 to 
25 years old. As a result of growth in the condyle area, 
the body of the mandible is lowered from the skull , and 
the occlusal plane is located about 1 in. below the level 
of the condyles in an adult. 

D. ADVANCED TOPICS: DIMENSIONS 
RELATED TO THE TMJ 

The average width of the conclyle and its depth beneath 
the skin is illustrated in figure 14-26. The condyle is 
a large solid structure, about 10 mm thick anteropos­
teriorly and 20.4 mm wide mediolaterally. Although 
the average depth of the outer surface of the condyle is 
15 mm beneath the skin, it is readily palpated, and its 
movements are visible (seemingly just beneath the skin) 
when eating. Research by Drs. Woelfel and lgarashi on 
25 men found the average depth of the outer surface of 
the mandibular condyle on each side to be 15.0 mm; 
the range was 10.3 to 21.4 mm beneath skin. 

The size of the mandibular fossa averages about 23 mm 
mediolaterally and extends 15 mm posteriorly from the 

' Depth (beneath the skin) of the land­
marks of the head of the mandibular condyle, and 
relative direction of the lateral p terygoid muscle fibers 
(red arroi.$) from che insertion on the neck of the con­
dyle coward che origin (not seen, buc on che lateral 
surface ofche lateral place of the sphenoid bone). (To 
obtain chese measurements, metal markers were placed 
on the skin and some teeth on 25 men prior to caking 
submental vertex cephalometric radiographs for analy­
sis, tracing, and measuring. The location of the center 
of rotationa l opening of the mandible (the hinge axis] 
was found co pass through or near the center of the 

U> heads of the condyles. The functional axes were deter· 
;,;- mined from pancographic recordings. Resultant articu• 5· ~ - - ---...~~\.J~ L.I lar settings were found to be wider than the outer poles 

~ 99.4-----.. 1 I 
--'--------118.7----------◄-

......,,.......----121.1 I 
Functional axes 

of the condyles. This means that lateral and protrusive 
excursions are controlled by ligaments and muscles , 
rather than by bone, as previously reported. This 
research was conducted by Ors. Woelfel and lgarashi 
and supported by the Ohio Seate University College of 
Dentistry and Nihon University School of Dentistry in 
Tokyo.) 

a use.com 
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eminence. The inlracapsular surface area is two to three 
limes greater than on the very mobile mandibular conclyle. 
The anterior part of the capsule that surrounds the entire 
mandibular Cossa and articular eminence attaches 10 mm 

in front of the crest of the arlicu la ting eminence. 11 

LEARNING EXERCISE 

Study a skull and see how the mandibular condyle 
fits into che mandibular fossa. When you examine 
the fit, notice the space between the mandibular 
condyles and the articular fossae when the pos­
terior teeth are in tight occlusion. This space is 
where the disc would have been in life. 

On yourself, palpate the TMJ and feel the move­
ment of the mandibular condyle. First, put your 
inde.x fingers immediately in front of either 
ear opening and open and close your mouth. 

Learning Exercise, cont. 

Notice that when you open and close the mandible 
just a little, you feel little movement of the con­
dyles, whereas when you open the mandible wide, 
you feel more movement. This happens because 
during minimal opening the condyles only rotate 
within the articular fossa, but when we open wide, 
the entire mandible moves bodily (translates) for­
ward and downward as the condyles are pulled 
forward over the articular eminence. Next, move 
your jaw to t.he right and left sides. You are feel-
ing the movement of the outer (lateral) surface of 
each mandibular condyle. Finally, place your little 
finger gently inside either ear opening, then open 
and close your mouth and pull your jaw back or 
posteriorly. You are feeling the upper and posterior 
portion of the mandibular condyle, especially when 
you close or retrude (pull back) your mandible. 

Review Questions 
Select the one best answer. 

1. What two structures articulate with the disc in 
the TMJ? 

a. The coronoid process of the mandible and 
the mandibular fossa of the temporal bone 

b. The condyloid process of the mandible and 
the mandibular fossa of the temporal bone 

c. The coronoid process of the mandible and 
the mandibular fossa of the sphenoid bone 

d. The condyloid process of the mandible and 
the mandibular fossa of the sphenoid bone 

e. The condyloid process of the mandible and 
the mandibular fossa of the maxillae 

2. The ligament that limits the amount of movement 
of the mandible and attaches from the inferior 
surface of the neurocranium to the lingula of the 
mandible is the 

a. Lateral (TMJ) ligament. 
b. Stylomandibular ligament. 

c. Sphenomandibular ligament. 
d. Sternocleidomastoid ligament. 

3. Where on the temporal bone does the mandible 
function? 

a. In the anterior three quarters of the 
mandibular fossa called the articular fossa 

b. In the posterior quarter of the mandibular 
fossa called the articular fossa 

c. On the posterior inferior portion of the 
articular eminence 

d. On the anterior inferior position of the 
articular eminence 

:>- f: ':>- z 'q- L =~3MSN\f 
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SECTION Ill MUSCLES OF THE MOUTH 

OBJECTIVES 

The objectives for this section are to prepare the 
reader to perform the following: 

Identify the four pairs of major muscles of 
mastication. 
Describe and identify the origin and insertion of 
each of these muscles of mastication on a skull and 
be able to palpate each (if possible) on yourself or a 
partner. 

The following general terms relate to muscles and will 
be helpful Lo know as you read this section: 

Anguli [AN gyoo lie]: triangular area or angle of a 
structure 

Depressor: acts Lo depress or make lower 
lnsertion of the muscles of mastication: place of 

attachment of muscles to the bone that moves, such as 
muscle attachments on the movable mandible 

Labial [LAY bee al]: related co, or toward, the lips; 
like the labial surface of a tooth 

Levator [le VA tor]: acts to raise (compare elevator) 
Lingual !LIN gwalJ: related to the tongue; for exam­

ple, the lingual nerve innervates the tongue; the lingual 
muscle is within the tongue; and the lingual surface of 
a tooth is the side toward the tongue 

Mental: referring to the chin; the mental foramen is 
the hole in the mandible where the mental nerve passes 
out of the mandible to the chin; the mentalis muscle 
inserts into the chin 1 

Orbicularis for BlK u lar is 1: round; compare an 
orbit 

Origin (of a muscle of mastication): is the source, 
beginning or fixed proximal end attachment of a mus­
cle as compared to its insertion, which is a muscle's 
more movable attachment or distal end1 

Oris: referring to the edge of the mouth; compare 
oral 

Procerus !pro SE rus): long and slender 
The muscles of the body contribute 40 t0 50% of the 

total body weight. 15 Muscles produce the desired action 
by pulling or by shortening, never by pushing or by 
lengthening. Skeletal or voluntary muscles are made up 
of specialized cells that contract. Skeletal muscles are 
very active metabolically and therefore require a rich 
blood supply. 15 There are two other kinds of muscles, 
cardiac and smooth (involuntary) muscles, which we 
are unable to control or direct. 

Individual muscle cells are smal\, elongated con­
tractile,JiifeJ, each enclosed in a delicate envelope of 

,All•._:L;;;o~J,!{ective tissue. Many individual parallel mus-

Describe and demonstrate the function of each of 
these muscles. 
List other factors that contribute to the position of 
teeth and movement of the mandible. 
Describe the location and list the functions of 
the groups of muscles that contribute to facial 
expression. 

de fibers make up a bundle, and various numbers of 
bundles comprise a muscle. The longest muscle fibers 
are 300 mm (11.4 in.) long. Each contractile bundle 
of cells can contract about 57% of its fully stretched 
length. 16 The all-or-none law states that any single 
muscle fiber always contracts to its [uUest extent. 11 

When a weak effort or contraction is required of the 
whole muscle, then only a few fibers contract (each co 
the [ullest extent). Many fibers comracting produce 
greater power as needed. No single muscle acts alone 
to produce a movement or to maintain posture. Many 
muscles must work in perfect coordination to produce 
a steady, well-directed motion of a body part. 

When a muscle becomes shorter as it moves a struc­
ture, the movement is called an isotonic contraction. 
'vVhen a muscle maintains its length as it contracts to 
stabilize a pan, this movement is called isometric con­
traction. As you close your jaw until all teeth contact, 
the closing muscles work isotonically because they 
become shorter as the mandible moves superiorly. I( 
you maintain contact o( all of your teeth but squeeze 
them together hard, these same muscles are contract­
ing isometrically because they cannot shorten any more 
once your teeth are together. 

A few or more individual muscles fibers of all of our 
voluntary muscles are continually or alternately con­
tracting during consciousness. This minimal amount of 
contraction needed to maintain posture is called mus­
cle tone or tonus, and the muscles involved are named 
"antigravity" muscles. As you read this, the muscles 
of mastication are probably in a stale of minimal t0nic 
contraction or balance with each other, with the neck 
muscles, and with gravity, enabling a comfortable, rest­
ful position for your mandible with the teeth apart. This 
normal resting jaw position varies slightly according to 
whether you are sitting, lying on your back, or standing 
up. and depending on how tense or stressed you are. 
When you fall asleep al your desk, antigravity muscles 
relax and, as you may have seen on others, the mouth 
drops open. 
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A. MUSCLES INVOLVED 
IN MASTICATION (CHEWING) 

Muscles of mastication or chewing move the mandible. 
They include four pairs of nHLscles (right and left): 
masseter, temporalis, medial pterygoid, and lateral plery­
goid muscles. These muscles have the major control over 
the movements of the mandible. Each of these muscles has 
one end identified as its origin and the other end identi­
fied as its insertion. The origin end of each of the muscles 
of mastication is the source, beginning, or f1Xed proximal 
attachment located, in this case, on the bones of the neu­
rocranium that are relatively immovable. The insertion 
end is the attachment on the movable bone that for each 
of these muscles is auached to, and moves, the mandible. 

There are five different ways in which the mandible 
moves. We can elevate it (closing the mouth) , depress it 
(opening the mouth), retrude (retracting or pulling back 
the mandible), protrude it (proLractLng or moving the 
mandible anteriorly), and move it into lateral excursions 
(moving the mandible sideways, as wl1en chewing). 

1. MASSETER MUSCLE 

The masseter [ma SEE ter) muscle (Fig. 14-27) is 
the most superficial, bulky, and powerful of the 
muscles of mastication. IL is four sided in shape. lts aver­
age volume is over twice that of the medial pterygoid 

,. ..... -
//_/_ , ,, 

t , 

I ' 
Parietal bone ~ ,._· 

I 
Frontal bone 

Temporalis 

Mastoid process 

Styomandibular lig. 

muscle (on 25 males is 30.4 ± 4.1 cm3, which is 
2.6 times larger than the medial pterygoid muscle at 
11.5 ± 2.1 cm3) . 17 

Origin: The masseter arises from the inferior and 
medial surfaces of the zygomatic arch that is made up of 
the zygomatic bone, the zygomatic process of the max­
illat:, anti th t: tt:in[Jural pru<.:t::;:; uf zygumati.<.: bum: (:;t:t:11 

in Fig. 14-28). From here, it extends inferiorly and pos­
teriorly toward its insertion. 

Insertion: The masseter inserts on the inferior 
lateral surface of the ramus and angle of the mcmdible 
(Fig. 14-28). 

Action : It e levates the mandible (closes the mouth) 
and applies great power in crushing food.6•3•

9 

LEARNING EXERCISE 

As you clench your teeth several times, feel the 
contraction of the masseter by placing a finger on 
the outside of your cheek posterior to the third 
molar region. The muscle will produce a notice­
able bulge beneath your finger each time. The part 
felt just inferior to the cheekbone ( anterior to the 
ear lobe) is near the origin, and the bulge felt over 
the angle of the mandible is near the insertion. 

Masseter muscle (shaded red) and 
fan-shaped temporalis muscle (shaded blue). 
(Reproduced from Clemente CD, ed. Gray's anatomy 
of the human body. 30th ed. Philadelphia, PA: Lea & 
Febiger, 1985:450, with peri!;,issi'pn:) 7 
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Zygomatic process 
of temporal bone 

Zygomatic arch - ~ ~ -=~;v.,~­
(masseter origin) 

Temporal 
(squamous 

part) 

Angle of maodible 
(masseter inserll,on) 

Outline of 
temporal Iossa 
(temporalis origin) 

FIGURE 14~ 
Human skull, left side, showing location .of some attachments of the temporalis (outlined in blue) and masseter 

muscles (shaded red). This lateral view shows the origin of the fan-shaped temporalis muscle (within the shallow temporal fossa 
outlined with a blue dotted line), and the o.-igln of the masseter (light red area on the zygomatic arch) as well as the insertion of the 
masseter muscle light red area on the ( la1;eral surface of the angle of the mandible). The red arrows indicate the slope of the posterior 
surface of the articular emin nc:1; anti th~subsequent downward (opening) movement of the mandible when it is pulled forward by 
both lateral pterygo id muscles. 

2. TEMPORALIS MUSCLE 

The temporalis [tern po RA lisJ muse.le is a fan-shaped, 
large but llat muscle with both vertical anterior (and 
middle) fibers and more horizontal posterior fibers. 
Vertical and horizontal fibers are shaded darker in 
Figure 14-29. 

Origin: The temporalis arises from the entire tem­
poral Jossa (Fig. 14-28) (composed of the squamous 
pan of temporal bone, the greater wing of the sphenoid 
bone, and the adjacent portions o( the frontal and pari­
etal bones). From here, its anterior (and middle) fibers 
are directed vertically downward while its posterior 
fibers are directed more horizontally, mostly anteriorly 
and somewhat inferiorly, passing medial to the zygo­
matic arch. 

Insertion: The temporalis inserts on the coronoid 
process of the mandible, the media1 surface of the ante­
rio,· border of the ramus, and the temporal crest of the 

~ - J,4-30) ;;, on<eommon t<ndon. 

Action: The anterior (and middle) vertical fibers 
contract to act to elevate the mandible (close the jaw) 
especially when great power is 1101 required, and the 
posterior horizontal fibers retrude or pull the manclible 
posteriorly.6•6·q This muscle can position the mandible 
(slightly more anteriorly or more posteriorly) while 
also closing the teeth together. 

LEARNING EXERCISE 

Feel contraction of the origin of the temporal is by 
placing several fi ngers above and in front of your 
ear t.o feel the vertical fibers contract as you firmly 
close your teeth together several times. Then feel 
the nearly horizontal fibers just above and behind 
your ears contract as you retrude or pull your 
mandible posteriorly. This may be more difficul t 
to feel since the bulge is less evident. 

Ka dose.com 
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Coronoid 
process 

Horizontal 
fibers 

Temporalis muscle: some vertical (anterior) and horizontal (posterior) fibers are shaded purple. The zygomatic 
process of the temporal bone and temporal process of the zygomatic bone have been removed. When studying this drawing, you 
should understand why the contraction of the anterior, vertically oriented fibers of the temporal muscle acts to close the jaw, while 
contraction of the posteriorly positioned, horizontally oriented fibers acts to pull the jaw back or to retract (retrude) the mandible. 
(Reproduced Ii-om Clemente CD, ed. Gray's anatomy ofche human body. 30th ed. Philadelphia, PA: Lea & Febiger, 1985:449, with 
permission.) 

3 . MEDIAL PTERYGOID MUSCLE 

The medial pterygoid [TER i goid) muscle is located 
on the medial surface of the ramus (Figs. 14-31 and 
14-32). Along with the masseter located on the lateral 

Coronoid process 

Temporal crest --------~ 
(temporalis insertion) 

surface, these two muscles serve as a sling with the 
medial pterygoid attached on the medial side and the 
masseter attached on the lateral side of the angle of 
the mandible. They have similar actions. 

Head of condyle 

q Condyloid process 

Pterygoid fovea 
(lateral pterygoid insertion) 

Temporal crest (internal oblique line) 

:__::;::~~~~'----- Submandlbular Iossa 

Angle (medial pterygoid insertion) 

Mandible, medial surface, with che location of the muscle insertions of the temporalis, medial pterygoid, and 
lateral pterygoid muscles: The insertion of the temporalis muscle (blue) is located on the anterior medial ridge (temporal crest) of the 
mandibular ramus. The insertion of the medial pterygoid muscle (green) is on the internal surface of the angle of the mandible. 
The insertion of the lateral pterygoid muscle (yellow) is on the ancerior surface of the neck of the condyle in the pterygoid fovea 

~ '";"'"';~. w1,;,h ;,aoc,h=•). Kad use.com 
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Choana 
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~ 

~ ,.,,.·· .... ., 
!· .A· ,,., 

Styloid process 

..._ __ _,,,__ Origin of mylohyoid m. 
(mylohyoid ridge) 

Origin of genioglossus • 
(genioglossal spine) -ti 
Origin of geniohyoid . • .. --; . . 

(mental spine) • - achment of d1gastnc m. 
(digastric Iossa) 

C>-o .s ·o 
3: C: 

The skull from the inferior 
view shows the medial pterygoid and massecer 
muscles, as well as the lateral pterygoid mus­
cle. Note how the medial pterygoid muscle 
(shaded green) and masseter muscles (red) 
form a sli ng chat supports the mandible. Also, 
from chis view, iris clearthar the lateral ptery­
goid muscle (yellow) has irs origin ( on the base 
ofche cranium) more medial than its insertion 
( on the anterior portion of the neck of the 
condyle, and the articular disc). If chis muscle 
contracts only on the right side as shown by 
the arrow, that condyle of the mandible moves 
coward ics origin, thus bodily moving the 
mandible coward che left or opposite side. 
(Reproduced from Clemente CD, ed. Gray's 
a natomy of the human body. 30th ed. 
Philadelphia, PA: Lea & Febiger, 1985:452, 
with permission.) 

.2! Lateral pterygoid muscle 

Lateral pterygoid 
muscle (lower head) 
(yellow) 

erhead . / 

' 

Medial pterygoid 
muscle (green) 

FIGURE 14~~ 
A lateral view ofcwo heads ofche lateral pterygoid muscle (shaded yellow) and the medial pterygoid muscle 

(shaded green) wirh rhe zygomacic arch and rhe anterior pare ofche ramus removed. The upper head of the lateral pterygoid muscle 
has its origin on the infraremporal surface of the sphenoid bone, and the lower head has its origin on the lateral surface of the lateral 
pterygoid place of the sphenoid bone ( covered by the muscle in chis drawing). The insertion of both heads of the lateral pterygoid 
muscle is on the fovea of the neck of the condyle of the mandible and o n the articu lar disc. Notice the horizontal orientation of the 
lateral pterygoid fibers in direct contrast to the vertical direction of the medial pterygoid fibers. Simultaneous contraction of both 
lateral pcerygoid muscles guides the condyles (and discs) forward, which causes the mandible to protrude and the mouth co open. 
Contraccio#'tche medial pterygoid muscle in harmony with the masseter elevates the mandible (closes the mouth). (Reproduced 
fror,tte CD, ed. Gray's anatomy of the human body. 30th ed. Philadelphia, PA: Lea & Febiger, 1985:451, wi~~ peqnissiof).) ) m 
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Origin: The medial pterygoid muscle arises mainly 
from the medial su,face of che lateral pterygoid plate and 
the pte,ygoid fossa beLween the medial and lateral ptery­
goid plates (right side of the drawing in fig. 14-33) of 
the sphenoid bone. (Also, there are fibers attached to 
the posterior surface of the maxillae and to the adja­
cent vertical processes of the palatine bones, and to 
the maxillary tuberosity.3) Similar to the masseter, the 
fibers pass from their origin inferiorly and posteriorly 
(but laterally) toward their inserlion. 

Insertion: The medial pterygoid muscle inserts on 
the medial surface of the mandible in a triangular region 
at the angle and on the adjacent porlions of the ramus 
just above the angle (Fig. 14-30). 

Action: 1t elevates the mandible (closes jaw) like 
the masseter and the anterior (and midclle) fibers of the 
temporalis muscles. Although not as large or powerful, 

Lateral pterygoid plate 
(lateral pterygoid origin) 

Medial pterygoid plate 

Mandibular condyle 

it works together with the larger masseter muscle in 
helping to apply the power or great force upon closing 
the teeth together. 

LEARNING EXERCISE 

Attempt to palpate the insertion of the medial 
pterygoid muscle in your mouth by bending the 
head forward to relax the skin on the neck, and 
placing the forefinger medial to the internal 
angle of the mandible while gently pressing your 
finger upward and outward. When the teeth are 
squeezed together, you should feel the bulge of 
this muscle. 

,7r--;,-4--__ Pterygoid Iossa of sphenoid 
(medial pterygoid origin) 
(green) 

Human skull, inferior surface, showing the location of the origin of the lateral pterygoid muscle (yellow line) and the 
origin of che medial pcerygoid muscle in the pcerygoid fossa (green): Only half of che mandible ( shaded yellow) is shown, on che left 
side of the drawing. As you study this drawing, notice che arrow chat connects che insertion of che lateral pterygoid muscle (on che 
anterior neck of the condyle of the mandible) with its origin ( on t he lateral surface of the lateral pterygoid plate denoted by a yellow 
line). When only one lateral pterygoid muscle contracts and pulls t he insertion end toward its origin, the mandible moves medially, 
towar~~posite side, as shown by the second arrow near the anterior part of the mandible. The location of the origin of the medial ~i I '"'' isshadol .,.,, oach, righcsid, of"'' drawiag io ,h, pwygoid .,,~. a Se• CO m 
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4. LATERAL PTERYGOID MUSCLE 

The lateral pterygoid muscle, unlike lhe other three 
pairs of muscles where most fibers are oriented primar­
ily vertically, has its fibers aligned mostly horizontally 
(Fig. 14-32). The lateral pterygoid muscle is a short, 
thick, somewhat conical muscle located deep in the 
infratemporal fossa (inferior to the temporal bone and 
posterior to the maxillae) and is the prime mover of the 
mandible except [or closing the jaw. 

Origin: The lateral pterygoid muscle arises from two 
heads, both located on the sphenoid bone. The smaller 
superior head is auached to the i11fratemporal swface of 
the greater wing of the sphenoid bone; the larger inferior 
head is attached to the adjacent lateral swface of tJie lat­
eral pte,ygoid plate on the sphenoid bone (Figs. 14-32 
and 14-34). Fibers pass posteriorly and laterally in a hor­
izontal direction toward their insertion. When viewed 
from below, the direction of these fibers from their inser­
tion on the anterior surfaces of the mandibular condyles 
is represented by the arrow in Figure 14-33. 

Insertion: The lateral pterygoid muscle inserts on 
the depression on the from of the neck of the condyloid 
process called the pte,ygoid fovea (Fig. 14-30) and into 
the amerior margin of the artirnlar disc. Minor forward 
contractions of the upper head pulling the disc forward 
work in concert with the stretching of the elastic band of 

tissues behind the disc (retrodiscal tissues) and permit 
the disc to accompany the mandible as iL moves for­
ward, preventing posterior displacement of the disc.1-1 

Actions: When both lateral pterygoids contract 
simultaneously, the action is 

• to protrude the mandible. No other muscle or groups 
of muscles are capable of doing this but can only 
assist in this action as stabilizers or by controlling the 
degree of jaw opening during the protrusion.5•6•8•9•

18 

• to depress the mandible. The lateral pterygoids do 
this by pull ing the articular discs and the condyles 
forward and down onto the articular eminences, 
which moves the mandible inferiorly and helps rotate 
it, thereby opening Lhe mouth (illustrated by arrows 
in Figure 14-28 that indicate the incline of the articu­
lar eminence and the same downward direction that 
condyles and the mandible take when pulled forward 
under the bump of the eminence). The lateral ptery­
goids are assisted somewhat in this task by groups 
of muscles in the neck attached from the mandible 
to the hyoid bone (called the suprahyoid muscles) 
and from the hyoid bone to the clavicle and sternum 
caUed the infrahyoid muscles. 

When only one lateral pterygoid contracts, iL pulls 
the condyle on that side toward the midline (medially) 

Lateral pterygoid plate of 
pterygoid process 

Part of human skull, lateral 
view, has the lateral wall of the maxilla 
removed co expose the maxillary sinus. 
Posterior to the maxilla, note the location of 
the origin of the two heads of the lateral 
pterygoid muscle: the lateral surface of the 
lateral pterygoid plate (shaded yellow) just 
posterior co the maxilla and the roof of the 
inn-atemporal space on the base ofrhe cra­
nium. (Reproduced from Clemence CD, ed. 
Gray's anatomy of the human body. 30th ed. 
Philadelphia, PA: Lea & Febiger, 198S:166, 
with permission.) 

(lateral pterygoid origin) 

a use.com 
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and anteriorly, moving the body of the mandible and 
its teeth toward the opposite side (since the origin of 
the lateral pterygoid muscle is medial to its insertion as 
seen by the arrow in Figure 14-33). For example, con­
traction of the right la teral pterygoid muscle draws the 
right condyle medially (to the lefl) and forward, causing 
the rnantlible LU move LUwartl the left :;ide (i11 LU ldt lat­

eral excursion). Conversely, the contrac tion of the left 
lateral pterygoid muscle causes the mandible to move 
to the right side (right lateral excursion).8 No other 
muscle is capable of moving the mandible sideways, 
although synergistic (in harmony with) unilateral con­
traction of Lhe posterior fibers of the temporalis muscle 
occurs on the side toward which the jaw moves.8 

LEARNING EXERCISE 

Viewing the inferior surface of a skull with a movable 
mandible, imagine elastic bands attached from the 
location of the origins to the insertions of the lateral 
pterygoid muscles, right and left sides. Since the 
origin on the base of the skull stays stationary, but 
the mandible at the insertion attachment can move, 
confirm that the mandible moves anterior and infe­
rior if both elastic bands were contracted (short­
ened). Next, see what would happen if only one 
band was shortened ( contracted). If only the right 
side is shortened, the right condyle moves medially 
(to the left), closer to its origin on the lateral ptery­
goid plate, so the body of the mandible and its teeth 
also move coward the left side. Practice this until 
you understand why the jaw moves the way it does 
when one lateral pterygoid muscle works. Next, 
attempt to palpate the origin of the lateral pterygoid 
muscle in your mouth. Slip a clean little finger into 
your mouth along the lateral surface of the maxil­
lary alveolar process. Then gently move the finger 
posteriorly and medially, around to the posterior 
surface of the maxilla, and superiorly toward the 
lateral surface of the lateral pterygoid plate where 
the lateral pterygoid muscle attaches. Moving the 
mandible toward the side you are palpating will give 
your finger more room to reach the muscle. This 
palpation may be slightly uncomfortable. 

8. OTHER MUSCLES AFFECTING 
MANDIBULAR MOVEMENT 

Other muscles affecting mandibular movement include 
the suprahyoid and infrahyoid group of muscles. The 
suprahyoid [500 prah Hl oid) muscle group extends 
supe ·t#J.( from the hyoid bone LO the mandible, 

whereas the infrahyoid muscle group extends inferiorly 
from the hyoid bone to the clavicle (collarbone) 
and sternu m (breastbone) and adjacent s tmctures 
(fig. 14-35). The inferior hyoid muscles must stabilize 
the hyoid bone and keep it from rising, so when the 
suprahyoid muscles contract, they can move the man­
dible and not just move the hyoid bone. These muscle 
groups act together \vith both lateral pterygoid muscles 
10 help depress the mandible (open the mouth) and act 
with the posterior (horizontal) fibers of the temporalis 
muscles to retrude (pull back) the mandible. 

