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  Pref ace   

 Dear reader: 
 You may think, “Why another textbook on endodontics?” and you are absolutely 

right to ask that question. The purpose of this book is in my view a bit different from 
a typical textbook, and hopefully this becomes apparent when you read it. 

 Historically, the intention of a guidebook, according to several dictionaries that I 
consulted, was to give information to travelers. Regardless of whether you are a 
seasoned clinician or a beginner, you may want to travel deeper into molar endodon-
tics, and this book intends to give you support in your decision-making and execu-
tion of the treatment plan. 

 The idea for this book was born out of several pertinent fi ndings in discussions 
with endodontists, residents, general dentists, and fellow faculty members:

•    Do we teach molar endodontics suffi ciently to dental students or should they take
additional training to perform this procedure?

•   Are modern technological developments, such as the use of the operating micro-
scope or cone beam computed tomography (CBCT), essential to successful
molar endodontics?

•   Is avoiding a gross mistake as important as doing the little things right in achiev-
ing success?    

 The latter question came to the forefront when I considered the use of checklists
for clinical procedures [1]. While it would be dangerous to oversimplify endodon-
tics, it surely helps to step back occasionally and make sure that the right thing is 
done. Better yet, one would like to use clinical evidence whenever available to sup-
port the course of action. 

 This is the reason that each chapter in this book has a number of references but 
also one key citation that can help to directly address a clinical quandary. With this 
comes the need to reevaluate the standard of practice periodically to include new 
and pertinent information. 

 This task would be insurmountable if it were not for my coauthors who were 
each responsible for a chapter in this book; I cannot thank each of them enough. 
From a clinical standpoint, there are several key principles that can be cited for 
procedural success in root canal therapy. The term “procedural success” is in my 
view related to what the clinician can do to promote best patient-related outcomes. 
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 It is my impression that outcomes in endodontics are discussed more and more in a 
broader sense beyond the treatment of apical periodontitis; this is helpful so that we are 
not primarily focusing on radiographically confi rmed resolution of apical bone defects 
but considering other outcomes that are relevant for our patients [2]. 

 At a time where CBCT permits real-time imaging of apical conditions, without 
clearly defi ning what a normal periradicular space looks like, an assessment of our 
strategies is in order. I happen to believe the next step in this diagnostic paradigm 
will be molecular tests for pulpal and periapical conditions. 

 Obviously, the practice of dentistry varies from country to country, continent to 
continent, perhaps based on fee schedules and educational systems. This prompted 
me to solicit the help of well-educated clinician-researchers with diverse back-
grounds for each of the central issues discussed in this book, ranging from molar 
anatomy over diagnosis and clinical treatment to outcome assessment, retreatment, 
and surgery. 

 It is my hope that you will enjoy the text as much as the supporting material in 
bullet points and images and, ultimately, go on to travel the road to successful molar 
endodontics. 

 San Francisco, CA, USA Ove A. Peters, DMD, MS, PhD  
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  1      Molar Root Canal Anatomy                     

     Frank     Paqué     

    Abstract 
   Detailed understanding of root and root canal anatomy is the main prerequisite 
for successful molar endodontics. Besides typical three-rooted and two-rooted 
confi gurations for maxillary and mandibular teeth, respectively, there are specifi c 
variations such as merged roots, additional roots, and completely different shapes 
such as the C-shaped molars. Adding complexity, frequently small accessory 
canals are found that can contribute to periapical pathosis.  

     Guiding Reference 
 Stropko JJ. Canal morphology of maxillary molars: clinical observations of canal 
confi gurations. J Endod. 1999;25:446–50. 

 This clinical study on fi rst and second maxillary molars treated over an 8-year 
period was made in an attempt to determine the percentage of second mesiobuccal 
(MB2) canals that could be located routinely. 1732 maxillary molars were treated 
and overall, the MB2 canal was found in about 73 % fi rst molars, 51 % second 
molars, and 20.0 % third molars. It occurred as a separate canal in about 55 % of fi rst 
molars, 45.646 % of second molars, and joined in all third molars. However, as the 
operator became more experienced, scheduled suffi cient clinical time, routinely 
employed the dental operating microscope, and used specifi c instruments adapted 
for microendodontics, MB2 canals were located in about 93 % of fi rst molars and 
60 % in second molars.  
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1.1     Introduction 

 A central goal of cleaning and shaping procedures in endodontics is to obtain a 
debrided root canal system that is in its entirety free of microbiota and debris. 
Therefore, detailed knowledge about root canal anatomy prior to any access to the 
root canal system is absolutely mandatory [ 1 ]. Moreover, complex root canal anat-
omy in molar roots should be expected in every single case. Root and root canal 
anatomy directly impacts practice and procedures for access cavity preparation, 
canal shaping and obturation, and in fact most procedures in molar endodontics (see 
Chaps.   5    ,   6    ,   7    ,   9    , and   10     in this book). 

 It is well established that intraradicular microfl ora is the main cause for develop-
ing, or persisting, apical periodontitis [ 2 ]. Unfortunately, the intraradicular infection 
mainly consists not of planktonic bacteria but of well-organized biofi lms. The bac-
teria in biofi lms show a higher pathogenicity compared to their planktonic counter-
parts [ 3 ]. More than 400 different bacterial species were found in root canal systems 
of teeth with necrotic pulps [ 4 ]. Interactions between different species within end-
odontic biofi lms lead to enhanced stress resistance [ 5 ]. Their location within com-
plex molar root canal confi gurations makes complete eradication of endodontic 
biofi lms virtually impossible; even reducing the microbial burden below a biologi-
cally acceptable threshold demands careful canal debridement. It is safe to say that 
in depth understanding of root canal anatomy is of upmost importance for success-
ful molar endodontics.  

1.2     Components of the Root Canal System 
and Classifications 

 In roots with round cross-sectional shapes, the number of root canals corresponds in 
most cases to the number of roots. However, an oval shaped root may have more 
than one canal [ 1 ]. The immense complexity of molar canal confi gurations is based 
on a wide range of root canal curvatures, different root canal sections, different 
accessory canals, fi ns, and isthmuses. Different attempts of classifi cation contrib-
uted to a deeper understanding of root canal anatomy. There are numerous classifi -
cations for anatomical variations in root canals. Weine and coworkers [ 6 ] examined 
in a laboratory study the mesiobuccal roots of maxillary molars and classifi ed these 
into four and later into fi ve types as shown in Fig.  1.1 .

   A more detailed classifi cation is recommended to more accurately describing the 
internal root canal confi gurations of individual molar roots. One of the most com-
monly used classifi cations is the one by Vertucci [ 7 ] with eight different canal mor-
phologies (Fig.  1.2a ).

   However, if there are more than two canals within one root, this classifi cation 
again is limited. Gulabivala et al. [ 8 ] further developed this classifi cation to addi-
tional nine morphology types. Especially for describing the root canal formation of 
the mesial root in mandibular molars types 1, 2, and 3 of this classifi cation is mean-
ingful (Fig.  1.2b ). 

F. Paqué
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 Another research group [ 9 ] extended Vertucci’s classifi cation with additional 14 
confi gurations examining 2800 extracted human teeth. These further developments 
contribute to the understanding of substantial complexity in root canal confi guration.  

1.3     Complexity of Root Canal Systems 

 As Vertucci [ 1 ] stated, a root with a tapering canal and a single foramen is the 
exception rather than the rule. Great complexity of root canal anatomy can be found 
at every level of the root canal space. It is the result of tooth development mainly 
after eruption of the tooth to the oral cavity and apical closing [ 10 ] due to the appo-
sition of secondary dentin. The primary apposition of root dentin has determined the 
external shape of the root, and therefore the internal shape will be the very similar: 
if the external shape is round, the canal will also be round; if the external shape is 
long oval or kidney shaped, the canal will be long oval or kidney shaped too. 

  Fig. 1.1    Classifi cation of multiple canals in one root by Weine et al. [ 6 ]. The original classifi ca-
tion of four types was later expanded to the fi ve confi gurations shown       

 

1 Molar Root Canal Anatomy
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Kidney-shaped roots, like in mandibular molars, mainly develop two root canals 
(Fig.  1.3 ).

   For example, in mandibular fi rst and second molars the root canal systems were 
completely defi ned at 30–40 years of age [ 10 ]. Various intercanal communications 
can still remain and represent one main component of complex root canal anatomy 
(Fig.  1.3 ). Others are wide ranges of root canal curvatures, different root canal cross 
sections, accessory canals, secondary canals, lateral canals, furcation canals, fi ns 
and multiple apical foramina, and so-called apical deltas. 

 More than two decades ago when rotary Nickel-Titanium instruments were 
introduced to the endodontic market, root canal curvatures have been stated as one 
of the most common endodontic complexity [ 11 ]. With the further development of 
these instruments and the experience gained by the practitioners, the diffi culties of 
shaping even severely curved root canals have mainly been overcome over the past 

  Fig. 1.2    Expanded root canal classifi cations by Vertucci [ 7 ] (eight types) ( a ) and by Gulabivala 
et al. [ 8 ] (seven types) ( b )         

a
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few years (Fig.  1.4 ). Taking into consideration that complex root canal systems 
require proper cleaning and disinfection, the main challenge remains to debride the 
spaces of the root canal system that cannot be reached by mechanical instrumenta-
tion. Especially in mandibular and maxillary molars, the above-mentioned compo-
nents of complex root canal anatomy are a common fi nding. In a literature review 
about tooth survival after nonsurgical root canal treatments [ 12 ], the tooth type or 
specifi cally nonmolar teeth were found to signifi cantly increase tooth survival.

1.4        The Anatomy of Maxillary Molars 

 A suffi cient root canal treatment in maxillary molars is based on an optimal access to 
and preparation of all existing root canals. The goal of the treatment is to present the 
existing anatomy as comprehensive as possible and to widen the root canal system to 

b

Fig. 1.2 (continued)

1 Molar Root Canal Anatomy
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enable a suffi cient disinfection and fi lling. The anatomy of maxillary molars is very 
complex and the root canal treatment of this particular group of teeth represents a major 
challenge for dentists [ 1 ]. Carabelli documented the particular anatomy of maxillary 
molars as early as 1844 [ 13 ]. Numerous subsequent publications discussed the com-
plexity of maxillary molar anatomy; most often the mesiobuccal root and the occur-
rence of a second mesiobuccal (MB2) canal have been in the main focus. In 1917, 
Walter Hess [ 14 ] presented the anatomical complexities with multitude of branches 
and accessory canals by illustrating in detail the number and formation of root canals. 
He was the fi rst to relate age and gender of the patients to root canal complexity. 

 Many studies have shown the anatomy of the upper fi rst molar and especially the 
presence of a MB2 canal using different techniques [ 15 ]. Failures in root canal treat-
ment of this tooth type are often based on untreated MB2 canals [ 6 ,  16 ]. The clinical 
prevalence of the MB2 canal in maxillary fi rst molars and in second molars is 
reported up to 93 % and 60 %, respectively [ 17 ]. 

 Results from laboratory micro-computed tomography (micro-CT) studies are of 
special interest for molar anatomy, because this technique allows a three- dimensional 
presentation and analysis of the root canal system without damaging the tooth 

  Fig. 1.3    Micro-computed tomography images of extracted teeth from patients of different ages. 
Three-dimensional reconstructions and corresponding cross sections from the middle third of the 
roots are shown. Images from  left  to  right : extracted tooth of a young-aged, middle-aged, and older 
patient, respectively. Note the width of the main canals and the number and size of various ramifi -
cations and communications       
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structures [ 18 ]. Due to modern treatment methods like the use of dental micro-
scopes, options for a successful therapy of diffi cult root canal anatomies have sig-
nifi cantly improved [ 19 ]. The location of MB2 canals during root canal treatment of 
maxillary molars is much more likely by applying the dental microscope and 
through the use of specialized tools than without [ 17 ]. 

 The fi rst maxillary molar is the most voluminous of all teeth: it has four pulp 
horns and the pulp chamber has usually a rhomboid cross-sectional shape [ 1 ]. The 
second maxillary molar in principle is of similar shape (Fig.  1.5a ). However, the 
pulp chamber is often more long oval, sometimes it is ribbon shaped (Fig.  1.5b ).

   A maxillary fi rst molar has typically three separate roots and in only about 4 % 
of the cases just two roots are found. Two or more merged roots occur in about 5 % 
of all cases. The presence of four roots is extremely rare [ 15 ]. In second maxillary 
molars, merging of roots is much more common. Interestingly, the distobuccal (DB) 
root canal in second maxillary molars is often diffi cult to negotiate because an 
S-shaped DB root is a quite common fi nding. 

 Cleghorn et al. [ 15 ] evaluated laboratory studies from the years 1914 to 2004 in 
a literature review of the anatomy of the fi rst maxillary molar. The occurrence of a 
MB2 was reported to range from 25 to 96 %. Pooled data of 21 studies gave an 
overall prevalence of roughly 60 %. 

  Fig. 1.4    Micro-computed tomography images of an extracted mandibular and a maxillary molar. 
Note the severe canal curvatures in both roots of the mandibular molar and in the MB root of the 
maxillary molar       
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a

b

  Fig. 1.5    ( a ) Micro-computed tomography images of an extracted fi rst ( right ) and second maxil-
lary molar ( left ). Note the in general similar shape but the overall smaller volume of the second 
maxillary molar. Typically, the buccal roots of the second maxillary molar seem to be fused. ( b ) 
Clinical images of cases after preparation of all canals in a fi rst ( right ) and second ( left ) maxillary 
molar with rotary instruments. The access cavities provide an overview of all four canal orifi ces. 
Note the ribbon-shaped pulpal fl oor in the second maxillary molar, the entrance of MB2 is located 
very close to the palatal orifi ce, a common fi nding in these kinds of teeth       
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 It should be taken into consideration that literature data from laboratory studies 
on the prevalence of the MB2 canals are subject to strong variations due to differ-
ences in the experimental design. Thoroughly studying the description of the meth-
ods used in these publications is an absolute requirement if someone wants to rely 
on the found percentages of MB2 canals. Properly designed histological and micro-
 CT studies could be seen as a gold standard when examining the prevalence of the 
MB2 canal in extracted teeth. Considering such studies, a prevalence of more than 
90 % MB2 canals in the fi rst and more than 55 % MB2 canals in the second maxil-
lary molars should be accepted as clinical reality. Figure  1.6  shows the clinical 
negotiation of MB2 in a retreatment case with corresponding CBCT imaging.

   This division of the mesiobuccal root canal can take place at different levels and 
initiate various confi gurations. Again, it is the result of the apposition of secondary 
dentin after the formation of the mesiobuccal root. After root formation, the cross 
section of the mesiobuccal canal resembles a kidney shape with a larger buccal and 
a smaller palatal part. This explains the smaller diameter of the MB2 canal after the 
deposition of secondary dentin [ 20 ]. Neaverth and coworkers found the prevalence 
of a second mesiobuccal canal in under 20-year-olds signifi cantly lower than in an 
age group of 20–40-year-old patients [ 21 ]. 

  Fig. 1.6    ( a ) Clinical image during endodontic retreatment of a fi rst maxillary molar with untreated 
MB2. The location identifi cation of MB2, the access, preparation, and also fi lling of the canal 
system after retreatment of MB1 is shown. ( b ) Corresponding CBCT scan prior to retreatment of 
the fi rst maxillary molar is shown in ( a ). Note the unprepared and unfi lled MB2 depicted in differ-
ent slices of the original dataset ( arrows )         

a 

1 Molar Root Canal Anatomy
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 Due to the secondary dentin apposition, a third mesiobuccal (MB3) root canal 
could develop (Fig.  1.7 ). Most often, two of the three canals join somewhere on 
their travel to the apex (Fig.  1.7a ). In the literature, three mesiobuccal root canals 
have been described to occur up to 7 % in fi rst maxillary molars [ 22 ].

   If there are two or more MB root canals, the location on the pulp chamber fl oor 
varies greatly; however, the orifi ce of MB2 is consistently located mesial to or 
directly on a line between the MB1 and the palatal orifi ces within about 3.5 mm 
palatally and 2 mm mesially from the MB1 orifi ces [ 23 ] (Fig.  1.5b ). 

 Very often, the orifi ce of the MB2 canal is covered by a mesial shelf of dentin, 
which then needs to be removed to reveal access to this canal (see Chaps.   5     and   6    ). 
Below this ledge, the canal path leads toward mesiopalatal before curving back to 
the center and apically. 

 This makes the insertion or the negotiation of these canals very challenging. By 
removing these obstructions and carefully tracking the canal structure toward mesial 
and apical using ultrasonic tips or long-shank round burs (“troughing or countersink-
ing”), a straight access to the MB2 canal is possible. It could be necessary to extend 
troughing 0.5–3 mm deep, which risks perforating the pulpal fl oor toward the furcation 
area [ 24 ]. During initial instrumentation and shaping of MB2 canals, there is the risk of 

b

Fig. 1.6 (continued)
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a strip-perforation because of the cross-sectional shape of the MB root (Fig.  1.8 ). 
A brushing movement toward the mesial aspect of the root is recommended [ 24 ].

   Once we successfully manage to initially instrument the canal, a further challenge 
could be to reach the apical foramen in MB2 canals because of two reasons. First, these 
canals are often very narrow and curved. Second, the chance to encounter a Vertucci 
class V, VI, or VII in MB root systems is not uncommon (Fig.  1.2a ). It remains a chal-
lenge for the clinician to recognize a deviation of the MB2 canal in the middle or apical 
third to the palatal aspect and to successfully prepare such deviations. 

 According to Vertucci [ 7 ], distobuccal roots of maxillary molars show one canal 
in 100 % of the cases. Other authors described the occurrence of a second distobuc-
cal canal in fi rst maxillary molars with an incidence of 1.6–9.5 %. However, in up to 
98 % of these cases, the two canals merge in one apical foramen and only 2 % show 
two or more canals at the apex of the distobuccal root [ 15 ]. 

 A rather rare variation of fi rst maxillary molars is the C-shaped canal system, 
which is formed from merged distobuccal and palatal roots with a prevalence of 
0.1 % [ 25 ,  26 ].  

a

b

  Fig. 1.7    ( a ) Micro-computed tomography images of three extracted fi rst maxillary molars with 
three mesiobuccal root canals. Note that two of the extracted teeth show MB2 and MB3 joining on 
their travel to the apex ( left  and  middle ), while one of the extracted teeth shows a separate portal of 
exit ( right ). ( b ) Two clinical examples showing the mesiobuccal aspect of access cavities after 
preparation of three mesiobuccal root canals with rotary instruments       
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1.5     The Anatomy of Mandibular Molars 

 The mandibular molars, in particular the mandibular fi rst molar, are the most fre-
quently endodontically treated teeth. Their treatment offers a variety of anatomical 
challenges. These complexities include multiple canals, isthmuses, lateral canals, 
and apical ramifi cations. Additionally, the distal dentinal wall of the mesial root is 
thin and known as the so-called danger zone [ 27 ,  28 ] (Fig.  1.9 ).

   Harris et al. [ 28 ] scanned 22 fi rst molars using micro-CT and showed that 1.5 mm 
below the furcation in the mesial root radicular wall thickness toward the furcation 
was smallest with values of 0.81–1.22 mm. Comparable results were obtained by 
others [ 29 ] showing an average dentin thickness of 1.2–1.3 mm measured also 
1.5 mm beneath the furcation area. 

 Using the data from Harris et al. [ 28 ] regarding the pulp chamber fl oor, the short-
est and longest distance between the orifi ces of the mesial canals averaged between 
about 1.4 and 3 mm. All scanned teeth in that study showed a single distal canal 
openings at the measured level 1.5 mm coronal to the furcation area, while there are 
two canals more apical more frequently [ 30 ]. The buccolingual dimension of the 
distal canal was about 2 mm. The average tangential distance from the mesial to the 
distal canals beneath the pulpal fl oor was about 4.5 mm. 

1.5.1     Additional Roots in Mandibular Molars 

 In the Caucasian population, the majority of mandibular molars have two roots. An 
additional root is described as an exception. The presence of an additional distolin-
gual root (radix entomolaris, Fig.  1.10 ) in mandibular fi rst molars was observed and 
has been described occasionally [ 31 ].

  Fig. 1.8    Cross-sectional micro-computed tomography images of an extracted fi rst maxillary 
molar before ( upper panel ) and after ( lower panel ) preparation with rotary instruments on four 
different root levels. Note the shape of the mesiobuccal root and limited radicular wall thickness 
before and after preparation ( arrows )       
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   An additional distolingual root was mentioned fi rst by Carabelli in 1844 [ 13 ]. In 
a review, Abella et al. [ 32 ] described a frequency of 14.4 % regarding distolingual 
roots in mandibular fi rst molars. There was an association to specifi c ethnic popu-
lations. The additional root was found more frequently in populations with 
Mongolian origin, like Chinese, Inuit, and Native Americans [ 32 ]. Cantatore et al. 
[ 33 ] determined frequencies between 5 % and more than 30 % in a population with 
Mongolian origin. Gu et al. [ 34 ] found an occurrence of 32 % in a Chinese 
population. 

 Gender-specifi c differences in the prevalence of an additional root were not rec-
ognized. The distolingual root is described either as separate or as partially merged 
into the other root. The distolingual root was classifi ed according to their root curve 
in the buccolingual plane [ 32 ]:

•    Type I: A straight root  
•   Type II: An initial curvature with a subsequent straight course  
•   Type III: An initial curvature in the coronal third of the root canal, followed 

by a second curvature in the middle portion, which proceeds to the apex 
(Fig.  1.10 )    

  Fig. 1.9    Cross-sectional micro-computed tomography images of two extracted fi rst mandibular 
molars before ( upper panel ) and after ( lower panel ) preparation with rotary instruments at a root 
level called the danger zone. Note the kidney shape of the mesial roots and radicular wall thickness 
before and after preparation ( arrows )       
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 The radix entomolaris is usually smaller than the distobuccal root and has in 
general a larger angle and a smaller radius of curvature. This makes the preparation 
of these canals often a diffi cult task (Fig.  1.10c ). 

 Three-rooted mandibular fi rst molars exhibit usually four separate root canals 
and accessory canals in the mesial and DB root are found quite often [ 35 ]. The most 
common canal confi guration was Vertucci type I for the distal root and Vertucci type 
IV for the mesial root [ 32 ,  35 ]. A recommended method for identifying a radix 
entomolaris was described as applying a mesio-eccentric (25°) periapical radio-
graph or a CBCT [ 32 ]. The conventional triangular access cavity should be modi-
fi ed to a trapezoidal shape in the presence of radix entomolaris to facilitate a straight 
access to the mostly curved root [ 31 ]. The average distance between the distolingual 
and the distobuccal canal opening was 2.93 mm and the average distance between 
the distolingual and mesiolingual canal opening was 2.86 mm [ 34 ]. The 

c

Fig. 1.10 (continued)

  Fig. 1.10    ( a ) Micro-computed tomography images of an extracted fi rst mandibular molar with a 
radix entomolaris confi guration ( left  in clinical view,  right  in approximal view). Note the root canal 
curvature in the approximal view. ( b ) Another example of micro-computed tomography images of 
an extracted fi rst mandibular molar with a radix entomolaris ( left  in clinical view,  right  in approxi-
mal view). Note the root canal curvature in the approximal view. ( c ) Clinical retreatment case 
showing CBCT images of an untreated radix entomolaris with periapical pathosis. The patient was 
in severe pain at the fi rst offi ce visit. After negotiation and preparation of the untreated root, the 
patient was free of any symptoms         
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mesiobuccal, mesiolingual, and the distobuccal canal exhibited a more oval canal 
shape, whereas the distolingual canal revealed a relatively round canal shape [ 35 ]. 
The occurrence of an additional mesiobuccal root is called radix paramolaris. The 
frequency of a radix paramolaris is described with less than 0.5 % [ 33 ].  

1.5.2     Additional Root Canals 

 Three canals were reported in about 61 %, four canals in 36 %, and more than fi ve 
canals only in approximately 1 % [ 33 ]. In a systematic review [ 36 ] as well as 
reported earlier by Vertucci [ 7 ], the type IV confi guration is the most frequently 
encountered canal confi guration in the mesial root of fi rst mandibular molars fol-
lowed by type II. However, newer data generated by micro-CT showed even more 
complicated canal anatomy in mesial roots of mandibular fi rst molars [ 28 ]. In about 
9 % of the studied teeth, even four canals were observed in some root sections of the 
mesial root. 

 In the distal root of mandibular fi rst molars, type I confi guration dominated 
(63 %), followed by types II (15 %) and IV (12 %) [ 36 ]; again micro-CT studies 
showed a more complex image [ 30 ] (Fig.  1.11 ).

  Fig. 1.11    Micro-computed tomography images of two extracted fi rst mandibular molars with 
complex distal root canal anatomy. Note the various intercanal communications and the severe 
curvature to the distal aspect in the apical portion ( left ) and six portals of exits ( right )       
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1.5.3        Middle Mesial Root Canals 

 A so-called “middle mesial” root canal in mesial roots of mandibular molars has 
been described as an additional canal between the mesiobuccal and the mesiolin-
gual canal, which occurs in the development of the root [ 10 ]. Middle mesial canals 
were found with a frequency of 1–15 % [ 1 ]. With enhancement of clinically avail-
able detection methods (i.e., the use of the dental microscope) [ 37 ] and troughing 
the dentin between the two main mesial root canals up to 2 mm [ 38 ], in a recent 
study, a prevalence of up to 22 % was found (Fig.  1.12 ).

   However, the age of the patients at the time of extraction during in vitro study 
[ 38 ] is not known; thus, the results may not be representative to the adult population 

  Fig. 1.12    Micro-computed tomography images of six extracted mandibular molars with middle 
mesial root canals. In the  upper panel , middle mesial root canals are merging into one of the main 
canals. In the  lower  row, middle mesial root canals show separate portals of exit. Note the portal of 
exit in the middle portion of the root in the example depicted  lower right        
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of various stages of life. An age-related incidence of negotiable middle mesial root 
canals was indeed described by Nosrat et.al. [ 39 ]. They found about 33 % middle 
mesial canals in patients ≤20 years old, 24 % in patients 21–40 years old, and 4 % 
in patients >40 years old. The occurrence of middle mesial canals in mandibular 
molars is not only age-related but also related to different populations. In a micro-
 CT study of extracted teeth, 22 % middle mesial canals could be found in a Brazilian 
population, whereas only 15 % middle mesial canals were identifi ed in a Turkish 
population [ 40 ]. 

 Regarding the identifi cation of accessory mesial canals in the mandibular fi rst 
molar, there was a statistically signifi cant difference when comparing the use of a 
dental microscope or CBCT with the use of a digital radiography and clinical inspec-
tion only. A good agreement between the dental microscope and the CBCT could be 
demonstrated. Digital radiography and clinical inspection without magnifi cation 
support were not as precise as the use of the dental microscope or as the CBCT [ 41 ].  

1.5.4     Middle Distal Root Canals 

 Three root canals in the distal root of mandibular molars might also occur (Fig.  1.13 ). 
However, the prevalence is described in a range of 0.2–3 % [ 42 ].

1.5.5        Accessory, Lateral Canals, and Apical Ramifications 

 Accessory and lateral canals connect the pulp space to the periodontium. An acces-
sory canal represents a junction of the main pulp canals or the pulp chamber, which 
communicates with the root surface. A lateral canal is an accessory canal located in 

  Fig. 1.13    Micro-computed tomography images of three extracted mandibular molars with middle 
distal root canals       
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the coronal or middle third of the root, usually branching off from the main canal 
(Fig.  1.14 ) [ 43 ]. In total, 73.5 % of accessory canals were found in the apical third, 
11.4 % in the middle third, and 6.3 % in the coronal third of the root [ 7 ]. Accessory 
canals were also found in intraradicular regions at bi- or trifurcations of teeth with 
more than one root and were then called furcation canals [ 44 ].

   According to Vertucci [ 43 ], accessory canals in mandibular fi rst molars occur in 
three different types:

•    A single furcation canal runs from the pulp chamber to the interradicular region 
in 13 % of all cases.  

•   In 23 %, a lateral canal extends from the coronal third of a root canal into the 
furcation. The lateral canal starts in 80 % of these cases from the distal root.  

•   In 10 % of all cases, teeth have both a lateral and a furcation canal.    

 The diameter of furcation canal openings was determined by Vertucci and 
Williams [ 44 ] using a scanning electron microscope. The diameter ranged from 
4–720 μm, while the number of these canals ranged from 0 to more than 20 per 
tooth. Foramina, on both the pulp chamber fl oor and the furcation surface, occurred 
in the mandibular fi rst molars in 32 % and the second mandibular molars in 24 %. In 
maxillary molars, an incidence of 36 % in fi rst and 12 % in second molars could be 
found, respectively. In case of necrotic, infected pulp space, these canals could con-
tribute to periapical pathosis in the furcation area of multirooted teeth. 

 Harris et al. [ 28 ] labeled openings in the apical 0.5 mm, which appeared clearly 
separated from the main canal, as ramifi cations. All other branches were designated 
as lateral canals. On average, almost four such openings were found in the apical 
0.5 mm in the mesial root of mandibular fi rst molars, while distal roots had 3.4 
openings on average. The typical exit point of lateral canals in the mesial roots was 

  Fig. 1.14    Micro-computed tomography images of three extracted mandibular molars with acces-
sory and lateral canals at different levels       
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2.2 mm coronal from the apex, with almost 80 % of lateral canals leaving the root 
within the apical 3 mm of the root. About 90 % of lateral canals left the distal root 
in the apical 3 mm of the root. These data are in line with the results of a report by 
Kim and Kratchman [ 45 ]. This has relevance for surgical endodontics, namely, for 
the rule of threes: when resecting the apical 3 mm of the root, most of the lateral 
canals and apical ramifi cations are removed (see Chap.   10     in this book).  

1.5.6     C-Shaped Canal Systems 

 A so-called C-shaped canal system is described as an anatomical variation [ 25 ]. 
Mostly the distal root canal is connected to one of the mesial root canals. A high 
prevalence of roots with C-shaped canals in mandibular second molars was found in 
an Asian population [ 43 ], with a range from about 14 to 50 %. Cooke and Cox [ 46 ] 
were the fi rst to report on C-shaped canal confi gurations [ 26 ]. Although most 
C-shaped canals occur in the second mandibular molars, C-shaped canals were also 
occasionally observed in fi rst molars. Instead of various individual openings, pulp 
chambers of C-shaped molars showed a curved opening of a 180° circle or more 
into the canal system. Instead of the full arc, semicolon-type shapes are also seen. 

 Coronoapically, C-shaped molars showed extensive anatomical variations, which 
can be divided into two groups:

•    A single curved C-shaped canal from the canal entrance to the apex  
•   Three or more distinct canals below the usual C-shaped opening    

 C-shaped molars with a single, wide canal are the exception. According to 
Vertucci [ 43 ], most commonly presented is type 2 of the C-shaped canals with indi-
vidual orifi ces but having C-shaped connections. 

 A more detailed description of C-shaped roots in mandibular second molars has 
been published using micro-CT on extracted teeth from China [ 25 ,  26 ,  47 ,  48 ]. The 
cross-sectional canal shape was analyzed using 0.5 mm slices toward the apex and 
divided on each level into the following fi ve categories: (C1) a continuous C-shaped 
contour without separation or division; (C2) a semicolon-shaped canal as a result of 
an interruption of the C-shape; (C3) two or three separate canals, which are con-
nected by an isthmus; (C4) a single round or oval canal; and (C5) no canal lumen 
could be observed [ 25 ] (Fig.  1.15 ). The majority of the extracted molars showed the 

a b c d e f

  Fig. 1.15    Schematic diagrams cross-sectional canal shapes ( a – f ) within a mandibular molar with 
typical C-shaped confi gurations, C1–3 according to Fan et al. [ 25 ,  26 ]. Note C4 with a single canal 
and C5 where no canal lumen is observed, usually close to the apex       
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C1 confi guration at the canal entrance. On the travel toward the apical third, the 
confi guration C1, C2, and C3 were most commonly seen. The categories C4 and C5 
were mostly observed in the apical region of the teeth.

   The three-dimensional geometry of mandibular second molars was described as 
the following [ 48 ]: the merging type showing one major canal before exiting at the 
apical foramen was found in about 33 %; the symmetrical type was present in 
roughly 39 % and was described with separate mesial and distal canals; and a sym-
metry of the canals from the buccal-lingual view. In about 29 %, the asymmetrical 
type was found representing mesial and distal canals with a large isthmus from the 
distal aspect across the furcation area (Fig.  1.16 ).

   Finally a classifi cation of the morphology of the pulp chamber fl oor in C-shaped 
molars has been described [ 47 ]. Of the 44 teeth with C-shaped root canal systems, 
almost 90 % had a peninsula-like fl oor while about 18 % had a continuous C-shaped 
opening and were classifi ed as type I. Type II was described as having a narrow 
dentinal band as a connection between the buccal wall and the peninsula-like fl oor 
of the pulp chamber fl oor, dividing the groove into one or two mesial and a distal 
opening. Type II was found in about 36 % of the teeth. In 32 % of the cases, a large 
mesiobuccal-distal and a small mesiolingual orifi ce was formed by a dentin fusion 
between the peninsula-like fl oor and the mesial pulp chamber wall (type III). Type 
IV had no C-shaped pulpal fl oor showing a distal and an oval or two round mesial 
openings and was present in 13.6 %. The authors concluded that most mandibular 
molars with C-shaped root canal systems also show a C-shaped pulpal fl oor.  

1.5.7     Isthmi and Intracanal Communications 

 An isthmus was defi ned as a narrow bandlike communication between two root 
canals, comprising pulp tissue [ 49 ]. Mannocci et al. [ 50 ] highlighted the variability 

  Fig. 1.16    Micro-computed tomography image of an extracted second mandibular molar with 
C-shaped canal confi guration ( left ). CBCT ( middle ) and X-rays before and after treatment ( right ) 
of a similar clinical case       
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and frequency of isthmi in mesial roots of mandibular molars using the micro-CT 
technology. An isthmus in mandibular molars was found in about 17 % of teeth at 
1 mm coronal to the apex and in roughly 37 % at 2 mm coronal to the apex. About 
half of teeth showed isthmi at 3 mm, one-third each had an isthmus at 4 mm and 
5 mm from the apex, respectively. However, the data was evaluated using horizontal 
slides and the use of micro-CT data allows a more accurate three-dimensional anal-
ysis (Fig.  1.17 ). This was done by Fan et.al. [ 51 ] and gave a better three-dimensional 
understanding of intracanal communications in mesial roots of mandibular molars. 
The following classifi cations were made: type I: complete thin connection between 
two canals; type II: separate, thin, but incomplete connection between the two 
canals; type III: mixed, an incomplete isthmus exists above or below a complete 
isthmus; type IV: needlelike connection: close needlelike connection between two 
canals.