The supraltyoid muscles include the stylohyoid [STY 
lo HI oid) muscles (whic.h arise on the styloid p rocess), 
digastric [di GAS trik) (the anterior belly of the digas­
tric attaches in the digastric fossa near the genial spines 
or tubercles) , mylohyoid (arising from the mylohyoid 
ridges on each half of the medial surface of the mandi­
ble and found in the tissue that forms the floor of the 
mouth), and geniohyoid UEE m o HL oicl] (arising from 
the genial tubercles). The i11frnhyoid muscles include the 
omohyoid, stem ohyoid, s temothyroid, and thyrohyoid. 

Another neck muscle, the sternocleidomastoid, 
attaches from the mastoid process of the temporal bone 
to the sternum (breastbone) and clavicle (collarbone). 
The area around this muscle is palpated during a can­
cer-screening exam since the chain of cervical (neck) 
lymph nodes surrounds this muscle (Fig. 14-35). 

C. OTHER FACTORS AFFECTING TOOTH 
POSmON OR MOVEMENT 

Other factors affecting relative tooth positions and move­
ments include the ligaments, fascia, and, to a certain 
extent, the muscles of facial expression. The ligaments, 
including the capsular, temporomandibular, styloman­
dibular, and sphenomanclibular ligaments (recall Figs. 
14-23 and 14-24), provide some limits to protmsive, 
lateral, and opening movements of the mandible. 

Fascia !FASH e ah ] is also though t to limit move­
ment of the mandible to some extent. Fascia is connec­
tive tissue that fon11s sheets or bands between anatomic 
structures. LL a ttaches to bones and surrounds muscles, 
glands, vessels, nerves, and fat. 

Some muscles of f acial exp,-ession (especially in the 
lips and cheeks) and the tongue muscles are thought to 
influence development, position, and shape of the den­
tal arches. The muscles of facial expression are shown 
in Figure 14-36 and include the following: 

• Orbicularis oris (or BlK u LAR is O ris] is located 
within the lips around the opening of the mouth and 
acts to close or purse the lips (as around a straw or 
around a saliva ejector within the dental office). 
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Geniohyoid muse 
(re 

Thyrohyoid muscle --­
Omohyoid muscle (blue) --~ 

(superior belly) 
Stemothyroid muscle------:-

Omohyoid mus 
(inferior belly) 

Oigastric muscle (red) 

,----Omohyoid muscle 
(superior belly) 

,,..,-- Sternohyoid muscle 

Sternocleidomastoid muscle 
,_ __ (green) 

Trapezius muscle 
Omohyoid muscle 

_____ .-,-- (inferior belly) 

Muscles of the neck, anterior view, with the superficial, chin placysma muscle and some ocher muscles removed. 
Note the hyoid bone with a group muscles superior to the hyoid (called the suprahyoid muscle group) and another group of muscles 
inferior co che hyoid bone (called the infrahyoid muscle group). The suprahyoids generally attach the hyoid bone co che mandible and 
include che digast ric muscles ( one is shaded red over che mylohyoid muscle, which is shaded yellow) and the geniohyoid muscle ( one is 
shaded red). The infrahyoids generally attach the hyoid bone to the clavicle (collarbone) and sternum (breast bone) and include the 
omohyoid muscle, shaded blue. When both muscle groups work tog-ether, they can help open and recrude the mandible. The stemo• 
cleidomastoid muscle is shaded green. (Reproduced from Clemente CD, ed. Gray's anatomy of the human body. 30th ed. 
Philadelphia: Lea & Febiger, 1985:451, with permission.) 

• Buccinator [BUCK si na tori attaches on the 
buccinator crest (posterior to Lhe mandibular third 
molar) and adjacent sort Lissue, forming a pouch 
in the cheeks. When contracting, it pulls the cheek 
inward to keep food on the chewing surfaces of teeth 
during chewing. 

• Upper oral group includes the zygomaticus [Zl go 
MAT i kusJ major and minor, levator labii [LAB 
e el superioris , and levator anguli oris. All con­
tribute to raising the upper lip and/or angle, as in 
smiling. The risorius [ri 50 ri us] retracts (spreads) 
Lhe angle or the mouth. (The levator labii superioris 
alaeque [a LY kwe] nasi dilates the nostri ls, as in 
contempt.) 

• Lower oral group (including the depressor 1abii infe­
rior and depressor anguli oris) contracts to lower 
the lower lip or angle, as in a frown. The mentalis 
[men TA \isl is localed in the chin and raises or pro-

~ chiu ,sin, pout. 

0Lher muscles that influence facial expression include 
the following: 

• Nose muscles include the nasalis [na SA !isl, which 
flares the nostrils; the depressor septi nasi (noL 
shown in figure), which pulls the nares down, 
thereby constricting the opening of the nose (nares); 
and the procerus [pro SE rus] superior from the 
bridge of the nose, which lowers the medial eyebrow 
and wrinkles the nose. 

• Eye muscles include the orbicularis oculi [or BIK u 
lar is AHi< u Ii] , which surrounds the eye and acts to 

squint the eye, and the com1gator supercilii I COR u 
gay tor su per SIL e e]. which draws the medial end 
of the eyebrow down, as in a frown. 

• Ear muscles include the posterior , superior, and 
anterior auricular (aw RIK u lar] muscles (not 
shown), which act to move the ears and/or scalp. 
Can you wiggle your ears by contracting these mus­
cles? Give it a try. 

Ka dose.com 
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Orbicularis oculi m. 

Levator labii superioris 
alaeque nasi m. 

Levator labii 
~ superioris m. (green) 
a. 
:, Zygomaticus major m. (red) --'::~-...a:._, 

,g. b Depressor anguli oris 
~ m.~uaj 3 Depressor labii inferioris m. 

Mentalis m. (green) 

Frontal belly 
occipitofrontalis m. 

Corrugator supercilii m. 

f-.,....=".L' Orbicularis oculi m. 
(palpebral part) 

Nasalism. 
---,---(transverse part) 

='"="':"":''--- Levator labii 
superioris m. 
(upper lip)(green) 

Levator anguli oris m. 
(upper lip)(blue) 
Buccinator m. 

Masseter m. (red) 

' The muscles of facial expression: Note the shaded muscles superior to the upper lip , which help raise the lip or help 
us smile: the zygomaticus major (red) and minor, levator labii superioris (green), and levator anguli o ris (blue); and the muscles infe• 
rior to the lower lip, which help the lower the lip or frown: depressor anguli oris (blue) and the depressor labi i inferioris (not shaded). 
The riso rius (yellow) helps to widen the mouth, the mentalis (green-) is in the chin, the buccinator (yellow) is in the cheek, and the o rbic­
ularis oris (red) surrounds the lips for puckering. The platysma is a chin layer of muscle covering deeper neck muscles. (Reproduced 
from Clemente CD, ed. Gray's anatomy of the human body. 30th ed. Philadelphia, PA: Lea & Febiger, 1985:444, with permission.) 

• The broad occipitofrontalis [ahk SIP i toe fron TAL 
is) (or epicranial) muscle draws back Lhe scalp, 
wrinkling Lhe forehead and raising the eyebrows, as 
in surprise. 

• The platysma [plah TlZ mah] muscle is a broad 
muscle Lhat extends from the moulh to the anterior 
and lateral surfaces of the neck and contracts during 
a grimace. 

The posterior and deep muscles of the neck, as well 
as Lhe overlying fascia and skin, all have a slight pos­
tural influence on the physiologic resting position of 
the mandible. OLher than this, the numerous facial 
muscles, including the buccinator, do not in0uence 
any movements of the mandible. However, a person's 

~ " of <rund, m,ss, huhh, ,nd physic,! ,nd 

mental fatigue each have a decided effect on the resting 
posture of the mandible at any given time.19 

D. SUMMARY OF MUSCLES THAT MOVE 
AND CONTROL THE MANDIBLE 

There are five specifically different ways Lhat we can 
voluntari ly move our mandible. There are limitless 
combinations of these movements Lhat occur through­
out any 24 hours. ln review, here are the muscles that 
contribute to each movement: 

1, ELEVATION OF THE MANDIBLE 

Elevalion (elevates the mandible and closes Lhe momh) 
results from the bilaLeral comraction of three pairs of 
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muscles. The temporalis muscles (vertical fibers) bring 
the mandible upward into position for crushing food. 
The temporalis muscles are primarily Lhe positioning 
muscles as they elevate the mandible upward until il is 
in position Lo have the real force applied by the other 
two pairs of closing muscles. The masseter muscles 
aa<l Lhe medial pterygoid muscles act together LO apply 
the power for forceful jaw closures, as in crushing food, 
such as biting through a carrot. 

2. DEPRESSION OF THE MANDIBLE 

Depression (depresses the mandible and opens the 
mouth) results primarily from the bilateral contrac­
tion of both lateral pterygoid muscles, assisted by 
suprahyoid and infrahyoid muscles, especially the 
anterior bellies of the digastric muscles, and the 
omohyoid (infrahyoid) muscles, which help fix or hold 
the hyoid bone. 

3. RETRUSION 

Retrusion (retracts the mandible) results from the 
bilateral contraction of the posterior fibers of the tem­
poralis muscles assisted by the suprahyoids, especially 
the digastric muscles (anterior and posterior bellies 
seen in Fig. 14-35). 

4 . PROTRUSION 

Protrusion (or protraction, protrudes the mandible) 
results from the simultaneous contraction of both 
lateral pterygoid muscles. 

5. LATERAL EXCURSION 

Lateral excursion (moves sideways) results from the 
contTaction of one lateral pterygoid muscle. The man­
dible is moved bodily co the left by the contraction of 
the right lateral pterygoid rnuscle.8•20 

Review Questions 
Select the one best answer. 

1. Which muscle has its origin in the pterygoid 
fossa? 

a. Medial pterygoid muscle 
b. Lateral pterygoid muscle 
c. Masseter 
d . Temporalis muscle 

2. The masseter muscle elevates the mandible. 
Which other muscles are involved in elevating the 
mandible? 

a. Temporalis (anterior fibers) and lateral 
pterygoid muscles 

b. Lateral pterygoid muscles and medial ptery­
goid muscles 

c. Temporalis (posterior and anterior fibers) 
and medial pterygoid muscles 

d. Medial pterygoid muscles and temporalis 
( anterior fibers) 

e. Lateral pterygoid muscles and temporalis 
(posterior fibers) 

3. In which direction do the fibers of the lateral 
pterygoid muscles travel from their origin to their 
insertion? 

a. Medial and posterior 
b. Medial and anterior 
c. Lateral and anterior 
d . Lateral and posterior 

4. Which of the following muscles of facial expres­
sion does not contribute to moving the lips? 

a. Orbicularis oris 
b. Risorius 
c. Levator labii superioris 
d. Depressor labii inferioris 
e. Orbicularis oculi 

5. Which of the following would you palpate 
anterior and 1 to 2 inches superior to the ear? 

a. Masseter, the origin 
b. Masseter, the insertion 
c. Temporalis, posterior fibers 
d. Temporalis, anterior fibers 
e. Temporalis, the insertion 

6. Which muscle, when contracting, moves the 
mandible to the right? 

a. The left medial pterygoid muscle 
b. The right medial pterygoid muscle 
c. The left temporalis muscle, horizontal fibers 
d. The right late ral pterygoid muscle 
e. The left lateral pterygoid muscle 

a-9 'p-5 'a-11 'p-F; 'p-z '0-L =S113MSN\t' 

Ka dose.com 
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SECTION IV NERVES OF THE ORAL CAVITY 

OBJECTIVES 

The objectives for this section are to prepare the 
reader to perform the following: 

List the 12 cranial nerves ( CNs) and briefly describe 
their function. 
Describe the important branches of the trigeminal 
nerve and trace the route of each important branch 
from the bra.in to the structures that they innervate 
in the oral cavity. 

There are three types of nerve fibers based on their 
function: afferent, efferent, and secrewry. Afferent [AF 
er ent] (or sensory) fibers convey impulses (such as 
feeling, touch, pain, taste) from peripheral organs (like 
the skin or surface of the tongue) to the central nervous 
system. (Hint: Afferem: where "a" [as in approach] 
means sending impulses toward the brai11, that is, from 
an organ receiving sensory input, so the brain can "feel" 
it; therefore, these impulses are senso1y , related LO the 
senses of feeling, LOuch, pain, taste, etc.) 

Efferent I EF er ent] (or motor) nerve fibers con­
vey impulses from the central nervous system Lo the 
peripheral organs, such as LO muscle fibers LO initi­
ate contraction. They supply the four pairs of muscles 

Table 14-2 THE TWELVE CRANIAL NERVES 

NERVE NO. CRANIAL NERVE 

Describe the pathway to the oral cavity of the facial 
nerve and identify the oral structure(s) it innervates. 
Describe the pathway to the oral cavity of the 
glossopharyngeal nerve and identify the oral 
structure(s) it innervates. 
Describe the pathway to the oral cavity of the hypo­
glossal nerve and identify the oral structure(s) it 
innervates. 

of mastication and other muscles in the region of the 
molllh. (Hint: Efferent: where "e» [as in exit) means 
sending an impulse from the brain, which could con­
tract a muscle and move a bone in the intended direc­
tion [or could increase force on that bone without 
movement]; therefore, these impulses are motor. ) 

Secretory fibers are specialized efferent nerve fibers 
that, upon stimulation, can send messages to glands, 
such as the salivary and lacrimal (tear) glands LO pro­
duce and secrete saliva or tears. 

There are 12 cranial nerves (CNs) that all supply the 
area of the head. Table 14-2 Lists the 12 CNs (indicated 
by Roman numerals I to XU) that are responsible for 
the speciJic functions. 1•21- 26 

FUNCTION 

Olfactory [ol FAK toe ree] 
II Optic 

Smell 
Sight 

Ill Oculomocor [AHK u lo MO tor] 
IV Trochlea r [TROK le a r] 
V *Trigeminal [tri JEM i nal] 

VI Abducent [ab 000 sent) 
VII • Facial 

VI II Auditory (or acoustic) 
IX *Glossopharyngeal (GLOSS o feh rinJI al] 

X Vagus (VAY gus] 
XI Spinal accessory 
XII * Hypoglossal 

Orbital muscles for eye movement 
Orbital muscles for eye movement 
Motor. movement of the jaws and muscles of mastication 
Sensory: sensation of feeling for the face, teeth, and periodontal 
ligaments, and anterior two thirds of the tongue 
Orbital muscles for eye movement 
Motor. to the muscles of facial expression 
Sensory: taste to anterior two-thirds of tongue 
Secretory: to submandibular and sublingual glands 
Sense of hearing, position, and balance 
Secretory: co parotid gland, pharyngeal movements 
Sensory: feeling to pharynx and posterior one third of tongue 
and taste co posterior one third of tongue 
Pharyngeal and laryngeal movements: digestive trace 
Neck movements: sternocleidomascoid and crapezius muscles 
Motor. tongue movement (muscles) 

•The asterisked nerves tn bold are most imf)Of""t.ant when di.sc:ussing the functton of the oral cavity. A detailed d i5tU$$fOn of thHC Oe.f'Ve$ will include the major 
bran_,ches co scruaures of the mouchJ including ceech, periodonral liga.ments and alveolar processes. gingiva (gums), the palace and floor of the mouth, and muscles of 
ma~uon, of fadal expression, and of the tongt.,e (both for muscular a.cdon and our sense of taste:). Also1 a pneumonic chat may help you remember the cranial nerves 

~ ,-,, .......... _ ...... ,_., .. =••' -,o•o,,""°'""''''-'''·A~•·"''"""": ":;;,CO m 
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A. TRIGEMINAL NERVE (FIFTH CN) 

When discussing the function of the oral cavity, 
probably the most important nerve is the trigeminal. 
The trigeminal nerve or fifth CN is the largest of the 
CNs and is the major sensory nerve of the face and 
scalp. It originates in the large semilunar or trigeminal 
ganglion, a group of nerve cell bodies located on the 
superior surface of the petrous portion of the temporal 
bone in a srnall depression (the semilunar fossa) medial 
to the foramen ovate. The tri.gerninal nerve divides into 
three major divisions (or three nerve branches). (Hint: 
"tr i" in trigeminal refers to the nerve's three divisions.) 
Division I (the ophthalmic [ahf THAL mikJ nerve) 
and Division II (the maxillary nerve) are only affer­
ent (sensory). Division l1I (the mandibular nerve) is 
both afferent (sensory) and efferent (motor). Its effer­
ent fibers supply the muscles of mastication. This is the 
only CN with sensory (touch and pain) innervation to 
the skin of the face, and the divisions or branches are 
distributed to the face as shown in Figure 14-37. 

The maxillary and mandibular divisions of the 
trigeminal nerve also supply afferent or sensory neu­
rons that provide the brain with information about the 
position of the teeth and jaws at all Limes. The imer­
pretation of postural il1formation by the brain (sense 
of position) is called proprioception. Proprioceptive 
nerve receptors are located in muscles and ligamentS, 
including the periodontal ligaments, and in the lateral 
aspects of the TMJs. The periodontal ligament around 
each tooth is well supplied with proprioceptive neu­
rons from the maxillary and mandibular divisions of 

Branches of the _ _,..,,,,..,,.. 
nasociliary nerve 

the trigeminal nerve. These branches send messages LO 

the brain as to the relative position of the mandibular 
to maxillary teeth. This has a tremendous inOuence on 
relative jaw position, movement, and occlusion (the fit­
ting together) of the teeth. Canines are reported to have 
the richest supply of proprioceptive nerve endings. 

Tht: TMJ <1lsu h<1s prupriol:t:plivt: 11e::urun~ in th<:: l:<1p­

sule and disc that are innervated by the auriculotempo­
ral branch of the mandibular division or the trigeminal 
nerve. To a great extent, proprioceptive information, 
especially from the teeth, determines the subcon­
scious but well-coordinated function or the two com­
plex TMJs.24•25 Otherwise, we could experience many 
unpleasant tooth interferences or frequent joint pain. 

Each o[ the three divisions is divided into many 
branches. The branches of the maxillary nerve and the 
mandibular nerve are those that innervate the region 
of, and around, the oral cavity and wm be discussed in 
the most depth in this section. 

1. DIVISION I (OPHTHALMIC NERVE) 
OF THE TRIGEMINAL NERVE 

The ophthalmic [of THAL mLkJ nerve exits from the 
skull by way of the superior orbital fissure on the supe­
rior surface of the orbit (Fig. 14-38). lt has three main 
branches: the smallest lacrimal nerve, the largest fron­
tal nerve, and the nasociliary nerve. The distribution of 
these senso.ry branches that supply the skil1 of the face 
is shown in Figure 14-37. The ophthalmic nerve and itS 
branches supply general sensations (of touch, pain, pres­
sure, and temperature) LO the skin of the upper third of 

Infra orbital 
nerve 

1---.f'----ff- Zygomaticofacial 

f-,-l'-..o.-7':,-- Auriculotemporal 

General distri­
bution to the skin of the three 
sensory divisions of the trigemi­
nal nerve. Pain in these areas is 
felt by impulses sent through the 
ophthalmic (yellow) , maxillary 
(green) , and mandibular 
branches (red) or divisions of 
this nerve. These three branches 
are distributed co the face as 
indicated in this drawing. 
(Reproduced from Clemence 

nerve 

CD, ed. Gray' s anatomy of the 
human body. 30th ed. 
Philadelphia, PA: Lea & Febiger, 
1985:1164, with permission.) 

om 
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'-"'""-- Superior orbital fissure 
(beneath lesser wing) 
Foramen rotundum (maxillary nerve) 

Foramen ovale (mandibular nerve) 

.__,..-- Foramen spinosum 

the face including the skin of the forehead and anterior 
scalp, and the skin around the eyeball, eyelid and nose, 
and part of the nasal mucosa and maxillary sinus. The 
ophthalmic nerve does not supply the oral cavity. (Hint: 
"Ophthalmic» is related to the eye; compare ophthal­
mologist, a physician who specializes in eyes.) 

2. DIVISION II (MAXILLARY NERVE) 
OF THE TRIGEMINAL NERVE 

The maxillary nerve provides general sensations (of 
t0uch, pain, pressure, and temperature) to the skin of 
the middle third of the face and the palate (Fig. 14-37), 
plus provides sensory branches to the pulp of all maxil­
lary teeth. 1t exits the brain case of the skull through the 
foramen rotundum (Fig. 14-38). After passing through 
the foramen rotundum, the maxillary nerve passes 
into the pterygopalatine space and eventually spli tS into 
four branches: the pterygopalatine, posterior superior 
alveolar (PSA), infraorbital, and zygomatic nerves. 

a . First Branch of the Maxillary Nerve: 
Pterygopalatine Nerve 

The first branch of the maxillary nerve, the pterygopala­
tine nerve, splits off closest to the foramen rotundum. 
A branch of this nerve, called the descending palatine 
nerve, passes through the greater palatine Joramen to 
become the greater palatine nerve. The greater palatine 
nerve ~ ds anteriorly to supply the mucosa (soft tissue 

Human skull: bones 
lining the inside of the neurocranium, 
superior view. Note the location of the 
three pairs of openings where the three 
branches of the trigeminal nerve leave 
the brain: the superior orbital fissure 
for the ophthalmic branch, the foramen 
rotundum for the maxillary branch, and 
the foramen ovale for the mandibular 
branch. The openings on the right side 
of the drawing are shaded red. 

covering) of the posterior portion of Lhe hard palate and 
the palatal gingiva medial to the posterior teeth (molars 
and premolars) (some red Lines in fig. 14-39).Just poste­
rior to the greater palatine foramen, the middle and pos­
terior (lesser) palatine nerves enter the palate through 
the lesser palatine foramen to spread posteriorly to sup­
ply the tonsils and mucosa of the soft palate. 

Another long branch of the pterygopalatine nerve, 
the nasopalatine nerve, runs along the roof of the nasal 
cavity, then diagonally downward and anteriorly along 
the nasal septum where it enters the bone of the palate 
to emerge onto the anterior palate through the incisive 
Joramen. This branch innervates the soft tissue of the 
nasal septum and gingiva and palatal soft tissue lingual 
to the anterior teeth. The right and left nasopalatine 
nerves combined with the greater palatine nerves inner­
vate the soft tissue of the entire hard palate (shown as 
all red lines in Fig. 14-39). 

b. Second Branch of the Maxillary Nerve: 
Posterior Superior Alveolar (PSA) Nerve 

Just before the maxillary nerve branch enters the 
infraorbital fissure and canal on the noor of the orbit, it 
gives o[ itS second branch, the PSA nerve. This branch 
enters the alveolar canals on the infratemporal portion 
of the maxilla (fig. 14-40). Once within the trabecular 
(spongy) bone of the maxilla and the maxillary sinus, its 
dental branches enter small openings in the tooth rootS 
to supply the maxillary molars (e~cept for one root, 
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Palatine process -------..; 
of maxilla 

Greater palatine foramen ------:;--<"'-f--t-----ir.l~~::___ 
and nerve 

Lesser palatine foramen --,1-fr-,cm~H_,.,.., 

Incisive foramen (Iossa) 
(nasopalatine nerve) 

FIGURE14.~ Human skull: inferior surface including the palate, showing the foram ina for branches of the trigeminal nerve that 
innervates the mucosa of the palate: the greater palatine foramen (for the greater palatine nerve) and the incisive foramen (for the 
nasopalatine nerve). The more posterior red lines indicate the diagrammatic distribution of the branches of the greater palatine nerves 
as they spread out along the junction of the alveolar processes with the palatine processes of the maxillae to the tissues (mucosa) of 
the palate located between the posterior teeth. The more anterior red lines indicate the nasopalatine nerve branches spreading out to 
che mucosa between che anterior teeth. 

the mesiobuccal root of the maxillary £irsl molars). le 
also innervales Lhe supporting alveolar bone, periodon­
tal ligaments, and facial gingiva next LO Lhe maxillary 
molars, the mucosa of part of the maxillary sinus, and 
cheek mucosa nexl Lo maxillary molars. 

c. Third Branch of the Maxillary Nerve: 
lnfraorbital Nerve 

In the pLerygopalatine space, a Lhird branch of the max­
illary nerve splits off and passes through Lhe inferior 
orbital fissure on Lhe Ooor of Lhe orbit and emers the 
infraorbital canal, where il becomes Lhe infraorbital 
nerve (Fig. 14-40). WhHe within this canal, Lhe infraor­
bital nerve gives off two branches, the middle superior 
alveolar (MSA) and the anterior superior al.veolar (ASA) 
nerves (shown in Fig. 14-40). 

The MSA nerve passes forward along the lining of 
the maxillary sinus. lL gives off small dental branches 

~ «mol,,s duough ,h,~ roo, op,niugs 

(apical foramina) to supply the maxiJlary premolars 
(and the mesiobuccal root of the maxillary first molar), 
supporting alveolar bone, periodontal ligaments, and 
facial gingiva in the maxillary premolar region and part 
of the maxillary sinus. lt is important to realize that 
the nerve supplying primary teeth is the same as thal 
LO the permanent teeth that replace them. Therefore, 
the nerve branch to the primary molars is the MSA, the 
same one that supplies their successors, the permanenL 
premolars. 

The second branch given off of the infraorbital 
nerve while in the infraorbital canal is the ASA nerve. 
Its small dental branches supply the pulp, supporting 
alveolar bone, periodomal ligaments, and facial gingiva 
of the maxHlary anterior teeth and part of the maxillary 
s inus. 

Notice that three branches of Lhe maxillary nerve 
of CN V innervate all maxillary teeth: the PSA nerve, 
the MSA nerve, and the ASA nerve. A comparison of 
the descriptions of these three superior alveolar nerves 
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lnfraorbital nerve 
In maxillary sinus 

Lateral nasal nerve 

Palpebral N. 

lnfraorbital foramen 
(infraorbital nerve) - --"~ ...c;;:~,._. 

Superior labial N. ---.:;;,=-....::;,,s 
Anterior superior 

alveolar (ASA) nerve 

Maxillary sinus 

Middle superior 
alveolar (MSA) nerve 

Maxilla __ _,__ 

Foramen rotundum 

Pterygopalatine space 

FIGURE 14-!eJ Maxillary division of the trigeminal nerve: branches char innervate che maxillary reerh. The lareral wall ofrhe lefr 
maxilla has been removed exposing the large maxillary sinus. One nerve branch (the PSA nerve) exits the pterygopalatine space and 
goes down the posterior surface of the maxilla before entering the maxilla through the alveolar canals on its way co most maxillary 
molar roots. Another branch, the infraorbital nerve, passes from the pterygopalatine space co the floor of the eye orbit (which also 
forms the roof of the maxillary sinus) where it enters che infraorbittal canal (not shown). Within the infraorbital canal, two branches 
split off co pass downward along the walls of the maxillary sinus and into the maxilla. The MSA nerve passes through the spongy bone 
of the maxilla co the maxillary premolars ( and one first molar root on each side), and the ASA passes co the roots of the maxillary 
anterior teeth. The infraorbital branch continues through the infraorbital canal co exit the maxilla through the infraorbital foramen, 
which provides feeling co the skin on the side ofche nose, the anterior pare ofche cheek, and the upper lip on chat side. 

indicates a great lack of unifonni ty in their distribution. 
Sometimes, the MSA nerve is missing, and the func­
tion is taken over by the anterior and posterior alveolar 
nerves. 

After exiting from the infraorbital foramen , the 
infraorbital nerve splits into i.ts end (terminal) branches 
innervating the skin and mucosa of the side of the nose 
(nasal nerve), skin and mucosa of the lower eyelid 
(palpebral f PAL pe brall nerve), skin and mucosa of 
the upper lip, facial gingiva of maxillary premolars, 
and facial gingiva of anterior teeth (labial I LAY bee al] 
nerve) (Fig. 14-40). 

d. Fourth Branch of the Maxillary Nerve: 
Zygomatic Nerve 

The zygomatic nerve arises in the pterygopalatine fossa, 
enter , ~ rbit via the inferior orbital fissure, and then 

divides into the zygomaticotemporal and zygomaticofacial 
nerves ( the upper and lower branches, respectively, of 
the zygomalic nerve in Fig. 14-37). It supplies the skin of 
the temporal region and lower part of the orbit. 

3 . DIVISION Ill (MANDIBULAR NERVE) 
OF THE TRIGEMINAL NERVE 

The mandibular nerve is a mixed nerve; that is, it con­
tains both sensory (afferent) and motor (efferem) fibe rs. 
It is the only motor portion of the trigeminal nerve. 
These motor fibe rs of the mandibular nerve supply 
the eight muscles of mastication, plus the mylohyoid 
muscle and the anterior belly of the digastric muscles, 
which help to retract the mandible. Sensory fibers pro­
vide general sensations (of touch, pain, pressure, and 
temperature) to the skin of the lower thi rd of the face 
(as seen in Fig. 14-37) and the floor of the momh and 
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anterior two thirds of the tongue {not taste). Other 
branches enter all mandibular teeth. 

The mandibular nerve exits the neurocranium 
through the foramen ovale (Fig. 14-38). lt passes into 
a space just medial to the zygomatic arch and mandibu­
lar ramus, and inferior to the temporal bone, called the 
infratt:mpurnl :;pal:t:. A:; il pa:;:;t:s inft:riorly LOwartl tltt: 
mandibular foramen in the mandible, it divides into 
four sensory branches: the auriculotemporal, buccal, 
lingual, and inferior alveolar nerves. 

a. Auriculotemporal Nerve 

The firs t branch of the mandibular division, the auricu­
loternporal [aw RIK u lo TEM po ral] nerve, comes off 
the main trnnk immediately below the base of the skull, 
turning backward to supply pain and proprioception 

Facial nerve 

Inferior alveolar 
mylohyoid ne 

Lingual nerve 

fibers to the TMJ, and to supply the skin of the outer ear 
and Lhe lateral aspect of the skull and cheek (Fig 14-41). 

b. Buccal (Buccinator) Nerve 

Another branch is the buccal (buccinator [BUCK sin a 
tor] or long buccal) nerve, which comes off just below 
the foramen ovale and passes through the infratemporal 
space between the two heads of the lateral pterygoid mus­
cles, then down and forward to the buccinator muscle 
(Fig. 14-41) where it innervates the mucosa and skin of 
the cheek up to the corner of the moULh, and the buccal 
gingiva in the area of the mandibular molars and some­
times the second premolars. The best place to anesthetize 
the tissue supplied by the buccinator nerve is to inject 
inside the cheek to deposit the anesthetic into the bucci­
nator muscle near the mandibular molars (Fig. 14-42). 

FIGURE 14--!I Mandibular division of the trigeminal nerve branches (yellow) : The external wall of the right mandible has been 
removed to expose the inferior alveolar nerve within the mandible, where it gives off the many small branches to each mandibular 
tooth. (From this view, the buccinator muscle hides the teeth.) Within the mandible near the premolar a rea, the inferior alveolar 
nerve splits into two end (terminal) branches. One branch, the menttal nerve, exits through the mental foramen to innervate the skin 
of the chin and li p on that side, while the other branch is really a continuation ofrhe inferior alveolar nerve anteriorly within the man­
dible where it is call ed che incisive nerve (nor visible here). Also, note che other major branches of the mandibular division: the lingual 
nerve, which is in close proximity co the inferior alveolar nerve posteriorly, but then diverges anteriorly to enter the tongue; and the 
buccal nerve, which innervates the cheek and tissue next to mandibular molars. Other nerve branches (nor shaded) are motor 
branches of the mandibular nerve supplying the muscles of mastication. (Motor branches can be seen entering the masseter and 
temporalis muscles.) (Reproduced fi-om Clemente CD, ed. Gray's anatomy ofrhe human body. 30th ed. Philadelphia, PA: Lea & 

~ 166,wi<hpumi»io,.) a USe,CQffl 
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Buccal nerve (CN V) to cheek ---~ 

Retromolar fossa 

Mandibular nerve (CN V) 

Lingula 

Mandibular foramen (inferior 
alveolar nerve, CN V) 

Mylohyoid groove (mylohyoid nerve) 

Lingual nerve (CN V to anterior tongue) 

FIGURE 14-,il 
Location of the branches of the mandibular division of the trigeminal nerve (mandibular nerve) (in red): As the man­

dibular nerve passes through the infi-atemporal space, it gives off the buccal nerve to the cheek (lateral to the ramus). Before entering 
the mandibular foramen, the mandibular nerve (medial to the ramus) gives off a lingual nerve branch that passes to the tongue. The 
inferior alveolar nerve enters the mandibular foramen (and canal) where it and its terminal incisal branch give off branches through 
the spongy bone to all mandibular teeth. 

c. Lingual Nerve 

The next branch of the mandibular nerve, given off 
inferior to Lhe foramen ovale, is the lingual nerve 
branch that goes to the tongue (Figs. 14-41 and 14-42). 
It passes downward, medial LO the ramus but lateral to 
the medial pterygoicl muscle, to the mucous membrane 
just lingual to the last molar. The lingual nerve pro­
vides general sensation (touch, pain, pressure, and tem­
perature, but not taste) to the top (dorsal) and bouom 
(ventral) surfaces of the anterior two thirds of the tongue 
and adjacent tissues. The adjacem tissues include the 
soft tissue (mucosa) on the floor of the mouth and 
inner surface of the mandible and the lingual gingiva of 
the entire mandible. 

d. Inferior Alveolar Nerve 

Finally, the inferior alveolar nerve comes off the man­
dibular nerve on the medial side of the lateral ptery­
goid muscle (Figs. 14-41 and 14-42). This large nerve 
roughly parallels the direction of the lingual nerve to 

descend between the sphenomandibular ligament and 
ram us to the mandibular foramen, where it gives off the 
mylohyoid nerve and then emers the mandible through 
the mandibular foramen (represented on the medial 
surface of the mandible in Fig. 14-42). The mylohyoid 
nerve (efferent) pierces the sphenomandibular liga­
ment and travels forward in the mylohyoid groove to 
supply the mylohyoid muscle. 

Once Lhe inferior alveolar nerve enters Lhe mandible 
through the mandibular foramen, it is in the mandibu­

~,•hi" U« body of ili, •~"dibl,, wh,c, i, gis,s 

off the many small dental branches that spread through 
trabecular (spongy) bone of the mandible in order to 
enter the apical foramen of all mandibular molars and 
premolars. It also innervates the periodontal ligaments 
and alveolar processes of these teeth. While \Vithin the 
mandibular canal, the inferior alveolar nerve splits near 
the roots of the premolars to become the mental nerve 
and the incisive nerve. The incisive nerve (Fig. 14-43) 
branch continues forward within the mandibular canal 
to supply the mandibular incisor and canine teeth, 
their periodontal ligaments, and surrounding alveolar 
process. The mental nerve branch of the inferior alveo­
lar nerve exits from the body of the mandible throi1gh 
the mental foramen (Fig. 14-41) and supplies the facial 
gingiva of the mandibular incisors, canines, and pre­
molars and Lhe mucosa and skin of the lower lip and 
chin on that side up to the midline (Fig. 14-3 7). 

Note that if an anesthetic solution is deposited next 
to the opening of the mandibular foramen, it could 
block the passage of sensory nerve signals from all 
mandibular teeth on that side (by blocking the inferior 
alveolar and its terminal incisive branch) and also the 
skin of the chin and lip area (because another termi­
nal branch, the mental nerve, has also been blocked). 
Further, since the lingual nerve is in close proxim­
ity to the mandibular foramen, its fibers may also be 
blocked, causing that side of the floor of the mouth, 
lingual gingiva, and anterior two thirds of the tongue to 
lose feeling. The only part of the mandible that would 
not be numb would be the tissue buccal to the molars, 
which requires some additional anesthetic solution in 
the cheek to block the buccal nerve. 

dose.com 
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Trigeminal ganglion 

\ Ophthalmic nerve 

{ 
DIV I --+----" 

0IVII 

1. External nasal nerve 

2. Pterygopalatlne ganglion 

3. Posterior superior 

Alveolar nerve 

A. Gingival branch 

4. Alveolar canal 

5. Middle superior alveolar nerve 

6. Anterior superior alveolar nerve 

7. lnfraorbital nerve 

8. Palpebral branches 

C. Nasal branches 

D. Labial branches 

8. Buccinator nerve to cheek (in front of ramus) 

9. Lingual nerve (behind ramus) 

10. Inferior alveolar nerve (behind ramus) 

11. Mandibular foramen 

12. Mental nerve (branch of inferior alveolar) 

13. Incisive nerve (branch of Inferior alveolar) 

FIGURE 14-~ T rigeminal nerve distribution of the branches of the maxillary and mandibular divisions: The ophthalmic branches are 
shaded green, the maxillary nerve and branches are shaded red; rhe mandibular nerve and branches are blue. Note char the buccinator 
(long buccal} branch (labeled No. 8} ofche mandibular division passes superficial co the ramus to enter the cheek, whereas the lin­
gual nerve (labeled No. 9) and inferior alveolar nerve ( labeled No. 10) pass medial co the ramus as they go co the tongue and man­

dible, respectively. Also, note that the infraorbical branch ofrhe maxi llary division gives offche MSA (labeled No. 5) and ASA branches 
(labeled No. 6) while in the infraorbital canal on the floor of the eye orbit (roof of the maxillary sinus). 

Figures 14-43 and 14-44, and Table 14-3 can be used 
to help summarize the distribution of the mandibular 
and maxillary sensory nerve branches to all teeth and 
surrounding tissues of the mouth. 

Motor (efferent) branches of the mandibular nerve 
supply the muscles of mastication: the masseteric 
nerve to the masseter muscle, as well as to the TMJ, the 
posterior and anterior temporal nerves tO the tempo­
ralis muscle, the medial pterygoid nerve to the medial 
pterygoid rnuscle, and the lateral pterygoid nerve LO 

the lateral pterygoid muscle. 

8 . FACIAL NERVE (SEVENTH CN) 

The facial nerve is a mixed nerve (sensory and motor). 
From the brain, the facial nerve penetrates the petrous 
portion of the temporal bone through the internal 
acoustic meatus (Fig. 14-45) and exits Crom the skull 
between styloid and mastoid processes through the 
stylomastoid foramen (Fig. 14-46). It passes through 
the parotid gland. Efferent motor [EF er ent] fibers 
innervate muscles or facial expression (includ.ing the 

~ ;,) ond v;,u,1 expn,,s;on of 1he face '"d 

the scalp. Other muscles supplied by Lhe facia l nerve 
include the posterior belly of the digastric muscle and 
stylohyoid muscle (Fig. 14-35); the platysma muscle (a 
broad, thin superficial muscle that covers much of the 
anterior part of the neck, seen in Fig. 14-36); and the 
s tapedius muscle (in middle ear cavity). None of these 
muscles has any in0uence on moving the mandible. 
Efferent secretory fibers stimulate secretions from two 
pairs of salivary glands: the sublingual glands located 
just under the mucosa in the floor of the mouth superior 
to the mylohyoid muscle, and the submandibular glands 
located in the submandibular fossae on the medial sur­
face of the mandible inferior to the mylohyoid muscle. 

Afferent sensory [AF er ent] fibers of the facial 
nerve (chorda tympani branch) branch off within the 
petrous portion of the temporal bone. They course 
through the tympanic cavity eventually exiting of the 
skull by way of the petrotympanic [PET ro Lim PAN ik] 
fissure. These chorda tympani fibers of the facial nerve 
join with the lingual nerve (branch of the mandibular 
division of the trigeminal nerve) and supply the sense 
of taste to the anterior two thirds of the tongue ( the body 
and the tip of the tongue). 

a use.com 
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NERVES 

Between quadrants 
Palate and lingual ginglva 

v\ \r-1 
~ ,... 

Naso 
--- - -.... ------.. 

0 : ¢! 

ct, : • 

MAXILLARY 

MANDI ULAR 

Innervates 
right and left 

teeth/tooth pulp 
Periodontal ligament 

Alveoir process 

Inferior alveolar 
(dental branches) 

~-------Incisive branch 
of inferior alveolar 

Floor of mouth 
and lingual gingiva 

and anterior 2/3 of tongue 
(sensory) 

A summary of the 
distribution of branches o f the trigemi­
nal nerve (CN V} that innervate the 
tissues of the mouth: Nerves li sted on 
the left side of the diagram supply facial 
gingiva on both the right a nd the left 
side of the face; nerves listed on the 
right side of the diagram supply the 
teeth, tooth pulps, periodont:AI ligaments, 
and alveolar processes on both sides of 
the face. Nerves listed in those areas 
innervate the mucosa medial to the 
teeth. 

T bl 
14

_
3 

DISTRIBUTION OF BRANCHES OF TRIGEMINAL NERVE 
a e TO THE TEETH AND SURROUNDING STRUCTURES 

(Carefu lly study this comprehensive but simple table. Then, covering one column at a time, see how many nerves you can recall. 
These are the nerves any dental student, dental hygiene student, or graduate of either profession should be most familiar with. 
You should also be able to determine the location of each nerve.} 

TEETH TOOTH PULP 

Anterior teeth ASA nerve 

GINGIVA 

MAXILLARY ARCH 

Palatal: Nasopalatine 
nerve 
Labial: infraorbital and 
ASA nerves 

PERIODONTAL LIGAMENT HARO PALATE 
ANO ALVEOLAR PROCESS 

ASA nerve• Nasopalacine nerve 

Kad 
( continued) 
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Table 
14

_
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DISTRIBUTION OF BRANCH ES OF TRI GEMINAL NERVE 
TO THE TEETH AND SURROUNDING STRUCTURES (CONTINUED) 

T EETH TOOTH PULP 

Premolars MSAnerve 

Molars PSA nerve except 
mesiobuccal root of first 
(supplied by MSA nerve) 

Anterior teeth Incisive branch of the 
inferfor alveolar nerve 

Premolars Dental branch of inferior 
alveolar nerve 

Molars Dental branch of inferior 
alveolar nerve 

"Al$0 $upp1y the m;,xillary sinus. 

Frontal bone 

Optic canal 

Lesser wing of sphenoid 
Greater wing of sphenoid - -.-...-- "' 

Sella turcica -~= "-"" 
Squamous part -f~ ~ 

of temporal 

Petrous part -t---liii~ 
of temporal 

Parietal bone 

Occipital bone 

GINGIVA PERIODONTAL LIGAMENT HARD PALATE 
AND ALVEOLAR PROCESS 

MAXILLARY ARCH 

Palatal: anterior palatine M SA nerve* Anterior palatine nerve 
nerve 
Buccal: MSA and infi-aor-
bital nerves 
Palatal: anterior palatine PSA nerve* Anterior palatine nerve 
nerve 

Buccal: PSA nerve Soft palate: middle and 
posterior palatine nerve 

MANDIBULAR ARCH FLOO R OF MOUTH 

lingual: lingual nerve Incisive nerve Lingual nerve 
labial: mental nerve 
lingual: Ii ngual nerve Dental branch of infe- Lingual nerve 
Buccal: mental nerve rior alveolar nerve 
lingual: lingual nerve Deneal branch of infe- Lingual nerve 
Buccal: buccinator nerve rior alveolar nerve 
(long buccal nerve) 

Internal acoustic (auditory) meatus 
(facial nerve, CN VII to facial muscles, tongue) 

'W:•N--<I!-+- Jugular foramen (glossopharyngeal nerve) 
CN IX to posterior tongue 

Foramen magnum (spinal cord) 

Hypoglossal canal and nerve (CN XII) to 
tongue muscles 

FIGURE 14~ 
Foramen for CNs VII (facial), IX (glossopharyngeal), and XII (hypoglossal) that exit the brain case through bones 

lin ing the inside o f the neurocranium. Arrows indicate the locat ion o f the facial nerve that passes through the internal acoustic foramen 
(blue), the glo550 haryngeal nerve that passes through the jugular foramen (green), and the hypoglossal nerve branches that pass through 
th✓gl"ifs I canals (red) ( not visible but on the lateral walls o f the foramen magnum). 

J, a u~c.l:Om 
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~~-- Petrotympanic fissure (facial n. and chorda 
tympani CN VI I to tongue taste) 

"'--=+..'~~-- Carotid canal (internal carotid artery) 

Y:::.~.,-,+ -- Stylomastoid foramen (facial nerve CN VII 
to face muscles) 

'?-'--~!!----- Jugular foramen (CN IX glossopharyngeal 
to posterior tongue) 

FIGURE 14~ Fora men for CNs VII (facial), IX (glossopharyngeal), and XII (hypogfossal) viewed on the inferior surface of the 
neurocranium. One part of the f(Jcial nerve exits through the stylomastoid foramen (blue) and another small branch exits through 
the petrotympanic fissure (blue) where it joins up with the lingu(J/ br(Jnch of the trigeminal nerve co provide the anterior two thirds of 
the tongue with feeling (trigeminal nerve neurons) and taste (facial nerve neurons). Theglossopha,ynge(J/ nerves exit through the jugular 
foramen (green). The hypoglossal nerves exit through the hypoglossal canals (red). Also, note the carotid canal where the internal carotid 
artery enters the braincase. 

Advanced topics about taste buds: There are 
approximately 8000 to 9000 taste buds in the )'Oung 
adult, more in children, and fewer with advancing age. 
Originally, four primary tastes were identified: sour 
(acid), sweet, salty, and birter.27 Some authors add alka­
line and metallic to the taste senses. Others are cu1Tently 
citing a unique taste associated with monosodium glu­
tamate (amino acids) called umami.28 Early research 
on taste was interpreted by mapping the tongue for the 
quali ty of taste sensed in each area: the tip of the tongue 
is where one best distinguishes sweet, salty, or alkaline 
substances, and the sides of the tongue are most sen­
sitive Lo sour (acidic) substances.27 However, newer 
research has shown that cells v.rithin each taste bud may 
respond to multiple tastes, but the sense of taste in each 
area of the tongue is dependent upon the intensity of 
each taste. (An excellent discussion of taste is found in 
the chapter by Travers and Travers in the text edited by 
~ th,t S dted at the end of thS ch,ptec.J 

C. GLOSSOPHARYNGEAL NERVE 
(NINTH CN) 

The glossopharyngeal [ GLOSS o feh rin Jl al] nerve exits 
from Lhe skull via tl1e jugular UUG yoo lar] foramen 
(Figs. 14-45 and 14-46). 1t then passes down and for­
ward to enter Lhe LOngue. It is a mixed nerve (sensory and 
motor) and supplies parts of the tongue and pharynx. 

The afferent fibers of this nerve supply the sense of 
taste and sensation of feeli.ng (touch and pain) to tl1e 
posterior one third of the tongue and general sensation to 
the mucosa of the pharynx and tonsils. (Bitter sensations 
are prominent on the dorsal [top] surface in the region 
of the circumvallate papillae on the posterior third of the 
tongue. Additional Laste buds can be found in other struc­
tures in the back of the mouth, such as the pillars of the 
fauces, hard and soft palate, epiglottis, and pharynx. 27·

29
) 

The motor fibers of the glossopharyngeal nerve inner­
vate the s tylopharyngeus muscle of the pharynx. 

- com 
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OLher secretory fibers innervaLe Lhe parotid gland, 
inlluencing secretion. This gland is located in front 
of each ear lobe in the cheek tissues jusL inferior to 
Lhe zygomaLic arch (seen later in Fig. 14-48). (Hint: 
Glossopharyngeal means glosso [tongue] + pharyngeal 
I pharynx or throat)). 

D. HYPOGLOSSAL NERVE (12th CN) 

The hypoglossal nerves exit from Lhe skull through the 
hypoglossal canals jusL above the occipital condyles 
near the anterior border of the large foramen mag­
num visible inside the walls of the foramen magnum 
(Fig. 14-46). This motor nerve descends steeply to the 
muscles that move the tongue. (These are genioglossus, 
sLyloglossus, hyoglossus, longiLudinal, vertical, and 
transverse.) lf this nerve becomes damaged from injury 
or tumor, the wngue will deviaLe noLiceably toward the 
affected side. (Hine Hypoglossal means hypo [beneath; 
like a hypodermic needle] + glossal [tongue).) 

E. SUMMARY OF NERVE SUPPLY TO THE 
TONGUE, SALIVARY GLANDS, FACIAL 
SKIN, AND FACIAL MUSCLES 

1. NERVES PROVIDING GENERAL SENSATION 
(TOUCH AND PAIN) TO THE TONGUE 

• The lingual nerve branch of Lhe mandibular division 
of the trigeminal nerve (fifth CN) provides general 
sensaLion of touch and pain Lo the anterior two tl1irds 
(body) of the tongue. 

• Glossopharyngeal nerve (ninth CN) is responsible 
for general sensation ( touch, pain) in the posterior 
one third (or root) of the tongue. 

2. NERVES FOR TASTE IN THE TONGUE 

• Facial nerves (seventh CN) , chorda tympani branches 
provides taste sensation to anterior two thirds (body) 
of tongue. 

• Glossopharyngeal nerve (ninth CN) is responsible 
for taste in the posterior one third (or root) of the 
tongue. 

3. NERVES TO THE TONGUE MUSCLES 

• Hypoglossal nerve (12th CN) supplies motor fibers 
to the muscles of the wngue. 

4 . NERVES TO THE MAJOR MUSCLES 
OF MASTICATION 

• The motor branches of the mandibular division of 
tbe nitn" supply the masseter (masseteric nerve), 

the temporalis (temporalis nerves), and the medial 
and lateral pterygoid (pterygoid nerve branches). 

S. NERVES TO MOST MUSCLES 
OF FACIAL EXPRESSION 

• Facial nerve (seventh CN) supplies most muscles of 
facial expression. 

6. SECRETORY FIBERS TO SALIVARY GLANDS 

• Facial nerves (seventh CN) supply the submandibu­
lar and sublingual salivary glands. 

• Glossopharyngeal nerve (nimh CN) supplies the 
paroticl salivary glands. 

7. NERVES TO THE SKIN OF THE FACE 

• CN V supplies all sense of feeling (touch/pain) to the 
skin of the face through branches of the ophthalmic 
division (upper face), maxillary division (middle 
face), and mandibular division (lower face). 

LEARNING EXERCISES 

Describe the pathway of the branches of the 
mandibular division of the fifth CNs as they 
pass from the brain toward their target organs 
(especially the teeth and surrounding soft tis­
sue). Name the location where branches split 
off of the main nerves, and name the foramina 
through which each branch passes. Then, ifit is 
possible on your study skull, take a pipe cleaner 
and carefully pass it through the foramina to 
show the passageway of these nerves. Think 
about where these nerves might be reached by 
an anesthetic syringe needle and what struc­
tures would be anesthetized if anesthetic depos­
ited in that location blocked nerve impulses 
from all branches of that nerve that are farther 
away from the brain. 
Repeat the previous exercise for the branches of 
the maxillary divisio n. 
Sketch the dorsal view of the tongue and label 
which nerves innervate the anterior two thirds 
and posterior one third for general sensation, 
taste, and movement (muscles). 
List all 12 CNs in order and state their func­
tions. 
Review all words in bold that have phonetic 
spelling to confirm that your pronunciation is 
correct. 

Ka dose.com 
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Review Questions 
Select the one best answer. 

1. The branches of which nerve cause the masseter 
muscle fibers co contract, thus squeezing the 
teeth together? 

a. CN V: maxil lary division 
b. CN V: mandibular division 
c. CN V: ophthalmic division 
d. Facial nerve 
e. Lingual nerve 

2. Which of the following nerve branches does not 
need to be anesthetized in order to block the 
sensation of pain to the pulp and all surround­
ing bone and gingiva of tooth No. 27 prior to an 
extraction? 

a. Buccal nerve 
b. Mental nerve 
c. Incisive nerve 
d. Inferior alveola.r nerve 
e. Lingual nerve 

3. Which two nerves branch off the infraorbical 
nerve while it is in the infraorbical canal? 

a. MSA and PSA 
b. ASA and MSA 
c. PSA and ASA 

d . MSA and nasopalatine 
e. Nasopalatine and greater palatine 

4. Anesthetizing nerve fib ers of what nerve resul ts in 
numbness in half of the anterior two thirds of the 
tongue? 

a. Hypoglossal nerve 
b. Glossopharyngeal nerve 
c. Lingual nerve branch of the trigeminal nerve 
d. Lingual nerve branch of the facia l nerve 

5. The nerve branch of the trigeminal chat provides 
pa in sensa tion co the mandibula r teeth exits the 
skull through what foramen? 

a. Foramen ovale 
b. Foramen rotundum 
c. Mandibular foramen 
d. Menta l foramen 
e. lnfraorbi tal foram en 

SECTION V 
VESSELS ASSOCIATED WITH THE ORAL CAVITY 
(ARTERIES, VEINS, AND LYMPHATIC SYSTEM) 

OBJECTIVES 

The objectives for this section are to prepare the 
reader to perform the following: 

Trace blood through the major blood vessels 
(arteries) from the heart to the teeth and back 
(through major veins) to the heart. 

Arteries that move blood from the heart to the face 
and oral cavity meet up with nerves from the brain 
that innervate the face and oral cavity. Arteries and 
nerves of the same name begin to parallel one another 
somewhere in the neck or on the face. They may pass 
tnrough the same foramen and canals within bones 
after they meet. Generally, arteries of the face and 
jaw run a more wiggly or corkscrew course than do 
veins. 

Describe the pathway (fossa, spaces, etc.) of 
the key arteries that supply the teeth and, where 
possible, feel the pulse. 
Trace the route of infection from teeth and 
associated oral structures as it passes through the 
lymph system. 
Palpate the location of lymph nodes associated with 
the spread of infection of the oral cavity. 

A. ARTERIES 

Refer to the pathway of blood from the heart to the teeth 
in Figu.,·e 14-47. Blood courses from the left ventricle 
of the heart through the aorta to the common carotid 
artery, which ascends in the neck and divides into the 
external carotid [kah ROT id] artery (Fig. 14-48) and 
internal carotid artery. The external carotid artery gives 
off the maxil]ary branches supplying structures in the 
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Pathway of Blood From Heart to Tooth and Back to Heart• 

"'r••· ..... -----------------,.T~ 

~Aojrt~ 

Brachiocephalic 3 

~mmon 

Inferior 
alveolar a. 

i w Capillaries of ., 

7"'"• ,·. 
Inferior 

alveolarv. 

~T 
External ~T 
-~,..~ 

lnfraortlital a. 

_..,,L ... ,, 

anterior superior 

c:J:•. ('\J)_: 

maxilla,y pulp lli 
__ J __ ,,, , , 

anterior superior 

alvei arv. 

lnlraortlital v. 

/ 
Pterygoid plexus 

ofTns 

Pulmonary veins ,7~·-
Capillaries of lung 

""~T~ .. 
-r~ 
.,T ... 

- ,Q .. 

/

•-1•\licv. 

into 
veins 

Sbcla ' via I t I u v,an v. thoracic . n erna I ~- ···r. 
External Common 

'"'"V'" 
Maxillary v. ----------------+Retromandlbular v. Pathway of 

blood from che heart co the teeth 
and back to che heart. ·Think in terms of a drop of blood making this round trip. 

mouth (maxillary and mandibular) , and the internal 
carotid artery enters the skull through Lhe carotid canal 
and does not supply the mouth. You can feel the pulse 
of the external carotid just in front of the sternocleido­
mastoid muscle as required during cardiopulmonary 
resusci tation training. 