   The authors found a prevalence of isthmi in 85 % in the coronal 5 mm from the 
apex of mesial roots of mandibular molars [ 51 ] and there was a signifi cant differ-
ence of the isthmus types detected in the fi rst and second molars. Mesial roots in 

  Fig. 1.17    Micro-computed tomography image of an extracted fi rst mandibular molar with an 
obvious isthmus between the mesial main canals. The  right panel  illustrates different canal con-
fi gurations at each section’s plane; depending on the section plane during apical surgery of the 
mesial root, there is a chance that isthmus would have been missed completely       
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fi rst molars showed mostly type II and III isthmi, while in the mesial roots of second 
molars type I dominated [ 51 ]. 

 In summary, molar anatomy is complex, with defi ned basic morphologies and 
multiple variations. Third molars are not typically root canal-treated, their anatomy 
may add another layer of complexity to the detailed illustration above. Therefore, in 
planning a molar root canal treatment, clinicians should:

•    Have an understanding of possible anatomic variations of the tooth in question  
•   Obtain all relevant clinical impressions and images, including periapical radio-

graphs, bitewings, cone beam CT scans  
•   Use magnifi cation during the procedure  
•   Be ready to expect the unexpected in molar anatomy, both for the number of 

canals and their individual confi guration         
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    Abstract 
   Developing a diagnosis is, in essence, a process in information gathering. This 
information is gathered from the patient’s history of pain, trauma or restorative 
procedures, clinical examinations, results of clinical tests, and radiographic 
examination of the teeth and the surrounding tissues. The diagnostic process 
begins with a patient interview and review of the medical history, dental history, 
and pain history. A thorough patient and pain assessment interview will often 
enable a clinician to differentiate between odontogenic and non-odontogenic 
pain. Non-odontogenic pain will often become chronic and debilitating in nature. 
Furthermore, this pain can be further exacerbated by incorrect or unnecessary 
treatments frequently resulting in the establishment of chronic pain pathways. 

 An accurate diagnosis is crucial for arriving at an appropriate treatment 
choice: no treatment, medication, vital pulp therapy, nonsurgical root canal treat-
ment, surgical root canal treatment, extraction, or referral. Pulpal and periradicu-
lar testing should always be carried out to establish an accurate diagnosis. 
Ultimately, the clinician must answer two critical questions before progressing to 
treatment of a tooth: one is the tooth restorable and, two, what is the periodontal 
prognosis for the tooth.  
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     Guiding Reference 
 Newton CW, Hoen MM, Goodis HE, Johnson BR, McClanahan SB. Identify and 
determine the metrics, hierarchy, and predictive value of all the parameters and/or 
methods used during endodontic diagnosis. J Endod. 2009;35(12):1635–44. 

 Diagnosis is the art and science of identifying divergence from health and its 
cause. Inherent in this process is the identifi cation of a condition by comparing 
the symptoms of all (or other) pathologic processes that may produce the signs 
and symptoms. It is impossible to directly test dental pulp; therefore, all informa-
tion elicited must be interpreted indirectly from the patient response to a stimulus 
placed externally to the tissue. Generally, pulp tests are more valid in determin-
ing teeth that are free of disease but less effective in identifying teeth with pulp 
disease. Diagnostic tests include thermal and electric pulp testing, palpation, per-
cussion, bite test, and radiographic examination/interpretation. Testing in gen-
eral should be carried out as follows: (1) test teeth that are not suspected to be 
pulpally involved before testing the suspected tooth (baseline patient response), 
(2) duplicate the symptoms, (3) correlate fi nding (signs and symptoms), and (4) 
place stimulus on the middle third of the facial surface of the tooth to be tested. 
In the fi nal analysis, the tests used in endodontic methods are based on qualita-
tive response.  

2.1     Introduction 

 Developing a diagnosis is a process in information gathering, from the patient’s his-
tory of pain, experience of trauma or restorative procedures, clinical examinations, 
results of clinical tests, and radiographic examination of the teeth and the surround-
ing soft and hard tissue structures. The diagnostic process should lead to answers 
for four critical questions prior to rendering treatment:

•    Can the pathological process be identifi ed and treated?  
•   Is the tooth restorable?  
•   What is the periodontal prognosis of the tooth?  
•   What is the operator skill level required to complete the treatment 

successfully?    

 It is necessary that the dentist takes a systematic approach to answer each of 
these four questions in all cases. An accurate diagnosis is crucial for arriving at an 
appropriate treatment choice: no treatment at all, medication, vital pulp therapy, 
nonsurgical root canal treatment, surgical root canal treatment, extraction, or refer-
ral. Essential to establishing a correct diagnosis is the cumulative data from the 
patient examination and testing. These are reliable forecasters of pulpal disease in 
approximately 85 % of cases [ 1 ].  
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2.2     Patient Interview 

 The diagnostic process begins with a patient interview (Box  2.1 ). There are several 
critical aspects to the patient interview; these include the chief complaint, history of 
the chief complaint, medical history, and dental history. 

2.3       Chief Complaint 

 A chief complaint is the reason a patient seeks care. It is important for the patients 
to express this in their own words and for this to be recorded. A clear understanding 
of a patient’s motivation for seeking care and of their expectations will help allevi-
ate confusion and avoid breakdown in the dentist–patient relationship. It should be 
noted that a patient could possibly have additional dental disease that they are not 
seeking care for at that particular appointment. Once a patient’s chief complaint has 
been managed, it is incumbent upon the dentist to make a patient aware of the poten-
tial for additional problems.  

2.4     History of the Chief Complaint 

 Several important aspects of the diagnostic process can be elicited from the history 
of a patient’s chief complaint. As the Victorian physician Sir William Osler once 
said, “If you listen to your patients, they will tell you their diagnosis.” While it is 
essential to have the patient complete a written medical questionnaire, it is 
important to follow this up with an oral interview. A study has indicated that the 
questionnaire medical history was signifi cantly defi cient in 4.25 % of cases [ 2 ]. 

  Box 2.1: Patient Interview 

 Chief complaint  Complaint in patient’s own words 
 Medical history  Medical causes of symptoms 

 Medical condition: complexity in managing a patient 
 Psychological condition: complexity in managing a patient 
 Undiagnosed medical condition 

 Dental history  Recent dental treatment 
 Dental trauma 

 Patient history  Pain scale 
 Characterization 
 Temperature sensitive 
 Percussion sensitive 
 Reproducible 
 Location 
 Duration 
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 There are three principle components to the history of a chief complaint:

•    Dental history  
•   Medical history  
•   Pain history    

 With regard to the pain history, this aspect of the interview should be directed at 
identifying the presence or absence of pain, the nature (constant or intermittent 
pain) and quality of pain if present, and the region of the pain. A thorough assess-
ment of pain is essential in differentiating between odontogenic and non- odontogenic 
pain. Various pain qualities and characteristics can help delineate between these two 
origins of pain. Thus, information that relates to pain is essential. It should include 
the ability to localize to a specifi c tooth; spontaneous pain; provoking factors (ten-
derness to hot, cold, sweet, sour, chewing); interference with sleep; relieving factors 
(use and effect of drugs; ice water); character of pain (sharp, dull, throbbing, irradi-
ating); duration of pain; referred or radiating pain; a feeling that the tooth is extruded; 
presence of swelling and possible relationship to pain; fever; malaise; presence of 
pus; impaired mouth opening. A visual analog pain scale or a pain rating scale is 
useful in establishing a patient’s level of pain. It is also valuable in establishing a 
baseline that can subsequently be used to refer back to in assessing the degree to 
which the pain has been alleviated. It should be recalled that pain of pulpal origin is 
more likely to be described as sharp and lingering whereas pain from the periradicu-
lar origin is more frequently described as dull pain.  

2.5     Dental History 

 It important to enquire if a patient has had any recent dental treatment or injuries. A 
“broken tooth” as a result of caries can frequently result in a near pulp exposure or 
pulpal exposure proper.  

2.6     Medical History 

 There are no medical conditions that are contraindicatory to the provision of end-
odontic treatment. There are, however, conditions that require consultation with the 
patient’s other health care providers and additional management during endodontic 
treatment. The major purpose of a medical history is fourfold:

•    To rule out possible systemic or medical causes for the patients symptoms.  
•   To identify medical conditions that might increase the complexity of managing a 

patient.  
•   To identify a psychological condition that might increase the complexity in man-

aging a patient.  
•   To potentially identify undiagnosed medical conditions that would increase the 

complexity of the treatment.    
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 A patient medical history should be updated regularly and include a patient’s 
vital signs and a review of systems. This is considered standard of care.  

2.7     Odontogenic Versus Non-odontogenic Pain 

 It is important for the clinician to identify developing non-odontogenic pain as early 
as possible in the development of the process. Frequently, such pain will become 
chronic and debilitating in nature. Furthermore, this pain can be further exacerbated 
by incorrect or unnecessary treatments, often resulting in the establishment of 
chronic pain pathways. The site of pain is where the patient feels the pain and this 
can differ dramatically from the source of pain. The source is the structure from 
which the pain actually originates. Pain with distinctive sites and sources of pain are 
known as heterotopic pain [ 3 ]. Heterotopic pain can be separated into three types [ 4 ]:

•    Central pain  
•   Projected pain  
•   Referred pain    

 Two aspects are thus important in the management of these conditions: one is to 
establish a correct diagnosis as soon as possible and the second is the importance of 
avoiding unnecessary treatment. The aim, from the perspective of this chapter, is not 
to establish a diagnostic schematic for all pain in the facial region, but rather to 
provide the practicing clinician with an approach to the diagnostic process that will 
facilitate two things. Firstly, it allows the clinician to differentiate between odonto-
genic and non-odontogenic pain. Secondly, if it is odontogenic in origin, it provides 
the clinician with a process to either establish the pain as endodontic in origin; that 
is, pulpal pathology or secondary to pulpal pathology with additional periradicular 
pathology (Box  2.2 ). It is important to realize that pain of endodontic origin can at 
times be extremely intense and debilitating; it is typically short in duration (weeks 

  Box 2.2: Characterization of Pain             

 Tooth pain  Non-tooth pain 
 Temperature sensitivity  Chronic 
 Percussion tender  Stabbing 
 Deep  Shooting 
 Dull  Burning 
 Aching  Multiple locations 
 Sharp  Absent of obvious pathology 
 Specifi c  Headache 
 Throbbing  Trigger points/zones 
 Reproducible  Altered by psychological stress 
 Unilateral 
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as opposed to months or years) that will either become focused on a particular tooth 
or dissipate only to return at a later date. 

  Pain, when present, is obviously an indicator of some form of disease. Pain in the 
mid and lower facial regions can be confusing for patients and they are often unsure 
as to whether they should consult a doctor or dentist. By far, one of most common 
causes of pain in the mid and lower face is pain of dental origin. Epidemiologic stud-
ies indicate that toothache is the prevalent form of pain in the orofacial region, with 
approximately 12–14 % of the population reporting a history of toothache in the 
preceding 6-month period [ 5 ]. Odontogenic pain usually results from either one of 
two structures associated with the tooth; the pulpal or periodontal tissues. Analysis 
of patients attending dental practices and hospitals for emergency treatment of pain 
in the facial region show that the more common causes of this pain are acute periapi-
cal periodontitis, irreversible pulpitis, reversible pulpitis, pericoronitis, and dentine 
hypersensitivity [ 6 ]. These disorders of the teeth typically cause toothache and/or 
pain in the orofacial region. Classic headache, as such, is an infrequent symptom 
associated with tooth pathology. However, pain from the teeth can be referred and 
can cause a diffuse type headache. Klausen et al. [ 1 ] reported a particular combina-
tion of signs and symptoms that are distinctly associated with pulpal degeneration in 
approximately 85 % of cases. The signs and symptoms included constant pain, sen-
sitivity to temperature changes, an extruded feeling in the tooth, impaired mouth 
opening, mobility, and tenderness to palpation in the apical area. These signs and 
symptoms in various combinations were highly accurate predictors of odontogenic 
disease. Temperature sensitivity was highly indicative of pulpitis; on the other hand, 
pain due to apical periodontitis is often associated with digital pressure or percussion 
tenderness. In a similar study using a descriptor survey, patients could be correctly 
classifi ed into one of three diagnostic categories in approximately 90 % of cases [ 6 ]. 
The important keys to differentiating between odontogenic and non-odontogenic 
pain are severity, location, quality, and duration. Notably, pain of pulpal or perira-
dicular pathology secondary to pulpal pathology should resolve completely with 
local anesthesia. Pain that does not resolve following the administration of local 
anesthetic should raise a very strong suspicion of pain of non-odontogenic origin. 

 One of the hallmarks in differentiating odontogenic and non-odontogenic pain is 
its chronicity. It should be noted that few dental causes of pain are truly chronic in 
nature. However, given its high prevalence, it needs to be considered in all patients 
who report a history of chronic pain or who report a change in their symptoms of 
chronic pain, which are not expected from the main condition. Chronic orofacial 
pain patients will frequently have seen several health care providers in an effort to 
treat their pain. In 100 consecutive patients referred to oral and maxillofacial sur-
geons for pain assessment that was not due to odontogenic causes, patients had 
frequently seen more than three practitioners in an effort to resolve their symptoms; 
44 % had either extractions or endodontic treatment in an unsuccessful attempt to 
treat their orofacial pain [ 7 ]. In patients referred to an endodontic specialty practice, 
88 % of patients had solely an endodontic problem, 9 % had an endodontic problem 
plus a separate orofacial pain problem, and 2.2 % primarily had a non-tooth-related 
problem [ 7 ]. It was concluded that tooth pain is the most common type of orofacial 
pain for which patients seek dental treatment. 
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 It is useful for the individual dentist to develop a system or checklist [ 8 ] to help with 
the diagnostic process. One approach is to attempt to classify craniofacial pain into one 
of several categories. These include neurovascular, neuropathic, muscular, intracranial 
pathology, referred from other pathological conditions, local pathology, and those that 
do not fi t into the preceding categories. Understanding the types of pain in these cate-
gories will help eliminate them as a possible etiology. Furthermore, by identifying a 
possible etiological category, the clinician is able to direct the patient to the appropriate 
specialty to provide a defi nitive diagnosis. For an extensive review of non-odontogenic 
orofacial pain, the reader is referred to one of several texts, including  Orofacial Pain: 
Guidelines for Assessment, Diagnosis and Management  [ 4 ,  9 ,  10 ]. What follows is a 
description of the more common cause of non-odontogenic toothache [ 3 ].  

2.8     Common Source of Non-odontogenic Toothache 

2.8.1     Muscular 

 Temporomandibular pain and muscle disorder pain is reported in approximately 
10–15 % adults [ 11 ]. Approximately 7 % of cases referred for endodontic treatment 
have a myofascial “toothache” [ 12 ]. Furthermore, 37 % of patients diagnosed with 
muscular orofacial pain have previously undergone endodontic treatment or tooth 
extraction in an effort to relieve their pain [ 7 ]. Myofascial pain that mimics a tooth-
ache is typically described as diffuse, deep, dull, nonpulsating, aching pain that 
occurs more continuously than pulpal pain. Many of these qualities are, however, 
similar to pulpal or periradicular pain. Chewing can also exacerbate the symptoms, 
which may confuse the diagnostic process. Key to differentiating the origin of the 
pain here is that palpation of the musculature should reproduce pain of myofascial 
origin while percussion of the teeth should elicit a normal response. Additionally, 
pulp testing will be normal or fail to reproduce the reported symptoms. 
Radiographically, the lamina dura may be thickened and the PDL space widened 
due to increased bruxism and clenching. Typically, muscles that refer pain to the 
teeth include the masseter, temporalis, medial pterygoid, lateral pterygoid, and the 
anterior digastric. It can also be associated with emotional stressors.  

2.8.2     Sinus or Nasal Structures 

 Pathology of the nasal and sinus mucosa can frequently present as a toothache ema-
nating typically from the posterior maxillary teeth. About 10 % of maxillary sinus-
itis cases have been diagnosed as having an odontogenic origin [ 13 ]. They may or 
may not be accompanied by additional symptoms consistent with sinus involvement 
such as nasal congestion or drainage. The hallmarks that generally differentiate 
these conditions from tooth pain include increased pain sensation when a patient 
touches their toes, several teeth in the same side in the maxilla that are tender to 
percussion, pulp testing that have normal responses to thermal or electric pulp tests,; 
and a lack of radiographic evidence of periradicular pathology.  
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2.8.3     Neurovascular 

 Pain of this origin can have qualities of intensity and pulsation comparable to pulpal 
pain. The patient will frequently complain of “headache” symptoms with “tooth-
ache” being a secondary complaint. Three types of headaches fall into this category, 
migraines, cluster headaches, and tension headaches. The typical referral pattern of 
neurovascular headache is to the maxillary anterior and premolar teeth. The tempo-
ral nature of these types of headaches is also a key factor in differentiating them 
from tooth pain. The pain is frequently very intense for 4–72 h followed by periods 
of complete remission. The symptoms are not typically provoked by the usual stim-
uli of toothache such as hot, cold, and chewing. Thus, pulp testing would typically 
produce a normal response. Furthermore, radiographic analysis of the teeth in the 
region of the pain would reveal no obvious pathological change. The use of local 
anesthetic as a diagnostic aid can be misleading in these patients. The periods of 
intense headache pain are often associated with photophobia or phonophobia occur-
ring in approximately 60 % of patients. This tends to be unilateral. Nausea and vom-
iting has also been reported in approximately 30 % of patients. It has been reported 
that 36 % of patients have had teeth extracted in an attempt to treat the pain [ 14 ]. 
Additionally, the pain may switch from one side to the other between attacks or 
cluster periods and this is particularly uncommon in pain of tooth origin. However, 
the short duration of attacks, recurrences, excruciating intensity and pulsatile pain 
quality found in neurovascular headache make it possible to mistake this source of 
pain for pulpitis [ 15 ]. Approximately, 42 % of cluster headache patients have 
received some form of irreversible dental procedure in an attempt to alleviate their 
pain [ 15 ]. It should be noted that the prevalence of migraine headaches affects about 
12.5 % of the general population in the United States. It is also the most widespread 
cause for disability from headache.  

2.8.4     Neural 

 Neuropathic pain is caused as a result of abnormalities associated with the actual 
neural structure and not from the tissues that are innervated by those neural struc-
tures. Thus, there is typically no structural pathology evident. Neuropathic pain that 
is felt in teeth can be either episodic or continuous. Clinically, episodic neuropathic 
toothache presents as a severe, shooting, electric-like pain that lasts only a few sec-
onds. Continuous neuropathic pain usually presents as constant, ongoing, and unre-
mitting pain. It can have periods of high and low intensity, but none of total remission 
[ 3 ]. In patients with continuous neuropathic pain, 79 % had undergone dental treat-
ment that failed to resolve their pain [ 16 ]. Several different forms of neuropathic 
pain exist and these include neuralgia, neuritis, and neuropathy. The more common 
types include trigeminal neuralgia, herpetic neuritis, and neuropathy secondary to 
injury or sensitization of the neural structures. 

 The classic type of neuralgic pain in the orofacial region is trigeminal neuralgia. 
Trigeminal neuralgia is characterized by episodic intense sharp shooting unilateral 

D.E. Witherspoon and J.D. Regan

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



35

pain. Stimulating a trigger zone, typically with light touch or airfl ow, can reproduce 
the pain. The duration of the pain is up to several minutes and does not occur again 
until the trigger zone is re-stimulated. A trigger zone can be in any region of the 
distribution of the nerve and so may be extraoral or intraoral. Demographically, 
trigeminal neural is usually present in patients 50 years or older; it is also more com-
mon in females than males. Although neuralgic pains may closely mimic acute 
toothache of pulpal origin, pulpal and periradicular testing is normal or not defi ni-
tively conclusive. There is also a lack of dental pathology present. Additionally, 
neuralgias rarely wake patients once they are asleep. 

 Herpetic neuritis typically is not a diagnostic challenge once the skin or mucosal 
vesicular outbreak occurs. However, prior to vesicular eruption or if the viral infec-
tion involves deep neural branch, diagnosis can be more diffi cult. Key to diagnosis 
is a history of herpes zoster infection. Additionally, the pain quality is also described 
as aching, dull, and burning. It should be recalled that burning is not a common 
descriptor used for pain of tooth origin. Pulpal and periradicular testing is usually 
normal or not defi nitively conclusive. There is also a lack of dental pathology. 
Patients may also exhibit a decreased threshold response to non-noxious 
stimulation.  

2.8.5     Cardiac 

 Classic cardiac pain usually originates in the sub-sternal region and radiates to the 
left neck, shoulder, arm, and left mandible. Angina pain can occasionally also mimic 
dental pain in the left mandible. Patients with pain of a cardiac origin reported the 
descriptor of “pressure” more often when compared to other pain sources [ 17 ]. 
Critically, this pain will not be intensifi ed by local stimulation of the teeth. 
Furthermore, pulpal and periradicular tests will be normal and radiographic fi ndings 
negative. Local anesthesia of the left mandible will not reduce the symptoms. 
Craniofacial pain is the only symptom in approximately 6 % of patient that have 
cardiac ischemia. One study also reported that bilateral referred craniofacial pain 
was also observed approximately six times more often than unilateral pain [ 18 ]. 
Additionally, a patient may not necessarily report a medical history of cardiac 
disease.  

2.8.6     Neoplasia 

 Orofacial pain may be the initial symptom of oral cancer or metastatic disease. 
According to the National Institute of Health in the United States, approximately 
10.5 adults per 100,000 will develop oral cancer [ 19 ]. A retrospective case series 
found that pain was the fi rst clinical sign of oral cancer in 19.2 % of cases [ 6 ]. A 
study of neoplasia of the tongue reported that two-thirds of patients with oral cancer 
reported oral pain within the preceding 6 months of diagnosis [ 20 ]. Systemic can-
cers such as lymphoma and leukemia can have an intraoral presentation that mimics 
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toothache symptoms. Metastatic neoplasia to the jaw is rare with 1–3 % of all malig-
nant oral neoplasias being metastatic. The common primary sources for the metas-
tases to the oral region are the breast, lung, and kidney. The mandible is the most 
common location of the metastases, with the molar region being more commonly 
involved [ 21 ]. Although rare, patients with multiple myeloma can develop osseous 
osteolytic lesions adjacent to teeth. When this occurs, odontogenic pain is common 
and presents a radiologic diagnostic challenge [ 22 ]. In metastatic disease of the 
jawbones, pain has been reported in 39 % and paresthesias in 23 % of patients [ 23 ]. 
A retrospective case series of metastatic disease in the jaws reported that in 60 % of 
patients, oral signs and symptoms from a metastatic lesion in the jaw were the fi rst 
indication of an undiscovered primary malignancy at a distant site [ 24 ].  

2.8.7     Non-somatoform 

 The mental health of a patient is important in assessing facial pain. Chronic facial 
pain can affect a patient’s mental health or can lead to an increase in the severity of 
pain experienced by the patient. Mental health conditions such as depression and 
anxiety can have a signifi cant effect on their pain experience [ 11 ]. Neural markers 
for fear and anxiety have been shown to increase with chronic pain. Mentally over-
whelmed patients show an increased distress and disability from pain. Additionally, 
a number of studies intimate a signifi cant role of psychological factors such as anxi-
ety and depressive disorders in inexplicable somatic symptoms. The prevalence of 
nonspecifi c somatoform symptoms is higher in psychologically distressed patients 
than in the general population. True psychogenic or somatoform pain is rare and is 
typically arrived at as a diagnosis by a process of elimination. This is cognitively 
perceived pain that has no verifi able corporeal basis. The key features of this type of 
pain are chronic pain from multiple locations that may not be anatomically con-
nected, pain that does not follow anatomical distribution of the peripheral nerves, 
pain with no identifi able etiology and pain that frequently changes in character. In 
patients where such a condition is suspected, referral to a psychiatrist should be 
made.   

2.9     Clinical Exam 

 Broadly speaking, the clinical exam is comprised of an extraoral exam and an intra-
oral exam. 

2.9.1     Extraoral Exam (Box  2.3 ) 

  The extraoral exam should begin with a basic observation of the patient during the 
initial introductory conversation. Several important pieces of information can be 
gleaned during this time, much of which we do during the course of a conversation 
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with any individual. In the dental setting, however, they become more critical. 
Firstly, patients should be cognizant of their surroundings, fl uent in their speech, 
and be able to understand and make the choices that they are likely to encounter 
during the examination. Secondly, the patient should be evaluated for any apparent 
asymmetry, facial paralysis, or facial soft tissue damage including changes in skin 
tone, discoloration, redness, scarring, or ulceration. If any of these abnormalities 
exist, they should be pursued with the patient for further clarifi cation. A classic 
example of this would be an extraoral sinus tract of odontogenic origin. In cases like 
this, a patient might present a history of unsuccessful medical treatments that can 
range from drug therapy to surgical intervention. 

 Palpation of the extraoral soft tissues is useful in determining the extent of the 
facial swelling and the involvement of lymph nodes. If the initial history is indica-
tive of pain of a muscular origin, then palpation of the muscle of mastication to 
identify trigger points is appropriate. All patients should be observed for range of 
motion in jaw opening, joint sounds, and deviation of the mandible to the left or 
right during opening. A limited jaw opening might not only be indicative of non- 
odontogenic source of pain, but also could increase the degree of diffi culty in deliv-
ering endodontic treatment. 

 The clinician should also be cognizant of nonverbal cues for pain. These include 
the obvious signs such as crying, facial grimacing; but also include subtler signs such 
as a clenched jaw, positioning the face or head to avoid stimulating the symptoms. A 
classic example of this would be the patient that enters the offi ce with a container of 
ice-cold water that they continue to periodically sip to relieve tooth pain.  

2.9.2     Intraoral Exam (Box  2.4 ) 

  The intraoral exam should take the approach of all clinical examinations moving 
from an initial broad examination that gradually becomes more focused on a spe-
cifi c region or problem. This approach will ensure that several important aspects of 
the clinical exam are not overlooked. It guarantees that the patient’s general oral 

  Box 2.3: Extraoral Exam 

 Asymmetry 
 Eyes 
 Cognizant 
 Facial paralysis 
 Lymph nodes 
 Joint sounds 
 Muscle palpation 
 Range of opening 
 Soft tissue damage 
 Swelling 
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health is assessed and key elements of the diagnostic process are not neglected. An 
examination of the patient’s hard and soft tissue structures should be made and any 
abnormalities noted. Once the dentist has ruled out the presence of any serious 
pathology not related to the patient’s chief complaint that requires immediate atten-
tion, the intraoral exam can begin to focus on the problem as defi ned in the patient’s 
chief complaint. This should include an assessment of the immediately adjacent soft 
and hard tissues, presence of decay, tooth restorability, periodontal apparatus status, 
and specifi c tests related to periradicular and pulpal assessment.   

2.10     Restorability 

 It can be said that root canal therapy can be performed on just about any tooth. 
However, subsequent restoration of the tooth to an ideal form and function is much 
less certain. Careful consideration should be given to the fi nal restoration as part of 
the diagnosis and treatment planning steps. It is frustrating for all involved if an 
endodontically treated tooth is subsequently deemed nonrestorable. 

 Studies have suggested that the long-term prognosis for an endodontically treated 
tooth is more dependent on the coronal restoration than on the quality of the end-
odontic treatment itself [ 25 ]. Moreover, it has been demonstrated that loss of the 
coronal seal will result in a rapid recontamination of the root-canal-treated tooth [ 26 ]. 

  Box 2.4: Intraoral Exam 

 Soft tissue assessment  Narrow angle probing 
 Mobility 
 Periodontal probing 
 Periodontal pocketing 
 Gingival recession 
 Bleeding on probing 

 Hard tissue assessment  Cuspal biting 
 Caries 
 Defective restoration 
 Excessive wear 
 Fractured tooth 
 Stained tooth 

 Palpation test  Apex of teeth 
 Muscle of mastication 

 Pulp test  Cold 
 EPT 
 Heat 

 Periradicular test  Percussion 
 Central fossa biting 

 Radiographic assessment 
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 In recent years, there has been a major change in philosophy regarding the resto-
ration of endodontically treated teeth (see also Chap.   7     in this book). Researchers 
and clinicians have begun to realize the importance of respecting the preservation of 
tooth tissue and the biological properties of the components of the tooth, namely 
enamel, dentin, and cementum. It can be argued that this pendulum of change may 
have swung a little too far in the opposite direction with the move toward minimalist 
canal preparations. In an ideal world, minimal tooth tissue would be removed while 
achieving all of the goals of debridement, disinfection, and obturation. Four vari-
ables could improve the survival rate of endodontically treated teeth [ 27 ]. These are:

•    Provision of crown restoration after endodontic treatment.  
•   Maintenance or replacement of mesial and distal proximal contacts.  
•   That the tooth itself is not an abutment for either a fi xed or removable partial 

denture.  
•   That the tooth is not a molar tooth.    

 Before commencing endodontic treatment, the clinician must consider a number 
of factors regarding the restoration of the tooth.

•    Altered physical properties of tooth tissues following endodontic treatment.  
•   How much dentin will remain following caries and/or restoration removal and 

access cavity preparation.  
•   The existence of a fracture/crack and the extent of the fracture/crack.  
•   What functional demands will be placed on the restored tooth.  
•   Will it be feasible to ensure that the biologic width can be respected when the 

new restoration is placed.  
•   Can an ideal embrasure space and emergence profi le be restored or maintained.    

 Much has been written about the structural integrity and strength of the endodon-
tically treated tooth. It is widely believed that endodontically treated molar teeth are 
more prone to fracture for a number of reasons:

•    Weakening of the tooth due to loss of tooth tissue (especially loss of marginal 
and transverse ridges) [ 28 ]. Photoelastic and fi nite element analysis studies have 
demonstrated this fact repeatedly.  

•   Alteration in the physical properties of the tooth due to the effects of caustic 
irrigants such as hypochlorite and ethylene diamine tetraacetic acid [ 16 ]. It is 
believed that up to 30 % of the ultimate tensile strength of the dentin is provided 
by the collagen, which undergoes signifi cant changes after root canal treatment.  

•   Microbial factors: effects of bacteria–dentin interactions [ 29 ].  
•   Restorative factors: effect of post-core restorations.  
•   Age factors: effect of age changes on dentin [ 29 ].    

 Historically it was believed that the lack of pulpal blood supply renders dentin 
more brittle due to drying out; however, studies have relegated these theories to the 
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realms of unsound mistaken beliefs [ 30 ,  31 ]. Instead, the structural integrity of the 
tooth is compromised as soon as any tooth tissue is removed [ 32 ]. In addition, intra-
canal irrigants, medicaments, and obturation materials may also play a role in infl u-
encing the physical and mechanical properties of dentin. 

 Endodontically treated molar teeth present the clinician with their own unique 
set of diffi culties. The same principles, which govern the restoration of any tooth, 
also apply to the restoration of endodontically treated teeth. It is, however, espe-
cially important to preserve as much of the remaining tooth tissue and to design the 
restoration in a way that distributes stress in the most favorable manner. Traumatic 
occlusion is also well recognized as a source of endodontic failure and steps must 
be taken to minimize occlusal stresses [ 33 ]. 

 It often happens that the tooth requiring endodontic treatment is severely broken 
down resulting in occlusal and proximal loss of space. This problem can sometimes be 
addressed by orthodontic treatment, intrusion of the opposing tooth, or recontouring 
adjacent restorations. A lack of coronal tooth tissue can be managed in a number of 
ways. If it is possible to encompass the tooth with a cast restoration extending onto 
solid tooth structure by at least 2 mms then the longevity of the restoration is more 
predictable; this is called the ferrule effect [ 34 ]. In some cases it may be necessary to 
crown lengthen the tooth in order to achieve this effect. In the absence of suffi cient 
coronal tooth tissue, it may be possible to gain retention from the root. This tends to be 
more favorable in molar teeth than in other teeth due to the morphology of the teeth. 
Provision of posts or dowels cannot be routinely recommended especially in molars; 
rather, the use of the pulp chamber to retain a core is preferable. Further discussion of 
the techniques and materials will be discussed in the chapter on restoration in this book.  

2.11     Endodontic–Periodontic Relationship 

 It is not surprising that pulpal and periodontal disease processes are closely related 
considering the close embryological relationship between the tissues. Both tissues 
are derived from a common mesodermal source. The pulpal precursor, the dental 
papilla, is separated from the periodontal tissue precursors by the Hertwig’s epithe-
lial root sheath. Both diseases have their terminal effects in the periodontal tissues 
[ 35 ]. Simring and Goldberg [ 36 ] fi rst described this relationship and coined the term 
“endo-perio.” Simon et al. then attempted to codify the nature of the diseases and 
described fi ve distinct categories [ 37 ]:

•    The primary endodontic lesion  
•   The primary endodontic lesion with secondary periodontic involvement  
•   The primary periodontic lesion  
•   The primary periodontic lesion with secondary endodontic involvement  
•   The true combined lesion (both lesions present and have joined in periradicular 

tissues)    

 Belk and Gutmann [ 38 ] suggested a sixth category and called this the “concomi-
tant lesion.” This describes the situation where both endodontic and periodontal 
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lesions exist but are wholly independent of each other. Establishment of the correct 
diagnosis is crucial to provision of the correct treatment. This is frequently diffi cult 
to establish but especially so in multirooted teeth for a number of reasons. Molar 
teeth are morphologically complex and are often diffi cult to image due to their loca-
tions and surrounding structures such as the zygomatic arch on upper teeth and 
mandibular tori on the lower. They have multiple canal spaces complicating vitality 
testing; some canal spaces may maintain vitality while others become necrotic. 
They are associated with more vertical root fractures than anterior and premolar 
teeth. In addition, molars are frequently heavily restored making interpretation of 
testing and radiographs more diffi cult. 

 A diagnosis is based on taking a thorough history and full clinical exam as stated 
earlier. When a clinician suspects a possible endodontic–periodontal lesion a com-
plete assessment of the pulpal and periodontal status of the tooth must be estab-
lished. The essential components of this assessment include:

•    History of periodontal symptoms both locally and generally (bleeding, mobility, 
infections)  

•   History of dentinal, pulpal, or periapical pain  
•   Signs and symptoms of pulp/periapical disease  
•   Periodontal charting  
•   Radiographic pattern of marginal and periradicular bone loss    

 Collecting the necessary information at the clinical exam necessitates using the 
full array of investigative methods and techniques including radiographic examina-
tion, vitality testing, periodontal probing, sinus tract tracing, fi ber-optic illumina-
tion, percussion and palpation, and mobility determination. 