As t~&rnal carotid passes superiorly, it gives off 
J~,.!~rtanl branches to the mouth: the lingual, 

facial, and maxillary arteries. First, the Ung11al artery 
(not seen on Fig. 14-48) comes off near Lhe hyoid bone, 
and then enters the tongue. Like the lingual 11en1e, this 
artery supplies the noor of the mouth, adjacent gingiva, 
and the sublingual gland. 

Second, the facial artery (Fig. 14-48) comes off just 
superior or with the lingual anery. It then passes for-
ward obliquely inferior to the supi:nan~ibula5 glarrd ,t 
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FACIAL VESSELS 
..--_,.._,,--_____ Superficial temporal vessels 

Frontal a. 

MAXILLARY A. 

Dorsal nasal a. 

Angular vessels 

Lateral nasal a. 

-~- lnfraorbital a. 
,...,_,.._~- !!'<-e--,..:;.__ __ Transverse facial a. 

FIGURE 14-~ 
----:-··--- Superior labial a. 

::+.:;f--- · IF"-¥-'--~:---- Posterior auricular v. 
Facial vessels. 

The parotid gland !_yellow) is 
split apart co show the external 
carotid artery, with the maxil­
lary artery coming off and 
passing deep co this gland. 
Arteries are shaded red; veins 

- Inferior labial a. 
{ External carotid a. 
----- Facial a. 
---- Facial v. 

Retromandibular v. 
'f-t'--- -----·· -- Common facial v. 

L....:=:...:. ___________ External jugular v. are blue. 

then laterally around the lower border of the mandible. 
The facial artery and facial nerve pass t0gether through 
a shallow notch on the inferior border of the mandible 
just anterior to the insertion of the masseter muscle. 
This notch is called the antegonial notch (recall Fig. 
14-14). This is an important landmark tO be aware of 
so that you will be able to stop the now of blood to the 
lower part of the face in an emergency. Try to find the 
facial artery in the antegonial notch with your finger or 
thumb. You should feel the pulse of the facial artery if 
you are in the correct spot. From here, the facial artery 
goes upward over the outer surface of the mandible to 
the face. 

There are four branches of the facial arte1y that will 
be described here. The ascending palatine artery comes 
off at the highest point of the first bend of the facial 
artery before it passes onto the face , and it ascends to 
supply structures adjacent to the pharynx (including 
the soft palate, the pharyngeal muscles, the mucosa of 
the pharynx, and the palatine t0nsil). The submental 
artery, which converges with the mylohyoid nerve, 
supplies stTuctures in the floor of the mouth (such as 
the mylohyoid muscle, anterior belly of the digastric 
muscle, and lymph nodes inferior tO the mylohyoid 
muscle). After passing omo the face , the inferior and 
superior labial arteries (Fig. 14-48) surround and sup­
ply the lips and the orbicularis oris muscle. Lateral 
nasal and angular arteries are the terminal branches of 
the facia l arteries. 

There is considerable merging al the midline of the 
arteries from both sides of the face, rather than the more 
con~'¥,a1 system whereby an artery tem1.inates with 

,All••'~J16'iall capillaries. This merging of small arteries 

from opposite sides is called an end-to-end anastomosis 
[a NA$ te MO sis]. One example is where the right 
and left superior and inferior labial arteries join at the 
midline. As one might guess, such an anastomosis can 
cause problems in arresting hemorrhage on the face. 

The third branch of the external carotid artery is the 
maxillary artery, which is probably the most impor­
tant artery to the dentist and dental hygienist. l t arises 
from the external carotid within the parotid gland (Fig. 
14-48). The branches of this artery can be considered 
in three pans as shown in Figure 14-49. The branches 
of the mandibular and pte1ygopalati11e part (or first and 
third parts) are directly involved with the blood supply 
to the mandibular and maxillary teeth, respectively. The 
branches of the pte,ygoicl part (or middle part) provide 
blood tO Lhe four pairs of muscles of mastication. Study 
Figure 14-49 as you read about the following branches 
of each part of the maxillary artery. Also, notice the sim­
ilarity between the names of the vessels and the names 
of the nerves that supply the same structures. 

• Mandibular Part of the Maxillary Artery: Arteries tO 

the Mandible 
Branches coming off of the mandibular (or first) 

part of the maxillary artery supply the mandibu­
lar teeth and their periodontal ligaments. You read 
correctly: branches of the maxillary artery supply 
the mandible. The inferior alveolar artery, which , 
like the inferior alveolar nerve, enters the mandible 
through the mandibular foramen, supplies branches 
to the mandibular molars and premolars. It then 
divides into two branches: the mental artery, which 
exits from the mental foraml!f to h~ lower lip 
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# * Masseteric ---- ----- I .. · · -·- · --· # Posterior deep temporalis 
f • • • - -# Anterior deep temporalis 

* Middle and • - - • 
accessory meningeal 

\ : f r- · -- Pterygoid canal 

{J
, ' ,- Sphenopalatine 

r-lnfraorbital (branches to MSA, ASA) 
Pharyngeal 

* Anterior tympanic • -
Deep auricular • -

* Superficial Lernl)<Jral - ' 
•.. • , '- - - Descending palatine to palate 

, \ Posterior superior alveolar (PSA) MAXILLARY 

Posterior auricular 
\__ #Buccinator 

• # Pterygoid 
- - - - - - ------ Twig to lingual n. 

External carotid •- • 

Inferior alveolar - -- - -
to mandible 

Mandibular part 

Mylohyoid 

Pterygoid part Pterygopalatine part 

MAXILLARY ARTERY 

Maxillary artery and the branches of its three major parts: The branches of the mandibular part supply blood to the 
mandible and teeth, the pterygoid part supplies the muscles of mastication, and the pterygopalatine part supplies the maxillae and teeth. 
Vessels labeled with C) are branches co the TMJ. Branches labeled with(#) supply blood co muscles of mastication. 

and chin, and the incisive artery, which cominues 
forward wilhjn the mandible to supply the anterior 
teeth (similar to the path of nerves of the same name 
seen in the mandible in Fig. 14-43). 

• Pterygoid Part of the Ma,-xillary Artery: Aneries to 
the Muscles 

Branches coming off o[ the pte,ygoid (or second) 
part of each maxillary artery are not involved di rectly 
wilh t.he Leeth but supply blood to the muscles of 
mastication (posterior and anterior deep temporalis, 
masseteric, and pterygoid branches) and a buccina­
tor branch. 

• Pterygopalatine Part of the MaxiJlary Artery: Arteries 
to the Maxillae 

Branches that come off of the pte1ygopalctti11e (or 
third) part of the maxillary artery supply the maxil­
lary teeth and their periodonLal ligamenLS. The PSA 
artery traverses the maxillary sinus, and, like t11e PSA 
nerve, supplies the maxillary molars. Whjle within 
the infraorbital canal, t.he infraorbital artery, like the 
infraorbital nerve, gives off the MSA artery LhaL sup­
plies the premolars, and the ASA artery, which sup­
plies t11e anterior teeth. Each descending palatine 
branch of the maxi.Uary artery supplies part of the 
nasal cavity before it emerges onto the palate through 
the greaLer palatine foramen (Fig. 14-39) like the 
nerves to supply the mucosa of the hard and soft pal­
ate and the lingual gingiva. Its terminal part ascends 
through the incisive canal into the nasal cavity. 

The TMJ is supplied with oxygenated blood from 
five braatfi~: Lhe ascending pharyngeal (not visible 

in figure) and superficial temporal branches of the 
external carotid artery and by the anterior tympanic, 
masseteric, and middle meningeal branches oft.he max­
illary artery (Fig. 14-49). 

B. VEINS 

Veins tend to be sLraigbter than arteries.30•
3 1 ln many 

instances, they travel almost the same course as 
art.eries. There are no valves in any of the facial veins. 
Therefore, an infection in the face can travel through 
veins in either direction. Veins that drain blood from 
the face on its way back Lo the hean are shown in 
Figure 14-50. 

Numerous veins drain blood from the maxillary and 
mandibular teeth and adjacent tissues into a pterygoid 
plexus. The pterygoid [TER i goid) plexus is a network 
of veins medial to the upper pan of the ramus of the 
mandible, located between the temporal and lateral 
pterygoid muscles, or between the lateral and medial 
pterygoids.31 This plexus collects blood through deep 
veins that drain the upper part of the face , the tissue 
of the lips and muscles around the mouth, the poste­
rior part of the nasal cavity, the palate, the maxillary 
alveolar process, and maxillary teeth. Also, inferior 
alveolar veins (not visible in Fig. 14-50) carry blood to 
the pterygoid plexus from the mandible and its teeth, 
that is, from the area of the oral cavity supplied by the 
inferior alveolar artery (and the area innervated by the 
inferior alveolar nerve). The dense venous plexus that 
surrounds the maxillary artery helps protect it from 

n 
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VENOUS DRAINAGE OF FACE 

commun,ca ~ w, Ophthalmic superior } • t ·th 

r,.. _____ Ophthalmic inferior cavernous sinus 
'aH,..----- Lateral nasal of the brain 

Superficial temporal v. 7~-----;~-1:::::,-:~~ q ~ ±::;llllil-~~--- Angular 

--"--""""'!i,,11 :!'"'-- -'r---- lnfraorbital 
--,:r --- Deep facial 

,-~~---- FACIAL 

-
~~!~ii;!======== Superior labial Inferior labial 

Pterygoid plexus 

Retromandibular 
i • ~-----===.c..--- -- Common facial 

11 ~ 
1 

r" Internal jugular 

FIGURE 14,!2] Venous drainage of the face: The dotted lines represent deeper ( less superficial) vessels. Notice how many veins come 
together in the pterygoid plexus of veins, an area prone to bleeding if the anesthetic syringe cuts any vessel wall withi n this plexus. 

becoming flattened when Lhe masticatory muscles 
contract. During muscle contractions, however, blood 
is driven from the veins.31 

The veins of the pterygoid plexus empty into the 
short maxillary vein. 

While within the parOLid gland, blood from the max­
illary vein (and from the superficial temporal vein) 
passes into the retromandibular vein LO drain those 
areas that had received blood through the maxillary 
and superficial temporal arteries. The retromandibular 
vein drains into the facia l vein where it becomes the 
short common facial vein that then empties into the 
internal j ugular vein. 

An important superficial vein that also drains blood 
from the face is the facial vein, which roughly follows 
the course of the facia l artery but, of course, carries 
blood in the opposite di rection. The facial vein receives 
blood from the area around the eyes and nose ( via the 
angular and lateral nasal veins), and receives blood 
from the lips (via the superior and inferior labial veins). 
IL can also receive blood from the muscles of mastica­
tion. Just like the retromandibular vein, the facial vein 
empties through the common facial vein into the inter­
nal j ugular vein. Blood from the tongue drains through 
lingual veins (not visible on Fi.g. 14-50) that also emp­
ties into the internal j ugular vein (possibly via the com-

~ vein) 

Venous drainage of the face becomes even more 
complex when you consider that there is a deep facial 
vein, which connects the deeper pte1ygoid plexus with 
the more superficial facial vein. Since the deep facia l 
vein has no valves, blood from the head can make its 
way down to the i11 Len1aljugular vein either through the 
pterygoid plexus and retromandibular vei.n, or through 
the facial vein and its branches. 

Once blood reaches the inlenw/ jugular vein, it 
passes into the brachiocephalic vein, to the superior 
vena cava, then tbrough the heart and lungs to become 
oxygenated before being pumped back to the mouth 
(Fig. 14-47). 

LEARNING EXERCISES 

Draw the route of a drop of blood from the heart 
to both maxillary and mandibular teeth and then 
back to the heart as shown in Figure 14-4 7. Name 
each vessel along the way. Try to visualize this 
interesting round trip, which takes place about 
every 10 to 15 seconds. Remember, the maxillary 
artery and its branches are probably the most 
important to the dentist or dental hygienist. 

Ka dose.com 
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C. LYMPH VESSELS 

I 32 • • 
The lymph sys1em is somewha1 more comp ex smce ll 
serves to collect tissue fluid that gOL outside Lhe blood 
capillary bed and then return this fluid to Lhe vascu­
lar system. In the arterial side of a capillary bed, blood 
pressure exceeds osmotic pressure. so fluid escapes 
into Lhe tissue spaces. On Lhe venous side of each capil­
lary bed, the blood pressure is lower, and the osmotic 
pressure becomes higher, forcing 90% of the ti~ue 
fluid back into the venous capillary bed.13 The maJor 
bulk of the remaining l 0% of the fluid is the lymph, 
which passes into the lumen of lymph capillaries and is 
then collected in the nodes (shown in Fig. 14-5 /) and 
reLUrned to the blood vascular system. 

During times of infection, trauma, or cancerous 
growth, abnormal amounts of fluids escape (alon_g 
with specialized cells to fight infection, etc.), and LhIS 
results in swollen lymph glands. Since lymph nodes 
fonn chains 1ha1 are then connected by lymph vessels, 

I 

I 
. ,. 

, 1 '. ~ ' 
I 

Retroauricular 

Superficial cervical 
(yellow) 

I 

' 

infection spreads predictably from the site of infection 
to a specific lymph node, which then drains to another 
until the lymph system empties back into the veins. 
The spread paucrn is as follows. Refer 10 Figure 14-51 
while reading. 

Infection in the area of the chin and adjacent struc­
turt::> i11du<li11g tht: ti() of tl1t: Longut: am.I tb:,ut::> :.ur­

rounding Lhe mandibular incisors-anterior fl oor of the 
mouth, lower lip, and adjacent gingiva (gum tissue)­
all drain into the submental nodes just lingual to Lhe 
mandibular symphysis area. When enlarged, these 
nodes can be palpated just posterior 10 the symphysis 
area of Lhe mandible. 

The submandibular chain of nodes is loca1ed over 
the surface of the submandibular salivary gland and 
can be palpated medial but anterior to the angle of the 
mandible, with the mosl prominent node in 1his chain 
located over the facial artery medial to Lhe antegonial 
notch. The submental nodes drain i1110 Lhe subman-

Maxillary 

Superficial 
~ ijf-- parolid 

~~- Buccal 

Mandibular 

a><--- Submandibular 
(blue) 

- Inferior deep 
cervical 

Lymph nodes of the 
head and neck These areas should b~ 
palpated during a head and neck 
examination. Submental nodes are 
green, submandibular nodes are blue, 
and superficial cervical nodes are 
yellow. ( Reproduced from Clemente 
CD, ed. Gray's anatomy of the human 
body. 30th ed. Philadelphia, PA: Lea & 
Febiger, 1985:880, with permission.) 
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dibular nodes. Also, the submandibular nodes drain 
most other intraoral structures, including all maxil­
lary and mandibular teeth, facial and palatal gingiva 
or gum tissue (except around the mandibular anterior 
teeth), posterior lloor of the mouth , sides of the tongue 
anteriorly (but not the tip), cheek and side of the nose, 
am! uppt: r lip an<l laLt:ral luwt:r lip; the maxi llary sinus 
drains into the submandibular nodes. 

Parotid [pa ROT id] (or preauricular) nodes, 
located over the parotid gland in front of the ear, 
receive lymph from the area around the parotid gland, 
including the adjacent scalp, ear, prominence of the 
cheek, and eyelids. The parotid and submandibular 
nodes, as well as excess lymph resulting from a sore 
throat (inllamed tonsils and pharynx), drain into the 
deep and superficial cervical chain of nodes. These 
are located along the large sternocleidomast0id neck 
muscles. To cite an example of the spread of infec­
tion , if an infection like a pimple or aphthous ulcer 
formed on the lower lip, it would drain into the mental 
nodes, which would in turn drain into the subman­
dibular nodes, which in turn, along with parotid nodes 
from the side of the face, would drain into the cervical 

nodes. An enlarged cervical node could be the result of 
the lower lip infection. 

From here, the lymph returns via the venous drain­
age of the cardiovascular system. On the left side, drain­
age is through the thoracic [tho RAS ik] duct, which 
empties into veins at the junction of the left subclavian 
[sub CLAY vi an] an<l intt:rnal jugular vt:ins, whid1 
ultimately form the brachiocephalic [BRAY ki o se FAL 
ik) vein. On the right side, lymph empti.es into the junc­
tion of the right subclavian and internal jugular veins. 

LEARNING EXERCISES 

Describe the pathway by which an infection 
( or cancer cells) might spread from a maxillary 
tooth to the neck through the lymph system, 
and then through the venous system. 

Describe the pathway by which an infection 
might spread from a mandibular anterior tooth 
to the neck through the lymph system and then 
through the venous system. 

Review Questions 
Select the one best answer. 

1. Which node would first show enlargement from 
an infection of a mandibular incisor? 

a. Submental 
b. Submandibular 
c. Parotid 
d. Cervical 
e. Preauricular 

2. At what location would you palpate the cervical 
lymph node chain? 

a. Around the sternocleidomastoid muscle 
b. Near the symphysis of the mandible 
c. Over the submandibular gland 
d. Behind the ear 
e. Over the parotid gland 

" 

3. Branches of what artery supply blood to the 
mandibular teeth? 

a . Maxillary artery 
b. Masseteric artery 
c. Pterygoid artery 
d. Pterygopalatine artery 
e. Superficial temporal artery 

4. Branches of what artery supply blood to the 
maxillary teeth? 

a. Maxillary artery 
b. Masseteric artery 
c. Pterygoid artery 
d. Pterygopalatine artery 
e. Superficial temporal artery 
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SECTION VI STRUCTURES VISIBLE ON A PANORAMIC RADIOGRAPH 

OBJECTIVES 

The objective for this section is to prepare the reader 
to perform the following: 

Now that you have learned the locatioll and shape of 
many bony structures within the head , it is possible to 
look at a racliograph and identify many of these struc­
tures based on their shape and location. In order to do 
this, you need to know that the denser structures Ln the 
head (especially the bones and teeth) will appear on the 
radiograph as the lightest (more white or radiopaque). 
Further, the least dense strnctures in the head (like 
foramina passing through bones, sinuses, and nerve 

LEARNING EXERCISE 

With this simple background, and your knowl­
edge of the shape and location of structures in 
the skull, study the radiograph in Figure 14-52 and 
see how many of the following structures you can 
identify without looking at the answers. MATCH 
the following lettered items with the correspond­
ing number and arrow on the radiograph. Use the 
clues only if needed. 

A. Mandibular teeth. Note that each tooth has 
one or more roots embedded into the bony 
(opaque) alveolar processes. How many are 
there? Can you see the radiolucent, very thin 
(almost invisible) periodontal ligaments around 
each root? 

B. Maxillary teeth. Note that each tooth has 
one or more roots embedded into the bony 
(opaque) alveolar processes. How many are 
there? 

C. Body of the mandible 

D. Angle of the mandible 
(Clue: It is the inferior posterior corner of the 
horizontal body of the mandible where it joins 
the vertical ram us.) 

E. Ramus 
(Clue: It is the vertical part of the mandible.) 

F. Coronoid process 
(Clue: It is shaped like the point of a king's 
crown.) 

Based on relative location and shape, identify key 
structures already discussed in this text as they 
appear on a panoramic radiograph. 

canals) will appear on the racliograph as darker struc­
tures (called radiolucent). Finally, a panoramic radio­
graph can be taken with a device that rotates around 
the jaws so that the operator can view structures from 
the right, front, and left on one film. lt is as though 
you could take the horseshoe-shaped mandible with its 
teeth and rami and Gatten it out with its inner surface 
lying Oat on a table and the outer (lateral) surface vis­
ible as one Oat object. 

learning Exercise, cont. 

G. Condylar process 
(Clue: It articulates within the concavity of 
the temporal bone called the mandibular 
[ articular] fossa). 

H. Sigmoid notch 
(Clue: This notch is between the coronoid and 
condyloid processes.) 

I. Mandibular canal 
(Clue: It is a radiolucent canal with its mandib­
ular foramen where the inferior alveolar nerve 
enters the mandible.) 

J. Mental foramen 
(Clue: It is a radiolucent circle near the ends 
of the premolar roots where the mental nerve 
branch of the inferior alveolar nerve splits off 
and exits the mandible to innervate the lower 
lip and chin on that side.) 

K. Maxillary tuberosity 
(Clue: It is the bump of bone behind the last 
maxillary molar.) 

L. Maxillary sinus. Note its proximity to the roots 
of the maxillary molars and premolars. 

M. Hard palate composed of the palatal processes 
of maxillae and palatine bones 

N. Mandibular (articular) fossa 
(Clue: It is the depression on the base of the 
cranium in the temporal bone where the con­
dyle of the mandible fits.) 
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2 3 4 5 6 7 8 9 10 11 12 

19 18 17 16 15 14 13 

A panoramic radiograph (Panorex) shows many of the structures of the skull. Test your ability to identify these 
structure based on their sha pe and relative location by matching che letter of a description (A-S) with the number of each structure 
(1-19). (Radiograph courtesy of Dr. R. M. Jaynes, DDS, Assistant Pro fessor at Ohio State University.) 

Learning Exercise, cont. 

0. Articular eminence 
(Clue: It is the opaque bump of temporal bone 
anterior to the mandibular fossa that deflects 
the condyles and the mandible downward 
[ opening the mouth] as it moves forward .) 

P. Articular disc space 
(Clue: It is a radiolucency between the condyle 
and the fossa.) 

Q. Nasal passageway (also called nasal fossa) 
(Clue: This hollow radiolucent space is located 
superior to the maxillary anterior teeth.) 

R. Nasal septum: VOMER and vertical plate 
- MOID bone 

Learning Exercise, cont. 

(Clue: The septum separates the right and left 
halves of the nasal passageways.) 

S. Hyoid bone 
(Clue: This bone appears to float below the 
mandible since the infra- and suprahyoid mus­
cles attached to it are radiolucent and are not 
visible.) 

ANSWERS: A-18 (there are 14 mandibular 
teeth; two premolars are missing). 8- 2 (there 
are 14 maxillary teeth; two premolars are miss­
ing), C- 16, D- 14, E- 13, F- 7, G- 12, 
H- 8, /- 19,)- 17, K- 1, L- 3, M - 6, 
N-10, 0-9, P-11, Q-5, R-4, S-15 
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Oral Examination: Normal 
Anatomy of the Oral Cavity 

Topics covered within the two sections of this chapter 
include the following: 
I. Excraoral examination: normal structures 

A. General appea ra nce 
B. Head 
C. Skin and underlying muscles of mastication 
D. Eyes 
E. Temporomandibular jo int 
F. Neck 
G. Lymph nodes 
H. Salivary glands (excraora l) 
I. Lips 

OBJECTIVES 

This chapter is designed to prepare the learner to per­
form the following: 

While systematically following all of the steps 
suggested for a thorough head and neck (cancer 
screening) examination, identify and describe all 
normal structures found during an extraoral and 
intraoral examination. 
Describe the location and palpate (examine by touch­
ing), if possible, the major muscles of mastication. 

Note: Specific research data and some of Dr. Woelfel's 
original research findings related to material covered in 
this chapter are referenced throughout by using super­
script letters (like thisA) and are then presented at the 
end of the chapter. 

ANATOMIC TERMS: Fami liarize yourself with fo l­
lowing anatomic terms before reading Lhis chapter: 

Circumvallate [sir kum VAL ate]: circum (around), 
vallate ( valley or trench) 

Filiform: shaped like a thread or filament 
Fomix: referring to a vault-like space 
Frenum [FREE num) (also frenulum; pl. frena): 

small fold of tissue that limits movement 
Fungi form [FUN ji form J: shaped like a fungi or 

mushroom 
Linea alba [LIN e a AL ba]: the whi te (alba) line 

(linea) 
Mastication [MAS ri KA shen ]: chewing food 
Vestibule: entrance to the mouth; like an anteroom, 

kno as vestibule in an old house 

II. lntraoral examination: normal structures as well as 
landmarks for placing local anesthetic 
A. Labial and buccal mucosa: vestibule and cheeks 
B. Pa lace: roof of the mouth 
C. Oropharynx: fauces, palatine arches, and tonsils 
D. Tongue 
E. Floor of the mouth 
F. Salivary glands (intraoral) 
G. Alveolar process 
H. Gingiva 
I. Teeth ( count chem) 

Describe the location of the temporomandibular 
joint, and palpate the joint posteriorly and laterally 
to the condyles. 
Describe the location of the lymph nodes that drain 
the face and neck and palpate these areas. 
Describe the location of the major salivary glands, 

and palpate these areas. 
Describe the location for injecting anesthetic in 
order to anesthetize the teeth and surrounding 
structures. 

During a head and neck (cancer screening) examina­
tion, the dental professional should evaluate all oral and 
surrounding structures for evidence of pathology. This 
examination begins with an evaluation of the patients gen­
eral health, and then involves an assessment of extraoral 
structures of the head and neck, fo llowed by an inrraoral 
examination LhaL includes an evaluation of all structures 
from the lips to the throat. The purpose of a complete and 
thorough extraoral and intraoral examination is to iden­
tify any areas of pathology that might require follow-up 
or rreaLment. The primary purpose of this section is to 
describe 11om1al structures Lhat can be identified wiLhin 
the mouth so that deviations from normal can be distin­
guished. It should also help the reader describe the loca­
tion of abnormal lesions relative to the location of normal 
adjace111 structures, which is necessary when fo llowing 
the progression of changes of a lesion, or when referring 
a paLient for a lesion biopsy. A secondary purpose of this 
chapter is to highlight landmarks that are helpful when 
injecting local anesthetic prior to dental treatment. 
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You should try LO perform an examination on a 
partner after studying the description and location of 
each normal landmark. Keep in mind LhaL sorL Lissue 
strucLUres cover Lhe bones of the skull and are supplied 

by Lhe nerves and blood vessels Lhat were discussed in 
Chapter 14. As you study this material and examine 
the moULh, recall the location or underlying bony land­
marks, nerves, and vessels. 

SECTION I EXTRAORAL EXAMINATION: NORMAL STRUCTURES 

A. GENERALAPPEARANCE 

The first thing LO notice during an initial meeting with a 
patienL is his or her general appearance. You can obtain 
clues regarding possible health problems that have not 
yet been diagnosed, and you can begin to predict how 
well the patiem will tolerate demal treatment. Notice 
the posll.tre, gait, breathing, and general well-being 
during your greeting. 

B. HEAD 

A close look at the head may reveal asymmetry of the 
head or a discrepancy in the relationship of the upper 
and lower jawbones. This could be important to iden­
tify swelling thaL could be a sign or pathology or infec­
tion, and when determining how Lo identify and LreaL 
problems with the occlusion. 

C. SKIN AND UNDERLYING MUSCLES 
OF MASTICATION 

Observe the skin for any unusual lesions, and describe 
each lesion by location (relative to adjacem normal 
landmarks), size, and the person's knowledge of its his­
tory. The evaluator's knowledge of pathology will be 
helpful when distinguishing benign lesions from those 
requiring follow-up pathology consult and/or biopsy. 

Muscles of the head and neck may be palpated to 
identify pain or tenderness that could be related to 
problems with the temporomandibular joint or an 
imbalance in the occlusion of the teeth (made worse 
when the person habitually clenches or squeezes the 
teeth together). For this reason, it is important to be 
able LO locate and palpate these muscles where pos­
sible. You can palpate each muscle pair bilaterally by 
lightly massaging an area with the middle finger of each 
hand while using the index and fourth finger Lo pal­
pate surrounding soft tissue to feel for unusual lumps 
or tenderness. Palpate these muscles on a partner while 
using Figure 15-1 as a guide. 