 Harrington emphasized the importance of detailed diagnostic periodontal prob-
ing [ 39 ]. His assertion was that a lesion of periodontal origin demonstrates a gener-
alized gradual change in probings as opposed to one of endodontic origin that 
usually manifests as a precipitous drop or narrow-based probing. Accurate pulpal 
assessment is essential when periodontal disease is involved. The status of the pulp 
is crucial in establishing the correct diagnosis in the endo–perio scenario. If the pulp 
is healthy, then the lesion is totally periodontal in origin. If the pulp is necrotic, the 
periodontal apparatus has the capacity to regenerate following root canal 
treatment.  

2.12     Sinus Tract 

 Whenever present, a sinus tract should be traced, especially if the sinus opening is 
distant from any obvious pathology. The simplest method for tracing a sinus is to 
utilize a gutta-percha cone, typically a size #30 or greater to avoid buckling of the 
cone within the tract and giving erroneous impressions of the source (Fig.  2.1 ). The 
opening of the sinus tract and gutta-percha cone can be coated with topical anesthetic 
and introduced into the sinus tract opening or stoma. The gutta-percha cone will 
progress into the sinus tract toward the offending region of pathology. In the majority 

2 Diagnosis in Molar Endodontics

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



42

of cases a coating of topical anesthetic will be suffi cient to trace the sinus tract; only 
occasionally a patient may have to be anesthetized to achieve a successful tracing.

2.13        Diagnostic Tests 

 Prior to initiating any specifi c diagnostic tests, it is critical to inform the patient of 
the nature of the test, what to expect, and how to respond. All diagnostic tests should 
also be carried out in an order that establishes a base line level of a normal response 
for each patient. This is best done by fi rst testing a “normal” contralateral tooth. The 
teeth on either side of the tooth that is primarily expected to be the source of the 
symptoms should then be tested. Finally, the tooth that is suspected as being the 
offending tooth should be tested last. As stated, it is imperative that the dentist and 
patient fully understand how to communicate the results of the test before com-
mencing testing. In the case of thermal testing, a system of defi ned hand signals is 
often the most effective method for a patient to communicate their response. 
Typically, a patient would be directed to raise their hand when they feel the sensa-
tion from the stimulus in the tooth, to keep their hand up as long as this sensation 
lingers, and to lower their hand when the sensation ceases. It is important to advise 
a patient on differentiating between feeling a thermal change in their mouth and a 
sensation (pain) in their tooth. The authors feel that there is no place for the use of 
“test cavities” to determine vitality of a tooth.  

2.14     Sensibility Testing: Pulpal Testing 

 Sensibility testing (thermal and electric) is central to the establishment of a correct 
pulpal diagnosis. However, all pulp tests have limitations and these must be recog-
nized [ 40 ]. A positive response to pulp testing, thermal or electric, only confi rms the 
existence of functional neural tissue. Conventional pulp testing does not indicate the 
presence of normal healthy pulpal tissue with a normal blood fl ow. Furthermore, pulp 

a b

  Fig. 2.1    ( a ) Clinical photography of a sinus tract adjacent to the maxillary second premolar tooth. 
( b ) Radiograph of the same area showing the presence of a gutta-percha tracer in the sinus tract 
leading toward the periradicular radiolucency associated with the mesial root of the fi rst molar tooth       
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tests are even less likely able to indicate the degree of health of the pulp. Thus, most 
pulp tests are only assessing the pulp sensitivity, rather than pulp vitality. Histological 
studies (specifi cally silver staining histological studies) have demonstrated that the 
neural component of the pulp is the last component of the pulp to undergo necrosis. 
Thus, false positive and false negative responses can and do occur. In general, cold 
and electric tests appear to be more dependable tests than heat. As a rule, it is impor-
tant to use a test that will reproduce the patient’s symptoms. Thus, if eating or drink-
ing cold food produces or escalates the symptom, then a cold test should be used. 
Likewise, if hot foods produce or escalate the symptom, then a heat test should be 
used. Teeth should then be tested in an order that establishes a base line level of a 
normal response for each patient as described above. Teeth should be tested approxi-
mately 15 seconds (s)apart. This gives time for the tooth to respond and allows for a 
delayed response from a given tooth. In some instances, more time may be needed 
between testing of individual teeth and waiting to see if symptoms occur in a delayed 
manner. To perform a pulp test on any given tooth, it should be dried of saliva and the 
soft tissue retracted with the aid of cotton rolls or a dental mirror. The stimulus should 
then be applied to the buccal aspect of the mesial cusp or to the cervical region. Teeth 
that do not respond on the occlusal area respond approximately 14 % of the time when 
stimulated in cervical area [ 41 ]. It is important to compare the immediacy, the inten-
sity, and duration of the response from different teeth within the same patient.  

2.15     Thermal Testing 

 The pulp tissue contains neural fi bers along with blood and lymphatic vessels, extra-
cellular matrix, ground substance, and all of the other components of a normal 
 connective tissue. These fi bers are either of the A or C type; A (Aβ or Aδ) are well- 
developed myelinated fi bers that are fast conducting and operate in the normal 
healthy pulp tissue. On the other hand, the C fi bers are more primitive, non- myelinated 
slow-conducting fi bers located in the core of the pulp that tend to be active only in 
infl amed pulp. The C fi bers are slow to respond to stimulation, but once they begin 
to respond, they tend to continue to send impulses to higher cortical centers. 
Clinically, application of cold or heat that provokes a long-lasting response is one 
that is stimulating the C fi bers, indicating the presence of active C fi bers in infl amed 
tissue. This, therefore, determines a pulpal diagnosis of irreversible pulpitis. 
Additionally, thermal stimuli cause contraction or expansion of fl uids inside the den-
tinal tubules. The hydrodynamic forces generated act on the Aδ nerve mechanore-
ceptors of the pulp, causing a short sharp pain indicative of a normal pulp. The results 
obtained with the use of thermal stimulation (heat or cold) are particularly important 
because of its ability to reproduce the patient’s chief complaint. A response that lin-
gers for more than 15–20 s after the thermal stimulus has been removed is frequently 
interpreted as indicating an irreversibly infl amed pulp. No response from the patient 
to a thermal stimulation can be regarded as an indication of a necrotic pulp. Obviously 
a diagnosis should not be accomplished on the basis of a single test. Selecting 
between cold and heat testing is based on a patient symptomology; a complaint of 
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heat sensitivity would indicate a heat test should be preformed. In a patient that does 
not report a history of thermal pain, a cold test should be used fi rst due to its simplic-
ity and reliability. Some teeth with irreversible pulpitis may need repetitive stimuli to 
achieve the threshold that causes pain. It is also important to recognize that once a 
tooth has been stimulated thermally, there can be a refractory period of several min-
utes before a second cold or heat stimulation can provoke the same response. 

2.15.1     Cold 

 Cold testing is technically the simplest pulpal test to perform. It can be accom-
plished by using one of several different cold stimulus including ice sticks (~0 °C), 
ethyl chloride (~ −5 °C), frozen carbon dioxide (~ −75 °C), or a pressurized refrig-
erant spray containing either 1,1,1,2 tetrafl uorethane, or dichlorodifl uoromethane (~ 
−26 °C). Although all of these methods have been successfully demonstrated, 
refrigerant spray applied to a small cotton pellet is the best at achieving a predict-
able low temperature in a convenient and effi cient manner. It is also signifi cantly 
more effective than either an ice stick or ethyl chloride. Cold stimulus should be 
applied to a tooth until the patient defi nitively responds or for a maximum of 15 s. 

 In some instances, cold can relieve a patient’s pain. Typically, these patients will 
present with a container of ice-cold liquid that they will periodically sip to relieve 
their pain. In these patients, application of cold to the individual offending tooth will 
eliminate the pain, thus allowing the dentist to make a diagnosis of irreversible pul-
pitis. Concerns about potential damage done to porcelain restorations or enamel 
have been dismissed [ 42 ].  

2.15.2     Heat 

 Heat testing is not typically the fi rst test performed; however, it may be indicated if 
a patient reports heat sensitivity as part of their chief complaint or when other tests 
fail to establish enough information to make an accurate diagnosis. The simplest 
and most practical way of performing a heat test is to use gutta-percha softened in a 
fl ame or with an electric heat carrier. The application of the heat stimulus to a tooth 
should not last for more than 5 s in order to prevent permanent pulpal damage. From 
this perspective, it is important to use a separating medium, such as Vaseline, so that 
the heated gutta-percha does not stick to the tooth being tested. Alternatively, a rub-
ber dam can be applied to each tooth to be tested individually and hot water can be 
fl owed around the tooth. This allows for isolated testing of individual teeth.   

2.16     Electrical Pulp Test 

 Electric pulp testing (EPT) is based on the stimulation of sensory nerve fi bers within 
the pulp. Electric pulp testing does not give any information on the degree of health 
or disease of a pulp. A positive response is merely an approximate indicator of the 
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presence of vital neural fi bers in the pulp. It entails a subjective evaluation from the 
patient. The basic principle of the electric pulp tester is to deliver a high-frequency 
direct electric current through the tooth. The electrical stimulus, like other pulp test-
ing techniques, is best applied to the enamel of the buccal surface of the mesiobuccal 
cusp. A small amount of a conducting agent such as toothpaste should be applied to 
the tip of the testing probe. When the probe is applied to the tooth, the level of electric 
current transmitted through the tooth gradually increases. The operator sets the rate at 
which the current increases. The electrical circuit needs to be completed by placing 
the connecting sensor in contact with the patients’ soft tissue. This can be accom-
plished by either placing the sensor on the patient’s bottom lip or by having them hold 
the sensor. Having the patient hold the connecting sensor to discontinue the EPT cir-
cuit gives the patient more control over the process and may result in more reproduc-
ible test results. It can be diffi cult to use on crowned teeth; an additional smaller probe 
may be required to stimulate the tooth structure apical to the crown margin. Care must 
also be taken not to stimulate the soft tissues in this situation. The EPT is useful in 
older patient or in teeth that have undergone pulp canal obliteration/mineralization 
where cold stimulus may be insuffi cient to provoke the remaining neural tissue [ 43 ]. 

 The use of EPT in patients with surgically implanted pacemakers has been con-
troversial; early animal studies indicated that EPT could cause interference in the 
pacemaker [ 44 ]. Since the time of this study, pacemakers have continued to undergo 
development. In vitro studies carried out in the 1980s and 1990s have indicated no 
interaction between pacemakers and EPTs [ 45 – 47 ]. In a 2006 study in patients with 
implanted cardiac pacemakers or cardioverter/defi brillators, the use of a simulated 
EPT did not produce any interference effects [ 48 ].  

2.17     Pulpal Testing Accuracy 

 In considering the accuracy of a pulpal test, it is important to have an understand-
ing of the rate of disease with the general population. The prevalence of non- 
endodontically treated teeth with periradicular disease in the general population as 
defi ned by the presence of periradicular radiolucency is approximately 2 % of all 
teeth [ 49 ]. Additionally, 5.4 % of the patients reporting to an emergency room pre-
sented with a dental problem not associated with trauma [ 50 ]. The presence of 
frequent pain in the region of the mouth in the general population is approximately 
5–14 % [ 51 ]. The prevalence of pulp disease in patients seeking treatment for pain 
in the facial region in an endodontic specialty practice has been shown to be as 
high as 88 %. 

 Traditionally, terms used to describe the accuracy of a diagnostic test (pulp test-
ing) are sensitivity and specifi city. Sensitivity (true positive rate) is the rate at which 
a test correctly predicates a diseased state; that is, the number of diseased pulps as 
indicated by a test divided by the actual total number of diseased pulps. Specifi city 
(true negative rate) is the rate at which a test correctly predicates a healthy state; that 
is, the number of healthy pulps as indicated by a test divided by the actual total 
number of healthy pulps. Thus, a test can have four predicative results: true posi-
tive: diseased pulps correctly diagnosed as diseased pulps; false positive: healthy 
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pulps incorrectly identifi ed as diseased pulps; true negative: healthy pulps correctly 
identifi ed as healthy pulps; and false negative: diseased pulps incorrectly identifi ed 
as healthy. Part of the diffi culty in accessing accuracy of pulp testing is that the 
same test is used to identify several different states of health and disease of the 
pulpal tissue. The fact that thermal tests and EPT results report no response to the 
test as positive can also be confusing. Furthermore, the literature reports the results 
in terms of categories of vital and nonvital or pulp necrosis. The confusion then is 
that a tooth can test for a disease state that is irreversible pulpitis and still be in the 
vital category. Thus, in terms of sensitivity, specifi city, and predictive value, much 
of what is reported is in reference to differentiating between no pulp and some pulp 
present in the tooth. 

 The accuracy and value of EPT has been questioned chiefl y due to the high rate 
of false positive responses that can occur. However, a negative response to EPT has 
a high positive predictive value. EPT correctly identifi ed 71 % of the necrotic pulps 
(sensitivity) and 92 % of the vital pulps (specifi city) [ 40 ]. Generally, studies on 
sensitivity and specifi city of EPT report a 90 % plus specifi city, but a large range in 
sensitivity from 21 to 87 % [ 40 ]. Additionally, it is important to understand that a 
response to EPT is not an indication of healthy pulp tissue. A reading from an EPT 
cannot be used to differentiate between normal pulp, reversible, or irreversible 
pulpitis [ 52 ]. 

 The true value in EPT testing is identifying teeth that have potentially vital pulp 
tissue that fail to respond to cold thermal insult. It is extremely rare to have false 
negative responses to EPT. 

 The specifi city (the ability to identify healthy pulp) of cold tests reported in the 
literature ranged from 10 to 98 %, while sensitivity (the ability to identify pulp 
necrosis) is typically greater than 75 % [ 40 ]. Additionally, the incidence of false 
negative to cold response increased with age and has been reported to be in 14 % of 
population over 50 and 20 % in population over 60 years of age [ 41 ]. The specifi c-
ity of heat tests has been reported to range from 5 to 66 %, while sensitivity is typi-
cally greater than 65 %. Thus, the accuracy of heat testing when simply evaluating 
vitality is low. 

 In general, these tests exhibit high negative predictive values, typically 0.80–0.90. 
It is very likely that patients who have a negative test result are indeed disease- negative 
[ 53 ]. One study has reported an accuracy of 86 % for the cold test, 71 % for the heat 
test, and 81 % for the electrical test [ 41 ]. This is of particular importance when differ-
entiating between pain of odontogenic origin and pain of a non- odontogenic origin. 

 Pulp testing in children is a complicated process and can be very subjective. A 
child’s linguistic development and expectation can signifi cantly infl uence their 
response to various tests and questions [ 54 ,  55 ]. Diagnosis can be confused by the 
patient’s subjective symptomatology, reduced linguistic development coupled with 
greater expectations of a negative experience results in a less discerning response 
[ 54 ,  55 ]. Response to pulp testing is also less predictable than in adults, with a 
greater likelihood of false negatives. Typically, the response to cold stimulus gener-
ates the most dependable outcome in children [ 56 ,  57 ]. Electric pulp testing in teeth 
with open immature apices can result in a greater percentage of false negatives [ 58 ].  
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2.18     Periradicular Tests 

2.18.1     Percussion 

 Percussion of an individual tooth will stimulate nerve tissue within the periodontal 
ligament and as such is a test refl ective of infl ammation within the periodontal liga-
ment that is causing pain. As a clinical test, it shows a high sensitivity for detecting 
periradicular infl ammation that produces pain. It is important to note that not all 
infl ammatory changes in the periodontium are due to pulpal demise. It can occur as a 
result of periodontal disease or occlusal disharmony or periradicular pathology of 
non-pulpal origin. Traumatic occlusion from a recent restoration is a primary example 
where infl ammation of the periodontal ligament is caused by constant irritation during 
function as a result of a premature occlusal contact or an occlusal interference during 
lateral and/or protrusive or excursive movements of the mandible. Therefore, this test 
should be used in conjunction with additional information to establish a diagnosis. 

 A percussion test is best performed in a gradated manner. A patient in a consider-
able degree of pain will not appreciate a tooth being tapped aggressively. Furthermore, 
an aggressive tapping may not be needed to differentiate between teeth. The best 
approach to percussing patients’ teeth is to start out with a light tap using a gloved 
fi nger and progress to a heavier tap using a plastic instrument such as a “tooth slooth,” 
moving eventually to the use of a mirror handle if the offending tooth cannot be iden-
tifi ed with gentler methods. It is also best to ask the patient to differentiate between 
teeth in a blinded manner. Similar to pulpal testing, teeth should be tested in an order 
that establishes a base line level for a normal response for each patient. First, percuss 
a similar contralateral tooth, then percuss teeth either side of the tooth that is primarily 
suspected as being the source of the symptoms. The patient should be asked to evalu-
ate their response to the percussion of teeth in a comparative manner that avoids iden-
tifying the teeth. For example, identifying the teeth as A, B, and C and then asking the 
patient to identify which is the most painful or sensitive. This can then be repeated, 
changing the teeth that are identifi ed by each letter. This technique will identify which 
tooth is consistently the most tender or responsive to percussion. In molar teeth, it is 
useful to percuss a tooth on the occlusal and buccal surface of the tooth.  

2.18.2     Biting 

 The biting test is indicated if a patient reports pain while biting or chewing. The two 
most likely causes of biting pain are:

•    The spread of pulpal pathology into the periradicular tissue causing periradicular 
periodontitis.  

•   A cuspal fracture that may or may not extend into the root structure.    

 The deciding factor in differentiating between these two conditions is the 
response to biting using a tooth slooth that directs the biting force to an individual 
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cusp. Each cusp of a given tooth should be loaded in a sequential manner. Having 
placed the concave aspect of the tooth slooth on a tooth cusp, the patient should then 
be asked to bite down of the opposing side of the device until fi rm pressure is being 
applied. The patient should then be asked to hold the pressure for a few seconds and 
then advised to release the biting pressure. They should then be asked to identify 
whether the pain was elicited during the pressing or releasing phase of biting. It is 
important to make the patient aware of this difference prior to carrying out the test. 
Pain on release is frequently associated with a fracture in the tooth.   

2.19     Imaging: Radiography 

 The collection and collation of pertinent information is central to the establishment 
of an appropriate and accurate diagnosis in all fi elds of medicine and dentistry. 
While endodontic tests such as thermal, percussion, and palpation remain relatively 
primitive, imaging techniques have become more sophisticated than could have 
been imagined just a decade ago. The judicious use of these imaging techniques has 
facilitated the enhancement of diagnostic acuity especially in molar endodontics 
where anatomical structures can obfuscate the view. It is taken for granted that a full 
medical history is taken before exposing a patient to radiographs. As a note of cau-
tion, it is highly recommended that the clinician should never rely on a radiograph 
from another source as the sole source for diagnosis. 

 It has been well established that increasing the number of periapical images of a 
tooth increases the accuracy of the interpretation of the presenting clinical scenario 
[ 59 ]. The addition of bitewing radiographs to the radiographic survey has long been 
recommended. The bitewing frequently provides information not easily gleaned from 
a periapical image such as carious lesions, furcation perforations, or defective restora-
tions (Fig.  2.2 ). It is useful in determining the crestal bone level and draws attention 

a b

  Fig. 2.2    ( a ) Periradicular radiograph of a mandibular fi rst molar tooth. ( b ) Bitewing radiograph of 
the same tooth; note the marginal defect of the crown and associated caries on the mesial aspect of 
the tooth; ( red arrow )       
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to periodontal problems. Alveolar bone loss in the furcation area can be clearly identi-
fi ed on the bitewing. The bitewing provides additional information about the teeth of 
the opposing arch as well as of the arch under investigation and frequently can direct 
the examiners eye to a possible problem on an opposing tooth that might be over-
looked with periapical fi lms alone. A periapical image focuses on a single tooth and 
its immediate neighbors. Paralleling devices such as the Rinn XCP should be used.

   In recent years, extraordinary advances in three-dimensional imaging techniques 
have dramatically altered the clinician’s perspective on the actual clinical situation. 
Digital radiography is currently widely available and considering the massive 
advantages provided by the technology, the use of “wet-fi lm” radiographs can no 
longer be recommended. Digital radiography has allowed for an enormous (80–
90 %) reduction in exposure of patients to ionizing radiation in comparison to that 
from D-speed fi lms. It has eliminated the need for darkroom processing, thereby 
removing the vagaries of the developing process, and eliminated the use of some 
very noxious, environment-unfriendly chemicals. The digital process facilitates 
storage and retrieval of images. In addition, digital radiographs can be easily viewed 
on large-format monitors enhancing the clinician’s ability to discern variations in 
the image, all the while providing for an exceptional educational experience for the 
patient. Additionally, digital images are easily shared with other health care 
professionals. 

 Radiographs provide the clinician with information on the status of the surround-
ing tissues and details of the anatomy of the tooth itself. Molar teeth present their 
own particular set of imaging dilemmas, which frequently complicate the assess-
ment of the case. The use of cone beam computed tomography (CBCT) has greatly 
reduced these diffi culties and the routine use of small-fi eld CBCT in molar end-
odontic treatment is considered by the authors to be a judicious use of radiation. The 
concept of ALARA (As Low As Reasonably Achievable) can be upheld with the 
use of modern CBCT imaging techniques as the doses of radiation are relatively 
small and the benefi ts to the patient are great. The effective radiation dose from a 
maxillary posterior CBCT is 1.4 times the radiation dose of a digital PA fi lm, while 
that of a mandibular CBCT is about fi ve times that of a digital PA fi lm [ 60 ]. Being 
able to clearly visualize the morphology of the tooth and anatomical structures of 
the surrounding tissues is a huge advance available to the clinician performing molar 
endodontics. The guesswork involved when viewing a two-dimensional shadow of 
a three-dimensional structure has been eliminated or at least greatly reduced 
(Fig.  2.3 ). Precise assessment of the relationship of structures to surrounding tissues 
can be made. Precise location of canals can be established, thereby reducing the 
amount of “searching” the clinician needs to do to locate the orifi ces (Fig.  2.4 ).

    Structures that need to be examined on the radiographic survey include but are 
not limited to:

•    Enamel, dentin, and cementum  
•   Pulp space(s) and pulp space inclusions such as pulp stones  
•   Tooth morphology (number and length of roots/canals; pulp chamber 

dimensions)  

2 Diagnosis in Molar Endodontics

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



50

•   Restorations and carious lesions  
•   Periodontal ligament and its relationship to the root structure and adjacent bone  
•   Cancellous and cortical bone and variations from normal  
•   Adjacent anatomical structures such as maxillary sinus and inferior alveolar 

canal  
•   Variations in these structures and relationships from the norm    

a

c

b

  Fig. 2.3    ( a ) Periradicular radiograph of a mandibular second molar tooth. ( b ) Bitewing radio-
graph of the same mandibular second molar tooth. ( c ) CBCT of the same mandibular second molar 
tooth demonstrating the position of root resorption in the furcation of the tooth as indicated by the 
 green arrows        
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 It is incumbent on the clinician to carefully examine all radiographic images and to 
report on the fi ndings. It can be said that whatever is visible on a radiographic survey, 
must be examined and reported on. In cases where there might be any uncertainty, the 
services of a dental radiologist must be sought. As a consequence, it is appropriate for 
the clinician performing endodontics to use a small fi eld of view imaging technique 
that limits the scope of the radiographic examination to the structures of interest. 

 Periapical radiographic interpretation of molar teeth is associated with a rela-
tively high degree of uncertainty either from errors in interpretation or variability in 
assessment of the fi lms [ 61 ,  62 ]. Common errors in interpretation in the molar 
region include false widening of the periodontal ligament space and the superimpo-
sition of anatomical structures over the tooth anatomy (Fig.  2.5 ). False widening of 
the PDL space may manifest in situations where the tooth apex has fenestrated 
through the cortical plate of bone or where an air space such as the maxillary antrum 
is superimposed over it (Fig.  2.6 ). Other examples of potential errors include the 

a b

  Fig. 2.4    ( a ) Periradicular radiograph of maxillary second molar tooth. ( b ) CBCT the same maxil-
lary second molar tooth showing the position of the MB canal in relationship to the previous 
attempt to access this canal ( red arrow )       

  Fig. 2.5     Left : periradicular radiograph of an endodontically treated mandibular fi rst molar tooth. 
 Right : CBCT of the same mandibular fi rst molar tooth; note the superimposition of the anatomical 
structures over the tooth anatomy; ( green arrows )       
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a b

c

  Fig. 2.6    ( a ,  b ) Periradicular radiographs of a maxillary fi rst molar tooth showing what appears to 
be a radiolucency associated with the palatal root; ( red arrows ). ( c ) CBCT of the same tooth clearly 
showing that region of radiolucency is related to the position of the maxillary sinus relative to the 
apex of the palatal root; ( green arrows )       
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superimposition of the mental foramen over the apex of lower mandibular teeth and 
the relationship of the inferior alveolar canal to the apices of molar teeth.

    Having identifi ed the need for endodontic treatment based on both the pulpal 
and periradicular diagnoses, the radiographic information gathered will facili-
tate the treatment procedure. One of the greatest causes of failure of molar end-
odontics is failure of the clinician to locate and treat all parts of the canal system 
[ 63 ]. The appropriate radiographic imaging techniques (periapicals and/or 
CBCTs) will provide the clinician with the information to address these short-
comings (Figs.  2.6  and  2.7 ). CBCTs are especially helpful in this respect 
(Figs.  2.6 ,  2.7 , and  2.8 ).

    It is important for the clinician to recognize abnormal structures or changes on a 
radiograph and arrange for these variations to be investigated. A list of these radio-
graphic impressions is listed here: 

a b

  Fig. 2.7    ( a ) Periradicular radiograph of a mandibular second molar tooth showing a radiolucency 
overlaying the distal canal; ( red arrow ) (possibly external root resorption). ( b ) CBCT of the same 
tooth showing that that region of radiolucency is a defect in the lingual cortical plate of the man-
dible; ( green arrows )       

a b

  Fig. 2.8    ( a ) Periradicular radiograph of a maxillary second molar tooth. ( b ) CBCT of the same 
tooth clearly showing a region of radiolucency at the distal apical aspect of the tooth; ( green arrows )       
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2.19.1     Radiolucent Variations 

•     Dentigerous cyst  
•   Primordial cyst  
•   Residual cyst  
•   Nasopalatine duct cyst  
•   Globulomaxillary cyst  
•   Keratocyst  
•   Lateral periodontal cyst  
•   Median palatal cyst  
•   Traumatic bone cyst  
•   Scar tissue  
•   Ameloblastoma  
•   Ameloblastic fi broma  
•   Central giant cell granuloma  
•   Metastatic carcinoma     

2.19.2     Radiopaque Variations 

•     Condensing osteitis  
•   Fibrous dysplasia  
•   Ossifying fi broma  
•   Odontoma  
•   Cementoma  
•   Osteoblastoma  
•   Osteosarcoma     

2.19.3     Children 

 Knowledge of the radiographic appearance of normal root development is crucial to cor-
rectly diagnosing periradicular disease associated with immature teeth (Fig.  2.9 ). The 
buccal–lingual dimension of the root canal proper is normally greater than the mesial–
distal dimension [ 64 ]. A root canal with near parallel walls mesiodistally tends to have 
divergent walls and greater width labiolingually; a canal with tapering walls mesiodistally 
tends to have parallel walls and greater width labiolingually. This lag in root development 
usually exists for more than 3 years after eruption of the tooth [ 65 ]. This developmental 
mode can be misleading with respect to convergence and divergence. The buccal–lingual 
aspect of the root canal is the last to converge as the root develops, potentially a radio-
graph will show an apically convergent root canal, in which the buccal–lingual plane is 
divergent [ 64 ]. The tissue forming apically could appear radiographically complete, but is 
often porous as the developing root in the labiolingual plane lags behind that in the mesio-
distal plane of the immature root [ 66 ]. However, with the advent of cone beam computer-
ized tomography, the diffi culty in assessing apical formation is reduced [ 67 ].
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2.20         Pulpal Diagnostic Categories (Boxes  2.5  and  2.6 ) 

2.20.1       Normal 

  Dentin Hypersensitivity     The short, exaggerated, sharp painful response elicited 
when exposed dentin is subjected to thermal, mechanical, or chemical stimuli. Key 
to establishing this diagnosis is the duration of the response following removal of 
the stimulus. Once the stimulus is removed, the pain will abate quickly. This will 
typically be accompanied by a diagnosis of normal periradicular tissues. This is also 
frequently associated with a gingival recession, lost restoration, exposed dentinal 
tubules following a hygiene appointment, etc.  

  Reversible Pulpitis     A clinical diagnosis based on subjective and objective fi ndings 
indicating that the infl ammation should resolve and the pulp return to normal. Key 
to establishing this diagnosis is the duration of sensation following removal of the 
stimulus. Once the stimulus is removed, the pain will abate quickly. This will typi-
cally be accompanied by a diagnosis of normal periradicular tissues. This is fre-
quently associated with a deep caries lesion or a recent deep restoration.  

  Asymptomatic Irreversible Pulpitis     A clinical diagnosis based on subjective and 
objective fi ndings indicating that the vital infl amed pulp is incapable of healing. 
This will typically be accompanied by a diagnosis of normal periradicular tissues. 
This diagnosis would be used if there is a carious pulpal exposure with no clinical 
symptoms.  

  Fig. 2.9    Periradicular 
radiograph of a 
mandibular fi rst molar 
with open apices       
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  Box 2.6: Pulpal Diagnostic Categories             

 Pulpal Diagnosis 

 Normal  No symptoms, normal response to pulp tests, no pathology that 
encroach upon the pulp 

 Dentin Hypersensitivity  Short, exaggerated, sharp painful response elicited when 
exposed dentin is subjected to thermal, mechanical or chemical 
stimuli 
 Frequently associated with a gingival recession 

 Reversible Pulpitis  Compared to control tooth elevated response elicited when 
tooth is subjected to thermal stimulus 
 Frequently associated with a deep caries lesion or recent 
restoration 

 Asymptomatic 
Irreversible Pulpitis 

 Clinical fi ndings indicating that the vital infl amed pulp is 
incapable of healing 
 Normal response to thermal tests 
 Carious exposure 

 Symptomatic 
Irreversible Pulpitis 

 Clinical fi ndings indicating that the vital infl amed pulp is 
incapable of healing 
 Thermal sensitivity 
 Spontaneous pain 
 Lingering pain in response to cold testing 
 May also report referral of pain to the surrounding structures 

 Pulp Necrosis  Clinical fi ndings indicating the death of the pulp 
 Non-responsive to pulp testing 

 Previous Endodontic 
Treatment 

 Clinical fi ndings indicating that the tooth has been previously 
treated by endodontic therapy 
 Pulpotomy 
 Pulpectomy 
 Non-surgical root canal treatment 

  Symptomatic Irreversible Pulpitis     A clinical diagnosis based on subjective and 
objective fi ndings indicating that the vital infl amed pulp is incapable of healing. 
Typically, the patient will report thermal sensitivity, spontaneous pain. The hall-
mark of this diagnosis is lingering pain in response to cold testing. They may also 
report referral of pain to the surrounding structures.  

  Pulp Necrosis     A clinical diagnostic category indicating death of the dental pulp. 
The pulp is usually nonresponsive to pulp testing.  

  Previous Endodontic Treatment     A clinical diagnostic category indicating that the 
tooth has been previously treated by endodontic therapy (e.g., pulpotomy, pulpec-
tomy, nonsurgical root canal treatment).    
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2.21     Periradicular Diagnostic Categories (Box  2.7 ) 

2.21.1      Normal 

  Asymptomatic Apical Periodontitis     Infl ammation and destruction of apical peri-
odontium that is of pulpal origin, appears as an apical radiolucent area, and does not 
produce clinical symptoms.  

  Symptomatic Apical Periodontitis     Infl ammation usually of the apical periodon-
tium, producing clinical symptoms including a painful response to biting and/or 
percussion or palpation. It may or may not be associated with an apical radiolu-
cent area.  

 The fl owcharts (Figs.  2.10  and  2.11 ) provide decision trees to guide clinicians to 
integrate pulp tests and radiographic fi ndings, in order to arrive at correct diagnoses 
for most molars with endodontic treatment needs. Several complicating factors that 
add complexity to molar diagnoses are described below.

2.22          Cracked/Fractured Teeth 

 Diagnosis of fractures or cracks in molar teeth is a diffi cult and perplexing prob-
lem unless the evidence is overwhelming to the point that it is blatantly obvious. 
A fracture in a tooth can range from a craze line to a completely split tooth, or 
somewhere in the continuum between these two aspects. The American 
Association of Endodontists have classifi ed fi ve specifi c variations of cracked 
teeth: craze line, fractured cusp, cracked tooth, split tooth, and vertical root 
fracture. Craze lines affect only the enamel. Fractured cusps, cracked teeth, and 
split teeth begin on the occlusal surface and extend apically, affecting enamel, 

  Box 2.7: Periradicular Diagnostic Categories 

 Periradicular Diagnosis 

 Normal  No symptoms and normal apical periodontium 
 Asymptomatic Apical 
Periodontitis 

 Apical radiolucency of pulpal origin, does not produce 
clinical symptoms 

 Symptomatic Apical 
Periodontitis 

 Producing clinical symptoms including a painful 
response to biting and/or percussion or palpation 
 Apical radiolucency may or may not be present 

 Pathology of Non Pulpal 
Origin 

 Apical radiolucency of non pulpal origin, may or may 
not produce clinical symptoms 
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dentin, and possibly the pulp; whereas, true vertical root fractures originate in 
the root. Once the fracture has extended to and exposed the pulp, severe pulp 
and/or periapical pathology will likely be present and the prognosis for tooth 
retention is poor.  

2.23     Craze Lines 

 Craze lines are present in the enamel structure of a tooth. The majority of adult teeth 
will have craze lines. These are the result of “normal” wear and tear from occlusal 
action. In molar teeth, they are frequently present in the marginal ridges and extending 
along buccal and lingual surfaces. These craze lines are asymptomatic and require no 
treatment. Craze lines are best differentiated from cracks by trans- illuminating the 
tooth. In a tooth with a true craze line the whole tooth will be illuminated, whereas in 
a cracked tooth the light will not progress through the crack line into the adjacent 
segments.  

Normal Apical Periodontuim Symptomatic Apical Periodotitis

Traumatic Occlusion
Periodontal in Origin

Non-Odontogenic

Irreversible
Pulpitis

Irreversible
Pulpitis

Reversible Pulpitis
Dentin Hypersensitivity

Reversible Pulpitis
Dentin Hypersensitivity

Normal
Pulp

Normal
Pulp

Pulp NecosisInconclusive

Electric Pulp Test

–

–

+ –

–

+

Electric Pulp Test

N AbN

Cold Test Cold Test

Percussion (N) Percussion (AbN)

AbN L N AbN AbN L

Pulp Test
Radiographic Assessment

Normal

  Fig. 2.10    Flowchart for pulp test when radiographic assessment is normal.  N  normal,  AbN  abnor-
mal,  AbN L  abnormal and lingering       
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2.24     Fractured Cusp 

 A fractured cusp typically involves a vertical and horizontal component of the tooth. 
The degree of extension can be variable. It can be a complete or an incomplete frac-
ture that is initiated from the crown and extends obliquely in a gingival direction. 
Occlusally, a fractured cusp can appear to be off-center; this can help differentiate it 
from a cracked tooth. Classically, if the fracture progresses it will shear off a cusp 
completely. The pulp may or may not be exposed as a result of this and the fracture 
may also progress below the gingival attachment. 

 Frequently, a molar tooth with a cuspal fracture and a Class II restoration can 
lead to a destabilized marginal ridge. Typically, the crack results in sporadic sharp 
pain during mastication that can be simulated when a patient applies pressure to the 
individual offending cusp. A biting test of the cusp will elicit brief, sharp pain, espe-
cially upon release of biting pressure. Typically, the pulpal response to thermal 

Asymptomatic Apical Periodontitis Symptomatic Apical Periodontitis

Apical Pathology of
Non-Pulpal Origin

Irreversible
Pulpitis

Irreversible
Pulpitis

Reversible Pulpitis
Dentin Hypersensitivity

Apical Pathology of
Non-Pulpal Origin

Reversible Pulpitis
Dentin Hypersensitivity

Normal
Pulp

Normal
PulpPulp

Necrosis
Pulp

Necrosis

Electric Pulp Test
–

– + +

–

–
+ +

Electric Pulp Test

N AbN

Cold Test Cold Test

Percussion (N) Percussion (AbN)

AbNL N AbN AbNL

Pulp Test
Radiographic Assessment

Abnormal

  Fig. 2.11    Flowchart for pulp test when radiographic assessment is abnormal.  N  normal,  AbN  
abnormal,  AbN L  abnormal and lingering       
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testing will either indicate a normal pulp or possibly reversibly infl amed pulp. 
Percussion assessment is also frequently normal unless the percussion is in a direc-
tion such that it causes movement of the cusp. Similarly, radiographic assessment 
will also be normal or inconclusive.  

2.25     Cracked Tooth 

 A cracked tooth will have an incomplete fracture that begins in the coronal tooth 
structure and progresses in the coronal to apical direction toward the gingiva. 
Typically, the crack will be in a mesiodistal direction and may involve one or both 
marginal ridges and proximal surfaces. Key to this categorization is that the fracture 
is located totally within the crown portion of the tooth. A crack may rarely be buc-
colingual in mandibular molars. In maxillary molars, a crack can be present as an 
extension of the distolingual groove. The rate of cracks in molar teeth referred to an 
endodontic offi ce appears to be approximately 11 % with the following distribution: 
8.5 % in maxillary molars, 17.5 % in mandibular second, and 11 % in mandibular 
fi rst molar teeth [ 68 ]. The rate in the general population is expected to be less than 
that reported in a specialty offi ce. A cracked tooth that has not progressed to involve 
the pulp or periodontal tissues can be diffi cult to differentiate from a cuspal frac-
ture. Similar to a cuspal fracture, the patient will frequently report sporadic sharp 
pain during mastication that can be simulated when a patient applies pressure that 
allows movement in the crack. A biting test of the cusp adjacent to the crack will 
elicit brief, sharp pain, especially upon release of biting pressure. Percussion assess-
ment is also frequently normal unless the percussion is in a direction such that it 
causes movement of the cusp. Similarly, radiographic assessment will also be nor-
mal or inconclusive. A key component in differentiating these two entities is that the 
prognosis of a cracked tooth is less favorable than a cusp fracture. As a crack pro-
gresses and the pulp becomes involved, a patient will begin to elicit signs and symp-
toms consistent with irreversible pulpitis and eventually pulp necrosis and apical 
periodontitis.  

2.26     Split Tooth 

 A crack that progresses apically down a root will eventually split the tooth. Thus, a 
split tooth is the progression of a cracked tooth to the extent that the tooth segments 
are now entirely separate. The signs and symptoms of a split tooth depend on the 
immediacy of the split. A tooth that has split suddenly will typically display symp-
toms of irreversible pulpitis with minimal radiographic change. This is more typical 
of a premolar tooth. A tooth that has split as a result of a progressing crack over a 
period of time will typically display signs and symptoms of pulp necrosis and either 
asymptomatic or symptomatic apical periodontitis. Furthermore, radiographic 
changes will be present.  
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2.27     Vertical Root Fracture 

 A “true” vertical root fracture (VRF) is defi ned as a complete or incomplete fracture 
initiated from the root at any level, usually directed buccolingually (Fig.  2.12 ). The 
key to understanding the term is that the fracture begins in the root structure either 
at the apex or in the body of the root. Typically, it is a longitudinally oriented frac-
ture of the root, extending from the periodontium to the root canal. It may involve 
the full length of a root, or a section of the root. This is the difference from a split 
tooth, which extends from crown to root in a mesiodistal direction. In the endodon-
tic literature these two terms have been frequently interchanged, although from an 
academic standpoint they are describing a completely different subclass of the 
category.

2.28        Vertical Root Fracture Versus Advanced Crack 

 Many of the signs and symptoms for VRF and a cracked tooth in which the crack has 
progressed apically into the root are similar. Thus, for the purpose of the discussion 
from this point on, both terms will be referred to collectively as root fractures 
(Box  2.8 ). There, two important keys to help identify these conditions in molar teeth. 
These include periodontal probing and radiographic interpretation. These conditions 
can occur in teeth with varying degrees of restorative treatment, ranging from nonre-
stored teeth to teeth with full coverage restoration and endodontic treatment. 
Mandibular molars are among the most prevalent teeth to present with a vertical root 

a b

  Fig. 2.12    ( a ) Periradicular radiograph of a mandibular fi rst molar. ( b ) The same tooth with the 
buccal tissue refl ected to reveal an apical root fracture stained with methylene blue       
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fracture that has not been endodontically treated. However, the majority of fractures 
occur in restored teeth, with only approximately 30 % being found in intact teeth that 
had no history of restorative dental treatment. They are more frequent in populations 
over the age of 40 years. The highest number of longitudinal fractures occurred in the 
mesiodistal direction. In a demographic analysis of vertically roof fractured teeth, the 
pulp was vital in only 12 % of the cases, nonvital in 39 % of cases and had been end-
odontically treated in 49 % of cases [ 27 ]. Root fractures are generally only directly 
visible radiographically in around 30 % of teeth where a fracture is known to be pres-
ent. In endodontically treated teeth, one the most common signs of vertical root frac-
tures is a narrow deep osseous defect that is generally located on the buccal aspect of 
the tooth (Fig.  2.13 ). Various studies have reported a range of approximately 65–95 % 
for the occurrence of such a defect. Sinus tracts positioned away from the apex of the 
tooth and located coronally close to the gingival margin can also be a frequent fi nding 
occurring in approximately 35–45 % of cases. Additionally, such a sinus tract is fre-
quently associated with the mesial roots of the mandibular molars [ 69 ].

a b

  Fig. 2.13    ( a ) Periradicular radiograph of a mandibular second molar tooth showing an angular 
bony defect adjacent the distal root of the tooth; ( red arrow ). ( b ) The same tooth extracted showing 
the fracture line on the distal root ( green arrow ) and the position of the periodontal ligament adja-
cent to the fracture line ( blue arrow )       

  Box 2.8: Root Fracture 

 Narrow angle probing 
 Angular radiolucency 
 J-shaped radiolucency 
 Abnormally calcifi ed pulp chamber 
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    The most frequent radiographic feature of root fractures in molar teeth is the 
presence of a “J-shaped” radiolucency (Fig.  2.14 ) [ 70 ]. This forms from a combi-
nation of an angular radiolucency from the crestal bone terminating along the lat-
eral side of the root and periapical radiolucency. The angular radiolucency can 
appear as a diffuse interproximal linear radiolucency of variable width that extends 
apically from crestal bone along the adjacent root surface. The area of radiolu-
cency is frequently steplike in shape, having an angular rather than rounded 
appearance at its most apical level. This is typically isolated and occurs on a single 
tooth surface and not indicative of generalized periodontal disease. Additionally, 
the interproximal crestal bone in this region will be frequently poorly delineated. 
As this defect progresses toward the apex of the tooth and as the pulp undergoes 
necrosis, a “J-shaped” lesion may develop. The key to differentiating this as a 
fractured tooth is its association with narrow angle probing. Narrow angled prob-
ing is defi ned as narrow rectangular-shaped periodontal pocket, where the sulcus 
depth immediately adjacent to the pocket tends to be normal. This type of pocket 
occurs adjacent to a vertical fracture in the tooth structure. Frequently, there is a 
narrow angle probing in the region of the J-shaped radiolucency. In mandibular 
molars this is often accompanied by a radiolucency in the furcation region [ 69 ]. 
Another radiographic fi nding that can be present is an atypical degree of mineral-
ization in the pulp chamber of a nonrestored or minimally restored tooth. 
Mandibular second molars have the largest incidence followed by mandibular fi rst 
molars and then maxillary fi rst molars. In endodontic specialty practices, the inci-
dence of fracture in molar teeth appears to be approximately 10 % of all teeth 
referred for assessment [ 68 ].

2.29        Tooth Resorption 

 Tooth resorption is a condition associated with either a physiologic or a pathologic 
process resulting in loss of dentin, cementum, and or bone [ 71 ]. It is classifi ed based 
on the site, nature, and pattern of process. It is generally differentiated into internal 

a b c

  Fig. 2.14    ( a ) Periradicular radiograph of a mandibular second molar. ( b ) Periradicular radiograph 
of the same tooth with a “J-shaped” radiolucency outlined in  yellow . ( c ) Clinical photograph of the 
same tooth showing deep, narrow-based probing       
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and external resorption. Occasionally, combinations of both internal and external 
can be found on the same tooth. In a large part, the diagnosis of the various forms of 
root resorption is based on a radiographic analysis of the tooth.  

2.30     Internal Resorption 

 Internal resorption is rare in permanent teeth. It is typically associated with traumatic 
injuries and as such is not found frequently in molar teeth. In luxation injuries it has 
been recorded as a sequela in approximately 2 % of recalled cases. Typically asymptom-
atic, it is usually discovered during a routine radiographic evaluation and is often misdi-
agnosed as external resorption. The incidence of internal root resorption in posterior 
teeth as a percentage of all teeth reported with the condition is 25 % in maxillary poste-
rior teeth and 18 % in mandibular posterior teeth. Unfortunately, there was no differen-
tiation between premolar and molar teeth [ 72 ]. There are two types of internal resorption; 
root canal replacement resorption and internal infl ammatory resorption [ 73 ]. Both 
forms of the disease process appear to result from a low-grade irritation of pulp tissue 
localized to a small area of the root canal system. Root canal replacement resorption 
involves resorption of the dentin, and a subsequent deposition of hard tissue that resem-
bles bone or cementum, but not dentin. Internal infl ammatory resorption involves a pro-
gressive loss of root substance with no hard tissue deposition in the resorption cavity. 
Typically, both forms of internal resorption are asymptomatic and usually identifi ed on 
routine radiographs. The affected teeth may respond within normal limits to thermal or 
electric pulp testing [ 74 ]. However, in internal infl ammatory resorption, as the coronal 
pulp becomes necrotic, pulp testing can result in a negative response [ 75 ]. The condition 
can develop symptoms if it progresses to the extent that it perforates the root or crown 
of the tooth. The tooth may exhibit a pinkish or reddish hue (pink spot) if the resorption 
occurs in the coronal portion of the tooth. Radiographically, internal replacement resorp-
tion usually manifests as enlargement of the normal canal space. In root canal replace-
ment resorption, this space is then occupied with a less radio-dense substance giving the 
appearance of partial canal obliteration. Internal infl ammatory resorption appears as a 
circumscribed oval-shaped radiolucency continuous with the root canal wall.  

2.31     External Resorption 

 There are many different categorizing schemes for external root resorption [ 71 ]. For 
the purposes of this discussion, external resorption can be classifi ed into four catego-
ries by their clinical and histological characteristics: external surface resorption, 
external infl ammatory root resorption, ankylosis/replacement resorption, and root 
resorption. These categories differentiate external resorption from other pathologies 
that remain independent of the tooth but that resorb the roots of the teeth in any case. 
In addition to these four categories, external resorption is often described according 
to their location on the tooth: cervical, body, or apex of the tooth. Critically, in diag-
nosing resorption of the tooth root is the ability to identify those odontogenic and 
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non-odontogenic pathologies of the jaws that can produce external root resorption. 
Recognizing these types of pathologies is important in avoiding unneeded dental 
treatment or hindering appropriate medical treatments. Such pathologies include 
odontogenic keratocyst, lateral periodontal cyst, ameloblastoma, and giant cell repar-
ative granuloma, ossifying fi broma, cementoblastoma, osteoblastoma, osteosarcoma, 
chondrosarcoma, and metastatic cancer [ 76 – 81 ]. Typically, teeth that are resorbed by 
these types of diseases will be normally responsive to thermal and electrical pulp 
testing. However, if the pathology has invaded the neural tissue that supplies the pulp 
of a tooth, then the pulp may be nonresponsive or inconclusive to testing. If these 
types of pathologies are suspected, then a biopsy of the lesion is crucial to establish 
defi nitive diagnosis. Several medical conditions have also been implicated in the 
cause of multiple external root resorption; these include Paget’s disease of bone, 
hyperparathyroidism, Gaucher’s disease, hypophosphatasia, Papillon-Lefèvre syn-
drome, hemifacial atrophy, renal and liver diseases, focal dermal hypoplasia (Goltz 
syndrome), familial expansile osteolysis, and osteogenesis imperfecta. The reader is 
referred to an oral pathology text for a complete discussion of such conditions. The 
discussion here will be limited to those conditions that directly relate to the teeth.  

2.32     External Surface Resorption 

 External surface resorption is an ephemeral episodic event where the root surface of 
a tooth undergoes spontaneous destruction and repair. It is present in all teeth to a 
varying extent and is likely to be a normal physiological response [ 82 ]. It is the least 
destructive form of external root resorption and is a self-limiting process that 
requires no treatment [ 73 ].  

2.33     External Inflammatory Root Resorption 

 Infl ammatory resorption is the most prevalent form of external root resorption. 
Several etiological factors have been found to cause external infl ammatory root 
resorption. In general, any injury or irritation to the periodontium can produce a 
resorptive reaction. Such irritation includes trauma, periodontal infection, pulpal 
infection, orthodontic treatment, or an impacted tooth. Typically, this form of resorp-
tion appears as an elliptical-shaped radiographic defect that penetrates into the den-
tin. It can occur on any part of the root; however, it is frequently subcategorized 
according to that part of the tooth to which it has occurred such as cervical or apical. 
As a general rule, external resorption that is not associated with pulpal pathology or 
orthodontics occurs away from the apex of the tooth and can be differentiated from 
internal resorption by its radiographic presentation. The resorptive radiolucencies 
are superimposed over the root canal system. In the case of external infl ammatory 
root resorption in the root apex, a persistent and progressive radiolucency is typically 
found adjacent to region of root resorption (Fig.  2.15 ) [ 74 ]. The prevalence of cervi-
cal external root resorption (Fig.  2.16 ) in molar teeth has been poorly studied. It is 
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most frequently studied as a sequela of traumatic injuries to anterior teeth. Heithersay 
reported that cervical external infl ammatory root resorption of maxillary and man-
dibular fi rst molars accounted for approximately 8 % of reported cases [ 83 ]. In teeth 
with apical periodontitis the prevalence of apical external root resorption has been 
reported to range from 19 to 50 % using radiographic analysis (Fig.  2.17 ) [ 84 ,  85 ]. In 
a histological analysis of extracted teeth with apical periodontitis the rate of apical 
external root resorption ranges from 81 to 100 % [ 85 – 88 ]. Additionally, a Middle 
Eastern population study on the prevalence of root resorption reported that 28.8 % of 
all teeth showed radiographs signs of external root resorption. Apical root resorption 
associated with pulpal infection was the most common. It accounted for 71.2 % of all 
cases of root resorption and was observed in 20.5 % of the patients. Additionally, all 
cases were from poorly endodontically treated teeth with radiographic signs of api-
cal periodontitis (Fig.  2.18 ). Orthodontic pressure and impacted tooth pressure were 
the next most common cause of resorption, accounting for approximately 7 % of 
cases [ 89 ]. Unfortunately, the study did not differentiate between tooth types and 
thus the rate of external root resorption may be different when limited to molar teeth.

      Multiple idiopathic external root resorption or MIEARR is a bizarre condition 
that can occur in the cervical or apical region of the teeth. MIEARR affects a wide 

  Fig. 2.15    Mandibular fi rst 
molar tooth with external 
infl ammatory root 
resorption of the mesial 
root apex and associated 
radiolucency adjacent to 
region of root resorption       

a b c

  Fig. 2.16    Three variations ( a – c ) of cervical external root resorption in mandibular fi rst molar teeth       
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age range of individuals, with males affected more frequently than females. There 
appears to be a predilection for premolar and molar teeth in a symmetrical pattern 
of expression. The current mainstay of management for affected individuals remains 
long-term monitoring. Endodontic therapy is not indicated at the present time. 
Furthermore, the etiology of MIEARR remains unknown [ 90 ].  

2.34     Ankylosis 

 Ankylosis is the end result of replacement resorption whereby a tooth is no longer 
capable of normal physiologic movement due to the fusion of bone to the root sur-
face [ 71 ]. Ankylosis is primarily associated with history of luxation injuries espe-
cially avulsion and thus is not common in molar teeth. Failure of eruption of fi rst 

a b

  Fig. 2.17    ( a ) Apical external root resorption associated with apical periodontitis of mandibular 
fi rst molar tooth; note the blunting of the root apices on the tooth; ( red arrow ). ( b ) The contralateral 
mandibular fi rst molar tooth in the same patient with no apical periodontitis       

  Fig. 2.18    Defi cient 
endodontic treatment on a 
mandibular fi rst molar 
tooth with external 
infl ammatory root 
resorption of the distal root 
and radiographic signs of 
apical periodontitis       
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and second permanent molars from all causes not just ankylosis is very rare. 
However, several case reports have described the condition occurring in molar teeth 
[ 91 – 93 ]. The prevalence in the normal population is 0.01 % for fi rst permanent 
molar and 0.06 % for the second molar [ 94 ]. Classically, the tooth will be immobile 
once it is ankylosed; therefore, percussion of the teeth is an important diagnostic 
tool. Percussion applied to an ankylosed tooth will give a high-pitched or metallic 
tone, which will be markedly different from adjacent teeth. Other clinical signs that 
may be present include infra-occlusion, incomplete alveolar process development in 
young patient, and lack of normal mesial drift. It is diffi cult to identify ankylosis on 
radiographs because of the overlapping structures and bone marrow spaces [ 95 ]. 
However, a complete disappearance of periodontal space and an uneven root surface 
contour is common when examining the radiograph [ 96 ].     
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      Local Anesthesia                     

     John     M.     Nusstein     

    Abstract 
   Pulpal anesthesia is a cornerstone in the delivery of endodontic therapy. It affects 
not only the dentist’s ability to provide safe, pain-free treatment, but enhances 
patient compliance and satisfaction. Administration of local anesthesia is one of 
the fi rst procedures performed by the dentist. This chapter reviews some of the 
key local anesthetic components and techniques available to providers in the 
pursuit of providing pain-free dental treatment. This includes both mandibular 
and maxillary injections, testing for pulpal anesthesia, new technology and drug 
formulations, and the supplemental techniques that may make all the difference 
for the provider and patient.  

     Guiding Reference 
 Wallace JA, Michanowicz AE, Mundell RD, Wilson EG. A pilot study of the clini-
cal problem of regionally anesthetizing the pulp of an acutely infl amed mandibular 
molar. Oral Surg Oral Med Oral Pathol. 1985;59(5):517–21. 

 This study quintessentially showed the diffi culty of anesthetizing mandibular 
teeth when a state of pulpal infl ammation was present and tried to begin to explain 
why patients report pain during treatment even after a successful inferior alveolar 
nerve block was delivered.  
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3.1     Introduction 

 Profound pulpal anesthesia is of obvious importance in endodontic practice and 
dentistry in general. It benefi ts not only the patient, for obvious reasons, but also the 
dentist who does not have to worry about patient reactions or sudden movement 
during therapy. There are a number of challenges a clinician must overcome in 
achieving profound local anesthesia. Diagnosis of the status of the pulp and periapi-
cal tissues will affect the anesthetic regimens potentially utilized. 

 Infl ammatory changes within the pulp progress as a carious lesion nears the pulp 
and may cause chronic infl ammation to take on an acute exacerbation with an infl ux 
of neutrophils and the release of infl ammatory mediators such as prostaglandins, 
interleukins, and proinfl ammatory neuropeptides, such as substance P, bradykinin, 
and calcitonin gene-related peptide (CGRP). These mediators, in turn, can sensitize 
the peripheral nociceptors within the pulp of the affected tooth which may increase 
pain production and neuronal excitability These changes may lead to moderate-to- 
severe pain for the patient and infl uence the anesthetic strategies needed by the 
dentist/endodontist to gain profound pulpal anesthesia. 

 Periapical changes due to infection and chronic infl ammation may also impact 
the anesthesia strategy. The development of an acute apical abscess is the result of 
pyogenic bacteria from the root canal system spreading to the periapical region and 
stimulating a strong immune response by the host tissue, with neutrophilic leuko-
cytes dominating the early response. The neutrophils secrete lysosomal enzymes 
that digest both live and dead cell material. As the neutrophilic response progresses, 
an accumulation of dead and live neutrophils, disintegrated tissue cells, degraded 
extracellular matrix, and lysosomal enzymes results in a collection of purulent exu-
date termed pus. If the involved pathogens are of signifi cant virulence and if the host 
response is of suffi cient intensity, an acute apical abscess may arise. Severe percus-
sion pain or swelling will indicate an acute response within the bone and affect the 
type of local anesthesia techniques that can be utilized. 

 Once a pulpal diagnosis is made and a treatment plan developed which includes 
endodontic therapy, the fi rst step in treatment is local anesthesia. The review of a 
patient’s medical history may determine which local anesthetic can and cannot be 
utilized. Patients with uncontrolled hypertension or sensitivity to vasoconstrictors 
may require the use of anesthetics such as 3 % mepivacaine or 4 % prilocaine. 
Patients taking nonselective beta-blockers should not receive an injection of an 
anesthetic containing levonordefrin. A thorough review of the patient’s medical his-
tory and drug list will dictate the proper anesthetic choice.  

3.2     Topical Anesthesia 

 The use of topical anesthetic prior to injection has been shown to help reduce the 
pain of needle insertion in certain locations of the mouth. More popular topical 
anesthetics include 20 % benzocaine, EMLA (eutectic mixture of local anesthetics – 
2.5 % lidocaine and 2.5 % prilocaine), and 5 % lidocaine (Box  3.1 ). 
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  These preparations are available as gel, ointment, or spray form, which allows 
for easy placement at the site of injection. Utilizing a cotton tip applicator, a small 
amount of topical anesthetic (approximately 0.2 mL) is placed at the injection site 
and allowed to penetrate for 60 s. Spray forms may be placed on a cotton tip appli-
cator and applied or sprayed directly to the site of injection. 

 The effectiveness of a topical anesthetic to reduce the pain of needle insertion 
has been evaluated in several clinical studies. These have reported no signifi cant 
difference between 20 % benzocaine compared to a placebo for infi ltration injec-
tions for the maxillary lateral incisor and that 20 % benzocaine had no effect on 
needle insertion pain for inferior alveolar nerve block and maxillary posterior buc-
cal infi ltration injections. However, results did show that topical anesthetic reduced 
the amount of needle insertion pain for maxillary anterior infi ltrations. Evaluation 
of the pharmacological and psychological effects of topical anesthesia has shown 
that, using a placebo application and 20 % benzocaine, subjects who believed that 
they were receiving an active topical anesthetic anticipated signifi cantly less pain 
than subjects who thought they were receiving a placebo. Whether injections were 
preceded by the placebo or the active topical anesthetic did not alter the subjects’ 
reported pain. No signifi cant difference between 20 % benzocaine and a placebo 
was also found when used prior to a palatal anterior superior alveolar nerve block. 
Gill and Orr reported that topical anesthetic application for 1 min is effective for 
maxillary infi ltrations, but had no signifi cant difference when compared with a pla-
cebo for an inferior alveolar nerve block [ 1 ]. The sum of these studies suggests that 
the mere knowledge of the patient that they are receiving a topical anesthetic could 
lower the pain experienced during needle insertion. A survey of 3051 pediatric den-
tists reported that the majority of dentists used topical anesthetic prior to local anes-
thetic injections in private practice. 

 Due to the placebo effect, and since most patients and dentists believe that topi-
cal anesthetic reduces the pain of the injection, topical anesthetic should be used, if 
for nothing more, to have the patient feel that the dentist is attempting everything to 
make a stressful procedure as comfortable as possible.  

3.3     Mandibular Anesthesia 

 When one considers the challenges of local anesthesia in dentistry, mandibular teeth 
pose the more severe challenge. The inferior alveolar nerve block (IANB) must be 
delivered accurately (indicated by soft tissue and lip numbness) to have any chance 
to attain pulpal anesthesia. Missed blocks (lack of lip numbness) occur about 5 % of 

  Box 3.1. Topical Anesthetics 

    20 % benzocaine  
  EMLA (2.5 % lidocaine + 2.5 % prilocaine)  
  5 % lidocaine    
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the time and should prompt the dentist to re-administer the injection prior to begin-
ning treatment. When one reviews the literature to determine what injection tech-
niques or anesthetic solutions can offer, the dentist needs to be aware of what the 
defi nition of “anesthetic success” is utilized. One way used to defi ne anesthetic 
success for mandibular blocks is the percentage of subjects who achieve two con-
secutive electric pulp tester (EPT) readings of 80 within 15 min of injection and 
sustain these readings for at least 60 min. Clinically, this translates into being able 
to work on the patient no later than 15 min after giving the IANB and having pulpal 
anesthesia for 1 h. In the available clinical literature, it is reported that, following 
administration of a successful IANB (lip numbness achieved) using 2 % lidocaine 
with 1:100,000 epinephrine, for the mandibular fi rst molar, success occurs 53 % of 
the time, while for the fi rst premolar it is 61 % and for the lateral incisor it is 35 %. 
Anesthetic failure (the percentage of patients who never achieve two consecutive 80 
readings with the EPT during 60 min of testing) for the mandibular fi rst molar is 
17 %, 11 % for the fi rst premolar, and 32 % for the lateral incisor. Patients may also 
be subject to anesthesia of slow onset. These patients generally do not achieve 
pulpal anesthesia until after 16 min following the IANB. This is reported to occur in 
mandibular teeth approximately 19–27 % of the time with some patients (8 %) hav-
ing onset after 30 min. Patients who present a history of anesthesia of slow onset 
need to be scheduled appropriately earlier than their actual procedure, so that the 
dentist can give the IANB well before the time it is needed clinically. 

3.3.1     Block Technique 

 The most common injection for obtaining mandibular anesthesia is the inferior alve-
olar nerve block (Box  3.2 ). 

  The inferior alveolar nerve (IAN) and lingual nerve are branches of the posterior 
division of the trigeminal nerve (V3). The lingual nerve provides sensory innerva-
tion to the anterior two-thirds of the tongue as well as the fl oor of the mouth and the 
lingual gingiva around the molars. The IAN passes medial to the mandibular ramus 
and enters the mandibular foramen where it eventually branches at the mental fora-
men and forms the mental and incisive nerves. The IAN provides sensory innerva-
tion to the mandibular posterior teeth and buccal soft tissues. Prior to entering the 
mandibular foramen, the mylohyoid branch splits off and travels downward and 
forward along the inferior, medial border of the mandible. This nerve innervates soft 
tissue on the inferior and anterior mandible. It may also innervate the pulps of man-
dibular molars. 

  Box 3.2. Mandibular Anesthetic Blocks 

    Inferior alveolar nerve block  
  Gow-Gates block  
  Vazirani-Akinosi (closed mouth) block    
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 The inferior alveolar nerve block (IANB) is usually administered using a stan-
dard aspirating syringe and a 27-gauge 1½-inch needle. The injection site is the soft 
tissue overlying the medial surface of the ramus, lateral to the pterygomandibular 
raphe, at a height determined by the coronoid notch on the anterior border of the 
ramus. With the subject’s mouth wide open, the thumb of the noninjecting hand is 
placed over the pterygomandibular triangle and then pulled laterally until the deep-
est depression in the anterior border of the ramus was felt. The fi rst or second fi nger 
of the noninjecting hand palpates the posterior portion of the ramus, fi nding a slight 
depression. The line between the thumb and the fi nger establishes the vertical height 
of the injection site. The direction of the needle insertion is from the contralateral 
mandibular premolars and is directed parallel to the occlusal plane [ 2 ]. The needle 
is advanced until the bone is sounded, then retracted 1 mm before aspiration and 
injection into the pterygomandibular space. 

 The injection rate should be slow; research has shown that a slower injection rate 
is more comfortable for the patient (1 cartridge over 60 s) and may lead to more 
successful blocks. The standard inferior alveolar nerve block will anesthetize the 
inferior alveolar nerve, mental nerve, and usually the lingual nerve as well. This 
would include pulpal anesthesia of mandibular molars, premolars, and incisors on 
the injected side, along with the associated supporting bony and periodontal struc-
tures to the midline. It would also anesthetize the buccal and labial soft tissues and 
chin to the midline. A long buccal injection can be given if soft tissue anesthesia is 
required of the buccal gingival tissues next to the molar teeth for rubber dam clamp 
placement. Onset of pulpal anesthesia will range from 5 to 19 min and is slower than 
the onset of lip numbness (4–6 min). 

 Other injection techniques have been developed and advocated in attempting to 
block the inferior alveolar nerve. The Gow-Gates technique [ 3 ] has been reported to 
have a higher success rate than a conventional IANB, but other well-controlled clin-
ical studies have not been able to confi rm this. The Vazirani-Akinosi technique 
(closed mouth) [ 4 ,  5 ] also has not been shown to be superior in terms of achieving 
profound anesthesia compared to the conventional IANB technique. Therefore, 
replacing the conventional IANB injection with these techniques will likely not 
improve success in attaining pulpal anesthesia in mandibular teeth. 

 Inaccuracy of the IANB injection has been cited as a contributor to failed man-
dibular pulpal anesthesia. Hannan et al. [ 6 ] used medical ultrasound to guide an 
anesthetic needle to its target site for the IANB. This group reported that accurate 
injections could be attained by this method, but it did not result in more successful 
pulpal anesthesia. Simon et al. [ 7 ] studied the anesthetic effectiveness of an IANB 
after using a peripheral nerve stimulator to locate the inferior alveolar nerve at the 
injection site. The technique was no more successful than the conventional injection 
technique. Therefore, the accuracy of the injection technique (needle placement) is 
not the primary reason for anesthetic failure with the IANB. Needle defl ection as 
related to the needle bevel direction (toward or away from the mandibular ramus) 
has also been shown not to affect the anesthetic success rate of the IANB. 

 Accessory nerves have also been implicated as a potential reason for the failure 
of the IANB. The incisive nerve block at the mental foramen has been shown to 
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improve anesthetic success of the IANB in fi rst molars and premolars, but the suc-
cess rate was not as good as other supplemental anesthetic techniques (to be dis-
cussed later). The mylohyoid nerve is the accessory nerve most often implicated as 
the cause for mandibular anesthesia failure. However, Clark and coauthors [ 8 ], 
when combining the IANB with a mylohyoid injection after locating the mylohyoid 
nerve with a peripheral nerve stimulator, found no signifi cant improvement in man-
dibular anesthesia when the mylohyoid injection was added.  

3.3.2     Local Anesthetic Compounds for Mandibular Anesthesia 

 Lidocaine with epinephrine is still considered the standard to compare all other 
local anesthetics too. The emergence of 4 % articaine has decreased the use of lido-
caine in many countries. When one looks at the literature, no local anesthetic has 
signifi cantly improved the success rate of the IANB. Research comparing various 
local anesthetic agents such as 3 % mepivacaine plain (Carbocaine, Polocaine, 
Scandonest), 4 % prilocaine (Citanest Plain), 4 % prilocaine with 1:200,000 epi-
nephrine (Citanest Forte), 2 % mepivacaine with 1:20,000 levonordefrin (Carbocaine 
with Neo-Cobefrin), 4 % articaine with 1:100,000 epinephrine (Septocaine) to 2 % 
lidocaine with 1:100,000 epinephrine for the IANB in patients with normal pulps 
showed that there was no difference in success rates. Therefore, changing local 
anesthetic agents may not be of benefi t for endodontic procedures. When confronted 
with the increased diffi culty of achieving anesthesia due to a diagnosis of symptom-
atic irreversible pulpitis, clinical studies have also failed to show any superiority of 
3 % mepivacaine or 4 % articaine with 1:100,000 epinephrine over 2 % lidocaine 
with 1:100,000 epinephrine for the IANB. The use of a buffering agent, such as 
sodium bicarbonate to increase the pH of the anesthetic solution, has also not been 
found to improve success rates of pulpal anesthesia clinically [ 9 ]. 

 Increasing the volume of local anesthetic delivered during the IANB, therefore 
increasing the amount of anesthetic in the pterygomandibular space and potentially 
exposing the nerve to more anesthetic, has also been found not to increase the inci-
dence of pulpal anesthesia in asymptomatic patients or those diagnosed with symp-
tomatic irreversible pulpitis. Increasing the concentration of epinephrine (1:50,000) 
in hopes of keeping the anesthetic agent at the injection site longer showed no 
advantage in the IANB. 

 The duration of pulpal anesthesia utilizing 1.8 mL 2 % lidocaine with 1:100,000 
epinephrine or 0.5 % bupivacaine with 1:200,000 epinephrine has been reported to 
be 2.5 h and 3–4 h, respectively. Therefore, adequate time is available for the dentist 
to complete endodontic therapy. The actual duration of pulpal anesthesia for anes-
thetics has not been studied. 

 The choice of local anesthetic may therefore be more a preference of the pro-
vider, medical condition of the patient, or even the desired duration of anesthesia. A 
volume of 3.6 mL (two cartridges) may improve achieving a successful IANB block 
(lip numbness), but may not improve the success rate of pulpal anesthesia.   
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3.4     Maxillary Anesthesia 

 The supraperiosteal (infi ltration) injection is the most commonly used local anes-
thetic technique for maxillary pulpal anesthesia. Ninety-fi ve percent (95 %) of max-
illary infi ltration injections (supraperiosteal or fi eld blocks) produce successful 
anesthesia (Box  3.3 ). 