• Masseter: Feel the body of the masseter by palpat­
ing Lhe bul e over the lateral surface of the mandible 
near • ngle while your partner clenches the jaws 

LOgether. Move your finger down toward the angle of 
the mandible to feel the insertion (labeled No. 4 on 
Fig. 15-1), and move up toward the zygomatic arch 
(inferior border of the zygomatic bone and zygo­
rnatic process of the temporal bone) Lo feel the origin 
(labeled No. 3) 

• Medial pterygoid: Feel the bulge when your partner 
clenches while palpating the medial surface of the 
angle of the mandible at the insertion (labeled No. 7). 
IL may help LO have your partner lean the head for­
ward LO relax the skin of the neck as you gently pal­
pate upward and outward against the medial surface 
of the mandible near the angle, using the tips of your 
middle finger and forefinger. This may cause some 
discomfort. 

. . 
7 Medial to inner angle I of mandible 

Palpated 
intraorally 

FIGURE 1s]I Sites for palpation oftemporomandibular 
joint and muscles of mastication ( origin and insertion loca­
tions). 1. Lateral surface of mandibular condyle. 2. Posterior 
surface of mandibular condyle. 3 . Massecer (origin). 4 . Massecer 
(insertion). 5. Temporalis (anterior vertical fibers that close 
mandible). 6. Temporalis ( posterior horizontal fibers char 
retract mandible). 7. Medial pterygoid. 8. lateral pterygoid 
(palpated intraorally). 
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• Temporalis, anterior fibers: Palpate the ol'igin of Lhe 
anterior (vertical) fibers on Lhe forehead just above a 
line between the eyebrow and superior border of Lhe 
ear (labeled No. 5). Since these muscle fibers help 
close Lhe mouLh, see if you feel the bulge when your 
partner clenches the teeth. 

• Temporalis, posterior fibers: Palpate the origin of 
the posterior (horizontal) fibers of the tempornlis 
just above and posterior LO the superior border of 
the ear (labeled No. 6). Since these muscle fibers are 
involved in reLruding the mandible, see if you can 
feel a bulge when your partner retrudes (pulls back) 
the mandible. 

• lateral pterygoid (intraoral palpation): The lateral 
pterygoid can only be palpated intraorally. Feel this 
muscle by placing your little finger in the vesti­
bule of the mouth behind the maxillary tuberosity 
(labeled No. 8). (Use a skull to see how to reach the 
lateral plate of the pterygoid process of the sphenoid 
bone.) With your partner's mouLh slightly open and 
the mandible moved slightly toward the side being 
palpated, slide your little finger back toward the lat­
eral pterygoid plate for the origin of the lateral ptery­
goid muscle. This may be uncomfortable to a patient 
even if the muscle is not sore. The anterior surface 
of the neck of the condyl.oid process is the location 
of part of the insertion of this muscle, but it cannot 
be palpated. 

D. EYES 

The normally white pan of the eyes (sclera) should be 
white and clear, not bloodshot, and not yellow (a pos­
sible indication of jaundice from liver disease). The 
thin layer of tissue covering the eyeball and reflected 
onto the inner surfaces of the eyelids (called Lhe con­
junctiva) should appear healthy and not be severely 
inflamed (red) or irritated (a possible sign of allergy or 
disease). The pupil (dark center opening surrounded 
by the colored iris) should not be severely pinpoint 
or dilated, both of which may be signs of disease or 
drug use. 

E. TEMPOROMANDIBULARJOINT 

Locate and palpate Lhe lateral aspects o( both man­
dibular condyles simultaneously by standing behind 
your partner and pressing your midcUe fingers over 
the skin just anterior to the external opening of the 
ear and inferior to the zygomatic arch while your 
partner opens wide and closes (Fig. 15-1, labeled No. 
1). Feel Lhe head of the condyle move as your part­
ner t'fi and closes the mandible and moves the 

mandible from side LO side. Movement of the condyles 
during minimal opening of the mandible cannot be 
felt as easily as when the mouth is opened wide since 
the condyles and mandible only rotate around a line 
connecting the condyles (l ike a swing) during mini­
mal opening, but the condyles and mandible move 
but.li ly (Lra11slatt: furwartl and downward uvt:r Litt: 
articular eminences) when opening wide. Also, feel 
the condyles during lateral movement to see if you 
discern differences in movement on the right side ver­
sus the left side during movement to the right, then 
movement to the left. Sometimes you may feel a jerky 
movement accompanied by a clicking or popping 
sound. This is likely due to the bead of the condyle 
slipping off of the articular disc. 

Palpate the posterior surface of the mandibular 
condyle by placing your little fingers into each exter­
nal auditory meatus (ear canal openings) and press 
anteriorly forward (Fig. 15-1, labeled No. 2). Feel 
the posterior surface of the condyles as your partner 
opens, closes, and moves the mandible laterally from 
side to side. 

F. NECK 

The neck should be evaluated for symmetry and to 

confirm that there are no lumps or bumps. The thy­
roid gland (a major gland that secretes the thyroid hor­
mone, which is responsible for controlling much of the 
metabolism of the body) is located in the neck. It is just 
inferior to the voice box (larynx or laryngeal promi­
nence), and it is shaped somewhat like a butterfly with 
wings extending laterally on eiLher side of the larynx 
(Fig. 15-2, labeled No. 17). This gland should be evalu­
ated visually and palpated (as in Fig. 15-3) to ensure 
that there is no swelling (a possible goiter) , wltich 
could be a sign of dysfunction of this gland and its out­
put of thyroid hormone. Lymph nodes in the neck that 
are located around the sternocleidomastoid muscles are 
described next. 

G. LYMPH NODES 

The evaluation of lymph nodes during a dental exam is 
important since enlarged nodes may indicate infection 
from sites that drain into Lhem or may be an indicator 
of the spread of cancer. Healthy nodes are normally not 
palpable, but infection or malignancies may cause them 
to become enlarged. A node that becomes palpable due 
to an infection that drains into the node is more likely to 
be firm, tender, enlarged, and wann, and adjacent 
skin may be reddened. ln this case, look for the site 
of infection based on your knowledge of the spread 
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FIGUR!= 1 s]I 
Palpation of the tissue in the neck surrounding 

the thyroid g,la d and laryngeal prominence, feeling for asym• 
met ry or .rei • g. 

1. Nasolabial groove 
2. Philtrum 
3. Tubercle (upper lip) 
4. Labiomental groove 
5. Hyoid bone 
6. Laryngeal prominence 

(Adam's apple) 
7. Sternum 
8. Clavicle 
9. Carotid artery (dotted lines) 

10. Stemocleidomastoid muscle 
11 . Submandibular gland 
12. Masseter muscle 
13. Parotid gland 
14. Head of condyle 
15. Zygomatic process 
16. Temporalis muscle 
17. Thyroid gland 

Structures in 
the head and neck chat can be 
idencified ( or palpated) during 
a head and neck examination. 

pattern within the nodes discussed in the previous 
chapter. Even after the infection is resolved, the nodes 
may remain enlarged but would be nontender and rub­
bery in consistency. If a node becomes enlarged due Lo 
the effect or a malignancy, it is more likely to feel firm 
and nontender, but it also feels like it is attached to the 
underlying tissue, so it is relatively immovable, and it 
will continue to get larger. 

Nodes, when enlarged, can be fell by passing the 
sensitive fleshy part or the fi ngertips over the location 
of each node location. Using Figure 14.51 in the las t 
chapter as your guide, palpate tbe skin located over 
the submental 11odes (just inferior and posterior to tbe 
chin) , the submandibular nodes (inside the angle of 
the mandible and over the submandibular glands), the 
superficial parotid and the retroauricular nodes (ante­
rior and posterior to the ear, respectively), and the cer­
vical nodes (surrounding the large sternocleidomastoid 
neck muscle, as demonstrated in Fig. 15-4). 

H. SALIVARY GLANDS (EXTRAORALLY) 

Two pairs of major salivary glands can be palpated 
extraorally: the submandibular glands and the parotid 
glands. The submandibular glands are located just 
medial to the inferior border of the mandible within 
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the shallow submandibular fossae (Fig. 15-2, labeled 
No. 11). They are positioned just anterior to where the 
facial artery passes over the inferior surface of the man­
dibular on its way from the neck to the face. Palpate 
this vessel on the inferior border of the mandible (you 
may feel its pulse) and move medially in order to Locate 
the submandibular gland. These glands produce almost 
rwo thirds of our saliva, mostly the thinner (serous) 
type but also some thicker (mucous) types.1 

The large four-sided parotid glands (labeled No. 13 
in Fig. 15-2) are located just anterior and inferior LO 

Also called 
vermilion border 

Mucocutaneous 
junction 

Body of lip 

Palpation of tissue of the neck that 
surrounds the sternocleidomastoid muscle in order 
to detect any enlarged cervical lymph nodes that are 
located around chis muscle. 

each ear lobe (lateral to the ramus and extending 
posteriorly to the stemocleidomastoid muscle). They 
produce 23 to 33% or our saliva (the serous or thin­
ner type).' These glands may become enlarged during 
mumps or a duct blockage. 

I. UPS 

Use Figure 15-5 as a guide while studying the lips. 
The lips are the two fleshy borders of the mouth (an 
upper and a lower) that join at the labial commissure. 

-...::: 

Structures of the lips. The margin of the lips is also called the vermilion zone o r border. The mucocutaneous junc• 
tion is e ·/nction ofche skin of the face with the vermilion zone. 

a use.com 
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Vermillion border Wet (wet-dry) line 

The upper lip is bounded laterally by the cheeks at 
the nasolabial groove and superiorly by the nose. The 
nasolabial groove runs diagonally downward and lat­
erally from the side of the nostrils toward an area near 
the commissure of the mouth. The lower lip is also 
bounded laterally by the cheeks and is bounded inferi­
orly by the chin at a horizontal groove called the labio­
mental groove. Recall that the underlying orbicularis 
oris muscle is the muscle within the lips surrounding 
the mouth opening that permits us to close our lips 
around a straw. The upper lip has a small rounded nod­
ule of tissue in the center of its lowest pan called the 
tubercle, and the skin superior Lo the tubercle has a 
broad depression running from the tubercle toward the 
center of the nose called the a philtrum [FIL Lrum). 

The vermilion border (also margin or zone) is the 
red zone of the lips, which is really a transitional zone 
between the skin of the face and the mucous membrane 

Lower lip: 
Vermillion border and wet 
(wet-dry) line. 

or mucosa [mu KO sah) (tissue lining the mouth). lt is 
the area where many women apply lipstick. The lips are 
redder in younger persons than in older persons, and in 
some individuals, the lip color is reddish brown due to 
the presence of brown melanin pigment. The vermilion 
border is bounded externally on the face by the muco­
cutaneous [MYOO koe kyoo TAY nee us] junction, the 
junction between the skin of the face and the vermilion 
border of the lips. The vermilion border is bounded inter­
nally in the mouth by the wet line where labial mucosa 
begins. The wet line (or wet-dry line) is the junction 
between the outer vermilion border, which is usually 
dry, and the inner smooth and moist mucosa (fig. 15-6). 
The wet line is located about 10 mm back from the skin 
or mucocutaneous junction. The vermilion border and 
mucocutaneous junction are important in the head and 
neck examination because changes here may be caused 
by exposure to the sun and could lead Lo skin cancer. 

SECTION II 
INTRAORAL EXAMINATION: NORMAL STRUCTURES AS WELL 
AS LANDMARKS USED FOR PLACING LOCAL ANESTHETIC 

The oral cavity is bounded anteriorly by the lips, 
laterally by the cheeks, superiorly by the palate, and 
inferiorly by the floor of the mouth. The oral cavity 
can be divided into two parts: the oral vestibule and 
the oral cavity proper. The outer oral vestibule is the 
space between the Leeth with the supporting alveolar 
processes, and the lips or cheeks. The inner oral cavity 
proper is the space bounded anteriorly and laterally by 

~ ''"'"""processes. 

Mucous membrane (mucosa) lines any body cavity 
opening out co where iL joins the skin on the outside of 
the body. Oral mucous membrane lines Lhe oral cavity. 
lL resembles the skin covering the omside of the body, 
except that it is moist. Some areas subjected to the most 
wear, such as the roof the mouth (over the hard palate) 
and the gingiva, are covered by a toughened out.er tissue 
called a keratin [KER ah Lin) layer. As wear occurs, this 
portion Lakes on a grayish appearance and is replaced 

n 
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by underlying cells. Other areas of the oral mucous 
membrane have no kera tin layer so are more delicate 
in structure, such as the cheeks and 0oor of the mouth. 
This mucosa lining may be so thin that the blood ves­
sels located in the underlying connective tissue may 
easily be seen, giving it a reddish or bluish color. 

Many of the nerves that innervate the teeth and 
adjacent oral structures can be reached with the anes­
thetic syringe needle by penetrating Lhe labial and buc­
cal mucosa. The landmarks that are helpful for locating 
these injection sites will be described throughout Lhis 
section. 

TECHNIQUE FOR INJECTING LOCAL ANESTHETIC TO NUMB ORAL 
STRUCTURES: BACl<GROUNO 

In order for you to "feel" pain, the tooth or surrounding tissue that is being stimulated must pass the mes­
sage to the brain by way of the branches of the cranial nerves. When anesthetic is placed near a nerve, it can 
spread ( or infiltrate) through soft tissue or spongy bone to enter the nerve cells with sufficient concentration 
to reduce pain messages being sent to the brain. Anesthetic, to be effective, must be placed at a location 
along the nerve between the tissues to be numbed and the brain. Therefore, it is important to recall the pas­
sageway of the nerves of the mouth to know where to apply the anesthetic in order to block the pain elicited 
in the tissues being treated (such as tooth pulps and tissues surrounding the teeth) to keep the message 
from reaching (and being "felt" by) the brain. 

Recall that most nerves parallel arteries and veins. In order to avoid injecting local anesthetic into these 
vessels where it can produce an exaggerated undesirable effect on the heart (systemic effect), an aspirat­
ing syringe is used. This type of syringe permits the operator to pull back on the stopper of the anesthetic 
cartridge and apply a negative pressure through the solution and needle. Therefore, if the needle tip is in 
a blood vessel, the negative pressure can aspirate (suck in) blood into the glass anesthetic cartridge where 
it can be seen. When blood is observed, the operator can reposition the needle prior to injecting the anes­
thetic and aspirate again to ensure that the anesthetic will not enter the vessel where it would quickly reach 
the heart, resulting in an increased chance of undesirable side effects. 

In order for the anesthetic to block the signal of tooth pain being sent along the nerve branches that 
pass from each tooth to the brain, a sufficient concentration of anesthetic must enter the nerve cells along 
their passageway from the tooth to the brain to block the nerve. In order to accomplish this, anesthetic is 
applied as close as possible to a nerve before it enters the bone, or, if the bone is porous enough or thin 
enough, it may be applied outside of the bone where it can pass (infiltrate) through the bone directly to the 
dental nerve branches in the bone before they enter the tooth root. The maxillae bones are less dense than 
the mandible, permitting anesthetic to infiltrate more readily from adjacent soft tissue into bone and reach 
nerve branches that enter the tooth pulps. In the mandible, nerves supplying the pulps can be blocked more 
effectively by applying the anesthetic near the mandibular nerve before it enters the mandible (the inferior 
alveolar nerve) or into the mental foramen (which pe1rmits the solution to enter the mandible and block only 
the inferior alveolar nerve branches to the premolars and possibly the anterior teeth but not the molars). 

A. LABIAL AND BUCCAL MUCOSA: 
VESTIBULE AND CHEEKS 

The vestibule space between the teeth and the lips or 
cheeks can be divided into the labial vestibule next 
to the anterior teeth, and the buccal vestibule next to 
the posterior teeth (premolars and molars). It extends 
superiorly into a mucosa-lined space next to maxil­
lary teeth, and inferiorly next LO mandibular Leeth. h is 
covered with dark pink-colored alveolar mucosa and is 
~ vessels , nd mino, salimy gl,nds. The tip 

of your tongue can reach into each vestibule to assist 
in cleaning the facial surfaces or the teeth, and while 
chewing, to lift food back for additional chewing. The 
vestibular fornLx (seen later in Fig. 15-16) is the low­
est part of the vestibule nex.t to the mandible or the 
highest part next to the maxillae. The vestibular fornix 
next to the cheeks is where food may collect in patients 
with nerve damage to the cheek (as with unilateral loss 
or function or the facial nerve from Bell's palsy or from 
a stroke). 

Ka use.com 
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INJECTIONS FOR THE POSTERIOR, MIDDLE, AND ASA NERVES 

Consider the nerves that must be blocked in order to anesthetize the teeth and surrounding tissues of the 
upper jaw. These are all branches of the maxillary division of the fifth cranial (trigeminal) nerve. In order 
to anesthetize the pulp of one or two teeth, or the soft tissue in a specified area, it is necessary to block the 
appropriate individual branches of the posterior superior alveolar (PSA), middle superior alveolar (MSA), or 
ASA nerve branches that innervate these tissues. 

If you want to anesthetize only the maxillary second or third molar and adjacent tissue, you can reach the 
PSA ( Rg. 15-7) before it enters the alveolar canals (Fig. 15-8) by directing the anesthetic toward the posterior 
surface of the maxilla, just superior, distal, and slightly medial to the apex of the third molar. Entry to this 
site is through the mucosa at the height of the buccal vestibule (vestibular fornix} superior to the maxillary 
tuberosity ( Fig. 15-9). The cheek can be stretched slightly outward to permit an angle that is directed superi­
orly and medially. Specific dental branches of the PSA can also be blocked by depositing the anesthetic next 
to the maxilla as close as possible to the apex of the tooth being anesthetized, and the solution will infil­
trate through the maxillary bone to block the dental branches to these molars. When using this technique 
to anesthetize a maxillary first molar, the anesthetic wil I not only reach the dental branches of the PSA that 
enter two of its roots but also the MSA branches that enter the third root. 

For all other maxillary teeth and adjacent facial gingiva, you need to block branches of the MSA or ASA. 
Since you cannot easily reach the MSA and ASA nerves as they pass from the brain through the base of the 
orbit and maxillary sinus, you can deposit the solution ~n the soft tissue of the vestibular fornix adjacent to 
the maxillae, at a level of the tooth root tips of the teeth you want to get numb (Rgs. 15-10 for the MSA and 
15-11 for the ASA). The anesthetic can infiltrate through the soft tissue and bone to reach dental nerve 
branches of the ASA (supplying the pulps of anterior teeth, Rg. 15-12) or MSA (supplying the pulps of pre­
molars and one root [ mesiobuccal] of the maxillary first molar, Fig. 15-13) in order to block pain. As stated 
previously, the anesthetic placed to block the MSA nerve branches may also infiltrate through the bone to 
block some of the PSA nerve branches, thereby numbing the entire first molar. 

End branches of the infraorbital nerve branches that supply the soft tissue facial to premolars and ante­
rior teeth can be anesthetized using the infiltration technique described above. However, blocking all of the 
terminal branches of the infraorbital nerve may also be helpful. This nerve can be reached by applying the 
anesthetic near the opening of the infraorbital foramen (Fig. 15-14). This foramen may be palpated with the 
forefinger through the skin just below the inferior border of the eye socket. Then, using the thumb in the 
facial vestibule to raise the upper lip, you can pass the needle into tissue at the height (fornix) of the vesti­
bule near the premolars (similar to the MSA injection) and continue to move the tip parallel to the facial 
surface of the maxilla until reaching the level of the infraorbital foramen (Fig. 15-15). 

Rerer to Figure 15-16 as a guide while stu dying the 
following s tructures. The labial rrenum [FREE num] 
(plural: frena [FREE nahl) is the thin sheet o( tissue at 
the midline that attaches each lip (upper and lower) to 
the mucosa covering the maxillae or mandible between 
the cemral incisors. The buccal Crenum loosely attaches 
the cheek to the mucosa of the jaw in the area of the 
premolars (maxillary and mandibular). These buccal 
frena can be seen by pulling the lip and cheek out and 
upward and the lip and cheek out and downward. Facial 
muscles move the buccal frena forward and backward 
and upward and downward during eating to help, along 
with th~~e, place our food back over the chewing 

~ I"' ,wh whH, e,ting. Mos<m<o< or ili<S< 

frena can dislodge complete dentures Lr the denture bor­
der is designed improperly. 

Usually 4 to 6 mm posterior to the com.missure o( 
the lips, a slight bulge or mucous membrane called the 
commissural papule is commonly seen and may be 
palpated (Fig. 15-16). The parotid papilla [pa ROT id 
pah Pl LL e] is a rounded flap or tissue on the mucosa o[ 
the cheek next to the maxillary first and second molars 
at or jusl superior to the occlusal plane (Fig. 15-16) . 
This papilla covers the parotid duct (Stensen's duct) 
opening." 

The lining or the buccal mucosa on the inside o[ 
the cheeks is shiny, but in spots may be rough. Ofren 
there is a horizontal whi te line extending anteroposte-

m 
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riorly on each side at the level where the upper and 
lower teeLh come together, called the linea alba [LIN e 
ah AL baJ buccalis (Fig. 15-17). (Hint: "Linea" means 
line; "alba" means white.) lt may extend from the com­
missural area to the third molar region at a level of 
the occlusal surfaces of the posterior teeth. This area 
may become irritated by trauma from biting the cheek. 
Fordyce's granules or spoLS are small, yellowish irreg­
ular areas and may be conspicuous in some persons. 

Alveolar canal openings 

Pipe cleaner exiling 
pterygomandibular 
space 

Alveolar canal 
openings Human skull 

wich maxilla painted red, che 
palatine bone (barely visible) 
is green, and the sphenoid 
bone is yellow. A pipe cleaner, 
representing the PSA nerve , 
passes ouc ofthepte,ygoman· 
dibular space superiorly, toward 
the alveolar canals on the poste­
rior surface of the maxilla. 

They are most commonly located on the buccal mucosa 
inside the cheeks posrerior to the corner of the moULh 
(Fig. 15-17). They are really the manifestation of 
intraoral sebaceous glands-glands normally associated 
with hair follicles on the skin outside of the mouth. 
Their presence here may be the result of fusion of the 
upper and lower parts of tbe cheek during embryonic 
development. Such glands have also been found, how­
ever, on other pans of the oral mucosa. 

FIGURE 15~ Anesthetic syringe needle aimed 
toward the alveolar canals where the PSA nerve would 
enter the maxilla on its way to the maxillary molar 
roots. 

a use.com 
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FIGURE 15~. 
Penetration of the needle through the oral 

mucosa at the height of the maxillary vestibular fomix just pos• 
terior to the maxillary cuberosity is directed medially and superi ­
orly toward the a lveolar canals where the PSA nerve enters the 
maxilla. This injection location should reduce pain sensation to 
the maxil lary molars ( except the mesiobuccal root of the maxil­
lary first molar} and adjacent facial soft tissue and gingiva. 

FIGURE 15~~ Human maxilla has the location of the maxil­
lary first molar and premolar roots outlined on the maxilla. The 
anesthetic syringe needle is a imed parallel to the contour of the 
maxilla to reach the level of the root ends of the maxillary premo­
lar or molar teeth to be anesthetized. The anesthetic can infiltrate 
through the maxilla to reduce pain sensation to these teeth (and 
adjacent facial soft tissue and gingiva) by simultaneously block­
ing the MSA nerve a nd branches of the adjacent PSA nerve. 

Human maxilla with a penci l line 
indicating the approximate level of the end of the 
maxillary tooth roots. The anesthetic syringe needle is 
aimed parallel to the contour of the maxilla to reach 
the level of the root ends of the maxillary anterior 
teeth in orderto block the dental branches of the ASA 
nerve. 

Ka dose.com 
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FIGURE 15-1- The anesthetic syringe needle penetrates 
through the oral mucosa at the height of the maxillary vestibu lar 
fornix adjacent to the maxi llary lateral incisor until che needle tip 
reaches the estimated level of the root tip . This injection loca­
tion should reduce sensation to the maxillary incisors by infil• 
tracing through the maxilla to block the ASA nerve. 

FIGURE 15 l 
The anesthetic syringe needle penetrates 

through the oral mucosa at the height of the maxillary vestibu lar 
fornix (near the buccal frenum) adjacent to the maxillary premo• 
lars until the needle cip reaches che escimaced level ofche root 
rips. This injection location should reduce sensation co the 
maxi llary premolars and adjacent first molar by infiltrating 
through the maxilla co block the MSA nerve and the adjacent 
branches of che PSA nerve. 

lnfraorbital foramen 

FIGURE 1s;;,14 The anesthetic syringe needle is aimed parallel 
to the contour of the maxilla to reach the level of the infraorbital 
nerve. Anesthetic can block the infraorbical nerve where it exits 
the infraorbital foramen co reduce pain sensation in the tissues of 
the upper lip and facial gingiva (and part ofche nose and lower 
eyelid ) chat are supplied by the infraorbital nerve branches. 

The anesthetic syringe needle penetrates 
through the oral mucosa at the height of the maxillary vestibu lar 
fornix adjacent co the maxillary canine or first premolar (similar 
in location and syringe angulation to a MSA or an ASA block), 
but the needle penetrates farther, beyond the level of the root 
tips, to the level of the infraorbital nerve (felt by palpating to 
find the depression of the infraorbical foramen and marking the 
level with the finger as in the photograph). 

usc.l:um 
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Vestibular fornix 

Vermilion border of lip 

Commissural papule 

Labial commissure 

FIGURE 15-1) Structures of the vestibule and adjacent cheek mucosa. 

/ Llneaalba 

Philtrum 

Labial frenum 

Buccal frenum 

Buccal vestibular fornix 

Parotid papilla 

Vestibule (buccal) 

Vestibular fornix 

Buccal mucosa adjacent to poste­
rior teeth showing a linea alba rrcl Fordyce granule~ 
(spots). (Courtesy of Carl Allen, D.0.S., M.5':D.) 
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LONG BUCCAL INJECTION 

The buccinator (long buccal) nerve is a branch of the mandibular nerve that does not pass through the 
mandibular foramen but is located in the soft tissue of the cheek. The anesthetic can be applied just 
beneath the buccal mucosa and just superior to the buccal shelf next to the mandibular molars that require 
facial tissue numbness (Figs. 15-18 and 15-19). 

Palpalion of the cheeks (or lips) for lumps or bumps 
can be accomplished by pressing with the thumb on 
one side against the forefinger on the other side (called 
bidigital palpation), as seen in Figure 15-20. 

B. THE PALATE: ROOF OF THE MOUTH 

The hard palate is the firm anterior part of the roof 
of the mouth with mucosa over the underlying bone 
(namely, the horizontal plates of the palatine bones 
and palatine processes of the maxillae). The soft pal­
ate is the posterior movable part of the roof of the 
mouth without underlying bony support. The vibrat­
ing line is the junction between the hard and soft 
palate (Fig. 15-21). 

1. HARD PALATE STRUCTURES 

Refer to Figures 15-21 and 15-22 while studying the 
structures of the hard palate. The hard palate is cov­
ered by keratinizecl , grayish red to coral pink tissue. 
The incisive papilla is the small rounded elevation of 
tissue on the midline of the palate just lingual to the 

Location on the skull for blocking che end 
(long) buccal nerve facial co che mandibular 

molars a d uperior co che buccol shelf 

central incisors. This papUla is locau~d over the incisive 
Jorame11 , where the nasopalatine nerve passes from the 
nasal cavity onto the palate to innervate the anterior 
portion of the hard palate. It is the location for injecting 
anesthetic to numb palatal tissue in this area.0 

The palatine raphe IRA Y fee) is the slightly elevated 
ridge of firm tissue running anteroposteriorly along 
the midline of the hard palate (over the intermaxillary 
suture attachment between the palatine processes of 
the right and left maxillae) (Fig. 15-22). The mucosa 
over the raphe is firm ly attached to the underlying bone 
without intervening fat or gland cells. The res t of the tis­
sue on both sides of the raphe has fat or salivary gland 

Anesthetic syringe used co block the ( long) 
buccal nerve by penecrat ing che mucosa into the cheek jusc 
buccal to che maxillary molars. This anesthetic should reduce 
pain sensation co the facial soft tissue and gingiva of che man­
dibu la r molars. 

a se.com 
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=== =' Bidigital pa lpation is used co feel for lumps or 
bumps within the sofi: tissue ofche cheeks by pressing with the 
thumb on the one of the cheek and forefinger on the other side . 

tissue beneath the surface, so it is softer. This spongy 
tissue at the junction of the hard palate and alveolar 
process next to premolars and molars is the location of 
the greaier palcuine nerve. There are more than 350 very 
small palatine glands in the posterior third of the bard 
palate.2 They secrete thick but slippery saliva. 

Palatine rugac:: [ROO guy J or [ROO jt:c::l art: a sc::rit::; 
of palatal tissue elevations, or wrinkles, located on 
the palate just posterior the maxillary anterior teeth 
(Fig. 15-22). They form a panem like branches on a 
tree, coming off of the common midline "trunk," the 
palatine raphe.c Rugae function in cwo important ways: 
in tactilely sensing objects or food position and in aid­
ing tl1e tongue's proper placement for the production of 
certain speech sounds.3 This pan of the palate is often 
burned by eating pizza when it is too hot or becomes 
abraded from chewing too much popcorn. 

..( • \ 
. ' . 

it\· \·'· , .. Incisive papi lla 

~ ---- Palatine rugae Hard palate , I; ,, • , ' ' . 
, • ' 

Palatine raphe 

Palatine glands 

Fovea palatini 

Soft palate 
Uvula 

.f.!! 

Structures of the hard and soft palate. 

,,. . 
' 

-
Vibrating line 

-...). l 

' . Maxillary tuberosity 

, w ~ ~!!!l ·'l---- Hamular notch 
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Structures of the 
hard palate: Note the prominent 
pa latine rugae (ridges) and incisive 
papilla (anterior midline), a nd the 
palatine raphe, which is located 
over the intermaxillary sutu re line 

- -=-- --=-_.i;...._ Pa latine raphe between the right and le~ maxill ary 
palatine processes. The two tiny 

Fovea palatini depressions on either side of the 

NASOPALATINE NERVE INJECTION 

posterio r portion of the ra phe are 
ca lled fovea palatini. 

In order to anesthetize the tissues of the palate, you need to block one or two nerves. The greater (anterior) 
palatine nerve innervates most of the palate (all tissue covering the hard palate lingual to molars and 
premolars) and the nasopalatine nerve for tissue lingual to the anterior teeth. Recall that both of these 
nerve branches split off of the maxillary nerve while in the pterygopalatine space, and then pass through 
the nasal passageways before entering the palatal tissue. The nasopalatine nerve passes from the pterygo­
palatine space along the nasal septum in the nasal cavity, and into palatal mucosa through the incisive fora­
men (Fig. 15-23), which is located immediately under the bump of very firm tissue called the incisive papilla 
(Fig. 15-24). This papilla is located on the palate just lingual to the midline between the maxillary central inci­
sors. Since this tissue is very firm, only a small amount of anesthetic can be applied into this tissue, and this 
injection can be most painful. Applying pressure over the injection site with the handle of a mirror or with the 
end of a cotton-tipped applicator for 1 S to 20 seconds prior to injecting can minimize this discomfort. 

GREATER PALATINE NERVE INJECTION 

The greater palatine nerve passes from the nasal cavity to palatal tissue through the greater palatine foramen 
located just lingual to the third molars at the junction of the most posterior part of the horizontal bone of 
the hard palate and the more vertical alveolar process surrounding the maxilla ry posterior teeth (Fig. 15-25). 
The greater palatine nerve spreads anteriorly toward the tissue lingual to the first premolar along the junc­
tion of the alveolar process and palate covered by tissue that is softer and more spongy than the tissue cov­
ering the midline of the hard palate. When locating or palpating this location, care must be taken to avoid 
touching the soft plate (posterior to the underlying bones of the palate) since this may elicit a gag reflex 
causing the patient to vomit. A small amount of anesthetic may be placed into this spongy tissue, resulting 
in numbness of t issues adjacent to and anterior to the injection site (Fig. 15-26). 

Note: It is also possible to reach the entire maxillary branch of the trigeminal nerve just alter it exits the 
cranium through the foramen rotundum while it is still within the pterygopalatine space and anesthetize all 
of the maxillary branches ( called a second division block). This location is superior to the location of the PSA 
block already discussed. Anesthetic deposited in this location reduces pain to the st ructures supplied by 
the PSA, MSA, ASA, greater palatine, and nasopalatine nerves. Caution must be taken in this area because 
the pterygoid plexus of vessels is located here, and cutting a vessel wall could result in bleeding under the skin 
called a hematoma. 

~ Ka use.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

454 Part 3 I Anatomic Structures of the Oral Cavity 

Incisive foramen 

FIGURE 1S:~ 
The anesthetic syringe needle is penetrating the 

very firm tissue of the incisive papilla overlying the opening to the 
incisive foramen in order co block the nasopalatine nerve. This 
should reduce pain sensation co che palatal soft tissues lingual to 
the anterior teeth. Since this injection site is so sensitive (it has 
been known to bring tears co the eyes), it is recommended co place 
pressure over the incisive papilla with a mirror handle or cotton-tip 
applicator for a brief time prior to injecting with the needle. 

FIG URE 15-fil The anesthetic syringe need le is 
directed coward the nasopalatine canal opening 
(incisive foromen) where it can block the nasopalatine 
nerve, which enters the palate at this location. (On 
chis skull, the palatine process of the one maxilla is 
painted red, and one palatine bone is painted green.) 

2 . THE SOFT PALATE 

The soft palate (Fig. 15-27) is located posterior LO the 
hard palate beginning at the vibrating line. Along wilh 
the hard palate, it separates the mouth from the nasal 
passage. It is sometimes redder than the hard palate 
because of its slightly increased vascularity. its anterior 
border extends between the right and le[t third molars. 
Unlike the hard palate, there is no bone beneath the 
surface of the soft palate. If you forcefully say "ah, ah, 
ah," you can see the soft palate move (or vibrate) up and 
doW11 whereas the hard plate does not. The place where 
you observe me beginning movement of the soft palate is 
me vibrating line. Fovea palatini [FO ve ah pal a TEEN 
eel are a pair of pits in the soft palate located on either 
side of the midline, near but j ust posterior to the vibrat­
ing line (Figure 15-22). They are openings of ducts of 
minor palatine mucous glands.3 The uvula [YOU view 
la) is a small fleshy structure hanging from the center of 
the posterior border of the soft palate (Fig. 15-27). 
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The soft palate functions during swallowing and 
speech. The pharynx [FAR inks] is the superior pan of 
the digestive tube between the nasal passageways, oral 
cavily, and esophagus. During swallowing, the soft pal­
ate moves LO close off the nasal portion of the pharynx 
from the oral pharynx (oropharynx) to prevent upward 
movement of food into the nasal cavity. The soft palate 
is raised to seal the oral cavity from the nasal cavity 
during blowing or when producing explosive conso­
nants ( like "b" and "p "). 

Maxillary 
tuberosity 

The aneschecic 
syringe needle is direcced coward 
the greater palatine foramen open­
ing where can block the greater 
palatine nerve ( represented here 
by yellow wires}, which enters the 
palate at this location. The 
branches of chis nerve supply half 
of the hard palate tissue located 
becween the posterior ceeth. 

C. OROPHARYNX: FAUCES, PALATINE 
ARCHES, AND TONSILS 

Refer to F igure 15-27 while studying the fauces and 
surrounding structures. The fauces !FAW seez] is the 
posterior boundary of the oral cavity. ll is the open­
ing from the mouth into the orophatynx (throat) for air 
when breathing through the mouth LO reach the lungs 
aJ1d for food stnce the oropharynx leads to the esopha­
gus and stomach. The fauces is bounded inferiorly by 

Palatine 
raphe 

===-==-=· The anesthecic syringe needle is penetrating the relatively spongy palatal mucosa near the junction of che vertical 
alveolar process and horizoncal palatine processes near the third molars to reach the greater palatine nerve as ic enters che palate 
through the greater palatine foramen. This injection should reduce pain sensation on that side to the palacal soft cissues becween the 
posterior teeth. 
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Soft palate __ __._._ 

Uvula--Th 

Retromylohyoid --+:: 
curtain (hidden) 

the dorsum (upper surface) of the tongue, laterally by 
palatal arches or pillars, and superiorly by the soft pal­
ate. Examine the fauces and palatine arches by having a 
partner open wide and say "ahnh .... " You may have to 
gently push the tongue down with a tongue depressor. 
Be careful: Patients rnay gag. 

Two pillars make. up each of the. two arches. Identify 
the anterior palatine arch (two pillars) that descends 
from the soft palate. The smaller posterior palatine arch 
is visible behind it. The anterior arch is also named 
the glossopalatine I GLOSS o PAL a tine.I arch, and the 
posterior arch is also called the pharyngopalatine lfah 
RING go PAL a tine] arch, after the muscles beneath 
them. (Hint to remember these terms: The arch from 
the tongue fglosso) to the palate [the glossopalatine 
anterior arch] is more anterior than the arch from the 
pharynx or throat posterior to it I pha1yngopalatine 
posterior arch!.) (See Fig. 15-28.) The palatine tonsils, 

~ ••"'located betw«, tl,e ,ot<rto, .,,d 

Vibrating line 

' Maxillary tuberos1ty 

• Hamular notch 

• Pterygomandibular fold 
(green) 

• Anterior pillar or fauces 

Retromolar pad 

Posterior pillar or fauces 

Structures 
surrounding the fauces 
(oropharynx): The pterygo­
mandibular fold is green. 

posterior pillars. These tonsils may become enlarged 
and inflamed during infections of the respiratory sys­
tem. Patiems may have had these surgically removed. 

Although not pan of the oropharynx, there are sev­
eral landmarks just posterior 10 the last molars that 
will be presented here. lmmediately posterior to the 
maxillary last molar is a firm tissue bulge over bone 
of the alveolar ridge called the maxillary tuberosity 
(Fig. 15-27). This tuberosity is present even after all of 
the teeth have been lost and is included in an impres­
sion of the upper arch when constructing a maxillary 
complete denture. A similar, less prominent elevation 
of movable tissue distal lO the mandibular last molar is 
the retromolar pad (Fig. 15-28). (Hint: "Retro» means 
behind, or distal, to the last molar). When a person 
has fully erupted third molars, the maxillary tuberos­
ity and mandibular retromolar pad on each side are 
small because of the proximity of Lhese adjacem teeth. 
The pterygomandibular [TER i go mand DIB you lar] 

m 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Chapter 15 I Oral Examination: Normal Anatomy of the Oral Cavity 457 

Uvula (retracted) 

Fauces 

Pterygomandibular fold 

Tongue (fissured) 

Posterior pillar 
(pharyngopalatine) 

fold is a fold of tissue that appears to connect the area 
just clistal Lo the maxillary molars to the area just dis­
tal to the mandibular molars. This is easy to see when 
the mouth is opened wide as this action stretches this 
fold, extending from the retromolar pad on the man­
dible to the pterygoid process of the sphenoid bone 
just behind the maxillary tuberosity (Fig. 15-27). 
(Hint: The pterygomandibular fold gets its name since 
it connects the mandible witl1 the pterygoid process just 
distal to the maxillae.) This fold is an important land­
mark for the anesthetic syringe needle to enter when 

Oropharynx showing 
the retromolar pad and pterygoman• 
dibu lar fold extending upward from the 
last mandibular molars, as well as struc­
tures surrounding the fauces: uvula 
(retracted), anterior pillars (making up 
glossopalatine arch), and posterior 
pillars (making up pharyngopalatine 
arch). 

aumng toward tlie mandibular foramen in order to 
block the inferior alveolar nerve just before it enters the 
mandibular canal. The retromylohyoid I REH tro my lo 
Hl oid] curtain is a curtain of mucous membrane along 
the medial, posterior portion of the mandible near the 
Ooor of the mouth, extending between the anterior pil­
lar of the fauces and the pterygomandibular fold. An 
arrow points to the location of this curtain (but iL is 
not visible) in Figure 15-27. lt is an important limiting 
structure when fom1ing the lingual border (Oange) of a 
mandibular complete denture. 

INFERIOR ALVEOLAR INJECTION: ANESTHETIZING MANDIBULAR TEETH, SURROUNDING 
TISSUE, AND ADJACENT FLOOR OF THE MOUTH AND TONGUE 

The nerves being blocked here are branches of the third division or mandibular branch of the fifth cranial 
(trigeminal) nerve. Since the bone of the mandible is more dense than in the maxillae, it is usually more 
effective to anesthetize mandibular teeth by applying the anesthetic next to the inferior alveolar nerve before 
it enters the mandible, or, for premolars and anterior teeth, to apply anesthetic into the mandible at the 
opening of the mental foramen. To reduce pain for a ll structures supplied by the entire inferior alveolar 
nerve, the anesthetic is deposited next to the mandibular nerve before it enters the mandibular foramen. 
Recall that the mandibular foramen is located on the medial surface of the ram us of the mandible, a little over 
halfv..iay from the anterior to the posterior border of the ram us (Fig. 15-29). On most adults, the foramen is 
also located a small distance ( on average about S mm or 1 / 4 to 1 / 2 in.) superior to the level of the chewing 

• w 

( Continued) 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

458 Part 3 I Anatomic Structures of the Oral Cavity 

surfaces of the posterior teeth. In order to reach the mandibular foramen, the needle penetrates the mucosa 
of the pterygomandibular fold about 1 / 2 in. above the occlusal plane (Fig. 15-30). {On an edentulous patient, 
use the landmark of the retromolar pad and inject just slightly superior to it.) After penetration into the 
mucosa, continue moving the needle tip parallel to the medial surface of the ramus until you reach the loca­
tion of the inferior alveolar nerve, that is, slightly beyond half way from the anterior to the posterior border 
of the ramus. Recall that the internal surface of each ram us, when viewed from above, diverges wider as it 
goes posteriorly, so the handle of the syringe must be angled across the premolars on the opposite side in 
order to parallel the medial surface of the ram us. This angle is evident in Figure 15-31 and can also be seen 
in the mouth in Figure 15-30. If bone is touched before reaching the estimated depth of the foramen, or if 
the bone is not reached when you are well beyond the foramen, you need to pull back the needle, re-angle 
the syringe, and try again. If bone is reached at the estimated location of the inferior alveolar nerve, pull 
back the needle very slightly to avoid damaging the bone, then aspirate to ensure you are not in a vessel, 
and inject the anesthetic. 

Anesthetic can be placed in small amounts at intervals while entering through the mucosa toward the 
mandibular foramen (reaspirating each time) in order to reach the lingual nerve branch, which is next to 
the inferior alveolar nerve. Because the lingual nerve is located within the tissue adjacent to the mandibular 
nerve (Fig. 15-32), the anesthetic can infiltrate through tissue to reach the lingual nerve and result in numb­
ness to the anterior ha.If of the tongue and adjacent lingual mucosa of the Aoor of the mouth on the side 
being injected. Blocking the inferior alveolar nerve and lingual nerve should reduce pain in all mandibular 
teeth and almost all surrounding tissues but should also numb half of the tongue and half of the lip on 
that side. The only area not numb would be the tissue just buccal to the molars, which is innervated by the 
buccinator ( long buccal) nerve (described earlier). 

If only tissue or teeth of mandibular premolars or anterior teeth need to be anesthetized, the anesthetic 
solution can be applied at the location of the mental foramen ( Fig. 15-33). At this location in the mandible, 
the mental nerve branches off the inferior alveolar nerve and exits the mandible to spread anteriorly and 
innervate the lower lip and adjacent labial tissue. Just inside of this foramen, the inferior alveolar nerve 
continues forward within the mandible as incisive branches to innervate the pulps of anterior teeth. This 
foramen is normally palpable (and evident on radiographs) at a level between or near the root tips of the 
mandibular premolars. The injection enters mucosa at the depth (fornix) of the buccal vestibule extending 
to the level of the palpated foramen. Due to the posterior superior direction of the canal inside of the men­
tal foramen, it is best to direct the needle inferiorly and slightly from the distal (Fig. 15-33). An advantage 
of this injection is that it does not numb any of the tongue, so it does not affect the ability of the person to 
speak as might occur with an inferior alveolar block that numbs the tongue on the side of the injection. 

Note: It may also be possible to anesthetize only mandibular incisors by placing the anesthetic just labial 
to the alveolar bone facial to the root tips of the mandi'bular anterior teeth. Even though the mandibular 
bone is dense, this may be successful if the bone overlying these roots is quite thin. Using this technique, 
one can numb the mandibular facial tissue and anterior teeth, but neither this mandibular facial infiltration 
technique nor the mental nerve block will numb the lingual tissue or tongue. 

D . TONGUE 

The tongue is a broad, nat organ largely composed of 
muscle fibers and glands. It rests in the floor of the 
mouth within the curved body of the mandible. The 
tongue changes its shape with each functional move­
ment. The anterior two thirds is cal led the body (the 
part that is most visible during an intraoral examina­
tion of the tongue), and the posterior one third is the 
tongue base or root (which is difficult to see in most 
~ ;, ;, ba<k so fa ,). Rec,ll ilia, <he body ol 

the t0ngue is innervated fo r couch and pain by cranial 
nerve V ( the trigeminal nerve) and for tas te by cra­
nial nerve Vil (chorda tympani branches) of the facial 
nerve. The base or root of the tongue is innervated for 
taste and feeling by cranial nerve IX ( the glossopharyn­
geal nerve). Examine the tongue by wrapping it in a 
damp gauze square to grab i ts s lippery surface while 
gently pulling it firs t to one side, then to the other. The 
tongue muscles that may fight you in this endeavor are 
innervated by cranial nerve XII (hypoglossal nerve). 
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Anesthetic syringe need le tip placed at the locat ion on the mandible for blocking the inferior alveolar nerve before it 
enters the mandibulorforamen and canal. Note the position of the mandibular foramen about halfway between the anterior and poste­
rior border of the ramus, and the foramen location relative to the occlusal plane of the mandibular ceerh (which is slightly superior to 
the plane by about 5 mm). 

Thumb in concavity between 
ra mus and buccal s helf 

Pterygomandibular fold 

Aelromolar pad 

FIGURE 1s]D Anesthetic syringe need le 
tip aiming toward the inferior alveolar 
nerve by penetrating the oral mucosa at the 
locatio n o f the pterygomandibular fold just 
occlusal to the retromolor pad. By angling 
the syringe cartridge over the premolars o n 
the opposite side, the needle can be 
directed toward the inferior a lveolar nerve 
where ic enters the mandible through the 
mandibular cana l. For the average-sized 
person, a long needle penetrates to about 
half of its total length in order to reach the 
ramus and foramen, but chis depth may be 
deeper for a very large-boned person or less 
deep for a very small-boned person. 
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FIGURE 1 s-:!I A superior view of the mandible and ramus 
showing the angle ofche syringe required co reach the opening 
of the mandibular canal. The syringe cartridge must be directed 
over the premolars on the opposite side in order to parallel the 
internal surface of the ram us (which diverges considerably 
posteriorly). 

Inferior alveolar nerve {to mandibular teeth) 

FIGURE 1 S-.32 Two wires represent the inferior alveolar nerve 
(touched by the needle), and a cut portion of the lingual nerve 
branch (which goes co the tongue) . Notice that the lingual nerve 
would be anesrhetized if some anesthetic were applied prior co 
reaching the inferior alveolar nerve. 

Mental 
foramen 

FIGURE 1 s-.m The syringe needle rip 
is located adjacent co the mental fora­
men. Note its location near the esti• 
mated root tips ofche mandibular 
premolars. Applying anesthetic here 
can reduce pain co che soft tissue of the 
chin and lower lip on char side by 
blocking the mental nerve, which splits 
off the inferior alveolar nerve and exits 
the mandibular at chis location. If 
enough concentration of anesthetic 
makes its way into the opening of the 
mental foramen, it can also reduce 
pain to premolar teeth and adjacent 
gingiva ( and possibly anterior teeth by 
blocking the incisive branches of the 
inferior alveolar nerve chat supply rhe 
anterior teeth). This injection would not 
numb che tongue. 
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1. DORSUM OFTHETONGUE 

Use Figure 15-34 as a guide for landmarks on the dor­
sum (top) of the tongue. However, most people are 
unable Lo stick their tongue as far forward as in this 
illustration. The dorsum (dorsal or superior surface) of 
the tongue is the principal organ of taste and is invalu­
able during speech, masticalion, and deglutition (swal­
lowing). The dorsum of the tongue is gra}'ish-red and 
is rough. It is covered by two kinds of papillae [pah 
PILL e] or projections. The fine hair-like ft]jform papil­
lae, which are quite numerous, cover the anterior two 
thirds of the dorsal surface of the t0ngue. The more 
sparse, scattered, and shoner fungiform papillae are 
easy LO identify because of their larger round shape 
and deep red color (Fig. 15-35). Fungiform papillae 
get their name because they have a mushroom [fun­
gusf shape when viewed in cross section from the side. 

Foramen cecum 

Foliate papilla 

Circumvallate papilla 

Fungiform papilla 

Filiform papilla 

Structures of the dorsal (top) surface of the tongue 

Fungiform papillae are most concentrated near the tip 
of the tongue. 2 

Another type of papilla is also found near the junction 
of the anterior two thirds and posterior one third of the 
tongue. The circumvallate [ser kum VAL ate] papi llae 
are 8 to 12 prominent, fiat , mushroom-shaped papillae 
rurmi 11g a V-:,hapt:<l row 011 Lht: <lur:,um 111:.ir tht: pu:,tt:­

rior third of the tongue (Fig. 15-35). Their walls contain 
numerous taste buds. The terminal sulcus is a shallow 
groove located just posterior LO the circumvallate papil­
lae, and it separates the body of the tongue from the 
root of the tongue (Fig. 15-34). The foramen cecum 
I SEE kum] is a small circular opening in the center of 
the terminal sulcus immediately posterior to the cir­
cumvallate papillae. This foramen is the remnant of the 
thy roglossal duct from wruch the thyroid gland devel­
oped. It is usually necessary to hold the tongue quite 

--- Terminal sulcus 
"----- Dorsal surface of tongue 

----- Median sulcus 
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Uvula 

Circumvallate papillae 

- Filiform papillae 

Fungiform papillae 

Dorsal surface of the tongue: Structures include the row of prominent circumvallate papillae, numerous hair-like 
filifonn papillae (which are normally not chis long), and a few small round, red fungifonn papillae. The uvula is above che congue. 
(Phoco courtesy of Carl Allen, D.D.S., M.S.D.) 

firmly with gauze and pull it forward in order to see the 
circumvallate papillae and their neighboring structures 
because of their extremely posterior location. Posterior 
LO the terminal sulcus, the smoother posterior one third 
of the dorsum contains numerous mucous-producing 
glands and lymph follicles (or nodules) referred to as 
the lingual tonsil (not visible on Fig. 15-34). 

A fou rth type of papillae is visible on the lateral sur­
faces of the tongue seen when a person sticks out the 
tongue. l l may be necessary Lo use a d1y gauze pad Lo 
gently pull the tongue to the side in order to see these 
large, red, leaf-like projections known as foliate [FO li 
ate] papillae (Fig. 15-36). They contain some taste buds. 