  Clinical studies have evaluated the success of maxillary infi ltrations using the 
electric pulp tester. Using a volume of 1.8 mL or less, pulpal anesthetic success 
(obtaining maximum output with an electric pulp tester) ranged from 87 to 100 %. 
The duration of pulpal anesthesia with a lidocaine solution varied from 31 to 100 
min, with the majority of studies showing duration times of less than 60 min. This 
is an important point to remember when the endodontic procedure takes longer than 
approximately 45 min. Anesthesia will diminish, and re-injection may be necessary 
to ensure patient’s continued comfort. 

3.4.1     Maxillary Technique 

 For molar endodontic procedures, the maxillary infi ltration technique may be 
selected. The maxillary division (V2) of the trigeminal nerve branches off in four 
regions, including the pterygopalatine fossa. In the pterygopalatine fossa, the maxil-
lary division branches off into the zygomatic nerve, the pterygopalatine nerves, and 
the posterior superior alveolar (PSA) nerve. The PSA nerve commonly has two 
branches: The second branch of the PSA provides sensory innervation to the alveoli, 
periodontal ligaments, and pulpal tissues of the maxillary third, second, and fi rst 
molars (with the exception in 20 % of patients of the MB root of the fi rst molar). The 
maxillary division also branches off into the infraorbital canal. Within the infraor-
bital canal, the maxillary division gives off the middle and anterior superior alveolar 
(MSA and ASA) nerves. The MSA nerve provides sensory innervation to the two 
maxillary premolars, and perhaps, to the MB root of the fi rst molar as well as the 
periodontal tissues, buccal soft tissue, and bone in the premolar region. These are 
the nerves the dentist is most concerned about when treating a maxillary posterior 
tooth. 

 The basic infi ltration technique taught in dental school is one of the easier injec-
tions to administer. Using a 27-gauge short needle, the lip/cheek is pulled outward 
to make the vestibular tissue taut. The needle is inserted at the height of the muco-
buccal fold parallel to the tooth being anesthetized, with the target being the apical 

  Box 3.3. Maxillary Anesthetic Injections 

    Infi ltration injection  
  Posterior superior alveolar (PSA) block  
  Division V2 block    
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area of the tooth. The direction of the needle bevel may not be important, since no 
study has looked at its effect on anesthesia, and the anesthetic solution will dissipate 
in all directions from the needle tip. Following aspiration, injection speed should be 
slow – approximately 1 min for a cartridge to reduce the potential pain on solution 
deposition. Onset time for pulpal anesthesia ranges from 2 to 5 min in premolars 
and molars. 

 Anesthesia of the palatal tissues may also be needed. Utilization of this injection 
will help reduce the pain of rubber dam clamp placement in all cases, but especially 
for teeth that have lost structure in which the clamp may impinge on the palatal 
gingiva. The use of either a topical anesthetic and/or pressure anesthesia may help 
reduce the pain of needle insertion on the palate. Pressure anesthesia can be obtained 
by placing a blunt instrument handle at the target site for approximately 30 s and 
maintaining that pressure as the needle is inserted immediately adjacent to the pres-
sure site. The insertion site should be adjacent to the tooth being treated and approx-
imately 10 mm from the free gingival margin. The needle bevel should be oriented 
toward the bone. A small amount of anesthetic (0.3–0.5 mL) is then deposited 
slowly until blanching of the tissues is identifi ed. 

 Alternate techniques for posterior maxillary anesthesia include the PSA and sec-
ond division nerve blocks. These techniques can be very successful, but have poten-
tial risks including hematoma, pain, and diffi culty in technique. 

 The posterior superior alveolar (PSA) nerve block anesthetizes the third and sec-
ond molars and about 80 % of fi rst molars. Often, an additional mesial infi ltration 
injection may be necessary to anesthetize the fi rst molar. The injection targets the 
PSA nerve and is given superiorly and medially to the maxillary second molar. The 
maxillary second division nerve block can be attained using two intraoral tech-
niques. The fi rst technique, the greater palatine approach, involves negotiating the 
greater palatine canal to the pterygopalatine fossa. The second technique, the high 
tuberosity approach, places the needle around the posterior maxilla until the needle 
enters the pterygopalatine fossa. Success rates have been reported as high as 
95–100 % for second molars using either approach. However, the challenge in track-
ing the greater palatine canal and the pain associated with this approach may limit 
the clinical value of this technique.  

3.4.2     Local Anesthetic Compounds for Maxillary Anesthesia 

 The use of a 2 % lidocaine solution with 1:100,000 epinephrine has resulted in a 
good rate of pulpal anesthesia success. In reviewing numerous clinical studies, an 
overall success rate of 87 % is reported for molars. 

 Alternate anesthetic solutions have also been clinically evaluated. The use of 
plain solutions such as 3 % mepivacaine and 4 % prilocaine has resulted in relatively 
good success rates (70–73 %), but greatly diminished duration of anesthesia – 
25 min. This reduced duration would preclude their use in endodontic therapy 
unless the patient’s medical condition warranted their use. Repeated injections of 
these solutions would then be necessary. Solutions of 4 % articaine with 1:100,000 
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epinephrine, 2 % mepivacaine with 1:20,000 levonordefrin, and 4 % prilocaine with 
1:200,000 epinephrine achieved the same level of anesthetic success in maxillary 
fi rst molars as 2 % lidocaine with 1:100,000 epinephrine. Therefore, the use of these 
anesthetics is of no clinical benefi t. Research on the use of 0.5 % bupivacaine with 
1:200,000 epinephrine in maxillary fi rst molars revealed a delayed onset time 
(almost 8 min) and a lower success rate (64 versus 82 % for lidocaine). Anesthetic 
duration was not extended signifi cantly with the use of bupivacaine. The use of 2 % 
lidocaine with 1:50,000 epinephrine has also been shown to increase the duration of 
anesthesia versus a 1:100,000 epinephrine solution, but it did not extend it beyond 
60 min. Success rates were the same. No research, published to date, has reported 
on the effect of buffering on achieving pulpal anesthesia in maxillary molars. 

 In terms of the volume to utilize, Mikesell et al. [ 10 ] compared the degree of 
anesthesia obtained with 1.8 and 3.6 mL of 2 % lidocaine with 1:100,000 epineph-
rine in maxillary infi ltrations (fi rst molar). The success rates (defi ned as two con-
secutive 80 readings with the electric pulp tester) ranged from 97 to 100 % for the 
two anesthetic volumes. There was no statistically signifi cant difference between 
the two anesthetic volumes. However, the 3.6 mL volume of lidocaine provided a 
statistically longer duration of pulpal anesthesia than the 1.8 mL volume for the 
lateral incisor, fi rst premolar, and fi rst molar. 

 No current local dental anesthetic preparation has been found to be superior in 
attaining pulpal anesthesia in maxillary posterior teeth. The choice of anesthetic for 
a maxillary infi ltration injection may be dictated by the patient’s health history, 
desired anesthetic duration, or provider preference.   

3.5     Determining Pulpal Anesthesia Prior to Initiating 
Treatment 

 Determining whether adequate local anesthesia has been achieved prior to treatment 
is important (Box  3.4 ). 

  Mandibular anesthesia via the inferior alveolar nerve block (IANB) has tradi-
tionally been confi rmed by asking the patient if their lip feels numb, probing or 
sticking the gingiva around the mandibular tooth to be treated, or simply starting 
treatment and waiting for a patient response. These techniques are not very effective 
in determining if pulpal anesthesia has been achieved. For maxillary teeth, lip and/
or cheek numbness may be assessed. Objective tests are available that can be uti-
lized to better assess the level of pulpal anesthesia for all teeth. The use of an elec-
tric pulp tester (EPT) and/or the application of a cold refrigerant have been shown 

  Box 3.4. Determining Successful Pulpal Anesthesia 

    Thermal testing – cold  
  Electric pulp testing – maximum reading    
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to accurately determine pulpal anesthesia in teeth with a normal pulp prior to treat-
ment. If the patient responds negatively to the stimulus (cold or electric current), 
then pulpal anesthesia has been attained and the patient should not experience pain 
during treatment. However, in teeth diagnosed with a symptomatic irreversible pul-
pitis, a failure to respond to the stimulus may not necessarily guarantee pulpal anes-
thesia [ 11 ]. The patient may still report pain with treatment. Of course, teeth with 
necrotic pulp chambers but whose root canals contain vital tissue may not be tested 
using the above means. In these cases, testing for pulpal anesthesia of the neighbor-
ing teeth may give the clinician an indication of the anesthetic status of the treat-
ment tooth.  

3.6     Supplemental Anesthetic Techniques 

 Patients in pain due to a tooth diagnosed with symptomatic irreversible pulpitis 
frequently have diffi culties attaining pulpal anesthesia. One theory to explain this is 
that the infl amed tissue has a lowered pH, which reduces the amount of the base 
form of anesthetic needed to penetrate the nerve sheath and membrane. Therefore, 
there is less ionized form of the anesthetic within the nerve to produce anesthesia. 
Obviously, this theory may only explain the local effects of infl ammation on the 
nerve and not explain why an IANB injection is less successful when given at a 
distance from the area of infl ammation (the “hot” tooth). Another theory states that 
the nerves arising from infl amed tissue have altered resting potentials and reduced 
thresholds of excitability. Electrophysiological research indicated that local anes-
thetic agents were not able to prevent the transmission of nerve impulses due to the 
lowered nerve excitability thresholds of infl amed nerves. Other theories have con-
sidered the presence of anesthetic-resistant sodium channels and upregulation of the 
so-called tetrodotoxin-resistant sodium channels in pulps diagnosed with irrevers-
ible pulpitis. 

 The failure of the traditional IANB in asymptomatic and symptomatic patients 
requires that a clinician have strategies to attain good pulpal anesthesia. This is very 
important when a patient complains of pain too severe for the clinician to proceed 
with endodontic treatment, as is often the case of patients with “hot” (symptomatic 
irreversible pulpitis) teeth. There are several supplemental anesthetic techniques 
(Box  3.5 ) available to help the dentist. It should be reiterated that these supplemen-
tal techniques are used best after attaining a clinically successful inferior alveolar 
nerve block (lip numbness).   

  Box 3.5. Supplemental Injection Techniques 

    Mandibular buccal infi ltration with articaine  
  Intraligamentary injection (PDL)  
  Intraosseous injection (IO)  
  Intrapulpal injection    
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3.7     Preemptive Strategies to Improve Success of the IANB 
Injection 

 Recent clinical studies have looked at the use of various oral medications prior to 
treatment of a patient with a tooth diagnosed with symptomatic irreversible pulpitis 
attempting to improve the success rate of the IANB injection. The use of acetamino-
phen and ibuprofen (various strengths), acetaminophen/ibuprofen combinations, 
methylprednisolone, ketorolac and triazolam all failed to improve the rate of suc-
cess of the IANB injection in these patients. However, Stanley et al. [ 12 ] did report 
on an improvement in block success when nitrous oxide was used in a concentration 
of 30–50 %.  

3.8     Mandibular Buccal Infiltration Injection with Articaine 

 Research has looked at the use of a mandibular buccal infi ltration injection of 4 % 
articaine with 1:100,000 epinephrine as a supplemental injection to increase the 
success of the IANB injection (Box  3.6 ). In asymptomatic patients, the use of the 
articaine solution was found to be superior to a lidocaine solution (88 % versus 
71 %, respectively). However, when the buccal infi ltration injection is used as a 
supplement to the IANB in patients diagnosed with irreversible pulpitis, success 
was reported as only 58 %. This result was much less than that attained with the IO 
and PDL injections. 

  Deposition of one cartridge of 4 % articaine solution in the buccal vestibule next 
to a mandibular posterior tooth is a simple adjunct technique. Research has shown 
that only articaine is able to provide this added anesthesia. The use of other 

  Box 3.6. Mandibular Buccal Infi ltration with Articaine* 

   Technique 

•   Utilize 27-gauge short needle and 4 % articaine solution  
•   Insert needle directly next to the tooth to be anesthetized in the buccal 

vestibule  
•   Place needle to approximate depth or root apex  
•   Inject one cartridge of articaine solution over 1–2 min  
•   (Optional) For anterior teeth – inject additional one cartridge of articaine 

solution, lingual to the treatment tooth  
•   Wait for a minimum of 5 min before beginning treatment  
•   Test tooth for anesthesia  
•   Begin treatment    

  * Note: If a technique is being used as a supplemental injection, do not give 
until successful IANB injection is confi rmed (lip/soft tissue numbness). 
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anesthetics (lidocaine or prilocaine) and/or different concentrations of anesthetics (2 
or 4 %) has failed to match the success of articaine. The use of a 4 % articaine solution 
with either 1:100,000 or 1:200,000 epinephrine achieves the same rate of success, 
with the only difference being the duration of anesthesia (less for less epinephrine). 
For mandibular anterior teeth, the same level of success may be achieved when the 
injections are given primarily without an IANB injection. The addition of a second 
injection of articaine on the lingual of an anterior tooth will increase the success rate. 
However, duration of these primary injections is only approximately 45 min.  

3.9     Intraligamentary (PDL) Injection 

 The PDL supplemental injection is still one of the most widely taught and used 
supplemental anesthetic techniques (Box  3.7 ). The success of supplemental PDL 
injections in helping achieve anesthesia for endodontic procedures has been reported 
to be 50–96 %. The key to giving a successful PDL injection remains the attainment 
of back pressure during the injection. 

  PDL injections are usually given utilizing either a standard dental anesthetic 
syringe or a high-pressure syringe. A 30-gauge ultrashort needle or 27- or 25-gauge 
short needle is utilized. The gauge of the needle does not infl uence the effectiveness. 
The needle is inserted into the mesial gingival sulcus with the bevel of the needle 
facing away from the tooth. Maximum penetration within the sulcus is required. 
Utilizing a standard syringe, slow, but heavy pressure is applied to the syringe 
plunger for approximately 20 s. With a pressure syringe, the trigger is slowly 
squeezed until it clicks one or two times. As stated earlier, back pressure must be 
felt as the injection is given. Failure to get back pressure will most likely lead to 

  Box 3.7. Intraligamentary Injection 

   Technique 
•   Prepare syringe with needle and anesthetic  
•   Determine need for injection  
•   Place needle in mesial gingival sulcus

 –    Bevel facing bone     
•   Apply pressure to needle for maximum soft-tissue penetration  
•   Slow, moderate-to-heavy pressure on syringe

 –    Approximately 20 s  
 –   Two clicks with pressure syringe  
 –   0.7 mL with CCLAD device     

•   Repeat injection in distal sulcus  
•   Test tooth for anesthesia  
•   Begin treatment    
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failure. The same injection is then given in the distal sulcus of the tooth. 
Approximately 0.2 mL of anesthetic is expressed in both locations. 

 The development of computer-controlled local anesthetic delivery systems 
(CCLAD for short), the Wand/CompuDent and Single Tooth Anesthesia System 
(both Milestone Scientifi c, Livingston, NJ) have been found to also be able to 
deliver a PDL injection. These systems are able to deliver 1.4 mL of anesthetic over 
the course of the two injections. The duration of anesthesia with the CompuDent/
Wand system is almost three times what is afforded with a standard/pressure syringe 
(fi rst molar averaged 31–34 versus 10 min). Currently, no research on the STA 
device is available for review. 

 The onset of anesthesia utilizing the PDL injection is immediate. The dentist should 
not wait to begin treatment. After delivering the injection, the tooth should be pulp-
tested and, if no response is recorded, treatment should begin. A repeated set of injec-
tions may be necessary if the fi rst set does not help attain adequate pulpal anesthesia. 

 The intraligamentary injection forces local anesthetic solution through the crib-
riform plate and into the cancellous bone around the tooth. In a sense, it is an 
intraosseous injection. The duration of anesthesia is dependent on the volume and 
type of anesthetic utilized. Anesthetic solutions not containing any vasoconstrictor 
(3 % mepivacaine) will have a shorter duration of action compared to those anes-
thetics containing epinephrine. Success of anesthesia is also dependent on the pres-
ence of a vasoconstrictor with plain solutions showing less effectiveness. 

 Patients should be advised of potential post-treatment, moderate pain of the tooth 
that was injected. This is usually due to the trauma to the soft tissue where the 
needle was inserted and not the pressure of the injection.  

3.10     Intraosseous Injection (IO) 

 The use of the intraosseous injection (IO) allows the dentist to deliver local anes-
thetic solutions directly into the cancellous bone surrounding the affected tooth 
(Box  3.8 ). There are several intraosseous systems available on the market including 
the Stabident system (Fairfax Dental, Wimbledon, UK), X-Tip system (Dentsply 
Maillefer, Tulsa, OK), and QuickSleeper made by Dental Hi Tec (Cholet, France). 
The Stabident system consists of a 27-gauge, beveled wire driven by a slow-speed 
handpiece which perforates the cortical bone. Anesthetic solution is then delivered 
into the cancellous bone with a 27-gauge ultrashort needle through the perforation, 
using a standard anesthetic syringe. The X-Tip system consists of a two-part perfo-
rator/guide sleeve component, which is also driven by a slow-speed handpiece. The 
perforator leads the guide sleeve through the cortical bone and then is separated 
from it and removed. This leaves the guide sleeve in place and allows for a 27-gauge 
needle to be inserted to inject the anesthetic solution. The guide sleeve is removed 
with a hemostat when treatment is complete. The QuickSleeper is an electronic 
handpiece that holds and drives a perforating needle as well as an anesthetic car-
tridge. Once perforation is attained, the handpiece uses an electric injection system 
to deliver the local anesthetic through the perforation. 
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  One of the benefi ts of the IO injection is the immediate onset of anesthesia 
(Box  3.8 ). The injection is recommended to be given distal to the tooth to be anesthe-
tized for best success. The exceptions to this rule are maxillary and mandibular sec-
ond molars, where a mesial site of injection is appropriate. The perforation site for the 
IO injection should be equidistant between the teeth and the  attached  gingiva. This 
allows for the perforation to be made through a minimal thickness of tissue and corti-
cal bone, and prevents damage to the roots of the teeth. Perforation in attached tissue 
also allows for easier location of the perforation site with the Stabident system. The 
X-Tip and QuickSleeper could be used in a more apical area below the mucogingival 
junction if needed, since there is no diffi culty in locating the perforation hole. The 
apical location of the injection would be advisable when the patient has no attached 
tissue around the affected tooth, there is a lack of interproximal space between adja-
cent roots, or the Stabident IO injection did not achieve adequate anesthesia. 

 Injection of the anesthetic solution should be slow – approximately 1 min for 
1.8 mL of solution. The volume of solution injected can range from 0.9 to 
1.8 mL. Most clinical research has been conducted with these volumes. Research on 
the supplemental IO injection for asymptomatic patients and those diagnosed with 
irreversible pulpitis has shown good results. Rates have ranged from 75 to 93 % for 
mandibular fi rst molars. No specifi c anesthetic has been found to be superior when 
used with the IO injection. However, duration of effect has been shown to be depen-
dent on the presence of a vasoconstrictor (like the PDL injection). The Stabident 

   Box 3.8. Intraosseous Injection 

   Technique 
•   Prepare syringe with needle and anesthetic  
•   Determine need for injection  
•   Advise patient of the technique’s side effects (transient increased heart 

rate)  
•   Select perforation site (generally distal to tooth, if accessible)

 –    In attached, healthy gingiva  
 –   Above mucogingival line

•    Exception: X-Tip and QuickSleeper system     
 –   Equidistant from approximating roots     

•   Anesthetize perforation area (if needed)
 –    0.5 mL anesthetic     

•   Place perforator and align perpendicular to bone surface  
•   Perforate cortical bone over a 5–7 s time period

 –    Pecking motion until breakthrough is felt     
•   Immediately place needle in perforation and/or inject anesthetic

 –    0.9–1.8 mL anesthetic over 1 min     
•   Retest tooth for anesthesia  
•   Begin treatment immediately    
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and X-Tip systems show equal effectiveness in terms of anesthesia. No published 
research is currently available on the effectiveness of the QuickSleeper system. 
Failure of the IO injection is usually due to back pressure or backfl ow of anesthetic 
out of the perforation site. This backfl ow is usually indicative of an incomplete per-
foration or blockage of the guide sleeve. The duration of anesthesia for a supple-
mental IO injection in patients with irreversible pulpitis has been reported to last the 
entire debridement appointment of approximately 45 min. The duration will be 
shorter with the 3 % mepivacaine solution. 

 One of the concerns when utilizing the IO injection is the reported transient heart 
rate increase with both the Stabident and X-Tip systems (and most likely the 
QuickSleeper system) when injecting epinephrine-containing and levonordephrin-
containing anesthetic solutions. Replogle et al. [ 13 ] reported that 67 % of subjects 
had an increase in heart rate as measured on an electrocardiograph when 1.8 mL of 
2 % lidocaine with 1:100,000 epinephrine was utilized. The increase in the heart rate 
reported ranged from 12 to 32 beats per minute. The use of 3 % mepivacaine has been 
reported not to cause any signifi cant increase in heart rate [ 13 ] and may be an excel-
lent alternative when a patient’s medical history or drug therapies contraindicate the 
use of epinephrine or levonordephrin. Prior to the injection of a vasoconstrictor- 
containing anesthetic, the patient should be warned of the side effect and reassured 
that the increase in heart rate is transient (2–3 min) and is not dangerous.  

3.11     Intrapulpal Injection 

 In approximately 5–10 % of mandibular teeth diagnosed with irreversible pulpitis, 
supplemental injections (PDL and IO) do not produce adequate anesthesia, even 
when repeated, to enter the pulp chamber painlessly. This is a prime indication that 
an intrapulpal injection may be necessary (Box  3.9 ). 

  Box 3.9. Intrapulpal Injection 

   Technique 
•   Pulpal exposure  
•   Select appropriate size needle to fi t snuggly into perforation or canal 

orifi ce  
•   Advise patient of side effects of technique (severe, short-term pain)  
•   Place needle into perforation or canal orifi ce with fi rm pressure to achieve 

maximum penetration  
•   Inject anesthetic slowly under back pressure (20–30 s)  
•   Have patient indicate relief of pain  
•   Resume coronal pulp tissue removal or removal of tissue from canal (anes-

thetic duration is approximately 10 min)  
•   Repeat injection in individual canals as needed    
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  The intrapulpal injection works very well when it is given under back pressure. 
Onset of anesthesia is immediate. Various techniques have been advocated in giving 
the injection; however, the key factor is giving the injection under strong back pres-
sure. Simply placing local anesthetic solution in the pulp chamber will not achieve 
adequate pulpal anesthesia. 

 A disadvantage of the intrapulpal injection is its short duration of action (approx-
imately 15–20 min). Once anesthesia is achieved, the practitioner must work quickly 
to remove all the tissue from the pulp chamber and the canals. The intrapulpal injec-
tion also requires that the pulp tissue be exposed to permit the injection to be given. 
Achieving a pulpal exposure could be very painful to the patient, since the pain of 
treatment may begin when the dentin is exposed. Finally, the injection itself can be 
very painful for the patient. The patient should be warned to expect moderate-to- 
severe pain during the initial phase of the injection. 

 To give the injection, the pulp of the tooth must be exposed. With pinpoint expo-
sures, a 30-gauge needle can be utilized. A large-gauge needle may be needed if the 
exposure is larger in diameter. The needle is placed on a standard syringe containing 
any type of local anesthetic. The patient is warned about the pending occurrence of 
the injection. The needle is then placed into the exposure hole and driven into the 
pulp chamber. Anesthetic is immediately delivered under strong back pressure. The 
failure to achieve back pressure with the injection may result in a failure to attain 
any more useful pulpal anesthesia. If the pulp exposure is larger and the pulp canal 
orifi ces can be visualized or probed, the 30-gauge needle is driven into the canal as 
deeply as it can go while anesthetic is being delivered. Ask the patient to signal if 
and when the pain of the injection subsides. This can be used as an indication that 
some degree of pulpal anesthesia has been attained in that canal. Removal of the 
tissue in the injected canal should begin immediately. The duration of the injection 
is as little as 10 min. This injection may be required for all of the canals.  

3.12     Checklist for Anesthesia in Endodontics 

•     Check allergies, premedications to determine appropriate local anesthetic 
selection.  

•   Select appropriate injection technique for clinical diagnosis and location.  
•   Test for anesthetic success prior to beginning treatment.  
•   If anesthesia is insuffi cient, use supplementary technique to enhance 

anesthesia.  
•   Retest for adequate pulpal anesthesia prior to beginning treatment.  
•   If insuffi cient anesthesia, repeat previous supplemental technique or select a dif-

ferent one.  
•   Once adequate anesthesia is achieved, begin treatment.        
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      Vital Pulp Therapy for Permanent Molars                     

     Lars     Bjørndal     

    Abstract 
   Guidelines for vital molar therapy are presented based on best available evi-
dence. Often the cause for vital intervention is due to caries, but seldom the 
depth of the carious lesion is mentioned in literature, which may hamper the 
evaluation of prognosis following treatment. Moreover, the lack of devices for 
monitoring objectively the degree of pulp infl ammation makes the topic a 
clinical challenge where proper tooth selection is important. In this chapter, 
the deep and extremely deep caries lesion is defi ned and linked to specifi c 
treatment protocols, which include both direct pulp as well as indirect pulp 
capping procedures. Particularly, a classifi cation of the pulp capping proce-
dure is described, which relates to two specifi c scenarios. In Class I the need 
for pulp capping arises by accident, while in Class II the capping procedure is 
expected and the set-up for the vital pulp therapy includes the use of the oper-
ating microscope.  

     Guiding Reference 
 Bjørndal L, Thylstrup A. A practice-based study on stepwise excavation of deep 
carious lesions in permanent teeth: a 1-year follow-up study. Comm Dent Oral 
Epidemiol. 1998;26:122–8. 

 This practice-based study followed teeth with deep caries, in which clinicians 
suspected a pulp exposure if excavated to the fullest extent. The high success rate of 
teeth surviving the fi nal treatment without pulp exposure after 1 year of observation 
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shows that it was possible for dentists in general practice to administer and manage 
the treatment of deep carious lesions, a process which may prolong tooth survival 
compared with conventional endodontic techniques.  

4.1     Introduction 

 The management of deep caries is a daily issue in endodontic practice. For caries in 
the pulpal quarter of the dentin, high-level evidence data have shown that a stepwise 
excavation approach led to a signifi cant decrease in the number of pulp exposures 
as opposed to complete excavation. 

 Before performing vital pulp therapy in a molar, clinicians will have to answer 
two questions: (A) How invasive a treatment needs to be in fulfi lling the aims of 
preserving and maintaining the pulp tissue in a healthy clinical condition, and (B) 
whether the chosen modality is a permanent or temporary treatment solution. Both 
topics depend upon the cause and time of the injury: is the pulp exposed as a result 
of trauma or through caries? What is the aim of performing vital pulp therapy and 
when could a pulp exposure particularly in carious teeth be avoided, by changing 
toward an indirect pulp therapy approach? 

 The controversy about caries and the pulp goes back more than a century [ 1 ,  2 ], 
and represents a problem of deciding the right treatment in dentistry. G.V. Black 
wrote in his textbook: “… it will often be a question whether or not the pulp will be 
exposed when all decayed dentine overlaying the pulp is removed …and  It is better 
to expose the pulp of a tooth than to leave it covered only with softened dentine ” [ 1 ], 
whereas Sir John Tomes wrote decades before [ 2 ]: ……. “ It is better that a layer of 
discolored dentine should be allowed to remain for the protection of the pulp rather 
than run the risk of sacrifi cing the tooth .” 

 Even today the same deep caries scenario may be interpreted and treated differently 
by clinicians [ 3 – 5 ]. The caries and pulp dilemma is partly due to the lack of a noninva-
sive diagnostic device for monitoring degrees of infl ammation in the pulp [ 6 ], as well as 
a low level of scientifi c evidence addressing the best treatment [ 7 – 9 ]. Finally, the exact 
defi nition of deep caries is unclear, when outcomes of vital pulp therapy are reported. In 
this chapter we defi ne radiographically deep caries as being within the inner quarter of 
the pulp and extremely deep if penetrating the entire thickness of the dentin (Fig.  4.1 ).

   A pulp exposure is defi ned relatively broadly being the result of a pathological 
change in the hard tissue of a tooth caused by caries, a mechanical factor, or trauma 
[ 10 ]. Here, a classifi cation of pulp capping procedures is introduced separating two 
scenarios:  direct pulp capping Class I  (pulp exposure has been made accidently) 
and  direct pulp capping Class II  (pulp exposure is expected, as part of caries exca-
vation and while using a microscope). This chapter aims to align updated treatment 
guidelines on best clinical evidence for vital pulp therapy in molars including the 
indirect pulp therapy approach.  
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4.2     The Benefit of Having a Vital Pulp 

4.2.1     Apexogenesis 

 In injured teeth with incomplete root formation, it is essential to keep a vital pulp 
for the fi nal formation and completion of the root complex, described as apexogen-
esis. Much focus has been given in the past to this topic [ 11 ], because the tooth has 
a better prognosis, if the roots are fully matured. Some of the problems associated 
with incomplete root formation of teeth after pulpal necrosis are briefl y listed in 
Box  4.1  but also discussed in Chap.   7     of this book. 

a b

  Fig. 4.1    The radiographic presentations are shown of a deep caries lesion versus an extremely 
deep lesion. ( a ) The deep lesion involves the pulpal quarter with a radiodense zone separating the 
translucent zone from the pulp. ( b ) The extremely deep lesion defi nes a penetration that involves 
the entire primary/secondary dentin, either with no radiodense zone separating the demineralized 
dentin from the pulp or with a radiodense zone located within the pulp chamber indicative of 
tertiary dentin       

   Box 4.1. Vital Pulp Therapy Aims at Apexogenesis for the Prevention of the 
Following 
•     An open apex (a challenge to create a stop and establish a good seal)  
•   Thin dentinal walls (more prone to fracture)  
•   The incomplete apical development (in general making instrumentation 

and sealing more diffi cult)  
•   Root fracture    
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4.2.2       Tertiary Dentinogenesis 

 The stimulation of tertiary dentinogenesis is a main objective of the vital pulp therapy. 
The classifi cation and defi nition of tertiary dentin has in the past been described by 
many synonyms [ 12 ,  13 ]; here, it is presented in the context of dentinogenesis in gen-
eral (Box  4.2 ). Tertiary dentin defi nes new hard tissue produced in relation to an 
external injury [ 14 ]. The subdivision of tertiary dentin into reactionary dentinogenesis 
and reparative dentinogenesis introduces a biological platform with more emphasis at 
the cellular origin [ 15 ,  16 ], as well as causes for the upregulation of the aged odonto-
blast secretion [ 17 – 19 ]. The reactionary dentin can be interpreted as the elevated 
growth of dentinogenesis, related to early caries lesions [ 20 ], and the odontoblast cells 
are stimulated by dentin matrix proteins released during caries demineralization [ 21 , 
 22 ]. These upregulated primary odontoblast cells [ 18 ] are involved directly, but also a 
mixture with new beginners of secondary odontoblast-like cells can be observed in 
natural caries development [ 23 ]. In case of a pulp exposure, a complete new dentin 
formation leads to the reestablishment of a dentinal bridge formation, defi ned as 
reparative dentinogenesis (Box  4.2 ). Initially, it is composed by a layer of atubular 
mineralized matrix, described as fi brodentin [ 14 ], followed by a tubular dentin forma-
tion, presumably laid down by new secondary odontoblast- like cells. 

  A signifi cant portion of the dental literature has been dealing with the study of a 
newly formed hard tissue barrier and the status of the pulp after vital pulp therapy. 
A simple parameter for examining new pulp-protective agents has been to confi rm 
whether or not tertiary dentin is present following pulp therapy. A recent systematic 
review has argued [ 24 ] that these microscopic analyses of histological sections on 
newly formed hard tissue may be considered a surrogate endpoint, which is diffi cult 

   Box 4.2. Classifi cation of Dentinogenesis 
    Primary dentinogenesis: dentin produced before the tooth erupts  
  Secondary dentinogenesis: dentin physiologically produced after the tooth 

has erupted, eventually reducing the size of the pulp cavity  
  Tertiary dentinogenesis, dentin produced as a response to external stimuli and 

can be further divided into:
   Reactionary dentin (new tubular dentin):

    (a)    Produced by upregulated odontoblasts or a mixture of these odon-
toblast cells and new secondary odontoblast-like cells      

  Reparative dentin (two layers of hard tissue = dentinal bridge):
    (a)    Initially a layer of atubular dentin = fi brodentin (nonodontoblast 

origin)   
   (b)    Followed by a layer of tubular dentin produced by new secondary 

odontoblast-like cells           
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to interpret in the clinic. Future hard tissue studies following vital pulp therapy 
should analyze in more detail how well newly formed tertiary dentin reacts as a bar-
rier, in order to avoid late invasion of microorganisms, and what is the structural 
integrity of newly formed hard tissue. 

 The formation of reparative dentin might be benefi cial in terms of blocking 
potential bacteria from invading the pulp due to the atubular interface, as opposed to 
the structure of the primary tubular dentin. However, it should be remembered that 
the reparative dentin might contain more organic material and be less mineralized 
than primary dentin. The more organic material the dentin comprises, the more 
permeable it will be, and therefore the reparative dentin represents an inferior type 
of dentin as compared to primary dentin [ 12 ]. Also it is important to note that repar-
ative dentin with or without so-called tunnel defects, cannot keep away the bacterial 
invasion from untreated progressing caries and/or a leaking coronal restoration. The 
optimal endpoint for evaluating vital pulp therapy would be to determine the long- 
term clinical outcome of the pulp, i.e., function, healthy state, and capacity of pre-
venting a secondary infection [ 24 ].  

4.2.3     Inflammation and Tertiary Dentin 

 Most experimental studies on pulp capping and protective agents have been carried 
out in healthy teeth, which in reality makes it diffi cult to transform information into 
the clinical situation, where the exposed pulp most often is expected to be associ-
ated with various grades of infl ammation. Severity of pulp infl ammation may infl u-
ence tertiary dentin. At the extreme, infl ammation will lead to pulp necrosis, hence 
stop or even absence of any tertiary dentinogenesis. In contrast, milder degrees of 
pulp infl ammation may seem benefi cial for tertiary dentinogenesis [ 25 ]. Taken 
together, some treatment principles can be aligned for the vital pulp therapy promot-
ing apexogenesis and tertiary dentinogenesis (Box  4.3 ). 

  Box 4.3. General Principles for Vital Pulp Therapy 
•     Removal of (i) bacterial infected dentin and (ii) clinically judged infl amed 

pulp tissue  
•   The application of a pulp protective agent stimulating reparative 

dentinogenesis  
•   To secure apexogenesis by the vital radicular pulp tissue  
•   Performance of a coronal seal for preventing secondary infection of the 

reparative dentin and hence the development of infected pulp necrosis 
associated with apical periodontitis    
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4.3        Clinical Evaluation of Inflammation 

 Before the principles of vital pulp therapy are laid out, it is important to recall 
that a precise clinical diagnosis of the degree of infl ammation in the pulp is not 
possible [ 3 ]. Little or no correlation exits between the histological fi ndings of 
pulp pathosis and clinical symptoms [ 26 – 28 ]. Moreover, in a clinical setting a 
diagnostic device is not yet available for objectively measuring a threshold of 
reversible pulp infl ammation being benefi cial or not for tertiary dentinogenesis. 
The diagnoses are based on interpretation of data from the pretreatment examina-
tion, the clinical examination, as well as the radiographic examination [ 29 ], 
rather than histopathological fi ndings. Clinical data are shown for case selection 
that divide the condition of the pulp into so-called reversible pulpitis and irrever-
sible pulpitis (Box  4.4 ). 

  Figure  4.2  shows a clinical example of an extremely deep caries lesion with 
direct exposure of the pulp prior to excavation. The patient arrived to the dental 
offi ce with prolonged pain and disturbed night sleep. The clinical diagnosis “irre-
versible pulpitis” is further confi rmed by the color of the blood being dark red. In 
this case also pus is apparent associated with a frank cavitation, and hemostasis is 
not possible to achieve, and root canal treatment is initiated.

    Box 4.4. Reversible and Irreversible Pulpitis 
    Reversible pulpitis:

•    A clinical diagnosis – based of the evaluation of subjective, clinical, and 
radiographic fi ndings.  

•   Suggest that if the external stimuli are removed the pulp will return 
asymptomatic and vital after long term evaluation.  

•   Thermal changes (air, liquid) may produce a sharp transient pain.  
•   In case of pulp exposure hemostasis can be obtained.  
•   The diagnosis does not indicate the precise histological status of the 

pulp.     

  Irreversible pulpitis:
•    It is a clinical diagnosis associated with subjective and objective fi nd-

ings indicating presence of pain (spontaneous and or prolonged unbear-
able pain/disturbed night sleep).  

•   Temperature changes may produce lingering pain.  
•   In case of pulp exposure hemostasis cannot be obtained.  
•   The diagnosis does not indicate the precise histological status of the 

pulp.       

L. Bjørndal

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



99

4.4        Indications and Treatment Concepts for Vital 
Pulp Therapy 

 The principal indications for performing vital pulp therapy are carious lesions, 
mechanical iatrogenic injury, and trauma. In the context of molar endodontics, the 
most frequent cause for endodontic treatment including vital pulp therapy has, in 
the general practice environment, been caries [ 30 ]. Therefore, the aligned treatment 
guidelines are described within the “scenario” of a carious pulp exposure. From the 
literature, it is often unclear whether the clinicians are creating a pulp exposure by 
accident or whether it is the intention to do a pulp exposure; moreover the depth of 
the carious pulp exposures are seldom defi ned in clinical studies [ 31 ]. The following 
vital pulp therapy guidelines will include these aspects. 

a

d e f

b c

  Fig. 4.2    ( a ) Preoperative periapical radiograph showing extremely deep caries lesion in the man-
dibular second molar with apical periodontitis. ( b ) Tooth shown before treatment. Clinically the 
tooth is vital and the combined diagnosis is “irreversible pulpitis” and apical periodontitis. ( c ) 
Following excavation an exposure of the pulp is present with pus. ( d ) During further access to the 
pulp cavity focal areas of pus are noted within the bleeding infl amed pulp. ( e ) Complete excavation 
performed before placement of “endodontic working” restoration and preparation of an aseptic 
working fi eld. ( f ) Root canal treatment is initiated and determination of working length is about to 
be accomplished       
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4.4.1     Direct Pulp Capping Class I (Accidental Pulp Exposure) 

 No additional enlargement is made of the exposed pulp. Typically, the exposure has just 
occurred following a trauma or an accidental perforation during a preparation proce-
dure (Fig.  4.3 ). It is a prerequisite that the pulp is healthy. Clinically, this means that the 
pulp is  vital  and the patient is without subjective pain prior to treatment, and hemostasis 
can be expected. The exposure of the pulp is less than 1 mm in diameter and should be 
located in the coronal third, but preferable in relation to a pulp horn. The pulp protective 
agent can be placed directly at the pulp exposure and the cavity can be sealed effi -
ciently. It may also take place during excavation of caries, but in an area not directly 
related to the carious dentin, because the pulp exposure has been made by accident.

4.4.2        Direct Pulp Capping Class II (Intentional Pulp Exposure) 

 This modality includes the mandatory use of an operating microscope during caries 
excavation [ 32 ]. The potential implementation of carious dentin into the pulp during 
excavation can better be limited by the use of magnifi cation. If hemostasis can be 
achieved it should be seen as the clinical interpretation of an acceptable and treat-
able pulp, but the exact extent of pulp infl ammation is currently impossible to pre-
dict objectively in the clinical setting. No global consensus is available for this 
approach, and it may be argued that a pulp exposure shall be avoided by an indirect 
pulp therapy where less invasive excavation procedures are introduced (see below). 

 It has been shown in cases with deep or extremely deep caries that if the bacterial 
invasion zone penetrates the pulp close to reparative dentin, the subjacent pulp is 
severely infl amed [ 33 ], making both vital and indirect pulp therapy unpredictable 
treatment options. When irreversible infl ammation in the pulp is present, hemostasis 
is typically not possible to obtain; therefore pulp capping is contraindicated in deep 
or extremely deep caries. However, when hemostasis can be controlled, such lesion 
depths may be successfully treated (Fig.  4.4 ). The result of apexogenesis following 
treatment of a deep carious lesion is shown in (Fig.  4.5 ).

  Fig. 4.3    ( Left )  Direct pulp capping Class I : an accidental pulp exposure has occurred during 
preparation. No additional enlargement is carried out. ( Middle ) The cavity is irrigated with saline. 
( Right ) Calcium hydroxide capping material is placed prior to permanent restoration       

 

L. Bjørndal

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



101

  Fig. 4.4    ( Left ) Preoperative radiograph of a 12-year-old child showing fi rst mandibular molar 
with extremely deep caries. ( Middle ) After excavation and carious exposure and MTA application. 
( Right ): Postoperative 1-year follow-up. Tooth vitality present and well-defi ned  lamina dura  in the 
apical region. Note the formation of tertiary dentin (Courtesy of Dr. G. Bogen)       

a b

c

  Fig. 4.5    ( a ) Preoperative radiograph of a 7-year old child, showing fi rst mandibular molar with 
deep caries. ( b ) After excavation and carious exposure and MTA application. ( c ) Postoperative 
3-year follow-up. Tooth vitality present and completed root formation (Courtesy of Dr. G. 
Bogen)       
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4.4.3         “Partial” Pulpotomy 

 As opposed to direct pulp capping, an additional removal of suspected infl amed 
pulp tissue is performed, and for providing a better seal of the pulp protecting 
agent, which may be a problem with complicated crown fractures [ 34 ]. The defi ni-
tion between a direct pulp cap procedure Class II and the partial pulpotomy appears 
to overlap in carious pulp exposures. In particular where the treatment is carried 
out under the conditions of “reversible pulpitis” [ 35 – 37 ], the argumentation of 
avoiding pulp exposure in the fi rst place is in principle the same as indicated for 
 direct pulp capping Class II . In contrast, a “several-day-trauma” tooth with 
exposed pulp represents the classical indication for this treatment modality, where 
the tissue is expected to be superfi cially and infl amed. In this situation, a superfi -
cial removal of pulp tissue is highly benefi cial [ 34 ]. The completion of an incom-
plete root complex is shown following a partial pulpotomy (Fig.  4.6 ).

a b

c d

  Fig. 4.6    ( a ) Preoperative periapical radiograph showing deep carious lesion in the mandibular 
fi rst molar. ( b ) Postoperative radiograph taken immediately after treatment with partial pulpotomy 
and MTA. ( c ) Tooth: 16 months after treatment. Notice dentine bridge formation in the mesial side 
of the tooth ( arrow ). ( d ) Tooth: 26 months after treatment. Notice the well-formed dentinal bridge 
( arrow ) and the physiological continuation of root formation (Reprinted from Barrieshi-Nusair 
and Qudeimat [ 37 ]; with permission)       
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4.4.4        “Full” Pulpotomy 

 In single rooted teeth, the defi nition includes the surgical amputation of the coronal 
portion of an exposed pulp, whereas in molar it covers the removal of the entire pulp 
tissue in the pulp chamber down to the orifi ces (1–2 mm into in the root canals). The 
rationale is to completely remove the infl amed pulp tissue. As the prognosis of the 
vital pulpectomy is very high (see Chap.   8    ) why then attempt a “ full ”  pulpotomy ? 

 In children it seems advisable to try a conservative pulp-preserving procedure, 
even in deeply carious permanent teeth with signs of “irreversible pulpitis,” whereby 
ideal conditions can be established, as already discussed the loss of the vital pulp 
function is so devastating in teeth with immature apices (Box  4.1 ). If failure then 
occurs, apexifi cation or regenerative techniques can still be options. It has been 
speculated that a full pulpotomy could be a more permanent treatment option in 
cases of “irreversible pulpitis,” but with established hemostasis, but only case series 
and case report are available [ 38 ,  39 ].  

4.4.5     “Emergency” Pulpotomy 

 Often “ emergency ” treatments are closely associated with the practical aspect of 
lacking time, as the patient arrives unexpected to the dental offi ce and being in acute 
pain. Thus, a simple treatment is urgently needed to reduce the level of pain in the 
fi rst place and then a treatment session can be scheduled for completing the fi nal 
pulpectomy, when proper time is available. An “ emergency ”  pulpotomy  has shown to 
be able to reduce pain in relation to acute “irreversible pulpitis” and without the need 
of additional medicaments [ 40 ]. It is a temporary treatment, but with the surgical 
pulp approach being the same as the “ full ”  pulpotomy , except for the temporary seal.   

4.5     Brief Comments on Capping Agents 

 For decades the capping agent to promote healing and maintaining viability of the 
remaining pulp tissue has been a calcium hydroxide-containing material applied 
either as a base or as a liner. Within the last 20 years, calcium silicate-containing 
materials have gained more and more focus. In particularly, MTA (mineral trioxide 
aggregate, Dentsply Tulsa Dental, OK, USA) has been investigated and used inten-
sively. More recently other bioceramic cements have been introduced such as 
Biodentine (Septodont, Saint Maur des Fosses, France) or iRoot BP (Innovative 
BioCeramix, Vancouver, BC, Canada). Only limited clinical information is actually 
available to show potential clinical differences. The reason for selecting the silicate 
containing materials is therefore based mainly on laboratory studies, where it is 
shown that these materials may create a better quality of the hard tissue laid down, 
without so-called tunnel defects. Interestingly, a recent randomized clinical trial 
[ 41 ] showed no differences between the two classic pulp agents, i.e., the calcium 
hydroxide containing liner Dycal (DeTrey Dentsply, Skarpnäck, Sweden) and 
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MTA. This may also underline that other variables such as patient age and irrevers-
ible pulp infl ammation may determine the prognosis accounting for problems lead-
ing to failure or not. Finally, larger studies may be needed to show actual differences, 
when it comes to the choice of the very best pulp agent.  

4.6     Treatment Guidelines for Vital Pulp Therapy in Molars 

4.6.1     Direct Pulp Capping Class I 

    Pretreatment Data 
•     Patient information: subjective evaluation of the region having the present symp-

tom by questioning the patient on the area in focus, intensity, duration, stimulus, 
relief, and spontaneity. Absence of any signs of “irreversible pulpitis” is manda-
tory to permit  direct pulp capping  (Box  4.4 ).  

•   Objective extraoral examination as well as examination of the intraoral soft and 
hard tissues.  

•   Clinical examination showing a tooth that is vital with no lingering or persistent 
prolonged pain following thermal testing. Other tests such as palpation, percus-
sion, and mobility should have negative fi ndings.  

•   Radiographic examination: radiographs showing the involved tooth, furcation, 
periapical area, and the surrounding bone. No apical pathosis is present.     

    Diagnosis 
•     Reversible pulpitis     

    Treatment Protocol 
•     The tooth is isolated with rubber dam (mandatory for all types of vital pulp 

therapy).  
•   The cavity and the pulp exposure area are gently fl ushed with saline in order to 

remove detritus and to establish a clean nonbleeding pulp wound.  
•   Direct fl ush at the exposure should be avoided.  
•   Firm pressure with a cotton pellet should be avoided as the removal tends to 

reactivate bleeding.  
•   Hemostasis should be reached within 5 min.  
•   The site of the perforation should be noted in the fi le of the patient for the future 

plan of restoration.  
•   Pulp capping agent is applied at the exposure site and in contact with the tissue 

(e.g., calcium hydroxide containing base material or mineral-trioxide aggregate 
(MTA)) followed by a layer of glass-ionomer (Ketac Molar; 3 M ESPE, Glostrup, 
Demark))  

•   A permanent restoration is placed immediately or within a few days in order to 
prevent secondary bacterial infection.  

•   After 6 months, the tooth is checked with respect to subjective symptoms and 
tooth vitality; in case of absence of any response, a radiographic examination is 
performed to diagnose potential apical pathosis.     
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    Contraindications 
•     If hemostasis is not achieved,  direct pulp capping  is not done and pulpectomy is 

indicated (see Chap.   6    )  
•   Direct pulp capping (Class I) should  not  be carried out in deep or extremely deep 

caries in adults (Fig.  4.1 ).      

4.6.2     Direct Pulp Capping “Class II” and “Partial Pulpotomy” 

    Pretreatment Data 
•     Patient information: Absence of any signs of “irreversible pulpitis” is mandatory 

(Box  4.4 )  
•   Objective extraoral examination as well as examination of the intraoral soft and 

hard tissues  
•   The tooth is vital (e.g., bleeding is observed from the exposure site), no lingering 

or persistent prolonged pain is found following thermal testing (this may, how-
ever, be diffi cult to ascertain in children)  

•   Radiographic examination; radiographs showing the involved tooth, furcation, 
periapical area, and the surrounding bone. No apical or furcal pathosis are 
present.     

    Diagnosis 
•     Reversible pulpitis     

    Treatment Protocol 
 All the steps are followed as described for adults. However, note additional details 
are mandatory for vital pulp therapy for the extremely deep caries lesion [ 32 ]:

•    Excavation is carried out under the operating microscope and aided by the use of 
caries detector solution.  

•   Hemostasis is established within 5 min. following the use of 5.25 % sodium 
hypochlorite.  

•   No specifi c rules about the size of the perforation which means that it is not a 
matter of choosing a “ direct pulp capping ,” “ partial ,” or even “ full ”  pulpotomy ; 
it is related to the fact whether or not hemostasis can be obtained.  

•   In case hemostasis is not occurring, the “partial” pulpotomy procedure is applied, 
which means that a 1.5–2 mm deep preparation is made with a sterile diamond 
bur in a high speed hand piece under water spray.
 –    When hemostasis is obtained, MTA is applied in a thickness of 4–5 mm (mixed 

according to the manufacture’s prescriptions; however, as dry as possible).  
 –   Place moist cotton pellet over MTA followed by a solid interim restoration 

(composite or glass-ionomer cement, e.g., Ketac Molar; (3 M ESPE, Glostrup, 
Demark)).     

•   After 1 week (or at least 2 days) the temporary restoration and the cotton pellet 
is removed for controlling a proper hardening of the capping agent, followed by 
a permanent restoration.  
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•   Notably, the treatments have primarily been examined in children and even 
though the caries has been extremely deep the clinical diagnosis has been “revers-
ible pulpitis” [ 32 ].     

    Contraindications 
•     If hemostasis cannot be achieved, direct pulp capping is omitted and pulpectomy 

is indicated (see Chap.   6    ).  
•   Without the use of the operating microscope it is not a so-called Class II 

modality.      

4.6.3     “Full” Pulpotomy for Children and Adolescents 

    Pretreatment Data 
•     Patient information: No signs of “irreversible pulpitis” is fi rst choice; however in 

case of incomplete root formation, signs of “irreversible pulpitis” should be a 
candidate for a “full” pulpotomy procedure.  

•   Objective extraoral examination as well as examination of the intraoral soft and 
hard tissues.  

•   Clinical examination: The tooth is vital (bleeding point from pulp exposure/frac-
ture line), no lingering or persistent prolonged pain following thermal testing. 
This may be very diffi cult to do in children. In case of signs of “irreversible 
pulpitis,” the aspect of whether or not hemostasis can be obtained need to be 
confi rmed clinically.  

•   Radiographic examination; radiographs showing the involved tooth, furcation, 
periapical area, and the surrounding bone. No apical or furcal pathosis is 
present.     

    Diagnosis 
•     Reversible pulpitis 

 OR  

•   Irreversible pulpitis and based on careful case selection     

    Treatment Protocol 
•     All pulp tissue is removed from the pulp chamber.  
•   The amputation area should be at the orifi ce (1.5–2 mm into the root canal) and 

eventually made with a sterile diamond bur in a high speed hand piece under 
water spray.  

•   Radicular pulp tissue is examined for hemostasis.  
•   A pulp capping material is placed, typically calcium hydroxide (DeTrey Dentsply, 

Skarpnäck, Sweden) or MTA.  
•   The blunt end of a paper point may be used to ensure that the capping material is 

proper placed. Seal the preparation including the entire pulp chamber in a thick-
ness of 4–5 mm MTA.  
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•   After 1 week (or at least 2 days), the temporary restoration and the cotton pellet 
are removed for controlling a proper hardening of the capping agent, followed by 
a permanent restoration.  

•   A practical approach has been to place a permanent restoration at once.  
•   If the patient presents with signs of “irreversible pulpitis,” but hemostasis can be 

successfully accomplished, an MTA pulpotomy procedure may be considered as 
an alternative treatment [ 39 ,  40 ]. In such cases it is recommended that the patient 
receive a relatively short follow-up visit within the following 2 days to assess 
subjective symptoms. Concomitantly, an assessment of MTA setting may be per-
formed followed by a permanent restoration.     

    Contraindications 
•     If hemostasis is not achieved, pulpectomy is indicated (Chap.   6    ).      

4.6.4     Indications for Indirect Pulp Therapy 

 In relation to deep caries the decision to treat the pulp indirectly may be considered. 
An indirect pulp therapy addresses the excavation of deep dentin aiming to avoid 
pulp exposure. The therapy may be performed either in one or two treatment 
sessions. 

 Much research during the past decades has modifi ed the original concept of a 
pulp close excavation during the indirect pulp therapy [ 42 ]. For example, Kerkhove 
et al. [ 43 ] described it as leaving only residual caries, meaning that if a further lim-
ited excavation was carried out, a pulp exposure would be present. Other studies 
have introduced less invasive and partial excavation procedures leaving more cari-
ous dentin behind permanently and with an apparent good prognosis, primarily in 
children [ 44 – 46 ]; therefore the original invasive concept of indirect pulp therapy 
appears outdated.  

4.6.5     Stepwise Exaction (2-Step Approach) 

 The concept of performing two treatment sessions is also described as a stepwise 
excavation. The focus of the fi rst treatment/excavation appointment is not to reach 
residual caries close to the pulp, as the risk of exposure of the pulp increases the 
closer the excavation is performed [ 47 ,  48 ]. In contrast, the aim of the fi rst treatment 
is to change the active cariogenic environment. The consequence of leaving carious 
dentin temporarily subjacent to a so-called treatment restoration is that the clinical 
features of carious dentin will change to that of slowly progressing or arrested caries 
[ 49 ,  50 ]. The active deep carious environment can clinically be recognized as a soft 
discolored and wet tissue, which may change towards a darker harder and drier 
appearance of the carious dentin. Clinically, a second and fi nal excavation of arrested 
carious dentin will be easier to accomplish without risking a pulp exposure. 
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 High-level evidence data have shown that a stepwise excavation approach led to 
a signifi cant decrease in the number of pulp exposures as opposed to complete exca-
vation [ 51 ,  52 ]. This approach may be carried out within a practice-based environ-
ment even with the concept of two visits [ 53 ]. Within communities where it would 
be diffi cult to receive the patient for an additional appointment, a one-step partial 
caries removal approach might be the treatment of choice; however the evidence 
behind is lower [ 47 ].  

4.6.6     Detailed Treatment Guidelines for Indirect Pulp Therapy 

    Stepwise Excavation and Partial Excavation 
 The present two protocols refer to methods supported by high level of evidence. The 
fi rst protocol takes adults into account, aiming to prevent exposure of the pulp using 
stepwise excavation: The last procedure is the partial excavation in one step aiming 
to prevent over-excavation in children (<18 years). Note the restrictions in both 
protocols: 

   Pretreatment Data (Stepwise Excavation) 
•     Patient information; subjective evaluation of the region having the present symp-

tom by questioning the patient on the area in focus, intensity, duration, stimulus, 
relief, and spontaneity. No signs of “irreversible pulpitis” is mandatory for step-
wise excavation (no unbearable pain causing disturbed night sleep).  

•   Objective extraoral examination as well as examination of the intraoral soft and 
hard tissues.  

•   Clinical examination: The tooth is vital with no lingering or persistent prolonged 
pain following thermal testing. Other tests such as palpation, percussion, and 
mobility should have negative outputs.  

•   Radiographic examination; radiographs showing the involved tooth, furcation, 
periapical area, and the surrounding bone. No apical pathosis is present. The 
depth of the caries lesion is in the pulpal quarter, and there is a well-defi ned radi-
opaque zone between the pulp and caries lesion defi ned here as a deep lesion 
(Fig.  4.1 ).     

   Treatment Protocol (Stepwise Excavation) [ 49 ] 
•     Remove as much of the superfi cial necrotic and demineralized dentin, so that a 

temporary restoration can be placed in the cavity.  
•   No excavation close to the pulp.  
•   Calcium hydroxide-based material and glass-ionomer are placed.  
•   Treatment interval 3–9 months.  
•   Final excavation is carried out using hand excavators.  
•   Calcium hydroxide based material and fi nal permanent restoration is placed 

(Fig.  4.7 ).
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         Pretreatment Data (Partial Excavation) 

•     Patient information: identical to stepwise.  
•   Objective extraoral examination as well as examination of the intraoral soft and 

hard tissues.  
•   Clinical examination: identical to stepwise.  
•   Radiographic examination: radiographs showing the involved tooth, furcation, 

periapical area, and the surrounding bone. No apical pathosis is present. The 
depth of the caries lesion is in pulpal quarter, and starting from half the dentin 
thickness and into the pulp.     

   Treatment Protocol (Partial Excavation) [ 44 ] 
•     Remove as much of the superfi cial necrotic and demineralized dentin, so the 

permanent restoration can be placed.  
•   Final excavation is carried out using hand excavators.  
•   Calcium hydroxide based material and fi nal permanent restoration is placed 

(Fig.  4.8 ).
•      The partial excavation approach has not been systematically examined in 

adults.        

a b

e f g h

c d

  Fig. 4.7    Principle demonstration of the stepwise excavation approach of a molar. ( a ) Radiographic 
feature of a secondary molar with deep caries. ( b ) Cariogenic surface plaque and undermined 
enamel removed visualizing the exposed carious dentin. ( c ) A sketch of the temporization of the 
retained active carious dentin after 1-step. ( d ) After the treatment interval retained carious dentin 
will become darker, harder, and drier. ( e ) The retained carious dentin shown after removal of the 
temporary restoration. ( f ) Complete excavation is carried out to optimize the cavity for fi nal resto-
ration, and has been facilitated due to decrease of caries activity. ( g ) A sketch of the permanent 
restoration is in place. ( h ) A 4–year follow-up with no apical pathology. However, complete arrest 
of caries activity has not been achieved; a new proximal lesion has progressed in the third molar       
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4.7     Factors Controlling Prognosis 

 Some factors controlling prognosis have been discussed for vital [ 9 ] and indirect 
pulp therapy [ 47 ,  52 ] in relation to caries. The prognosis is connected to method-
ological problems related to comparing data, which were not prospectively obtained 
so the following fi ndings should be interpreted with caution. 

 Based on so-called pooled data, the success rates were reported to be 72.9 % for 
direct pulp capping (no distinction was made between Class I and II) with a recall 
period more than 3 years (patients: 6–10 years of age;  n  = 231), and 99.4 % for par-
tial pulpotomy (patients, 6–27 years of age;  n  = 23) and 99.3 % (patients, 6–70 years 
of age;  n  = 37) for full pulpotomy [ 9 ]. Taken together these data indicate that the 
vital pulp therapy is effective with an acceptable outcome, and proper case selection 
should indicate the specifi c treatment needed. 

 A more recent retrospective observational study [ 54 ] suggested a 2-year survival 
rate of 56.2 % (patients, mean age 41 years,  n  = 51) for pulp capping. The relatively 
low survival rate confi rms previous observational data suggesting that the prognosis 

a

d e

b c

  Fig. 4.8    Clinical photographs and radiographs depicting a 1-visit indirect pulp therapy of perma-
nent mandibular left fi rst molar. ( a ) Tooth with a deep carious lesion with large accumulations of 
cariogenic biomasses. ( b ) Clinical photograph showing the cavity preparation (caries was not com-
pletely removed at areas close to the pulp), prior to the fi nal restoration. ( c ) Clinical view after 
1-year follow-up. ( d ) The pretreatment radiograph shows no apical pathosis, but a deep carious 
lesion. ( e ) After 1 year, the radiograph shows no apical radiolucency with successful treatment 
(Reprinted from Orhan et al. [ 51 ]; with permission)       
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of pulp capping may be related to age [ 9 ,  55 ]. Within a recent randomized clinical 
multicenter trial examining  pulp capping  versus  partial pulpotomy  in cariously 
exposed pulps in adults [ 52 ], the results showed an even worse outcome following 
both  direct pulp capping  (Class I) and  partial pulpotomy , with a pooled pulp sur-
vival rate of only 33.2 % after 1½ year. The results showed that a caries lesion, 
located in the inner ¼ of the dentin in adults, may represent the threshold for suc-
cess full pulp capping in adults, and without the use of magnifi cation (Class I). In 
short, age of the patient and caries lesion depths are important prognostic 
variables. 

 In Box  4.5  variables are listed that infl uence prognosis. 

4.8       The Indications for Vital Pulp Therapy May Change 
Over Time 

 Undoubtedly the vital pulp therapies have been established and developed in their 
own context of time and tradition. The focus of full pulpotomy has been to maintain 
a vital radicular pulp in order to secure the completion of the root complex in 

  Box 4.5. Potential Factors Increasing Success of Vital Pulp Therapy 
•     Aseptic working fi eld with rubber dam isolation – mandatory  
•   Younger age – better prognosis  
•   Immediate placement of the defi nitive restoration – to secure and prevent 

secondary infection  
•   Mechanical/accidental exposure vs. an attempted carious exposure – If 

Class I or Class II protocols are chosen acceptable prognosis can be 
expected even in cariously exposed pulps but proper case selection is 
mandatory.  

•   Size of exposure? If hemostasis can be obtained not an issue – important to 
reach direct contact and without a blood clot in between the agent and the 
pulp tissue.  

•   Pulp protective agent – no high evidence data to select one particular mate-
rial from another but MTA and calcium hydroxide have been the two most 
often used, with the former being the most often chosen material recently.  

•   Pulpal infl ammation that is judged reversible (see below).    

  Pulp status must be evaluated before treatment: 
•    Patients’ symptoms and history is not enough.  
•   Radiographic interpretation is not enough.  
•   Use objective pulpal tests and arrive to complete pulpal and periapical 

diagnoses.  
•   Hemostasis    
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immature teeth (apexogenesis), and particularly to avoid the necrotic and bacterial 
infected incomplete root complex. 

 About 50 years ago the prevalence of caries worldwide as well as the speed of 
caries progression was higher than today [ 56 ]. If a “deep” or an “extremely deep” 
lesion is present even before the root complex is fully completed, the speed of caries 
progression has been obviously very high. Accordingly, it can be speculated that the 
degree of infl ammation in “pulps with carious exposures in the 1960s” was often in 
a more severe and irreversible stage than what can be observed today. In other 
words, the rationale and the magnitude of using “full” pulpotomy may have changed 
today, as the speed of the caries progression has reduced. 

 However, as a paradox the “full” pulpotomy treatment has started to be 
reevaluated [ 57 ], and it may be an alternative to the vital pulpectomy, as the 
research area of pulp regeneration has developed rapidly. In this chapter, “full” 
pulpotomy has been presented with respect to (I) securing apexogenesis, and (II) 
being the emergency treatment approach for the acute “irreversible pulpitis” in 
molars. 

 However, pulpotomy is a highly integrated treatment approach for the future 
revascularization procedure, and perhaps particularly in necrotic teeth with an 
incomplete root complex [ 58 ,  59 ]. A revascularization protocol has been suggested, 
but currently being modifi ed and tested [ 60 ,  61 ]. At this point in time, only limited 
evidence from case reports illustrates the potential for regenerative therapy in 
molars as opposed to single-rooted teeth (Box  4.6 ). 

  Box 4.6. Revascularization Protocol 
•     Patient/parent compliance with the necessary multiple appointment treat-

ment plan may be signifi cant for case selection.  
•   Disinfect canal but no mechanical instrumentation is performed.  
•   Irrigate with sodium hypochlorite.  
•   Dry root canal.  
•   Triple antibiotic paste –  (metronidazole, ciprofl oxacin, minocycline) be 

aware of staining of the tooth with the use of minocycline .  
•   Recently suggested that a classic calcium hydroxide dressing might be as 

benefi cial as the triple paste but not tested in a randomized design.  
•   Perform temporary restoration.    

  Two to three weeks later: 
•    Remove medicament with sodium hypochlorite irrigation.  
•   Induce bleeding from apical tissue (use of an anesthetic without a vasocon-

strictor when trying to induce bleeding).  
•   Control intracanal hemorrhage to below the CEJ with pressure.  
•   Place MTA over blood clot to level of CEJ (a collagen matrix is useful for 

the controlled placement of MTA to a desired and optimal level).  
•   Perform permanent restoration.    
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4.9       Summary 

•     Carious pulp exposures are the most frequent cause for vital pulp therapy in molars.  
•   Case selection should be performed with attention toward age of the patient and 

depth of the caries lesion.  
•   Vital and indirect pulp therapies should be seen as permanent treatments.  
•   Direct capping Class I should be avoided in the pulpal inner one-fourth.  
•   Direct pulp Class II is designed for deep and extremely deep caries with the 

mandatory use of magnifi cation.  
•   High evidence data indicate that the two-step indirect approach should be the 

treatment of choice in carious lesions extending into the pulpal one-fourth of the 
dentin in adults.  

•   No difference can be found between direct pulp capping and partial pulpotomy 
in adults.  

•   Pulpotomy might be the future technical approach for even case with irreversible 
signs of pulpitis – but hemostasis is mandatory.  

•   No systematic clinical evidence is yet available for molars and pulp regeneration. 
Moreover, the main focus addresses the necrotic root canal.        
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  5      Molar Access                     

     Frank     C.     Setzer       and     Helmut     Walsch     

    Abstract 
   The preparation of an endodontic access is a key step during root canal therapy, 
in particular for molar teeth. This chapter describes design and preparation of 
molar access cavities to facilitate successful endodontic therapy and to identify, 
avoid, and overcome potential complications that may arise during treatment. 
Procedural errors during access signifi cantly reduce the expected outcome for 
root canal treatment; therefore detailed knowledge of canal and tooth anatomy 
and a conscientious instrumentation strategy is required for this step in molar 
endodontics.  

     Guiding Reference 
 Abbott PV. Assessing restored teeth with pulp and periapical diseases for the 
presence of cracks, caries and marginal breakdown. Aust Dent J. 2004;49:33–9. 

 When accessing teeth for root canal treatment, dentin preservation is relevant; 
however one must not neglect to remove the common factors that may have caused 
the pulp and periapical disease, and to assess the tooth’s prognosis and future 
treatment needs.  
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5.1     Introduction 

 The preparation of an endodontic access is a key step during root canal therapy, 
in particular for molar teeth. With typically more limited mouth opening and 
more complicated root canal anatomy, the access to the root canal system proves 
central to avoid clinical complications and to aid in providing long-term suc-
cess. Historically, ideal access cavity preparations were recommended for indi-
vidual tooth types. Clinically, however, an ideal situation is rarely encountered 
and the level of diffi culty in endodontically accessing and treating a tooth will 
depend on a variety of factors, including tooth-specifi c and patient-specifi c 
variables. 

 Patient related variables include:

•    General health and the anatomy of the orovestibular and craniofacial environ-
ment, including mouth opening dimensions  

•   Disorders of the temporomandibular joint, the anatomy of the dental arches and 
occlusion, and related pathologic conditions within the mouth    

 Tooth related factors include:

•    Periodontal and endodontic status, including pulpal and periapical diagnoses  
•   Restorative prognosis, including the extent of tooth structure loss  
•   Ability to restore the tooth with adequate ferrule effect and biological width  
•   Anatomy of pulp chamber, roots, and root canal system, including the changes in 

the structure or size of the pulp chamber, canal orifi ces, or the individual canals 
due to mineralizations    

 Moreover, in case of a history of previous root canal treatment, iatrogenic 
alterations of the root canal system, such as perforations, transportations, or sep-
arated instruments, may pose challenges. Overall, the ability to clean and/or dis-
infect the root canal system and either prevent or eliminate apical periodontitis 
will depend to a great extent on the clinician’s ability to gain access to the root 
canal system. 

 The present chapter will describe the assessment, preparation, and execution of 
molar access cavities to identify, avoid, and overcome potential complications 
that may arise during treatment and guide to a practical access to the root canal 
system. 

 Suffi cient diagnostic radiographs in parallel technique are a prerequisite to 
arrive at a correct endodontic diagnosis. However, for endodontic treatment plan-
ning involving molars, one radiograph may not be enough for proper treatment. In 
this case, it is necessary to take several angled radiographs in mesial/distal angula-
tions to fully appreciate root canal morphology, the extent of decay and existing 
restorations, the dimensions of the pulp chamber proper and the pulp horns, min-
eralizations in chamber and root canals, or anomalies such as internal or external 
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resorption [ 1 – 4 ]. Additional bitewing radiographs may be obtained to evaluate the 
remaining tooth structure and the dimensions and orientation of the pulp chamber. 
Prior to accessing a molar, the preoperative radiographs should be carefully inter-
preted as to the exact location and size of the access opening, and the radiographic 
image should be transferred to the clinical situation. Particular care must be given 
to any possible shifting of the tooth axis, particularly in combination with crown 
restorations mimicking the original orientation of the former natural crown. For 
nonsurgical retreatment situations, a limited volume-of-interest cone beam CT 
may be indicated if a reason for failure of the initial treatment cannot be readily 
identifi ed by means of periapical radiographs [ 5 ].  