2. VENTRAL SURFACE OF THE TONGUE 

The ventral or undersurface of the tongue is shiny, and 
blood vessels are visible. Refer to Figure 15-37. The lin­
gual frenum is a chin sheet of tissue at the midline that 
attaches the undersurface of the tongue to the floor of 
the mouth. Look in a mirror and raise your tongue LO 
watch how this tissue fold limits the amount of tongue 
movemen L. 0 In a person who is tongue-tied, the lingual 
frenum is attached LO mucosa on the lingual surface of 
the mandible perhaps only 3 or 4 mm inferior LO the 
gi.ngival margins of the central incisors. Further, as the 
tongue moves, chis frenum could pull on the attached 
gingi\ta, contributing LO loss of attached gingiva and 
subsequent periodontal problems. A simple surgical 

~,n change ,his"" of ,uachmcm 

Plica funbriata I PLY kah fim bri AH tab] (also called 
fimbriated folds) are delicate fringes of mucous mem­
brane on each side of the frenum on the ventral surface 
or the tongue. The free edge of this fold may have a 
series or fringe-like processes. These are very delicate 

Foliate papillae 

• Lateral surface of the tongue: Prominent 
fold-like foliate papill ae must be distinguished from oral cancer 
that may develop in this area. (Photo courtesy of Carl Allen, 
D.D.S., M.S.D.) 
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/1.l~-.+-- Pterygomandibular fold 

4--- Retromolar pad 

+--- Ventral surface of the tongue 
+--- Plica timbriata (fringe-like) 