5.2     General Considerations Prior to Endodontic 
Access in Molars 

 After careful interpretation of both clinical and radiographic examination and prior 
to accessing the tooth, the clinician must have formed a clear mental picture of the 
steps necessary for proper access, the potential complications, and the precautions 
to avoid any iatrogenic errors. This includes the assessment of the size and position 
of any existing restoration and/or decay, angulation and rotation of the tooth, orien-
tation of the pulp chamber in relation to crown and roots, mineralizations and pulp 
stones, position of the furcation and extensions of root trunks, distance from the 
occlusal surface of the tooth to the cemento-enamel junction, curvatures of roots, 
and the position of canal orifi ces. These deliberations will not only maximize the 
success of the actual access cavity preparation, but will also help in making the 
overall treatment procedure easier (Box  5.1 ). After proper anesthesia and rubber 
dam isolation, the rubber dam should be disinfected to prevent incidental contami-
nation with oral bacteria on the rubber dam or the rubber dam clamp. This can be 
done by using chlorhexidine 2 %, iodine tincture, or sodium hypochlorite. Great 
caution has to be taken that the rubber dam isolation does not leak in either direc-
tion, to prevent contamination from saliva, but also to prevent sodium hypochlorite 
accidents if the solution penetrates through the rubber dam isolation. Block out 
resins or gels may be indicated if proper isolation cannot be achieved with rubber 
dam and clamp alone. In general, the actual opening of the pulp chamber should 
only be made after the decay has been removed to avoid initial or further contamina-
tion of the root canal system, in particular for teeth with irreversible pulpitis, where 
the pulpal disease is primarily of infl ammatory origin and the deeper layers of the 
pulp are not yet infected. Teeth with extensive decay mesially or distally may require 
the extension of the rubber dam to include one or both of the adjacent teeth to allow 
proper caries or restoration removal without compromising the seal of the rubber 
dam. In general, with certain exceptions for crowns and bridges as discussed later in 
this chapter, an existing restoration should be removed together with any decay. 
This will not only allow the identifi cation of problems such as craze lines or frac-
tures, but also provide easier access to the pulp chamber and the root canals [ 6 ]. 
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Depending on the extent of the decay and the ability to isolate the tooth suffi ciently 
with little remaining tooth structure, it may be necessary to build up the tooth prior 
to endodontic access. Alternatively, if adequate isolation can be provided without 
initial build-up, the tooth may receive a complete build-up when the endodontic 
procedure is completed. However, this is under the condition that a stable, well-
sealing temporary restoration can be provided in between sessions if a multivisit 
procedure is indicated. 

  Upon access, the practitioner should mentally visualize the outline, shape, and 
extent of the pulp chamber. As a general rule of thumb, the horizontal outline of the 
pulp chamber will follow the cross-section of the tooth at the cemento-enamel 
junction (CEJ) [ 7 ]. The clinician should align the bur with the long axis of the tooth 
and initially aim for the center of the pulp chamber. A recommendation for access 
burs depends on the coronal restoration and extension of the pulp chamber. For any 
metal restoration, carbide burs are indicated. The initial access through a crown 
(indications see below) should be carried out by using a diamond bur for the 
ceramic portion of the crown to avoid chipping and cracking of the restoration. The 
metal portion of the crown will then be penetrated by a carbide bur. The actual 
access to the pulp chamber should be carried out by using a straight conical dia-
mond bur. These diamond burs may be coated at the tip or noncutting, which may 
provide some additional safety from destroying pulpal fl oor anatomy. A straight 
diamond bur will allow for easier orientation than a round bur and will create less 
undercuts. In an adolescent or adult patient, if no tertiary dentin or pulp chamber 
mineralizations are present, the clinician should feel a sudden drop after reaching 
the pulp chamber. In general, root canals are larger in younger patients [ 8 ]. In older 
patients or where a long-standing low-grade infl ammation has been present, this 
drop into the pulp chamber may not be felt due to the presence of mineralization or 
deposits of tertiary dentin [ 9 – 11 ]. The pulp chamber may then be signifi cantly 
smaller and shallower. To avoid iatrogenic damage of the pulpal fl oor, the clinician 
is advised to take extra precautions if the radiographic interpretation indicates the 
presence of hard tissue structures within the pulp chamber. In elderly patients, the 
pulp may have gone through dystrophic changes, and, similar to pulp necrosis, no 
bleeding may indicate entering the pulp chamber [ 12 ]. After initial opening, the 
clinician should carefully extend the access cavity by removing the roof of the pulp 
chamber, allowing for close inspection of the pulp fl oor and search for the root 
canal orifi ces (Box  5.2 ) [ 13 ]. 

  Recently, there has been a debate whether root canal access should follow established 
guidelines or if it should be part of a minimally invasive procedure. Established guidelines 

  Box 5.1. Ideal Access Cavity 
 An ideal molar access cavity provides good visualization and facilitates iden-
tifi cation of all canal orifi ces to achieve thorough cleaning and shaping of all 
coronal pulp spaces and the root canal system, while not excessively weaken-
ing the tooth structure. As a general guideline, one should remove as little as 
possible, but only as much as necessary tooth structure. 
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for access ask for a complete removal of the entire roof of the pulp chamber to allow for 
straight-line access to all root canals, including the removal of all pulp horns and coronal 
enlargement (Box  5.3 ) [ 14 ,  15 ]. Any healthy hard tissue structures should be protected 
and preserved; however, this can be only to the extent of allowing adequate instrumenta-
tion and disinfection of the root canal system.  An appropriate guideline for access cavity 
preparation is to remove as little dentin as possible but as much as necessary.  

  Box 5.2. Locating Canal Orifi ces 
 Prior to creating an endodontic access it is advised to visualize the exterior 
outline of the tooth at the cemento-enamel junction. This outline will give an 
approximate idea of the horizontal dimensions of the pulp chamber. Upon 
access, the pulp chamber anatomy should be observed to locate canals. Several 
anatomical landmarks exist that aid in orifi ce localization. 

 Developmental lines on the pulp fl oor connect all canal orifi ces. Also, 
color differences can be observed between bright, opaque dentinal walls and 
the darker, transparent pulpal fl oor. While some canal entrances are located 
easily, these anatomical landmarks are particularly important to fi nd calcifi ed 
canal orifi ces. One common example is MB2. While removing dentin during 
the search for MB2, the isthmus itself between MB1 and MB2 appears as one 
developmental line that terminates at the MB2 orifi ce. 

  Box 5.3. Straight-Line Access 
 Straight-line access facilitates easier instrumentation and thus cleaning of the 
root canal system by eliminating curvatures and canal obstructions. Coronal 
straight-line access addresses the reduction of coronal curvature portions by relo-
cating orifi ces into access cavity corners. Canal entrances are translocated using 
NiTi shaping fi les (e.g., ProTaper S1/Sx or BioRace 0) or Gates Glidden drills. In 
case of severely calcifi ed canal entrances, the use of stainless steel K- or Hedström 
fi les is recommended prior to rotary instrumentation. With any fi le, coronal den-
tin is shaped away from the furcation by cutting in outstroking motions into the 
direction of cusp associated with the respective root canal (maxillary molars: MB 
to mesiobuccal, DB to distobuccal, PAL to palatal; mandibular molars: MB to 
mesiobuccal, ML to mesiolingual, DB to distobuccal, DL to distolingual, but a 
potentially single D to distobuccal and distolingual). This uprighting procedure is 
to the extent that the straight canal portions extend down to the mid root level. All 
pulp horns should be removed during this procedure. Reference points should be 
chosen depending on which anatomical landmark can be easiest verifi ed with a 
fi le in the straightened canal. This does not have to be the corresponding cusp, it 
could as well be the opposing cusp or a marginal ridge. Coronal straight-line 
access will allow better radicular access to the apical third of the root canal. Canal 
straightening leads to shorter length measurements. Final length measurements, 
both electrometrically or radiographically, should only be undertaken after 
straight- line access has been achieved to avoid potential apical perforations. 
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  Extreme concepts call for the preservation of dentin, for example access through 
the pulp horns as the priority goal of endodontic therapy [ 16 ], to the extent that tis-
sue and debris remnants, adequate biological instrumentation, and cleaning with 
activated irrigation solutions are only secondary aims of the therapy. A higher resis-
tance to fracture after static loading of unrestored teeth was demonstrated with 
minimally invasive access cavity designs versus traditional access cavity designs 
[ 17 ]. However, any reduction of structural strength depends on several factors, 
access, type of root canal preparation, and restoration [ 18 ]. The resulting minimal-
istic access cavities without removal of the pulp chamber roof contradict the con-
cept of straight-line access to coronal and radicular root canal areas. As a result, 
apical instrumentation to sizes that are conducive to removing tissue remnants, 
infected dentin, or bacterial biofi lm becomes limited (see Chap.   6    ). 

 Only a complete removal of the roof of the pulp chamber will allow a close 
inspection of all surface areas of the pulp fl oor, including developmental lines and 
other anatomical landmarks that allow more predictable identifi cation of root canal 
orifi ces. There are several risks involved with an extreme hard tissue saving strategy. 
First, with an incomplete visual inspection of the pulp chamber and fl oor, there is no 
verifi cation that all vital or necrotic tissue remnants or debris were removed com-
pletely from all critical “hiding places” such as grooves and pulp horns. Proponents 
of minimally invasive endodontics claim that irrigation regimen with sodium hypo-
chlorite, EDTA, and perhaps other irrigation solutions and adjunctive devices will 
have removed debris and tissue remnants from all these structures; however, to date, 
no clinical study exists that has shown a higher or equal success rate for extreme 
minimally invasive access approaches. Moreover, limited access may make the 
complete preparation of far buccal and far lingual canal portions of distal canals in 
mandibular molars as well as clearly locating supernumerary root canals very dif-
fi cult. Clinical aberrations from the norm are manifold and may result in canals not 
being in a location where they are “usually” suspected. Incomplete removal of tooth 
structure to gain coronal access may mislead the clinician into believing that all 
canals, according to the “norm,” are found. This may result in not locating canals 
that are in unusual locations. 

5.2.1     Accessing Maxillary First Molars 

 Most maxillary molars have three roots and four canals (see Chap.   1     in this book). 
Commonly, there is one distobuccal, one mesiobuccal, and one palatal root. In most 
situations, the palatal and distobuccal roots have one single canal and the mesiobuc-
cal root two canals. However, there is great variation in morphology [ 19 – 24 ]. The 
distobuccal or mesiobuccal roots may be fused with the palatal root individually or 
with each other [ 25 ]. Also, many variations exist for the number of roots, root 
canals, and the root canal system, including isthmuses, fi ns, and other communica-
tions between main canals [ 26 ]. 

 In maxillary fi rst molars, the access cavity should follow a rhomboidal outline 
and should be located towards the mesial half of the tooth (Fig.  5.1 ). Ideally, the 
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access cavity should not violate the transversal ridge and should leave approximately 
1.5–2.0 mm of the mesial ridge intact, if these are not affected by decay. The palatal 
canal entrance is the largest and most often the easiest to locate upon access. Its loca-
tion can be found approximately in the center of the palatal half of the tooth between 
one-third to one-half the distance from the mesial towards the distal end of the tooth. 
After locating the palatal orifi ce, it will be easier to fi nd the mesiobuccal and disto-
buccal canal entrances. In many situations developmental grooves on the pulpal 
fl oor may guide the clinician. After fi nding the orifi ces and creating straight- line 
access, the clinician has to be aware that not only the buccal roots are curved, but 
also the palatal root most often has a buccal curvature that will not or only hardly be 
visible on ortho-radial or excentric radiographs. The distobuccal canal usually has a 
more tear-drop shape orifi ce and is located slightly distal to the buccal groove. The 
mesiobuccal canal entrances can vary greatly in shape of the orifi ces, due to the 
many variations of the mesiobuccal canal system. As a general guideline, the fi rst 
mesiobuccal canal entrance (MB1) can be found slightly more buccally than the 
distobuccal canal entrance just palatal to the mesiobuccal cusp tip. The second 
mesiobuccal canal entrance (MB2) is most often described to be slightly mesial of 
an imaginary line connecting MB1 with the palatal canal orifi ce, approximately 
1.5–2.0 mm from the entrance of mb1. Many combinations, however, are possible, 
including two completely separate canals, one single canal, two orifi ces with two 
canals joining, two canals splitting from one orifi ce, splitting and reuniting, or three 
separate canals with the third canal being located next to mb1 or mb2 or more disto-
palatal [ 27 – 32 ].

   Based on differences in study methodology, operator expertise, degree of mineral-
ization, and the classifi cation used MB2 was reported to exist in 19–96% of the cases 
[ 28 ]. According to published studies, the possibility of fi nding a second mesiobuccal 
canal increases with the use of magnifi cation and illumination, particularly a dental 
microscope, as well as the increasing experience of using it [ 29 ,  33 – 37 ]. 

a b

  Fig. 5.1    Access cavity in maxillary fi rst molar. ( a ) Conservative access, allowing straight-line 
access to main canals. Note cavity extension mesial for MB2 canal. ( b ) Access cavity and canal 
orifi ces fi lled with sodium hypochlorite. Note change of canal visibility due to light refraction 
through liquid and the isolation with transparent rubber dam (Case by H. W.)       
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 Typically, the canal entrance is hidden beneath dentin. This overhanging dentin 
shelf needs to be removed to detect the orifi ce with a mesial extension to allow 
appropriate access to the canal. In many clinical situations for about 1–2 mm the 
coronal portion of mb2 runs very shallow from distal to mesial before the canal 
curves towards distal, following the mesiobuccal root (Fig.  5.2 ).

   There are different approaches to gain access to the middle and apical third to 
avoid iatrogenic complications such as blockage or transportation. Using a long 
shank #2 round bur or LN bur, one can directly attempt to locate the main portion of 
the canal from the coronal aspect. Alternatively, the canal path can be carefully 
modifi ed using a combination of stainless steel Hedström and K-fi les size #8 and 
#10 hand instruments or rotary instruments that allow lateral brushing, e.g., ProTaper 
S1and Sx or TRUShape Orifi ce modifi ers. Micro-openers #10/0.04 or path or scout 
fi les may be of help to clear obstructions. Frequent irrigation is advised to clean 
debris to avoid blockage of the orifi ce and the coronal canal portion. The clinician 
is advised to proceed with caution with the instrumentation of mb2. Not only is it 
the smallest of all canals in the maxillary fi rst molars, but it also curves, often 
sharply, towards the mb1 canal if these canals are joining. Abrupt curvatures may 
pose a great risk for instrument fractures. It is often advisable to complete the instru-
mentation of mb1 before approaching mb2 to gain a better understanding of the root 
morphology, leading to an optimal clinical result (Fig.  5.3 ).

   Other counts for the total number of canals were reported, including 5, 6, 7, or 8 
main canals, including variations such as the palatal canal splitting in three indi-
vidual canals [ 39 ].  

5.2.2     Maxillary Second Molars 

 Maxillary second molars are generally smaller than the fi rst maxillary molar. Four 
canals are found less frequently than in fi rst maxillary molars. Although access 
should follow the same guidelines as for fi rst maxillary molars, it is expected that all 
root canal orifi ces are much closer to each other. If four orifi ces are present, they are 
frequently found within a diamond shape area or even almost a line connecting the 
mesiobuccal with the palatal canal. Fused roots are common in second maxillary 
molars, a fact that accounts for the close proximity of the canal entrances that is 
often encountered in these teeth.  

5.2.3     Mandibular First Molars 

 Most mandibular fi rst molars typically have two roots with either three or four 
root canals. Commonly, two root canals are found in the mesial root and one or 
two canals in the distal root. In order not to miss any canals in the distal root, the 
access cavity should not be triangular, but rather trapezoid to rectangular in shape, 
and in most cases be located in the mesial two-thirds of the occlusal surface 
(Fig.  5.4 ). Mesiobuccal and mesiolingual canals are found slightly centrally in 
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relation to the mesiobuccal and mesiolingual cusp tips. The distal canal(s) will be 
found distally to the furcation, respectively distal to the buccal developmental 
groove. Due to the curvature of the distal root, it is mostly suffi cient to limit the 
access cavity extension in distal direction. Straight-line access will still be 
 possible. If only one distal canal is present, it is located centrally in buccolingual 
direction. It commonly has a long oval canal cross-section stretching 
buccolingually.

a b

c

e

d

  Fig. 5.2    Identifi cation and instrumentation of a calcifi ed MB2 of a fi rst maxillary molar. Access 
cavity overview with dentin obstructing the canal entrance to MB2 (10× magnifi cation). ( b ) Canal 
identifi cation after ultrasonic dentin removal (10×). ( c ) Initial preparation of MB2 for straight-line 
access (16×). ( d ) Completely instrumented MB2 canal prior to root fi lling (10×). ( e ) Root fi llings 
in mesiobuccal canals (10×) (Images  a ,  b , and  d  from Setzer and Kim [ 38 ]; with permission)       
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   Careful examination of both lingual and buccal canal walls will sometimes allow 
to locate a second distal canal, which may separate off below the level of an oval 
orifi ce. If two canals are present in the distal root, they are most likely centered buc-
cally and lingually of the mesiodistal axis. According to the literature, one canal in 
the distal root is found in about 60 % and two canals in about 40 % of mandibular 
fi rst molars; however, one should always take the presence of two canals into con-
sideration (see Chap.   1     in this book). Generally, the developmental grooves help to 
identify the root canal orifi ces. Mesiobuccal and mesiolingual are often connected 
by a developmental groove, which may extend into a partial or complete isthmus 
between the canals. In approximately 5 % of the clinical cases a third mesial canal 
or mid-mesial canal, between the mesiobuccal and mesiolingual canals, has been 

a b

  Fig. 5.4    Access cavity in mandibular fi rst molar showing a conservative access through an exist-
ing coronal restoration. ( a ) Access cavity and canal orifi ces dried. ( b ) Access cavity and canal 
orifi ces fi lled with sodium hypochlorite. Note change of canal visibility due to light refraction 
through liquid       

a b

  Fig. 5.3    Situation after root canal fi lling. Straight-line access allowed direct instrumentation of all 
canals; however, this must not mean complete visibility of all canals. Note color difference between 
pulp fl oor ( dark ) and pulp chamber walls ( light ), as well as developmental lines connecting the 
main canals. ( a ) Palatal canal. ( b ) Distobuccal and mesiobuccal canals. Note isolation with trans-
parent rubber dam       
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reported. Isthmus structures between the mesial canals should be carefully instru-
mented, to allow for the removal of vital or necrotic tissue remnants and to disinfect 
these ramifi cations. The opening and cleaning of the isthmus will also allow to 
easier identify any mid-mesial canals, which may only become accessible at a 
deeper level. Four canals are rarely present in the mesial root. 

 A three-rooted confi guration of the mandibular fi rst molar is found particu-
larly in East or Southeast Asian populations; a second distal (distolingual) root is 
reported in 5–15 % of clinical cases (“radix entomolaris”) [ 30 – 37 ,  39 – 41 ]. In 
these situations, the main distal canal in the distobuccal root is found closer to 
the mesio distal midline, whereas the distolingual canal entrance is found distinc-
tively closer towards the distolingual cusp. For these situations the access cavity 
must be extended in the direction of the distolingual canal to allow for an almost 
vertical access to the canal. This is necessitated by the sharp buccal curvatures 
that are often found in combination with a distinctive apical kink in these sepa-
rate distolingual roots. This curvature is often invisible on an ortho-radial projec-
tion. A third, disto lingual root is often considerably shorter than the mesial or 
distobuccal roots.  

5.2.4     Mandibular Second Molars 

 Similar to the mandibular fi rst molars in anatomy, two roots with three or four root 
canals are common in the second mandibular molar, with about 80 % for three and 
20 % for four root canals. However, there are greater variations in the root and root 
canal morphology than in fi rst mandibular molars. Pulp chamber and canal entrances 
are smaller than in fi rst mandibular molars. Roots are more often fused. Mesiobuccal 
and mesiolingual canal entrances may be in very close proximity, sometimes the 
root canal orifi ces appear as one large central canal entrance of oval shape. The 
clinician must carefully inspect these orifi ces. In a number of cases, both mesial 
canals split immediately below the pulp fl oor in their mesiolingual and mesiobuccal 
directions. Straight-line access must be created towards buccal/mesiobuccal for the 
mesiobuccal canal and towards lingual/mesiolingual for the mesiolingual canal, to 
avoid blockage of the canals by debris during access. The techniques are similar to 
the relocation and instrumentation of mesiobuccal and distobuccal canals that are in 
close proximity to each other in maxillary second molars. 

 A complicated morphology variation is the C-shape root and root canal system 
confi guration [ 42 ,  43 ]. When cross-sectioned through the single C-shaped root in a 
horizontal plane, the root will appear to have the form of a letter “C”, with the open 
portion of the C mostly facing lingually. 

 Common radiographic misinterpretations are the anticipation of one root with 
one large central canal or two fused roots. However, what appears to be one “canal” 
is the radiographic appearance of the surface of the root folded into a C-shape. The 
canals in C-shape molars may have very small diameters and can be radiographi-
cally masked by hard tissue structure. While radiographically a C-shape tooth may 
appear as having one root with a large central canal, two root tips mesial and distal 
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to the “canal” can often be seen. Second mandibular molars with one root and one 
real central canal should demonstrate the radiographic appearance of a single root 
tip. In C-shape molars the variations of anatomy are manifold. There can be one 
canal system connected as one single C-shape web, or as partial C-shape canal mor-
phology with main canals that are completely or partially connected by isthmuses. 
These types have been referred to as semicolon-types, with the isolated canal located 
at the mesiolingual aspect. 

 Upon access of these teeth, the clinician must exert great caution not to perforate 
outside the C-shape confi guration. Depending on the extent of the C-shape area and 
the existence of main canals, various techniques may be required to gain access and 
to instrument the root canal system. If main canals are present, their instrumentation 
is advised fi rst. The cleaning of the connecting isthmuses should follow as a second 
step. This will allow an easier management and will reduce the risk of iatrogenic 
complications. If only a thin isthmus structure exists and the C-shape is complete, it 
will need to be carefully instrumented from coronal to apical. This can be done 
initially by using small long-shank round burs, then followed by LN-burs and ultra-
sonic instrumentation. It will require direct visibility of the area to be instrumented 
to prevent perforations or transportations.  

5.2.5     Third Molars 

 Both maxillary and mandibular third molars may present with great variability in 
root and root canal system anatomy. No simple general guidelines can be given. 
Roots are often completely or partially fused and may number from one to four or 
even more. Root lengths can be very variable, even within the same tooth. Third 
molar root canal therapy may be limited by the access to the tooth, not only by tooth 
inclinations in mesiodistal or buccolingual directions, but also due to rotations, soft 
tissue impactions, or limited mouth opening by the patient. Canals may be diffi cult 
to negotiate due to size or abrupt curvatures. If limited opening is encountered, a 
children’s head handpiece and endodontic handpieces with reduced head size can 
provide better access and correct alignment of the bur. Pre-bendable rotary nickel-
titanium fi les manufactured from controlled memory may be another aid for easier 
access to these root canals.   

5.3     Access Through Existing Full Coverage Restorations 

 Certain clinical situations may prohibit the removal of an existing coronal restora-
tion, which include the following:

•    Irreversible pulpitis after a newly cemented crown or fi xed partial denture  
•   A crown restoration that anchors a removable partial denture, such as survey 

crowns or telescopic crowns  

F.C. Setzer and H. Walsch

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



129

•   Large restorations that would have to be completely replaced after the restoration 
on the tooth in need for endodontic treatment is removed  

•   Teeth with questionable restorability after the coronal restoration is removed    

 Whereas for newly cemented restorations the remaining decay should not be an 
issue, both practitioner and patient must be aware that any existing restoration may 
not allow a complete inspection of the underlying hard tissue structure. Prior to any 
access through an existing coronal restoration, it must be checked for suffi cient 
margins by bite-wing radiographs and clinical inspection. If any existing decay can-
not be removed prior or during the endodontic procedure, the restoration must be 
removed not to compromise the treatment. Access through an existing full coverage 
restoration has become easier by the availability of magnifi cation and illumination 
provided by the dental microscope (Fig.  5.4 ). However, the clinician is still advised 
to exert great caution, since existing topographical landmarks, such as cusps, 
grooves, and ridges are removed by full coverage restorations. A close inspection of 
the preoperative radiographs and the roots at the crown margins will allow a better 
understanding of potential tooth rotations or inclinations to prevent iatrogenic com-
plications such as perforations (Box  5.4 ). 

  Box 5.4. Molar Access Checklist 
•     Establish proper diagnosis, including suffi cient radiographs. Do not rush 

procedure.  
•   Using all available information, form a clear mental picture of the steps 

necessary for proper access, potential complications, and precautions.  
•   Provide proper anesthesia and rubber dam isolation. Disinfect working 

fi eld prior to endodontic access.  
•   Remove all decay. If possible, do not leave existing restorations. Avoid 

iatrogenic contamination.  
•   Verify circumference of CEJ. The outline of typical pulp chambers bears 

close resemblance.  
•   Access pulp chamber carefully. To avoid iatrogenic errors, refrain from 

deep drilling without verifi cation of pulp chamber location.  
•   Enlarge pulp chamber circumferentially until good visualization is 

achieved and all pulp chamber content is exposed. Do not unnecessarily 
weaken tooth structure.  

•   Locate canal orifi ces by observing all available landmarks using enhanced 
magnifi cation and illumination, and anticipate unusual anatomy. Do not 
rely on norms.  

•   After canal localization, provide straight-line access to individual canals, 
only then establish working length.  

•   Do not force instruments into canals to avoid iatrogenic errors.    
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  6      Shaping, Disinfection, and Obturation 
for Molars                     

     Ove     A.     Peters       and     Ana     Arias    

    Abstract 
   Shaping the canal system to promote disinfection and obturation is the corner-
stone of molar endodontics. Clinical outcomes, both long and short term, hinge 
on the technical quality and attention to detail invested into this step. This chap-
ter summarizes currently understood best practices, independent from specifi c 
instruments or technologies. A historically proved lead principle here, as in med-
icine in general, is “do not harm.” 

 Building on other chapters in this book, the rationale and literature supporting 
the must-haves and must-dos, techniques to fulfi ll the objectives for pertinent 
steps of shaping, cleaning, and fi lling during root canal treatment are described.  

     Guiding Reference 
 Ng Y-L, Mann V, Gulabivala K. A prospective study of the factors affecting out-
comes of nonsurgical root canal treatment: part 1: periapical health.  Int Endod J . 
2011;44:583–609. 

 This study on a large number of root canal treatments provides insight into pre- and 
perioperative factors associated with the successful management of apical periodonti-
tis, both in initial treatment and nonsurgical retreatments. Existing microbial contami-
nation reduces the probability of success and several perioperative factors appear to 
have only mild impact. Certain clinical steps, such as achieving patency and avoiding 
overfi lls and other signifi cant procedural errors, appeared to be associated with higher 
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odds for success. Irrigation with chlorhexidine is not benefi cial and neither is short fi ll. 
In summary, success as determined by the absence of periapical periodontitis was 
about 83 % and 80 % for initial treatment and retreatment, respectively. A restoration 
of good quality signifi cantly increases odds for success.  

6.1     Introduction 

 The aim of this chapter is not to give detailed information of all the devices and 
instruments that are available to clean, shape, and fi ll the root canal system, but to 
illustrate the best practices to achieve the goals of cleaning, shaping, and fi lling. 

 The starting point to incorporate such best practices in our routine is to under-
stand what is positive for outcomes and what is negative, using appropriate litera-
ture describing clinical data [ 1 ,  2 ] and own experience. Understanding what we are 
exactly looking for every time that we have a specifi c fi le, syringe, plugger, or 
tapered gutta-percha in our hands will help to achieve the outcome (Fig.  6.1 ).

  Fig. 6.1    Examples of cases of molar endodontics following the principles discussed in this 
chapter       
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   Clinical procedures outlined in this chapter are selected to serve their purpose 
in light of the two goals for endodontic treatment that are to preserve the natural 
dentition for the lifetime of the patient (“retention”) and to treat or prevent apical 
periodontitis (“healing”). These are not mutually exclusive goals and both are 
obviously important. Therefore, clinicians should evaluate any treatment step and 
clinical guideline for their effect for overall outcomes, in both dimensions men-
tioned above. 

 There is solid evidence in the literature that, debriding all canals to working 
length (WL) [ 3 ] or achieving patency [ 1 ] is effi cient in treating apical periodontitis, 
while committing overpreparation errors [ 4 ] or fi lling beyond the confi nes of the 
root canal system [ 5 ] is an obstacle in this process. Appropriate clinical procedures 
should be selected to produce these outcomes. 

 Molar endodontics is inherently more diffi cult than root canal treatment for cen-
tral maxillary incisors for several reasons, notably the more complex anatomy and 
the location of the teeth in the patients’ mouth, among other factors. Adherence to a 
routine sequence and sound general principles will increase clinical outcomes; how-
ever, a successful clinician will consider the specifi c patient’s needs and be prepared 
for the unusual occurrence. The content of this chapter is divided into three parts: 
root canal preparation, disinfection, and obturation. These steps depend on each 
other; for example, canal preparation itself partly removes pulp tissue and microor-
ganisms. Similarly, with contemporary techniques, only a prepared canal can be 
appropriately obturated. Therefore, the objectives for the chemomechanical prepa-
ration of molars are to:

    1.    Create space for disinfection by chemical means   
   2.    Provide conditions for appropriate obturation   
   3.    Minimize damage to coronal and radicular structures      

6.2     Shaping the Molar Root Canal System 

 Current best practices for root canal shaping promote effi cient disinfection and pre-
pare a smooth fl owing shape for complete fi ll of the canal system, while preserving 
the original canal path and retain structural integrity. A systematic approach to 
molar root canal preparation contains the steps described below:

    1.    Analysis of the specifi c anatomy of the case   
   2.    Canal scouting   
   3.    Coronal modifi cations   
   4.    Negotiation to patency   
   5.    Determination of working length   
   6.    Glide path preparation   
   7.    Root canal shaping to desired size   
   8.    Gauging the foramen, apical adjustment     
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6.2.1     Step 1: Analysis of the Specific Anatomy of the Case 

 Elsewhere in this book, the radiographic appearance of molar root canal systems is 
described in detail. For successful shaping, it is essential to integrate understanding 
dental anatomy in general with the specifi c information gleaned from preoperative 
radiographs as well as direct intraoral visualization. Taken together with an ade-
quate access cavity (see Chap.   5    ), the clinician can begin to select a general prepara-
tion strategy that serves both the immediate need to disinfect and clean the radicular 
spaces as well as setting up the tooth for long-term retention. 

 The analysis of the specifi c clinical situation in molar endodontics will facilitate 
shaping of the root canal system and help to avoid mishandling of natural diffi cul-
ties that could create procedure mishaps, which are then more diffi cult to manage. 
Specifi cally the presence of coronal interferences, possible bifurcations, or lateral 
topographical exits of the apical foramen should be anticipated before bringing an 
instrument in a delicate root canal. 

 A root canal that seems to be straight in a radiograph can have multiple curva-
tures in three dimensions that cannot be captured in a two-dimensional fi lm. A clini-
cian unaware of this fact is susceptible to errors during length determination and can 
end with canal transportation during the shaping procedures. 

 Today’s technology, specifi cally the availability of nickel-titanium (NiTi) rotary 
instruments, apex locators, the operating microscope, and most recently CBCT, has 
altered the landscape of endodontics. Sound principles for the use of each technol-
ogy have been established and should be followed. For example, at the onset of 
molar root canal treatment, the desired minimal apical preparation size needs to be 
considered. With current technology, an apical size equivalent to #25 with a mini-
mum taper of .06 facilitates suffi cient irrigation with fi ne irrigation needles, while 
preventing coronal overpreparation and shaping errors in highly curved canals. 
Current best evidence suggests that there is no specifi c apical size that predictably 
results in complete eradication of bacteria and no specifi c apical size leads to better 
outcomes [ 1 ]. Consequently, selection of a desired apical size has to be viewed 
considering multiple factors, such as canal curvature, radicular wall dimension, irri-
gant fl ow, and others. 

 Uniformly outcomes studies described poor results when canal fi llings are over-
extended, therefore preoperative analysis must include the desired apical end point 
of all shaping and obturation procedures, as described in detail below.  

6.2.2     Step 2: Canal Scouting 

 Right after the access cavity preparation and before the enlargement of the coronal 
third, it is recommended to scout the canal with a #10 K-fi le, not with the intention 
of negotiating the canal to its full length, but merely to orientate the placement of 
the rotary instrument that is going to accomplish the coronal fl aring of the canal. 
Care needs to be taken here to stay short of signifi cant binding; this step is designed 
also to prevent ledges during the coronal fl aring that will make the step of negotia-
tion diffi cult to accomplish. 
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 A typical example for a situation where this step is benefi cial are mesiobuccal 
canals in maxillary molars, specifi cally the so-called MB2, which often exits the 
pulp chamber toward the mesial under a dentin shelf and then curves toward the 
distal (see Chap.   1    ). The management of this curvature with a Gates-Glidden drill 
before scouting an MB2 canal in an upper molar is a common practice among inex-
perienced clinicians that often leads to ledges in a small-diameter root canal and 
prevents negotiation to length; a previous assessment of the initial direction of the 
canal; using contemporary NiTi orifi ce modifi ers instead of Gates-Glidden drills 
will help avoiding this common mishap.  

6.2.3     Step 3: Coronal Modifications 

 Frequently in molar endodontics dentin triangles prevent the introduction of fi les 
into the canals in a straight line, which would be clearly identifi ed in the previously 
described clinical step (Fig.  6.2 ). These dentin triangles may be removed by enlarg-
ing the access (see Chap.   5    ) but considering the goal of dentin preservation, a more 
conservative approach is indicated. Coronal fl aring was historically emphasized to 
prevent procedural error or fractures with tapered rotary instruments; the procedure 

a

c

b

d

  Fig. 6.2    The effect of orifi ce modifi cation on clinical condition during molar root canal treatment. 
Coronal fl aring allowed the straight advancement of #10 K-fi les in both MB and DB canals. Note 
the ability to extend both size #10 K-fi les deep into the root canals after orifi ce modifi cation. ( a ,  b ) 
Before coronal fl aring. ( c ,  d ) After coronal fl aring       
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blends the access cavity into the coronal portion of the root canal while removing 
coronal dentin obstacles and relocating the orifi ce of the canal away from the furca-
tion (also known as “danger zone”).