4----- Alveolingual sulcus 

~~~ -:":!!1-L---- Lingual frenum 

'ii'!I~-!-~"---!'----- Sublingual salivary gland 
_,...,.......__ ___ Vestibular fornix 

~-:--:----- Buccal frenum 

..._,,__ _____ Submandibular (Wharton's) duct (blue) 

' "'.._ ______ Sublingual caruncle (duct opening)(green) 

---\.-·=-------- Labial lrenum 

'--------- - Plica sublingualis (sublingual lold)(green) 

FIGURE 15-TIJ Structures of the ventral ( under) surface of the tongue and floor of the mouth: Some mucosa was dissected away 
on one side of the tongue and Aoor of the mouth to reveal the sublinguaf salivary gland (seen on the right side of the drawing in 
yellow), which is located just beneath the sublingual fold (seen incact in green on the left side of the drawing). The submandibular 
duct (blue) passes from the submondibular gland (not visible) co the openings on the sublingual caruncles (green structures on the 
midline where the right and left sublingual folds join). 

and often difficult LO see unless gently moved by a 
tongue blade or mirror. ln some animals, these fringes 
of tissue serve to keep the teeth clean. 

E. FLOOR OF THE MOUTH 

Visually examine the fioor of the mouth by having a 
partner raise the t0ngue. Also, feel for unusual lumps 
by palpating the fioor of the moULh with the forefinger 
of one hand pressing against the fioor and opposed out­
side of the mouth by a finger of the other hand. This 
method of palpation is called bimanual palpation since 
it requires two hands (Fig. 15-38). 

Like the ventral surface of the tongue, the tissues of 
the noor of the mouth are shiny, and some large blood 
vessels may be seen near the surface. The alveololin­
gual sulcus (Fig. 15-37) is the broad, valley-shaped 
space between the mandibular alveolar bone and the 
tongue. You can gently place your finger in this broad 
sulcus and press laterally to confirm whether there are 
any bony ridges on the medial surface of the mandible. 
A prominent bump in this area might be a relatively 
common occurrence: a mandibular torus. 

A mandibular torus (plural tori) (Fig. 15-39) is a 
bulbous _protuberance of bone beneath a thin mucous 

~ co,e,;ng on th, m,di,1 ,;d, of th, m,nd;bJ, 

often found in the premolar region (Fig. 15-40). 
Mandibular tori may be inherited as a genetic trait and 
are not uncommon. They usually cause no problems 
but may be irritated during chewing of coarse foods, or 
when mandibular dental impressions are made. After all 

Bimanual palpation (using the opposing 
fingers of two hands) in order to feel for lumps or bumps (like a 
salivary duct blockage) with in the Aoor of the mouth. 

J.com 
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Lingual frenum 
(broad anteriorly) 

Sublingual caruncles 

Mandibular tori (bulbous 
elevations of bone) on the lingual surface ofa 
stone cast of the mandible. (Also, note thar the 
mandibular first molars have six, instead of the 
usual five, cusps. The extra lingual cusp is called 
a ruberculum intermedium.) 

Sublingual fold 
(plica sublingualis) Mandibular torus (large) 

Only three mandibular incisors 

FIGURE 15--:l]l Floor of the mouth: 
The sublingual folds (plica sublingualis) 
lie over the sublingual g)ands. The sublin­
gual caruncles are located on either side 
of the lingual frenum where the subman­
dibular gland ducts empty into the mouth 
(via Wharton's ducts). Also, note the 
very prominent lingual tori under the 
mucosa projecting off of the lingual 
surface of the mandible. 
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lower teeth have been losL and removable dentures are 
to be made, it may be necessary Lo surgically remove 
mandibular tori. A similar torus may also occur in the 
middle of the palate and is called a palatine toms or 
torus palatinus (Fig. 15-41). Exostosis [ek sos TOE sis, 
plural is exostosesl is the general term used to describe 
any excess (hyperplastic) bony growth projecting out­
ward from the bone surface, such as a torus palatinus 
or mandibular torus, but can also be used to describe 
bony ridges that may form on the facial (cheek) surface 
of the alveolar processes of the mandible or maxillae. 

F. SALIVARY GLANDS (INTRAORALLY) 

Refer to Figure 15-37 while studying these landmarks 
on the noor of the mouth. On the noor, the sublingual 
folds called the plica sublingualis [PLY ka sub ling 
GWAL is] extend anteriorly on each side of tl1e floor 
of the moULh from the first molar region to the lingual 
frenum. Along these folds are many small openings 
of ducts from underlying sublingual salivary glands 
located in this region. These sublingual glands secrete 
purely mucous saliva (ropy-type), producing only 5 to 
8% of our saliva.1 

On the midline at the junction between the right 
and left sublingual folds, on ei ther side of the lingual 
frenum, is a pair of bulges called sublingual carun­
cles (Fig. 15-40), each with an opening from ducts of 
the mandibular salivary glands (Wharton's ducts). 
Wharton's ducts drain the large submandibular glands 
located posteriorly on either side in the submandibu­
lar fossae of the internal surface of the mandible. These 
glands produce about two thirds of our saliva.1 Their 
secretions are primarily serous (two thirds serous cells, 
one third mucous cells~). A person normally secretes 
over a pint of saliva during 24 hours.c 

If you use bimanual palpation and gently move one 
finge e 0oor of the mouth (opposing another 

A maxillary torus palati nus or 
palatal torus . 

outside of the mouth) from posterior to anterior over 
the sublingual folds and the underlying submandibu­
lar ducts, saliva may flow out of the gland openings in 
the caruncles. Saliva may even squirt out of the mouth 
through the openings in the caruncles when the patient 
opens wide ( like when you yawn during a boring lec­
ture) and the surrounding muscles apply pressure to the 
duct. 1t is possible for saliva to calcify within the ducts 
and block the flow of saliva. This could cause symp­
toms that get worse when eating since the saliva cannot 
make its way out of the ducts. This calcified blockage 
(called a sialolith [si AL o lith)) may be palpated, con­
firmed with a radiograph, and surgically removed. 

G. ALVEOLAR PROCESS 
(OF UNDERLYING BONE) 

The bone surrounding the roots of the teeth should be 
palpated for bony growths (exostosis) or lesions. 

H. GINGIVA 

The periodontium [per e o DON she um] was dis­
cussed in detail in Chapter 7 but is reviewed here in 
order to emphasize the landmarks that can be identi­
fied in the mouth of a healthy person. Recall that the 
periodontium is comprised of the supporting tissues of 
the teeth, including surrounding alveolar bone, the gin­
giva, the periodontal ligaments, and the outer layer of 
the tooth roots (covered with cementum). Evaluation 
of the thickness of the periodontal ligament and the 
amount of alveolar bone surrounding each tooth 
requires appropriate radiographs. Recall that the peri­
odontal ligament is a very thin ligament composed of 
many fibers that connects the outer layer of the tooth 
root with the thin layer of dense bone (seen on a radio­
graph as a white line called lamina dura) lining each 
alveolus or tooth socket seen in Figure 15-42. The fibers 
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Gingival sulcus 
(a potential space) ~ 

Gingival margin -----­
Free gingival groove---­
Connective tissue attachment 
with free gingival fibers 

Alveolar crest fibers ----' 

Alveolar crest -----/7 

Horizontal fibers ---;:=::;It:: 
Cortical plate 
(shaded red)---~~-

Oblique fibers ----;:=:i:~ 
Alveolar bony socke'-'-t _ ___._._...:...., 
(lamina dura lining) 
(is a red line) 

Apical fibers--------'--*-=-"=,:; 

Marrow spaces --------...1--+ 

Trabecular bone---.::-----,.... 

r--- - Free Gingiva 

-1--- Keratinized 
epithelium 

---Attached Gingiva 

Periodontium including zones of gingiva and periodontal fiber groups: A mandibular left first premolar is sus• 
pended in ics alveolus by the five groups of periodontal ligament fibers: apical, oblique, horizontal, alveolar crest, and free gingival fibers are 
visible. A sixth group, called transseptal fibers, not visible in this drawing, attaches from the cementum of one tooth to the cementum of 
the adjacent tooth at a level between the free gingival and alveolar crest fibers. The fibers of the periodontal ligament are much 
shorter than depicted here, averaging less than ¼ of a millimeter. 

of the periodontal ligament represented in this figure 
are greatly enlarged; the actual \vidtl1 of this ligament 
is less than 1/4 mm. The periodontal ligament is made 
up of four groups of fibers with differing directions and 
attachments and different names. The apical, oblique, 
horizontal, and alveolar crest fibers connect different 
parts of the tooth root (cementum) to the dense bone 
lining the tooth socket. The oblique fibers provide the 
major support to the tooth during function. Free gingi­
val fibers are directed from tooth root (cementum) into 
free gingiva. A sixth group, the transseptal fi bers, is 
not seen on Figwe 15-42 since these fibers run directly 
from the root (cementum) of one tooth to the cemen­
tum of the adjacent tooth at a level between the free 
gingival and alveolar crest fibers. 

The gingiva is the only visible part of the perio­
dontium that is seen in the initial oral examination. 
It is the part of the oral mucosa covered by kerati-

~,ium th" cove" the , lveola, pwcesses of 

the jaws and also surrounds Lhe portions of the teeth 
near where the root and c.rown join (cervical portion) . 
As discussed in detail in Chapter 7 (Periodontics), 
healthy gingiva varies in appearance from individual 
to individual and in different areas of ilie same mouth. 
It should be resi lient and fi rm, stippled (that is, tex­
tured with many small depressions, like an orange 
peel , and coral pinh in persons \vi th light skin pigmen­
tation (fig. 15-43), or in persons with dark coloring of 
the hair and skin , the gingiva may be brown or spotted 
with brown (melanin pigmentation). The margins of 
healthy gingiva are thin in profile and !wife edged. The 
shape of the facial gingival margin around each tooth 
somewhat parallels the CEJ, so it is shaped lihe a para­
bolic arcli (similar in sl1ape to the McDonald's arches). 
This repeated parabolic arc.h pauern around each 
tooth is evident in Figure 15-43. Refer to Table 7-1 
in Chapter 7 for a list of all characteristics of healthy 
gingiva. 
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Healthy gingiva, close-up. Note the ideal 
contours and stippled (orange peel) surface cexture char is usu­
ally most noticeable on the maxillary labial attached gingiva. 

Gingiva can be visually divided into zones as shown 
in Figure 15-44. The zone closest to the tooth crown 
is unattached gingiva, which includes the free gingiva 
and the interdental papillae. Free gingiva (or marginal 
gingiva) is the tissue that is not attached to the tooth 
or alveolar bone. It surrounds each tooth to fom1 a col­
lar of tissue with a potemial space or gingival sulcus 
(crevice) hidden between it and the tooth. Free g1n­
giva extends from the free gingival mai:gin (the edge 
of gingiva closest to the chewing or lncising surfaces of 
the teeth) to the free.g_ii;igival groove (visible in about 
one third of adultS) thal separates free gingiva from 
attached gingiva_ 11ie interdental papilla (interproxi­
mal papilla) [pah PILL ah] (plural is papillae [pa PILL 

eel) is that part of the unatl,ached gingiva between 
adjacent teeth. A heahhy'Papilla conforms to the space 
between two teetl1 ('interproximal space), so from the 
facial view lt comes to a point near where the adjacent 
teeth contact. The papilla also has the hldden sulcus 
(potential space) next to each tooth where dental noss 
rn11 fit 01 1\:t: it pa::;::.t:::. bt:LWt:t:11 tht: lt:t:th. 

Attached gingiva is a band or zone of gray to light 
or coral pink (possibly with melanin pigmentation) 
keratinized masticatory mucosa that is Hrmly bound 
to the underlying bone (Fig. 15-44). It extends 
between the free gingiva (at the free gingival groove if 
present) and the rnore movable alveolar mucosa. The 
amount or width of attached gingiva varies normally 
from 3 to 12 mm. 

The mucogingival line (junction) (Fig. 15-44) is a 
scalloped junction between attached gingiva and the 
looser, redder alveolar mucosa. Alveolar mucosa is mov­
able mucosa, dark pink to red, due to increased vascu­
larity and more delicate nookeratinized tissue just apical 
to the mucogingival line. lt is more delicate and less 
firmly attached LO the unclerlyin~ bone than the attached 
gingiva and is more displaceable as well because of the 
underlying vessels and connective tissue. Palpate these 
two types ot tissues and you will feel the difference in 
firmness. This movable alveolar mucosa is found in three 
places: in the maxillary and mandibular facial vestibule 
and in the mandibular lingual aspects (alveolingual sul­
cus) but not on the palate, which has firm, attached ker­
atinized tissue for almost the entire surface. Therefore, 
the mucogingival line is present on the facial aspects of 
the maxillary and mandibular gingiva but only on the 
lingual aspect of mandibular gingiva. 

Alveolar mucosa 
Mucogingival junction 

Zone of attached gingiva 

Gingival groovJ- Zone between 
is free gingiva 

Gingival margin covering sulcus 

lnterdental papilla 

• 

Clinical zones of the gingival. (Photo courtesy of Lewis J. Claman, D.D.S., M.S.) 
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Keratinized gingiva is the general term used lO 

describe both the [ree and attached gingiva. Lt is widest 
on the facial (vestibular) aspect of maxillary anterior 
teeth and the lingual aspect of mandibular molars. It is 
narrowest on the facial aspect of mandibular premolars.5 

The gingival sulcus is not seen visually but can be 
evaluated with a periotlontal probe since it is actually 
a space (or potential space) between the tooth surface 
and the narrow unauached cervical collar of free gingiva 
(Fig. 15-45). The gingival sulcus is lined with the sul­
cular epithelium. It extends from the free gingival mar­
gin to the junctional epithelium. Clinically, the healthy 
gingival sulcus ranges in probing depth [rom about 1 
Lo 3 mm and should not bleed when correctly probed. 
Junctional (or attached) epithelium (seen in cross sec­
tion in Fig. 15-42) is a band of tissue at the most apical 
portion of the gingival sulcus that attaches the gingiva 
to the tooth. It is about 1 mm in widtl1.6 There is also 
a 1- Lo 1.5-mm connective tissue attaclimenl to the root 
above the crest of bone. The periodontal probe usually 
penetrates into the junctional epithelium, hence the 
difference between the depth determined through clini­
cal probing and the depth seen on a microscopic cross 
section.1

•
1' Sometimes, during the process of eruption of 

the mandibular last molar through the mucosa, a flap 
of tissue may remain over pan of the chewing surface 
calJed an operculum (seen previously in Fig. 7.7). This 
operculum can easily be irri tated during chewing and 
become infected. 

FIGURE 15~ Periodontal probe in place in the gingival 
sulcu~: The end of the probe can actually be seen here through 
the thin layer of unattached gingiva. 

I. THE TEETH: COUNT THEM 

An important part of the oral examination is to deter­
mine which teeth are erupted in the mouth, identify 
them by name or imiversal number, and determine 
which teeth are missing. When the number of teeth 
is fewer than expected for a patient. a careful history 
can conHrm tooth loss by disease or accident or teeth 
removed prior to ortlrndontic treaunent. When history 
does not confirm such reasons fo r tooth loss, radio­
graphs are recommended to rule out the possibility of 
unerupted (impacted) teeth beneath the mucosa or sur­
rounded by bone (impacted teetJi) or to confirrn that a 
tooth never formed. It is also possible for the patient to 
have extra (supernumerary) teeth or unexpected teeth 
(such as retained primary teeth in a 30-year-old). These 
factors impact treatment planning decisions and should 
be documented. 

The total number of teeth depends on the age of the 
individual and me stage of developmem of the teeth. 
Recall mat the complete primary dentition consists of 
20 Leeth. From about 2 years old until almost 6 years 
old, most children have all 20 primary teeth present 
in the mouth but no pennanent teeth. For the next 
6 years, tl1ere is normally a mix of some primary and 
some permanent teeth (called mixed dentition with 
24 teeth including the 4 permanent first molars) until 
about 12 years of age, when all primary teeth have 
been lost and only permanent teeth are present. At age 
12, there would normally be 28 permanent teeth (all 
but tl1e unerupted third molars). Eventually (by the 
late teens or early 20s), the complete permanent (or 
secondary) dentition consists of 32 teeth, including the 
four tl1ird molars that erupt (become visible) into the 
mouth. 

LEARNING EXERCISE 

Examine a partner (using infection control proce­
dures) and identify each of the structures listed on 
this modified Head and Neck examination form. 
(The order of structures listed on this form is the 
same order as that encountered within the chap­
ter, so it should be easy to follow the text as you 
perform the exam.) Use a tongue depressor or a 
mouth mirror to retract the lips and cheeks. 
A good light is needed, and a mouth mirror is 
useful for reflecting light into remote areas and for 
holding the tongue or cheek out of the way during 
your examination. 
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NORMAL STRUCTURES FOUND 

DURING THE HEAD AND NECK EXAM 

(Key: * = not found on a ll patients} 

Extraoral Examination: 

General appearance: healthy walk and posture; normal breathing 

Head: symmetrical ( or not); jaw mid line symmetrical ( or not) 

Skin: evaluate for lesions, palpate underlying muscles: masseter ( origin, insertion); temporal is ( anterior and 
posterior fibers: origin); medial pterygoid (insertion) 

Eyes: clear sclera; pupil not considerably dilated or constricted 

Temporomandibular joint: palpate lateral surface of condyle during function; posterior surface of the condyle 
(in internal auditory meatus) 

Neck: palpate thyroid gland; submandibular salivary gland 

Nodes: palpate for submental; submandibular; parotid (preauricular); postauricular; cervical (around sterno­
cleidomastoid muscle) 

Salivary glands: palpate parotid gland and submandibular gland (bimanual for sublingual [intraoral]) 

Lips: commissure; nasolabial fold; labiomental groove; tubercle; philtrum; vermilion zone; mucocutaneous 
junction; wet line 

lntraoral Examination: 

Mucosa: Labial: labial frenum; fornix 
Bucca.l: buccal frenum; commissural papule; *linea alba; parotid papilla from parotid gland 
(Stensen's duct: press along it for saliva); *Fordyce granules ( orange-colored spots) 

Palate: Hard pala te: incisive papilla; palatine raphe; rugae; *torus palatinus; pterygoid hamulus 
Soft palate: vibrating line (say "ah"); fovea pa latini; uvula 

Tonsils/oropharynx: fauces; glossopalatine (anterior) arch; pharyngopalatine (posterior) arch; *palatine ton­
sils; pterygomandibular fold; retromylohyoid curtain 

Tongue: Dorsum: filiform, fungiform, and circumvallate papillae (way back); fo ramen cecum and terminal 
sulcus (probably too far back to see) 

Lateral: foliate papillae 
Ventral: lingual frenum; plica fimbriata ( can "separate" from tongue with mirror handle) 

Floor of mouth: alveololingual sulcus; *mandibular torus, palpate bimanual: sublingual folds over sublingual 
glands; sublingual caruncles with Wharton's ducts of submandibular gland ( may squirt) 

Salivary glands: buccal mucosa: parotid papilla ("milk" Stensen's duct to see saliva drip out) 
Floor of mouth: sublingual folds over sublingual glands with caruncle and opening to submandibular 
gland (may squirt) 

Alveolar process: *exostosis (particularly on buccal aspect); maxillary tuberosity (pterygoid hamulus) 

Gingiva: free gingiva (has sulcus; would confirm with probe); *free gingival groove: interdental papilla; 
attached (keratinized) gingiva; mucogingival junction; retromolar pad ( mandibular), *tissue overlapping last 
molar • operculum 

Teeth: count all erupted teeth; note retained primary teeth: *impacted ( on radiographs ), malformations, etc. 

Occlusion (circle one): class I II Ill: evaluate first molar and canine relationships 
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Review Questions 
Test-your newly acquired knowledge by matching the forty landmarks with their descriptions. Place the 
appro priate letter o r letters on line on left. 

1. Dorsum of tongue a. Mouth 

2. Hard palate b. Dark pigment on attached gingiva 

3. Pharynx 
C. On the anterior floor of mouth where the plica 

sublingualis meet 
4. Elevated midline of hard palate d. Underside of tongue ,,. 5. Stensen's duct e. Hair-like papillae covering two thirds of dorsum 

6. Alveolar mucosa of tongue 

7. Fordyce's spots f. Top side of tongue 

8. Melanin 
g. Sebaceous glands on inside of cheek 

.. h . lnterdental papillae 
9. Gingiva between teeth I. Opens on inside of cheek near maxillary molars 

10. Palatal tissue bump between teeth J· Palatine raphe 

Numbers 8 and 9 k. Attaches lip to mucosa covering jaw (upper and 

11. Vibrating line lower) 
I. Behind soft palate 

12. Wharton's duct openings m. Incisive papilla 
13. Labial frenum n . Lines floo r of vestibule .. 
14. Ventral surface of tongue o. Firm, covered by gingiva, has rugae 

15. Oral cavity p. Ridge of bone lingual co mandibular premolars 

16. Retromolar pad 
q. Elevation of tissue distal to mandibular last molar 

• r . Elevation of tissue distal to maxillary last molar 
17. Maxillary tuberosity s. Junction of hard and soft palate 
18. Filiform papillae t. Tightly attached- pink color 

19. Torus mandibularis u. Mucous salivary glands beneath anterior thi rd of 

.. 20 . Attached gingiva tongue 
v. Large serous salivary gland beneath posterior 

21. Fauces third of tongue 
22. Nasolabial groove w. At the corners of mouth where lips join 

23. Labiomental groove x . Diagonal grooves from nostrils to corner of mouth .. Horizontal depression below lower lip 24. Sublingual gland y. 
z. Vertical depression on upper lip 

25. Submandibular gland Opening from oral cavity to pharynx aa. 
26. Pl ica sublingualis bb. Serous salivary gland just in front of ear .. 27 . Uvula cc. loosely attached --
28. Plica fimbriata dd. Fold in floor of mouth beneath tongue 

29. Foliate papilla 
ee. Delicate fold on each side of ventral surface of 

tongue 
30. Circumvallate papillae ff. Hangs downward in center of soft palate 
31 . Alveololingual sulcus gg. On lateral surfaces of tongue near posterior third 

32. Palatine tonsils hh. Space between mandibular teeth and tongue 

33. Retromylohyoid curtain 
II. 8 to 12 circular papillae arranged in a "V" shape 
jj. Mucous membrane between anterior pillar and 

34. Fungiform papillae pterygomandibular fold 
35. Alveolar mucosa kk. located between anterior and posterior pillars in 

36. Fovea palatini throat 

37. Parotid gland II. Bulbous protuberance on facial side of mandible 

38. Philtrum 
in premolar region 

mm. Sparse round mushroom-shaped papillae on 
39. Commissure dorsum of tongue 
40. Exostosis nn. Located just posterior to vibrating line 

m 
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Critical Thinking 
1. Mrs. Huay requires the extraction of tooth No. 31 due to a severe tooth fracture. A. State each nerve 

branch that needs to be blocked with anesthetic in order for her not to feel any pain in the tooth or sur­
rounding oral tissues during the extraction. 8. Describe in as much detail as possible exactly where the 
anesthetic should be placed. C. Then trace each nerve branch that supplies this tooth and surrounding 
st ructures back to t he brain where it exit ed the brain case. 

2. Discuss the tongue. A. First, list as many structures on it as possible (describing the locations of each). 
8. List the nerves that innervate the tongue for movement, feeling (pain), a nd taste; the artery that sup­
plies blood; and the lymph nodes where infections of the tongue would drain. (This requires knowledge 
obtained when reading Chapter 14 as well as 15.) 
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Dr. Woelfel's Original Research Data 

Specific research data and some of Dr. Woelfel's origi­
nal research Hndings related to material topics in this 
chapter were referenced throughout by using super­
script letters (like thfaA) and are presented here. 

A. In 1971 and 1972, Dr. Woelfel and Dr. lgarashi 
supervised 331 dental students as they recorded 
the position of the right and left parotid papilla 
on each other. Of 662 parotid papi.Uae, 78% were 
located between the maxillary first and second 
molar or by the second molar. Only 22% were by 

~ • mofac '" hdght,87%of theses,m, P"PHI" 

were located level with (34%) or above the level 
(53%) of the occlusal plane. Only 13% were found 
below the level of the occlusal plane. The widest 
variation in location among these dental students 
was in two men, one having his parotid papil la 
on each side 11 mm above the occlusal plane and 
the other man with his 8 mm below the level of 
the occlusal plane. In a similar study of 293 adult 
men and 114 adult women (258 white, 11 black, 
9 Hispanic), the parotid papilla averaged 3.3 mm 
above the occlusal plane (right 3.0, left 3.5 mm).8 
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B. There is a relatively constant 8.5-mm distance 
from the facial surface of the maxillary central 
incisors to the center of the incisive papilla. On 
326 casts measured by Dr. Woelfel, the aver­
age distance was 8.4 mm, with a range of 5.5 to 
12mm. 

C. Among casts from 939 hygiene students, rugae 
"trees" had three, four, or five branches on each 
side in 87% of the students. The fust main branch 
was aligned lingual to the canine in 72%. The 
rugae were well elevated in 85% of the students 
and nattened in only 14%. Rugae are more dis­
tinct in young persons than in older persons. 
However, a longitudinal study of 20 females and 
21 males, from age 4 to 22 years, indicated a slight 
but steady growth in the length of rugae dur­
ing this period (average: 1.4 LO 2.3 mm). Rugae 
growth occurred earlier in females, but the males 
had more branches.9 

D. Measurements on 333 casts by Dr. Woelfel 
indicated the frenum attachment to be 8.03 ± 

1.5 mm below thegi ngival sulcusof the mandibular 
central incisors; range 5.4 to 11 mm. Assuming 

an average-length mandibular central incisor 
(8.8 mm), the lingual frenum attaches about 
17 mm below the incisal edge of these teeth. 

'E. (not Woelfel research) Daily saliva secretion: 
A person nom1ally secretes an average of 300 mL 
of saliva between meals, 300 mL while eating, 
and only 20 mL while sleeping, based on averages 
from 600 people.1 

F. ln a survey by Dr. Woelfel, 267 dental hygiene stu­
dents measured their gingival sulcus depths with a 
calibrated periodontal probe. The average gingival 
sulcus depths for mandibular first molars midbuc­
cal were 1.5 ± 0.5 mm; midlingual: 1.7 ± 0.6 mm; 
rnesiolingual and distolingual: 2.5 ± 0.5 mm. These 
measurements indicate that the gingival sulcus is 
1.1sually deeper interproximally. Similar measure­
ments made on the mesiofacial aspect of man­
dibular canines (1.9 ± 0.8 mm) , maxillary canines 
(1.8 mm), maxillary first premolars (1.9 ± 0.7 mm), 
and maxillary first molars (2.1 ± 0.7 mm) indicate 
sulci slightly deeper on posterior teeth than those 
on anterior teeth. 
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Appendix 

This Appendix includes numerous drawings of permanent and primary teeth, which are labeled (with 
letters) to highlight features of each tooth. Trails represented by each letter are described on the back of each 
page following the same lener used on the drawings. 

The pages in this Appendix section are perforated, so they can be torn out to facili tate study for Chapters 2 
through 6, thus minimizing page turns. For example, while reading about the morphology of incisors in 
Section I of Chapter 2, when you see the word "Appendix" followed by a number and leuer (e.g., Appendix la) , 
refer to the appendix page (page l) and item (letter a). Find that letter on the line drawings, and it will illus­
trate the concept being described in the text. 
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Appendix Page 1 

General Class Traits of Most Incisors 
(using the maxfllary rJght lateral incisor /17 as an example) 
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476 Appendix 

GENERAL CLASS TRAITS OF MOST 
PERMANENT INCISORS 

a. Crown shapes are rectangular, longer incisogingivally 
than mesiodistally (facial views). 

b. Crowns taper from the contact areas to cervical lines 
(faci3l views). 

c. Crown outlines on the distal are more convex than on 
the mesial (facial views) EXCEPT on mandibular cen­
tral incisors, which are known for their symmetry. 

d. The mesioincisal angles are more square (or acute) than 
the distoincisal angles, which are more obtuse (facial 
views) EXCEPT on mandibular central incisors. 

e. Mesia\ contact areas are in the incisal third; dis­
tal contact areas are more cervical than the mesial 
(facial view) EXCEPT on mandibular central inci­
sors, where mesial and distal contacts are at the same 
height (facial views). 

f. Roots taper from the cervical line toward the apex 
(facial and mesial views) and from the facial toward 
the lingual (best seen on an actual tooth or model). 

g. Roots are wider faciolingually than mesiodistally 
(comparing proximal co facial view) EXCEPT max­
i.llary cenLTal incisors, where dimensions are almost 
equal. 

h. When bem, roots often bend to the distal in the api­
cal third (facial views). 

i. Roots are slightly to considerably longer than crowns 
(facial and proximal views). 

j. Crowns taper from proximal contact areas toward 
the lingual (incisal views). 

k. The rnesial and distal marginal ridges converge 
toward the lingual cingulum (incisal and lingual 
view~). 

I. Cervical lines on the facial (and lingual) surfaces are 
convex (curve) toward the apex (facial and lingual 
views). 

m. Proximal outlines are wedge shaped or triangular 
(proximal views). 

n. Facial and lingual crests of curvature are in the cer­
vical third (proximal views). 

o. Proximal cervical lines are convex (curve) toward 
the incisal AND curve more so on the mesial than on 
the distal surfaces (compare mesial to distal views). 

p. Lingual outlines are S-shaped with a concave lingual 
fossa and convex cinguhun, and the lingual outlines 
of the marginal ridges are more verLical than hori­
zontal (proximal views). 

q. lncisal edges terminate mesially and distally at the 
widest portion of the tooth crown (incisal views). 

r. Facial outlines are more broadly rounded than lin­
gual outlines due to lingual convergence (incisal 
views). 
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478 Appendix 

TYPE TRAITS THAT DISTINGUISH THE 
MAXILLARY CENTRAL INCISOR FROM 
THE MAXILLARY LATERAL INCISOR 

a. Although the crowns of both types of maxillary 
incisors are longer cervicoincisally than mesiodis­
tally, maxillary central incisors are closer to square. 
Lateral incisors are more oblong cervicoincisally 
(facial views). 

b. On both maxillary incisors, the mesioincisal angles 
are close to 90 degrees; the distoincisal angles are 
more rounded (facial views), but both angles are 
more rounded on the lateral compared to the central 
incisor (facial views). 

c. lncisal edges slope cervically toward the distal (facial 
views), more so on lateral incisors (facial views). 

d. Maxillary central incisors have crowns and roots closer 
to the same length. Lateral incisors have proportion­
ately longer roots relative to crowns (facial vi.ews). 

e. When the incisal edges are aligned horizontally, cin­
gula of maxillary central incisors are off-cemer to 
the distal versus cingula oflateral incisors, which are 
centered (incisal views). 

f. Mesia! marginal ridges are longer than the distal 
marginal ridges (in central incisors due to the dis­
tally displaced cingulum and in lateral incisors due 
to the cervical slope of the incisal edge to the distal) 
(lingual views). 

g. From the incisal view, when the crest of curvature of 
the cingulum is positioned directly dovmward, the 
incisal edge of maxillary central incisors has a slight 
distolingual twist with the distoincisal corner more 
lingual than the mesioincisal comer. The incisal 
ridges of maxillary lateral incisors run mesiodistally 
with no twist (incisal and mesial views). 

h. Mesioclistal dimensions on central incisors are consid­
erably wider than faciolingual dimensions (rectangu­
lar shaped). On lateral incisors, these dimensions are 
more nearly equal (closer to square) (incisal views). 

TYPE TRAITS THAT DISTINGUISH THE 
MANDIBULAR CENTRAL INCISOR FROM 
THE MANDIBULAR LATERAL INCISOR 

Mandibular central incisors are very symmetrical versus 
lateral incisors, which are not. The following are exam­
ples of the relative lack of symmetry in lateral incisors: 

i. Mandibular lateral incisors have the distal proximal 
contacts more apical than the mesial contacts. Central 
incisor contacts are at the same level (facial views). 

j. Lateral incisors have the distoincisal angles more 
rounded than the mesioincisal angles. On central 
incisors the mesioincisal and distoincisal angles are 
4ui Le :; imilar (fadal view:;). 

k. lncisal edges of lateral incisors have a slight distolin­
gual twist ( relative to a line bisecting the cingulum). 
Central incisors have their incisal edges at right 
angles ( with no twist) to this bisecting line (incisal 
and mesial views). 

I. The crowns of the mandibular lateral incisor tip 
slightly to the distal relative to the root (facial views). 

ARCH TRAITS THAT DISTINGUISH 
MAXILLARY FROM MANDIBULAR 
INCISORS 

u1.Lingual fossae are more pronounced on maxillary 
incisors (often wi.th a lingual pit, especially on the 
maxillary lateral incisor) . Mandibular incisors have 
smoother lingual anatomy without grooves and pits 
(lingual views). 

n. Maxillary incisors have roots that are closer to round 
in cross-section. Mandibular incisors have roots that 
are more ribbon-like ( that is, are thin mesiodistally 
and much wider faciolingually). Compare proximal 
views to facial views. 

o. lncisal edges of maxillaiy incisors are often labial to 
the root axis line. Mandibular incisal edges are often 
lingual to the root axis line (proximal views). 

p. Mandibular crowns are smaller and narrower mesi­
odistally relative to the length compared to maxillary 
incisors, which are relatively wider (facial views). 

q. Mandibular crowns have outl ines mesially and dis­
tally that are natter than on maxillary incisors (facial 
views). 

r. (r compared to i). Proximal contact points (crests 
of curvature or heights of contact) are closer co the 
incisal edge on mandibular incisors (i) than on max­
illary incisors (r) (al though incisor proximal con­
tacts are in or close to the incisal third of the crowns 
[EXCEPT distal of maxillary laterals which are in the 
middle third], and distal contacts are more cervically 
positioned than mesial contactS [EXCEPT mandibu­
lar centrals]) (facial views). 
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General Class Traits of Most Canines 
(using the maxillary right canine #6 as an example) 
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480 Appendix 

GENERAL CLASS TRAITS OF MOST 
CANINES 

a. Crowns are pentagon shaped (facial views). 
b. Cusps have mesial cusp ridges shorter than distal 

cusp ridges (facial views). 
c. Vertic::il labi::il ridges are prominent (more so on 

maxi_llary canines) (facial views). 
d. Crowns are wider faciolingually than mesiodistally 

(similar to mandibular incisors) (incisal views). 

GENERAL CANINE CHARACTERISTICS SIMILAR 
TO INCISORS 

e. Crowns taper from contact areas toward the cervical 
line (facial views). 

r. Crown outlines are more convex on the distal and 
less convex (flaner) on the mesial (facial views). 

g. Mesia! contact areas are located in the incisal third 
of the crown (or at the junction of the incisal and 
middle thirds); distal contact areas are more cervi­
cally positioned (facial views). 

h. Roots taper from the cervical line toward the apex 
(facial and proximal views) and from facial wward 
lingual (which is best viewed on an actual tooth or 
model). 

i. Roots arc wider faciolingually than mesiodistally 
(compare proximal ro facial views). 

j . If roots are bent, they more often bend toward the 
distal in the apical third on maxillary canines (facial 
views), but mandibular canine roots are more likely 
to be straight. 

k. Roots are considerably longer than crowns (facial 
views). 

I. Crow11:; Laper frurn Lhe proximal l:Ul'llal:l:; tuwartl the 
lingual (incisal views), so the mesial and distal mar­
ginal ridges converge toward the cingulum (incisal 
views). 

m. Cervical lines on the facial (and lingual) surfaces 
curve toward the apex (facial and lingual views). 

n. Proximal cervical lines curve LOward the incisal, 
more so on the mesial than on the distal surface 
(compare proximal views). 

o. Canines (like incisors) are wedge shaped (triangu­
lar) when viewed from the proximal. 

p. Facial and Lingual crests of curvature are in the cer­
vical third (proximal views). 

q. Lingual oULlines are S-shaped with a concave lingual 
Cossa and convex cingulum; the marginal ridges are 
oriented more vertically than horizontally (proximal 
views). 

r. lncisal edges nm from the mesial to the distal con­
tact areas (incisal views). 

s. Facial outlines are more broadly rounded than lingual 
outlines due to lingual convergence (incisal views). 
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482 Appendix 

TYPE (AND ARCH) TRAITS THAT 
DISTINGUISH THE MAXILLARY CANINE 
FROM THE MANDIBULAR CANINE 

a. Both maxiJJary and mandibular canine crowns are 
oblong (rectangular) with the mesiodistal dimen­
sion less than the incisocervical dimension, but the 
mesiodistal dimension is narrower on mandibular 
canines than on maxillary canines (facial views). 

b. Maxillary canines have mesial crown contours con­
vex (to nearly nat cervically) versus mandibular 
canines, which have mesial crown contours more in 
line with the contour of the root (facial views) . 

c. The angle formed by the cusp ridges (slopes) of 
maxillary canines is more pointed or acute (averag­
ing about 105 degrees), resulting in a sharper cusp, 
compared to the broader (less pointed or obtuse) 
angle on the mandibular canine, which averages 

120 degrees (facial views). The mesial cusp ridge of 
lhe mandibular canine is often close to horizontal 
when the tooth is held with the long axis vertically. 

d. Lingual ridges that separate mesial and distal fossae 
are more prominent on maxillary canines than on 
mandibular canines (l ingual views). 

e. Cingula on maxillary canines are large and centered 
mesiodistally. On mandibular canines, they are often 
slightly to the distal (incisal views). 

f. lncisal ridges on maxillary canines are straighter 
mesiodisLally. On mandibular canines, the distal 
cusp ridge bends distolingually (incisal views). 

g. The distal half of the crown of maxH!ary canines is 
compressed (squeezed) faciolingually more than on 
mandibular canines (incisal views). 

h. The cusp tip of the maxiJlary canine is on or labial to 
the root axis line, whereas the mandibular cusp tip is 
lingual to th is line (proximal [and incisal] views). 
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General Class Traits of Most Premolars Appendix Page 5 

(using the maxillary right second premolar #4 as an example) 
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484 Appendix 

GENERAL CLASS TRAITS OF MOST 
PREMOLARS 

a. Buccal ridges are present (similar LO canine labial 
ridges) (facial and occlusal views). 

b. Usually, premolars have two cusps: one buccal and 
one lingual (F.XCF.PTION is the mandibul::ir second 
premolar, which often has three cusps: one buccal 
and two lingual) (proximal views). 

c. Marginal ridges are aligned relatively horizontally 
(EXCEPT on mandibular first premolars, where the 
mesial marginal ridge is closer to a 45-degree angle 
from horizontal) (proximal views). 

d. Buccal and lingual crests of curvature are more 
occlusal than on anterior teeth (still in cervical third 
on the facial but in the middle third on the lingual) 
(proximal views). 

e. Mesia! proximal contacts (heights of contour) are 
near the junction of the occlusal and middle thirds, 
and the distal contacts are often slightly more cervi­
cal in the mi.ddle thi.rd (EXCEPT on mandibular first 
premolars, where rnesial contacts are more cervical 
than the distal contacts) (facial views). 

f. Proximal contacts (crests of curvature) from the 
occlusal view are buccal to the center faciolingually 
(occlusal views). 

g. From the facial, premolars are roughly pentagon 
shaped (similar to canines) (facial view). 

h. The buccal cusp tip is mesial to the midroot axis 
(EXCEPT on the maxillary firs t premolar, where the 
cusp tip is distal to the midroot axis) (facial views). 

i. The mesial cusp ridge of the buccal cusp is shorter 
than the distal cusp ridge (EXCEPT on the maxillary 
first premolar, where the mesial cusp ridge is longer) 
(facial views). 

j. Mesia! marginal ridges are generally more occlusal 
than distal marginal ridges, which are more cervi­
cal (EXCEPT on tuandibular first premolars, where 
mesial marginal ridges are in a more cervical posi­
tion) (compare the proximal views). 

k. Crowns are oblong from the occlusal view, wider 
faciolingually than mesiodistally relative to anteri<)r 
teeth (maxillary premolars are decidedly oblong or 
rectangular, whereas mandibular premolars are closer 
to square [or round) in shape) (occlusal views). 

I. Cusp ridges (or slopes) and marginal ridges join to 
form the boundary of the occlusal surface or occlusal 
table (occlusal views). 

m. Crowns taper from proximal contact areas toward 
the cervical (facial views). 

n. Cervical lines curve apically on the facial and lingual 
surfaces (facial and lingual views). 

o. Cervical lines curve occlusally on the proximal sur­
faces with the mesial cervical line more convex than 
the distal (compare mesial Lo distal proximal views). 

p. The apical third of roots bend distally more often 
than mesially (facial views). 

q. Roots taper toward Lhe apex (both proximal and 
facial views). 

r. The cro·wns taper narrower from the contact areas 
toward the lingual (occlusal views) EXCEPT three­
cusp type mandibular second premolars. 
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486 Appendix 

ARCH TRAITS OF PREMOLARS THAT 
DISTINGUISH MAXILLARY FROM 
MANDIBULAR PREMOLARS 

a. Mandibular premolar crowns Lilt to the Lingual, so 
mandibular lingual cusp tips may be lingual to the 
root (proximal views) . Maxillary crowns do not tip 
noticeably. 

b. The outline of the mandibular premolars are rhom­
boid in shape (four-sided with all opposite sides par­
allel), and the maxillary premolars are trapezoidal 
(four-sided with only two opposite walls parallel) 
(proximal views). 

c. (compared to p). Although lingual cusps are shorter 
than buccal cusps for all premolars, the mandibular 
lingual cusps are relatively much shorter than buc­
cal cusps (p) compared to maxillary ltngual cusps, 
which are closer to the same length (c) (maxillary 
second premolar cusps are almost equal in length) 
(proximal views). 

d. Mandibular premolars are more square or round 
from the occlusal view; maxillary premolars are 
more rectangular or oblong (relatively wider bucco­
lingually) (occlusal views). 

TYPE TRAITS DISTINGUISHING 
MAXILLARY FIRST FROM MAXILLARY 
SECOND PREMOLARS 

e. Buccal cusp tips of maxillary first premolars are posi­
Lioned more Lo the distal, and mesial cusp ridges are 
longer than distal cusp ridges. These are the ONLY type 
or premolars with this LTaiL (facial and occlusal views). 

f. l3uccal cusps of maxillary first premolars are more 
pointed (average: 105 degrees) than on second pre­
molars, where they are more obtuse (120 degrees) 
(facial views). 

g. Buccal ridges are more prominent on maxillary first 
premolars (ocdusal and facial views). 

h. Maxillary first premolars are the ONLY type of pre­
molar most likely to have a divided root versus all 
other types of premolars, which usually l1ave one 
root (proximal views). 

i. Maxillary premolars have their lingual cusp Lips posi­
tioned more toward the mesial (lingual and occlusal 
views). 

j . Both maxillary premolars have mesial and distal root 
depressions, but ONLY the maxillary first premolars 
exhibit a mesial crown concavity (mesial views). 

k. Mesial marginal ridge grooves are almost always 
present on maxillary first premolars and are less 
common on second premolars (occlusal and mesial 

~ 

I. The central developmental grooves on maxillary first 
premolars are longer (from mesial Lo distal pit) than 
those or second premolars, where they are only one 
third or less of the mesiodistal dimension (occlusal 
views). 

m.Occlusal outlines of maxillary first premolars are 
mun:: <1symm t::Lri1.:1:1l w ith tht:: lirigu,:11 1.:usp lip posi­
tioned more to Lhe mesial and the buccal cusp Lip 
more to the distal, versus second premolars, which 
are more symmetrical overall (occlusal views). 

TYPE TRAITS DISTINGUISHING 
MANDIBULAR FIRST FROM 
MANDIBULAR SECOND PREMOLARS 

n. Mandibular first premolar buccal cusps are more 
pointed (110 degrees) versus on second premolar, 
where they are more obtuse or blunL (130 degrees) 
(facial views). 

o. Mesia! proximal conlacts (and marginal ridges) of 
mandibular second premolars are more occlusal 
than distal contacts (following the general rule), 
whereas the reverse i.s true on mandibular first pre­
molars (EXCEPTION), where mesial contacts (and 
marginal ridges) are more cervical (facial views). 

p. Lingual cusps of mandibular first premolars are very 
small and nonfunctional. On second premolars, 
the lingual cusps function and are relatively longer 
(proximal views). 

q. Lingual cusp tips of mandibular second premolars 
are positioned to the mesial (or, if there are two lin­
gual cusps, the mesioUngual is the more prominem) 
(lingual views). 

r. Mandibular first premolars have a mesio/ingual groove 
separating the mesial marginal ridge from the lingual 
cusp. Second premolars (three-cusp type) have a lin­
gual groove separating the two lingual cusps (lingual 
and mesial views). 

s. Mesia! marginal ridges of first premolars slope cer­
vically toward the lingual at about 45 degrees fTOm 
horizontal. On second premolars they are more hori­
zontal (mesial views). 

L. The mesial root surfaces of mandibular second pre­
molars are the only premolar root surface (maxillary 
and mandibular, mesial and distal) not likely LO have 
a midroot depression (best seen on models or actual 
teeth, not labeled in drawings). 

u. Mandibular firs t premolars are the only premolars 
that have the mesiolingual corner, ,vith its mesio­
lingual groove and low marginal ridge, pinched or 
squeezed in, forming about a 45-degree angle with 
the lingual surface. This makes the occlusal outline 
somewhat diamond shaped (occlusal views). 
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General Class Traits of Most Molars 
(using the right second mandibular molar #31 as an example) 
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488 Appendix 

GENERAL CLASS TRAITS FOR MOST 
MOLARS 

a. Molar crowns are wider mesiodistally than cervico­
occlusally (facial views). 

b. Crowns taper (get narrower) from the buccal to the 
ling1.111I ; th11t is, the mesiodist11l w idth on the buccal 
half is wider than on the lingual half (EXCEPT some 
maxiJlary firs t molars with large distolingual cusps, 
where crowns taper to the buccal so that the mesi­
odistal dimension on the lingual is greater than on 
the bucca\) (occlusal view). 

c. Crowns taper (get narrower) from the mesial to the 
distal; that is, the buccolingual width is less on the 
distal third than on the mesial third (occlusal view) . 

d. Crowns taper (get shorter) from mesial to distal; that 
is, the crown height on the distal half is less than on 
the mesial half (facial view). 

e. As with premolars, the buccal crests of curvature 
(heights of contour) of crowns are in the cervical 
one third, and the lingual crests of curvature are in 
the middle third (proximal views). 

(. Proximal contacts (heights of contour) on the mesial 
are at or near the junction of the occlusal and middle 
th inb, an<l ui::;tal proximal <.:u11ta<.:1:; an:: mun:: <.:t::rvi­

cal, in the middle third near the middle o( the tooth 
(facial views). 

g. Lingual cusps on mandibular molars (and mesiolin­
gual cusps on maxillary molars) are longer than buc­
cal cusps when molars are oriented on a vertical axis 
(facial, mesial, [and distal I views). 
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Refer to letters a- k on back, which describe the e features. 
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490 Appendix 

ARCH TRAITS THAT DISTINGUISH 
MAXILLARY FROM MANDIBULAR 
MOLARS 

a. Mandibular crowns are wider mesiodistally than 
faciolingually, resulLing in a more rectangular or 
pemagon outline (k). Maxillary molar crow11s have 
the faciolingual dimension slighLly greater than the 
mesiodistal dimension and are more square or rhom­
boid in outline (k) (occlusal views). 

b. Mandibular molar crowns tilt lingually at the cer­
vix (Like mandibular premolars), whereas maxillary 
crowns are aligned directly over the roots (proximal 
views). 

c. Mandibular molars usually have two roots (a longer 
mesial and a shorter distal root) versus maxillary 
molars, which have three roots (the longest lingual, 
the shorter mesiobuccal , and the shortest distobuc­
cal root) (facial or lingual views). 

d. Maxillary molars have oblique ridges that run diago­
nally across the toolh from the mesiolingual to the 
distobuccal cusp, compared to mandibular molars, 
which primarily have two transverse ridges Lhat run 
directly buccolingually (occlusal views). 

TYPE TRAITS THAT DISTINGUISH 
MANDIBULAR FIRST FROM 
MANDIBULAR SECOND MOLARS 

e. Mand ibular second molars have four cusps 
(mesiobuccal = 1, distobuccal = 2, mesiolingual = 3, 
anddistolingual=4) with a "cross" pattern of occlusal 
grooves compared to first molars, which most often 
have five cusps ( the same four cusps as on the 
second molar, plus a smaller distal cusp = 5) with 
a more zigzag central groove pauern (facial or 

occlusal views; see corresponding numbered cusps, 
not Labeled as "e"). 

f. First molar roots are more divergent and widely sep­
arated compared to second molars roots, which are 
more parallel and closer together (facial and lingual 
views). 

g. Tlu::n:: b rnon:: Lapt:r (narrowing) from tht: uistal 
proximal contact to the cervical line on first molars 
than on second molars due to the presence of the 
distal cusp on first molars (facial views). 

TYPE TRAITS THAT DISTINGUISH 
MAXILLARY FIRST FROM MAXILLARY 
SECOND MOLARS 

h. There is more taper (narrowing) from the buccal to 
lingual on second molars clue to Lheir smaller dis­
tolingual cusp compared to less taper on maxillary 
first molars with their wider, prominent distolingual 
cusps (occlusal views). 

i. First molars are more likely to have a fifth cusp, the 
cusp of Carabelli (located on the mesiolingual cusp) 
compared to second molars, which do not normally 
have a cusp of Cara be Iii (lingual, mesi.al, and occlusal 
views). 

j . Roots of first molars are more spread apart than those 
of second molars (similar to mandibular molars) 
(facial and proximal views). 

k. The parallelogram outline shape of maxillary molars 
(with more acute or sharper mesiobuccal and dis­
tolingual angles and more obtuse or less sharp dis­
tobuccal and mesiolingual angles) is more twisted 
on second molars than on first molars (that is, 
acute angles are more acute and obtuse angles are 
more obLuse on maxillary second molars) (occlusal 
views). 

Ka dose.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

Cartoo (Cl 

'ii u .,, 
u. 

II 

ca 
~ 

Canin (Al 

i 
lU 

IJ... 

111 

Primary Ant&rior Teeth 

Mmcllla:fl'Y 
La1eral ln:tSOI' I 0 ) 

) a 

Mandibular 

Llll!Jrill lflOSOr (0 ) 

Ceo1ra.l lnos.or tE'I 

C1:'111ral ~ IP'( 

a( 

Appendix Page 9 

~ 

C: I 
~ ~ C 
ft $ 

~ 
~ 

-n 
Ill 

s:: n 
(I) iii" 
"' a s; 

1 

s:: 
<l> 
(/) 

C € :, 
< U) 

i. j " 

.com 



WWW.HIGHDENT.IR 
همیار دندانسازان ودندانپزشکان

492 Appendix 

UNIQUE PROPERTIES OF ANTERIOR 
PRIMARY TEETH 

a. Primary anterior tooth crowns have bulges in the 
cervical third of the labial and lingual surfaces. The 
lingual bulge is seen as a relatively large cingulum 
th;i1 occupies up ro one third of the cervicoincisal 
crown length, and the labial bulge is seen as a promi­
nent convex cervical ridge (proximal views). 

b. Roots are long in proportion to crown length and 
narrower (thinner) mesiodistally than on permanent 
anterior teeth (facial view). 

c. Roots of maxillary and mandibular primary anterior 
teeth bend as much as 10 degrees labially in their 
apical third, less so in mandibular canines (proximal 
views). 

d. Roots of maxillary incisors bend (bow) lingually in 
the cervical third to hair, whereas the mandibular 
incisors are straighter in their cervical third (proxi­
mal views). 

e. Primary maxillary central incisors are the ONLY type 
of incisors, primary or permanent, where the crown 

is wider mesiodistally than incisocervically (facial 
views). 

f. Primary incisor crowns are shorter relative to the 
root length compared to permanent teeth (facial 
views). 

g. Primary maxillary canines are about as wide mesi­
odistally as they are long incisogingivally. Mandibular 
canines are longer incisocervically and narrower 
mesioclistally (facial views). 

h. Primary mandibular canines have their distal cusp 
ridges longer than their mesial cusp ridges (as do all 
permanent canines and premolars EXCEPT perma­
nent maxillary first premolars) (facial views). Primary 
maxillary canjnes have their mesial cusp ridges lon­
ger than the distal cusp ridges (which is UNIQUE to 
only this tooth and maxillary first premolars). 

i. Primary maxillary canines have mesial proximal 
contacts more cervical than the distal (which is 
UNIQUE to this tooth and permanent mandibular 
rirst premolars) (facial views). All other primary and 
permanent teeth have the distal contact area more 
cervically located than on the mesial. 
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Primary Molars 
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Refer to lette:rs a-v on back, which describe these features. 
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494 Appendix 

GENERAL CHARACTERISTICS 
OF ALL PRIMARY MOLARS 

a. Primary molars crowns are wider mesiodistally and 
shorter cervico-occlusally, as on permanent molars 
(buccal views). 

b . Prim.ary rirs1 molars are decided ly smaller than 
primary second molars compared to permanent or 
secondary molars, where the fiJ'st molars are larger 
(compare all views, not labeled as "b"). 

c. Primary molar crowns have a narrow chewing sur­
face, or occlusal table, buccolingually compared to 
the entire tooth width buccoli.ngually (proximal 
views). 

d. Buccal cusps are not sharp; cusp ridges meet al a 
wide (obtuse) angle (buccal views). 

e. Buccal cervical ridges are prominent, especially 
mesially (proximal views), so the facial cervical lines 
curve more apically in the mesial half of the buccal 
surface (buccal views). 

f. Root furcations are nearer to the crown with little or 
no root trunk compared to secondary molars (buccal 
views). 

g. Roots are thin, slender, and widely spread (buccal 
vi.ews). 

ADDITIONAL CHARACTERISTICS UNIQUE 
TO PRIMARY MAXILLARY SECOND MOLARS 
(WHICH MOST CLOSELY RESEMBLE 
THE PERMANENT MAXILLARY FIRST 
MOLARS) 

h. Mesiolingual corner or the occlusal surface is com­
pressed toward the distal (occlusal views). 

i. Primary mesiobuccal cusp is abom equal in size to 
the mesiolingual cusp compared to permanent or 
secondary teeth, where the mesiolingual cusp is 
larger than the mesiobuccal cusp (occlusal views). 

ADDITIONAL CHARACTERISTICS UNIQUE 
TO PRIMARY MANDIBULAR SECOND 
MOLARS (WHICH MOST CLOSELY RESEMBLE 
THE PERMANENT MANDIBULAR FIRST 
MOLARS) 

j. The three buccal cusps are of nearly equal size ver­
sus permanent first molars, where the distal cusp is 
usually considerably smaller (occlusal views) . 

ADDITIONAL CHARACTERISTICS UNIQUE TO 
PRIMARY MAXILLARY FIRST MOLARS (WHICH, 
FROM THE OCCLUSAL VIEW, SOMEWHAT 
RESEMBLE PERMANENT MAXILLARY 
PREMOLARS) 

k. There are often four cusps: two larger cusps (like a 
maxillary premolar), the mesiobuccal cusp (1) wid­
est and longest and the mesiolingual cusp (2) the 
smaller but sharpest; and two smaller cusps, the 
distobuccal (3) and Lhe inconspicuous, sometimes 
absent, distolingual (4) (occlusal views; see corre­
sponding numbered cusps). 

I. A notch (distal to center) divides the large mesiobuc­
cal cusp from the indistinct distobuccal cusp (buccal 
views). 

m. The crown is wider faciolingually than mesiodistally 
like a maxillary premolar (occlusal views). 

n. The mesial marginal ridge is directed distolingually 
(occlusal views). 

o. There are three fossae: a large mesial triangular 
fossa, a medium central fossa, and a minute distal 
fossa (occlusal views). 

p. The grooves form an "H" pattern (somewhat similar 
Lo a maxillary premolar) (not labeled with a letter; 
seen on occlusal views). 

ADDITIONAL UNIQUE CHARACTERISTICS 
OF PRIMARY MANDIBULAR FIRST MOLARS 
(RESEMBLING NO OTHER TOOTH) 

q. The mesial marginal ridge is overdeveloped, almost 
resembling a cusp (buccal and occlusal views). 

r. The occlusal table is wider mesiodistally than bucco­
lingually like secondary mandibular molars (occlusal 
views). 

s. The mesial surface converges to the lingual with 
an acute and prominent mesiobuccal angle of Lhe 
ocdusal table (occlusal views). 

t. The mesiobuccal cusp is the largest and longest 
cusp, covering nearly two thirds of the buccal sur­
face (occlusal views), but is not wide buccolingually 
(occlusal views). 

u. A pronounced transverse ridge runs between the 
mesiobuccal and mesiolingual cusp (occlusal 
views). 

v. The occlusal table is larger distal to the transverse 
ridge with a larger distal fossa and a smaller mesial 
Lriangular fossa (no central fossa) (occlusal views). 
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