   This is in principle a benefi cial practice before negotiating the root canal to its 
entire length when a canal is constricted, mineralized, or diffi cult to access. It facili-
tates tactile control of the instruments responsible for negotiation, diminishing the 
chances of accidents in the apical third by reducing the contact surface of the instru-
ment with the canal walls. On the other hand, it has been demonstrated that overfl ar-
ing reduces dentinal wall’s thickness [ 6 ] and therefore structural strength. 

 When done well, early coronal fl aring, also known as  Orifi ce Modifi cation , is 
benefi cial for the following reasons [ 7 ,  8 ]:

    1.    Easier placement of rotary instruments into orifi ces   
   2.    Minimal working length changes during canal preparation   
   3.    Earlier access of disinfecting irrigation solutions   
   4.    Easier access of fi les to the apical third   
   5.    Better tactile control of hand instruments during negotiation    

  Coronal fl aring was historically performed with Gates-Glidden drills. These 
have largely been superseded by dedicated NiTi rotaries that have comparatively 
larger tapers and small tips. These instruments are laterally cutting and typically 
have triangular cross sections. Alternatively, specifi c burs or ultrasonic tips may be 
used to create a more direct entry into the coronal root canal third. 

 Only recently the mechanics of lateral cutting of fl aring instruments has been 
discussed in detail. A study compared the cutting effi cacy of radial-landed and tri-
angular cross sections and found that triangular designs were more cutting effi cient 
compared to radial-landed design; furthermore, fl exible martensitic alloy cut more 
rapidly than conventional NiTi alloys [ 9 ].  

6.2.4     Step 4: Negotiation to Patency 

 In spite of all the new instruments and devices manufactured in recent years to clean 
and shape canals, negotiation is all about having a profound knowledge and under-
standing of root canal anatomy (Fig.  6.3 ). This is probably one of the key factors 
during cleaning and shaping. If the clinician cannot negotiate the root canal to the 
terminus, there are a lot of chances of failure in spite of the use of the most modern 
and expensive devices to clean and shape. Experience enhances the ability to negoti-
ate root canals with diffi cult anatomy to the terminus. The canal must be explored 
to patency, that is, until a small negotiation fi le (#8 or #10) reaches the periodontal 
ligament, as indicated by a “zero” reading from an apex locator. Recommendations 
for best practices during canal negotiation include the use of the following:

     1.    A viscous chelator during negotiation to prevent pulp tissue blockage   
   2.    An apex locator connected to each instrument to know when the apical foramen 

is passed   
   3.    Hand movements that preserve apical patency and do not push dentin shavings 

apically   
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   4.    Application of appropriate curves to the negotiation instruments   
   5.    Selection of the shortest fi le that can realistically reach patency    

  The patency concept (Box  6.1 ) has historically been controversial but accumulat-
ing evidence both in vitro [ 10 ,  11 ] and in vivo [ 1 ] strongly suggests that keeping 
canals patent is associated with better outcomes. Maintaining apical patency 
decreases the chance of postoperative pain [ 12 ]; while patency in vitro may be con-
nected to small amounts of irrigant to reach the periodontium, maintaining patency 
does not appear to increase the chance of irrigation accidents clinically [ 13 ] and 
therefore its benefi ts appear to outweigh possible risks. 

 Further advantages of this procedure for achieving patency include:

    1.    Lower risk of loss of length, reduces canal transportation, and other accidents 
such as ledges [ 14 ]   

   2.    Maintaining the anatomy of the apical constriction [ 15 ]   
   3.    Improvement of clinicians’ tactile sense during apical shaping [ 16 ]   
   4.    Less apical transportation when using a #8 or a #10 K-fi le to maintain apical 

patency [ 17 ]   
   5.    Better delivery of irrigants to the apical third [ 18 ,  19 ]   
   6.    Reduction of gas bubbles that may prevent the advancement of irrigant to work-

ing length [ 20 ]     

 However, the mere presence of NaOCl in the apical root canal third does not 
guarantee the proper cleaning of the root canal, as it will be discussed later in this 
chapter. It is well known that suffi cient time and surface contact is needed for the 
dissolution of organic matter that NaOCl provides [ 21 ]. 

 Negotiation itself is done with a light touch and rotational back-and-forth fi le 
movements, also known as “watch-winding.” Precurving the negotiating 

  Fig. 6.3    All three root canal thirds, coronal, middle, and apical should be evaluated for possible 
impediments during canal shaping. This will help clinicians to select best practices for each specifi c 
situation. In the case shown, a signifi cant curve in the apical third was managed in a staged approach       
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instrument at this step is not essential but may be needed in cases of moderate to 
severe curvature (Fig.  6.4 ); in case the fi le stops before the estimated working 
length (see below), either the fi le should be precurved to be able to bypass an 
impediment or more space needs to be created midroot or in the apical third. 
These two conditions are defi ned by the tactile feedback the clinician gets from 
the fi le; a loose resistance indicates the presence of a ledge or acute curve, while 
so-called rubbery resistance suggests the presence of a tight canal space or the 
presence of compacted soft tissue that prevents the fi le from penetrating deeper 
into the canal.

   West [ 22 ] differentiates four specifi c conditions that require technique 
modifi cations:

    1.    Apical blockage   
   2.    Mismatch between canal curve and instrument   
   3.    Too large fi le tip   
   4.    Presence of restrictive coronal dentin    

  Fig. 6.4    Proper coronal fl aring of root canal promotes their negotiation to working length (WL). 
 Top , In this case signifi cant curves in MB and DB canals were managed successfully.  Bottom , In 
this case the instrument was initially not advancing to WL in the MB canal. Additional orifi ce 
modifi cation was needed to allow negotiation and glide path preparation of the canal before taking 
rotary instruments to WL       
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  All these conditions may be remedied by either changing the negotiation fi le, its 
curvature, or by modifying the coronal two-thirds of the canal. 

6.2.5       Step 5: Determination of Working Length 

 Working length (WL) is defi ned as the distance from a coronal reference point to a 
point at which canal preparation and obturation should terminate [ 23 ]. Both end 
points included in this defi nition are important and require attention in this chapter; 
however, the apical endpoint of the prepared shape in relation to the apical anatomy 
has been one of the most discussed topics in the endodontic literature. 

 The apical endpoint of root canal treatment should ideally be at the  apical con-
striction , the narrowest diameter of the canal. This point is believed to coincide with 
the cement-dentinal junction (CDJ), based on histologic sections and ground speci-
mens. However, the position and anatomy of the CDJ varies considerably from 
tooth to tooth, from root to root, and from wall to wall in each canal. Moreover, the 
CDJ cannot be located precisely on radiographs. For this reason, some have advo-
cated terminating the preparation in necrotic cases at 0.5 to 1 mm short of the radio-
graphic apex and 1–2 mm short [ 24 ,  25 ] in cases involving irreversible pulpitis, 
although there is no defi nitive validation for this strategy at present [ 26 ]. 

 Best current evidence suggests that incomplete canal shaping and fi lling may 
result in clinically acceptable outcomes in vital cases, that is, not bacterially con-
taminated canal systems, but in the presence of microorganisms working short may 
well contribute to persistent or recurrent apical periodontitis [ 27 ,  28 ] or posttreat-
ment disease [ 29 ,  30 ]. 

 Using an electronic apex locator has helped clinicians identify the position of 
apical foramina more accurately and allow safe canal shaping as close as 0.5 mm to 
the canal terminus. 

 Best clinical practice for working length determination and maintenance 
includes:

    1.    Estimate the working lengths from properly angulated preoperative radiographs   
   2.    Select an adequate coronal reference point for each root canal   

  Box 6.1 

 Apical patency

 According to the AAE Glossary, patency is a “technique where the apical portion of the 
canal is maintained free of debris by recapitulation with a small fi le through the apical 
foramen.” It is believed that with patency, less or no blockage by hard or soft debris 
exists and the canals are free of ledges or acute curves that subsequent fi les would not be 
able to negotiate. 

 A patency fi le, which may be defi ned as a small and fl exible K-fi le, can passively be 
moved through the apical constriction without widening it. 
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   3.    Determine WL electronically with an apex locator in a canal that contains an 
appropriate amount of electrically conducting medium (chelator or ion- 
containing irrigation solution)   

   4.    Verify electronically determined working lengths with a periapical radiograph [ 31 ]     

 While specifi c manufacturer guidelines may vary, electronic apex locators work 
best in molars after drying the pulp chamber with a cotton pellet. A small fi le is 
advanced until the apex locator marks apical patency and then pulled back about 
0.5 mm to determine the working length of the canal. It is best to start with a #8 or 
#10 K-fi le depending on the size of the canal and confi rm the length with a fl exible 
#15 fi le. Apex locator can produce irregular signals in large canals and so it is desir-
able to check the working length with larger fi les that come closer to binding at the 
foramen. The better the adaptation of the tip of the instrument to the foramen, the 
more accurate the length determination (Fig.  6.4 ).  

6.2.6     Step 6: Glide Path Preparation 

 It is recommended to explore and shape a root canal at least to a #15 size instrument 
before the use of a rotary NiTi instrument to full working length [ 32 ] to create a 
 glide path  for the safe advancement of the rotary instrument tip [ 33 ]. Such a glide 
path reduces the contact area between subsequent shaping instruments and the canal 
wall and therefore the torsional loads induced by shaping rotary instruments [ 34 ]. In 
fact, the presence of a glide path is essential for the predictable use of rotary instru-
ments in canal shaping. 

 Typically, K-fi les sizes #10 and #15 are used in watch-winding or balanced-force 
motion to create and secure the glide path. However, recently NiTi rotary instruments 
with small tip diameter have been designed specifi cally to simplify the process of 
glide path preparation. Due to their limited torsional resistance, these small-diameter 
rotaries should be used only after a size #10 K-fi le is placed to working length. 

 The presence of an appropriate glide path is indicated by the fact that a straight, not 
precurved size #15 K-fi le can passively and smoothly travel to working length. This 
should be tested from 1 to 2 mm off working length, as well as from 5 to 6 mm away. 

 For long-oval or fl at canals, often found in distal roots of mandibular molars, the 
preparation of two glide paths and ultimately two canal pathways is indicated. 
These will be located in the far buccal and far lingual aspects of the canal [ 35 ]; such 
a shape promotes canal wall contact, facilitates debridement, and ultimately simpli-
fi es obturation.  

6.2.7     Step 7: Root Canal Shaping to Desired Size 

 The process quality of molar root canal treatment has drastically increased since the 
advent of nickel-titanium instruments, most likely because even in anatomically 
complex situations, preparation errors are less likely with NiTi fi les compared to 
stainless steel instruments [ 4 ,  36 ]. Also, preparation of root canals with ISO hand 

O.A. Peters and A. Arias

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



143

instruments is tedious and clinicians use to combine them with Gates-Glidden drills 
and with the step-back technique to increase the canal taper. The resulting shape is 
overextended in the coronal third debilitating the tooth and making it more prone to 
subsequent vertical fractures (Fig.  6.5 ). Shaping with NiTi rotary instruments, the 
fi nal shape can be more conservative in the coronal third and suffi cient in the middle 
third, enhancing therefore the effi ciency of irrigating solutions and obturation. The 
taper of the last instrument that reaches working length creates a resistance form in 
the apical millimeters of the root canal that allows a more predictable fi lling tech-
nique than the punctual apical stop created with manual instrumentation (Fig.  6.5 ).

   In order to successfully use NiTi rotaries, clinicians should understand the details 
of the specifi c instrument they are using. A discussion of the alloy and specifi c 
instrument designs is beyond the scope of this book and the reader is referred to 
current endodontic textbooks for further information on this topic. Clinicians are 
further advised to carefully consider the directions of use for the specifi c instru-
ments they use. In general, no instrumentation should occur in a dry canal; during 
shaping with NiTi rotaries, good practice dictates always to have a reservoir of 
sodium hypochlorite, acting as a lubricant, in the access cavity and the root canal 
system. 

 Increasing instrument taper simplifi ed the creation of an appropriate shape with 
the use of fewer instruments and in a shorter period of time. In vitro data clearly 
demonstrates that NiTi rotaries are superior to stainless steel fi les in that they create 
less preparation errors and this fact translates to better conditions for the treatment 
of apical periodontitis [ 4 ,  36 ], specifi cally for molar root canal treatment. 

 Selective removal of dentin in the coronal canal portion retains more structural 
strength [ 37 ]. Clinicians should consider the use of instruments with a limited 
maximum fl ute diameter (MFD), which limit preparation sizes to a conservative 
dimension. Considering that conditions such as root fracture and nonrestorable 
carious defects are most frequently cited for the reason to extract root canal-treated 
teeth [ 38 ,  39 ], retaining structural integrity after completion of root canal treatment 
determines potential longevity (Fig.  6.5 ).  

a b c

  Fig. 6.5    Shapes after NiTi rotary preparation ( a ,  b ) and shaping with stainless steel hand fi les and 
Gates-Glidden drills ( c ). Note excessive coronal enlargement ( arrows )       
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6.2.8     Step 8: Gauging the Foramen, Apical Adjustment 

 The steps outlined above predictably create well-shaped canals; however, there are 
certain procedural errors that complicate molar endodontics. Ledges and canal 
blockage, as well as instrument fracture, are such undesirable outcomes (Fig.  6.6 ).

   The best way to deal with instrument fracture is prevention (Box  6.2 ) [ 40 ]. 
Working under the operating microscope, using specifi c ultrasonic tips, and specifi -
cally designed armamentarium will help to retrieve broken instruments from the 
root canal; however, this procedure is often associated with an extensive removal of 
dentin. In case of a failing endodontic treatment, nonsurgical or surgical procedures 
may be indicated (see Chaps.   9     and   10    ). 

a

c d

b

  Fig. 6.6    Improper canal shaping may lead to overt preparation errors such as perforation ( a ), 
instrument fracture ( b ), ledge formation ( c ), and strip perforation ( d , see  arrow )       
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 Every root canal system is unique and therefore desired fi nal canal sizes will 
vary (see Chap.   1     in this book). Best clinical practice is, after creating an overall 
tapered shape, to determine apical canal sizes by gently probing to working length 
with hand fi les. For example, after achieving an apical size #25, a set of fl exible 
K-fi les sizes #25, 30, and 35 is used, with rubber stoppers preset to working 
length. If the canal is fully prepared at size #25, that size K-fi le will stop just at 
WL, while the two larger fi les will stay progressively short of WL. If larger sizes 
go to WL, additional canal shaping is indicated to facilitate root canal debride-
ment and fi lling. After fi nal adjustment of the apical preparation, patency is again 
verifi ed with a precurved size #10 K-fi le that is gently rotated to break up accu-
mulated dentin debris and probe accessory anatomy. Figure  6.7  illustrates pro-
gressive enlargement of molar root canals to appropriate apical sizes and tapers 
without overpreparing the coronal root canal third or excessively thinning radicu-
lar walls. Tactile verifi cation, using hand fi les, of the apical preparation size and a 
gradually increasing taper is mandatory to ensure that so-called tug-back occurs 
in the appropriate place, that is, apically, to avoid the overextension of gutta-per-
cha during fi lling (see below).

a

b c d

  Fig. 6.7    Micro-computed tomography images of molar root canal systems ( a ). Separate canals 
are shown before shaping ( b ,  green ) and at an apical sizes #20 ( c ,  yellow ) and #30 ( d ,  red ). Note 
the different shapes coronally with preservation of coronal structure evident in the canal prepared 
with TRUShape (Dentsply Tulsa Dental,  arrow ). Inset shows a cross section in the coronal third 
with the different stages of canal preparation indicated by colors with the TRUShape-prepared 
canal to the right in the mesial root, corresponding to images ( b – d )       
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6.3          Debridement of the Molar Root Canal System 

 Despite substantial improvements in endodontic technology in recent years, the out-
come of root canal treatments remain substantially similar, likely because of the dif-
fi culty in microbial eradication inside the challenging root canal anatomy [ 1 ]. This 
explains why the success rate of a root canal treatment in a tooth with a vital pulp is 
higher than in a tooth diagnosed with necrotic pulp and periradicular pathosis [ 1 ]. 

 Microorganisms that establish themselves in the root canal space are the cause 
for apical periodontitis. Therefore removal of these causative agents, and organic 
material that can support their growth, is essential for treatment of disease. However, 
tooth anatomy and morphology are signifi cant impediments preventing a complete 
removal of intracanal microorganisms. Canal debridement is done both during 
mechanical canal preparation and through the application of irrigation solution and 
medicaments, in conjunction with mechanical preparation as described before. 

 An ongoing debate exists regarding fi nal apical sizes. Canal size impacts the 
ability to advance the needle of an irrigation syringe deeper into the root canal, 
which in turn is relevant for the ability to deposit antimicrobial solution to the apical 
canal portion. However, there are obvious physical limits to the enlargements of 
small curved canals of molar teeth. Clearly, larger canal shapes will not result in 
complete circumferential canal preparation [ 41 ]. Indeed, certain aberrations, like 
lateral and accessory canals, canal curvatures, canal wall irregularities, fi ns, cul-de- 
sacs, and isthmuses, make total debridement virtually impossible. Therefore, a real-
istic objective of cleaning is to signifi cantly reduce the irrigants more, than totally 
eliminate them. 

 Current best practices suggest to use small-diameter side-vented irrigation nee-
dle; a fi nal canal size and taper that allow that needle tip to be close to WL is appro-
priate. Shaping to larger sizes may lead to dentin shavings compacted into canal 
portions that then become inaccessible for irrigation solution. 

 A systematic approach to molar root canal disinfection contains these following 
steps:

    1.    Achieve an appropriate apical size   
   2.    Select effi cient antimicrobial solutions and medicaments   

  Box 6.2 

 Recommendations to avoid NiTi rotary instruments fracture are as follows:

 1. Choose the right strategy and instruments depending on the case. 
 2. Understand the characteristics and limitations of the selected instrument. 
 3.  Avoid cyclic fatigue by reducing instrument diameter and usage time around sharp 

curves. 
 4. Avoid torsional stress with a correct glide path preparation. 
 5. Using appropriate settings for rotational speed, torque, and motion is mandatory. 
 6. Use gauzes to clean the debris that loads the fl utes and reirrigate the canals frequently. 
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   3.    Maintain irrigant in extended contact with radicular walls   
   4.    Perform activated irrigation   
   5.    Manage smear layer   
   6.    Consider accessory anatomy     

6.3.1     Step 1: Achieve an Appropriate Apical Size 

 Canal preparation, while by itself not suffi cient for debridement, signifi cantly 
reduces intracanal microorganism. No specifi c size has been shown to be associated 
with better outcomes, however diameters for irrigation needles and devices suggest 
an apical size #25 or #30 with at least an .06 taper to be the minimum enlargement 
that permits placement of a small irrigation needle 1–2 mm short of WL. In vitro 
studies demonstrate that only very small volumes of irrigant will travel to the apical 
canal part beyond the needle tip [ 42 ], therefore canal preparation through a reservoir 
of irrigant and frequent turnover is recommended. During rinsing, the needle, loose 
in the canal, should be moved apical and coronally with constant and slight move-
ments; such movement produces agitation and prevents binding of the needle, that 
way avoiding extrusion of toxic solution beyond the apex. 

 The two factors that have been directly correlated with the effi ciency of irrigation 
are the irrigant solution and the delivery system [ 43 ]. Therefore, after choosing the 
correct irrigants for disinfection and smear layer management, attention should be 
paid to its delivery and activation. The effectiveness of root canal irrigation in terms 
of debris removal and eradication of bacteria depends on several factors: penetration 
depth and diameter of the needle, irrigation pressure, viscosity of the irrigant, veloc-
ity of the irrigant at the tip of the needle, and type and orientation of the needle 
bevel. The size and length of the irrigation needle must be related to root canal 
dimensions for an effective irrigation. Narrow needles require more pressure onto 
the plunger and extrude the irrigant with higher velocity than large needle sizes, 
which deliver greater amounts of irrigants but cannot be introduced very deep; how-
ever, irrigation tips with external diameters of 0.32 mm (30 gauge) are available and 
needed in small canals.  

6.3.2     Step 2: Select Efficient Antimicrobial Solutions 
and Medicaments 

 Solutions used in root canal treatment should be highly effi cient against microor-
ganisms in their planktonic state and in biofi lms, inactivate endotoxin, be nontoxic 
when they come in contact with vital tissues, and not cause anaphylactic reactions 
[ 44 ]. Irrigation strategies aim to dissolve both organic and inorganic tissue. Best 
practice in endodontics is to use sodium hypochlorite (NaOCl) as the main irrigant 
[ 45 ]. Reported advantages of NaOCl, also known as bleach, include the ability of 
the solution to dissolve vital [ 46 ] and necrotic tissue [ 47 ], the antimicrobial action 
of the solution [ 48 ], and the lubricating action [ 49 ]. In addition, it is inexpensive and 
readily available [ 50 ]. There is no defi ned ideal concentration of NaOCl, but 
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concentrations ranging from 0.5 to 6 % have been recommended. As an amount of 
free chlorine determines the action of the irrigant, any decrease in the concentration 
should be compensated with an increase in the volume. 

 The use of other antimicrobials, such as chlorhexidine (CHX) or hydrogen per-
oxide, has in clinical studies not convincingly been associated with better outcomes 
[ 1 ]. It should be considered that irrigants interact chemically with each other and 
also with dentin substrate. For example, the combination of NaOCl and CHX causes 
color changes and formation of a possibly toxic precipitate [ 51 ].  

6.3.3     Step 3: Maintain Irrigant in Extended Contact 
with Radicular Walls 

 Considering the complexity of the root canal system and the inability to completely 
prepare the radicular walls by mechanical means, good clinical practice suggests to 
bring sodium hypochlorite in contact with the canal wall for as long as feasible. A 
minimum contact time of up to 40 min has been discussed [ 52 ]; such long times 
require that bleach is available to be moved deep into the canal system and to be 
replenished regularly. Therefore it is recommended to instrument through a reser-
voir of bleach whenever possible.  

6.3.4     Step 4: Perform Activated Irrigation 

 Irrigant solutions may be delivered passively/statically or combined with the use of 
some instrument or devices for its activation or agitation [ 53 ]. While a limitation in 
the penetration and effi cacy of irrigants within the root canal system when using 
traditional positive passive irrigation has been demonstrated [ 54 ], the agitation tech-
niques may help the irrigating solution to reach the apical third improving the clean-
ing effi ciency of the irrigating solution by reaching irregularities in the root canal 
system (Fig.  6.8 ). Most of the currently used agitation techniques [ 53 ], ultrasonics 
[ 55 ], sonic devices, laser-assisted irrigation [ 56 ], and apical negative- pressure irri-
gation are used to promote apical penetration of irrigation solution.

   The EndoActivator System (a device containing noncutting polymer tips in a 
subsonic handpiece) provides sonically activated irrigation. The main mechanism 
of so-called passive ultrasonic irrigation appears to be acoustic streaming that 
occurs close to the instrument. The difference between sonic and ultrasonic activa-
tion mainly lies in the amplitude of the oscillating movements that varies from 1500 
to 6000 Hz in sonic devices to vibrations greater than 20,000 Hz in ultrasonic 
devices. Another approach to afford better access of irrigating solution is the so- 
called negative-pressure irrigation where a fi ne needle connected to a dental unit’s 
suction device is placed inside the root canal and transports the solution deposited 
in the pulp chamber apically. 

 A new erbium laser technique, photon-induced photoacoustic streaming (PIPS), 
advocates to place the tip in the access cavity without advancing in the root canal 
[ 57 ]. Initial ex vivo experimental data for this technique is encouraging [ 56 ]. 
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 The  Self-adjusting File  (Redent Nova, Ra’anana, Israel) is a hollow endodontic 
fi le, and hence may be also considered an irrigation device since a continuous irriga-
tion is performed while shaping the canal. A continuous fl ow of fresh irrigant elimi-
nates the debris generated by the use of the fi le while the canal is being disinfected. 
At the same time the main canal is circumferentially prepared [ 58 ]. 

 More recently,  Gentlewave  (Sonendo, Laguna Hills CA, USA) was commercial-
ized as a cleaning device that only requires pulp chamber access. It promises com-
plete debridement without any canal instrumentation at all of the root canal system 
and is currently tested clinically with promising results [ 59 ].  

a b

c

e

d

  Fig. 6.8    Sequential enlargement of a simulated root canal in a plastic block promotes deeper 
penetration of irrigation solution. Images show determination of working length ( a ), initial irriga-
tion with a red dye using a 30 Gauge irrigation needle ( b ), and irrigation after preparation to work-
ing length with sizes #15 .04 ( c ), 25.04 ( d ), and 35.04 ( e ) (Courtesy Dr. F. Paqué)       
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6.3.5     Step 4: Manage Smear Layer 

 Smear layer is the surface fi lm of debris produced during the instrumentation of the 
root canal system that consists of dentin particles, remnants of vital and necrotic 
pulp tissue, bacterial components, and retained irrigant [ 23 ] and is deposited on the 
radicular canal wall, producing an amorphous and irregular layer. 

 The advantages and disadvantages of the smear layer removal remain controver-
sial; however, evidence generally supports removing the smear layer prior to obtura-
tion [ 60 ,  61 ]. The maintenance of the smear layer predisposes to leakage due to the 
inhibition of the direct contact between the sealer and the canal walls and its further 
disintegration by acids and enzymes that are produced by viable bacteria left in the 
tubules or that enter via coronal leakage [ 62 ]. Moreover, the presence of organic 
debris in the smear layer might constitute a substrate for bacterial growth and viable 
microorganisms present in the dentinal tubules may use the smear layer as a sub-
strate for sustained growth. The presence of a smear layer may also interfere with 
the action and effectiveness of root canal irrigants and interappointment disinfec-
tants [ 63 ]. 

 On the other hand, if smear layer is removed (Fig.  6.9 ), the likelihood for coronal 
and apical leakage are reduced [ 60 ,  64 ] due to the better adaption of the fi lling mate-
rials to the canal wall and to the proper adhesion of sealers to dentin and tubular 
penetration [ 65 ,  66 ].

   Ethylenediamine tetraacetic acid (EDTA) [ 67 ] is the most frequently used irrig-
ant for smear layer removal (Fig.  6.6 ) because it is able to chelate and dissolve its 
mineralized content, although the action has been demonstrated to be more effec-
tive in the coronal and middle thirds of the canal and diminished in the apical third 
[ 67 ] due to the narrower canal size or anatomic variations such as irregular or 
sclerotic tubules [ 68 ]. Irrigation with 17 % EDTA for 1 min followed by a fi nal 
rinse with NaOCl [ 69 ] or saline is a recommended method. However, alternating 
both irrigants or using EDTA-based lubricants during the shaping procedure seems 

  Fig. 6.9    Scanning electron micrograph of a section or of root canal wall. The areas of the radicular 
wall that was instrumented and had smear layer removed ( left ) is clearly visible compared to an 
area that was not mechanically instrumented, as indicated by so-called calcospherites of the min-
eralization front       
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to be counterproductive, because EDTA blocks the tissue-dissolving capacity of 
NaOCl [ 70 ]. 

 There are also paste-type lubricants incorporating EDTA or other chelators. Such 
pastes can be used when negotiating root canals with vital pulp remnants; they do 
not help with smear layer removal. The use of such a paste during rotary shaping is 
also counterproductive because, as stated before, it deactivates NaOCl by reducing 
the available chlorine and perhaps even increases torsional load on rotary instru-
ment. The use of a gel-type lubricant indeed resulted in similar torque compared to 
dry, nonlubricated canals [ 49 ,  71 ], while tap water and 2.5 % NaOCl solutions 
increased cutting effi ciency of rotary shaping instruments. 

 EDTA or other chelators should also be used previous to a last fl ush with NaOCl 
or saline [ 21 ] to remove the smear layer.  

6.3.6     Step 5: Consider Accessory Anatomy 

 Another important factor that should be considered during irrigation is not only 
whether the irrigation system can deliver the irrigant to the apical third of the root 
canal, but also if it is capable of debriding areas that could not be reached with 
mechanical instrumentation, such as lateral canals and isthmi. Figure  6.10a  shows 
the resolution of a periradicular and a furcal radiolucency after obturation of the 
lateral and furcal canal.

a

b

  Fig. 6.10    Accessory anatomy in molars may be cleaned and subsequently fi lled when spaces can 
be reached by irrigation solution. ( a ) Furcal radiolucent area associated with a large accessory 
canal shows bone fi ll at a 6-month recall appointment. ( b ) The isthmus in the mesial root canal 
system and a long-oval canal in the distal root were disinfected and fi lled       
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   Clinicians may suspect of the presence of lateral canals after the diagnosis of a 
previously existent periradicular radiolucency. A recommended strategy during 
patency confi rmation is to precurve the patency fi le at the end of the preparation in 
the presence of the irrigant to try to get the fi le in lateral portals of exit and therefore 
remove debris from lateral canals. However, the clinician will commonly not be 
aware of the proper cleaning of anatomic irregularities until their fi lling is demon-
strated in a radiograph.   

6.4     Obturation of the Molar Root Canal Systems 

 A well-shaped and well-debrided canal system would create the conditions for 
intact periapical tissues. On the other hand, this root canal system is inaccessible to 
the body’s immune system and therefore cannot combat coronal leakage. Best prac-
tices therefore dictate that root canals should be fi lled as completely as possible in 
order to prevent ingress of nutrients or oral microorganism. None of the established 
techniques for root canal fi lling provides a defi nitive coronal, lateral, and apical seal 
[ 72 ]. For this reason, a permanent coronal restoration should be placed as soon as 
possible after the endodontic treatment (see Chap.   7    ). 

 Ideally, a root canal fi lling should seal all foramina leading to the periodontium, 
be without voids, adapted to the instrumented canal walls, and end at WL. The fol-
lowing steps will help to provide a fl uid-tight seal of the cleaned and prepared 
molar root canal system in order to protect periradicular tissues from bacterial 
recontamination. 

 There are many clinically acceptable materials and techniques for root canal fi ll-
ing; the spectrum of root canal fi llings includes:

    1.    Sealer (cement/paste/resin) only   
   2.    Sealer and a single cone of a stiff or fl exible core material   
   3.    Sealer coating combined with cold compaction of core materials   
   4.    Sealer coating combined with warm compaction of core materials   
   5.    Sealer coating combined with carrier-based core materials     

 Several of these techniques have shown comparable success rates regarding api-
cal bone fi ll or healing of periradicular lesions, so that a clinician may choose from 
a variety of techniques and approaches that work best for each specifi c case and/or 
clinician. The following list the main steps in molar root canal obturation:

    1.    Choosing a technique and timing the obturation   
   2.    Selection of master cones   
   3.    Canal drying and sealer application   
   4.    Filling the apical portion (lateral and vertical compaction)   
   5.    Completing the fi ll   
   6.    Assessing the quality of the fi ll     

 Existing research directs clinicians toward preparation and disinfection of the 
root canal as the single most important factor in the treatment of endodontic 
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pathosis and no particular technique can claim superior healing success [ 1 ]. 
Decisions on which system to employ may be based on such factors as:

    1.    Clinicians’ skill and comfort in using a certain technique   
   2.    Effi ciency of treatment   
   3.    Simplicity of procedures involved   
   4.    Costs incurred   
   5.    Case selection    

6.4.1      Step 1: Choosing a Technique and Timing 
the Obturation 

 The molar root canals to be fi lled should be assessed before choosing a technique. 
In the presence of open apices or procedural errors such as apical zipping and also 
for teeth with apices in close proximity to the mandibular canal, there is the poten-
tial for overfi lls. In order to avoid such mishaps, a non-expert clinician may better 
obturate these cases with cold lateral condensation to avoid overfi lling. In some 
instances, for example an apical foramen size #60 or larger, MTA (ProRoot MTA, 
Dentsply Tulsa Dental, Tulsa OK) may be placed as barrier (Fig.  6.11 ). Molar 
canals frequently have accessory anatomy (see Chap.   1    ) and therefore a thermo-
plastic obturation or injectable technique may allow better fi lling of these complex 
ramifi cations (see Fig.  6.10 ).

   In general, canals should only be fi lled where there are no symptoms of acute 
apical periodontitis or an apical abscess, such as signifi cant pain on percussion or 
not dryable secretion into the canal.  

6.4.2     Step 2: Selection of Master Cones 

 Before gutta-percha cones may be tried in a root canal, they should be disin-
fected by submerging them in sodium hypochlorite (NaOCl) solution for 60 s. 
The cones are marked at WL and placed on sterile gauze to dry until they are 
used (Fig.  6.12 ).

   Most sealers are toxic in the freshly mixed state, but this toxicity is reduced after 
setting. When in contact with tissues and tissue fl uids, zinc oxide eugenol-based 
sealers are absorbable while resin based materials typically are not absorbed [ 73 ]. 
Some by-products of sealers may adversely affect and delay healing. Therefore, 
sealers should not be routinely placed in periradicular tissues. 

 Cones are available in several tapers and often times a cone with taper larger than 
the ISO-norm standard of 0.02 is selected. The goal is to fi t cones to the best wall 
contact at WL, as indicated by the sensation of tug-back, or resistance to pulling the 
cone out. If a cone is too tapered for the preparation, it will make contact with the 
canal wall away from WL. If it is not tapered enough, it will be loose, and looks 
crimped at the tip. A good primary fi t (apical tug-back) of a master cone that is 
adjusted to fi t both the apical size and the taper of the preparation is critical to pro-
mote a good fi ll. 
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 Adapting the master cone to fi t correctly at the apical end of the preparation often 
means that the tip needs to be cut back to increase the diameter. A more precise way 
to modify the cone is to insert it into a gutta-percha gauge (Fig.  6.12 ) and to cut the 
cone to the same tip size as the last fi le that was taken to working length. 

 If the cone looks buckled or crimped, the taper of the preparation may have been 
insuffi cient and tug-back was experienced in the middle third of the root canal 
instead of at the most apical level.  

6.4.3     Step 3: Canal Drying and Sealer Application 

 At this point in the clinical procedure, the root canal system should be dried, fi rst by 
removing excess fl uid with a suction cannula and a series of paper points that are 
placed to WL. Molar canals have often multiple communications and so all canals 
must be dried completely before any one canal may be fi lled. There is no clinical 
evidence to suggest the use of alcohol or any other solution at this stage. 

a b

c d

  Fig. 6.11    Clinical treatment of a mandibular second molar with pulp necrosis and a large apical 
canal size ( a ). The periodontal probe was placed in a deep periodontal pocket ( b ). The fi nal radio-
graph ( c ) and a 2-year follow-up ( d ) show placement of a MTA barrier in the distal canal and evi-
dence of osseous healing       
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 The appropriate amount of sealer is then deposited into the canal system. This 
may be done using a lentulo spiral, a K-fi le, or the master cones themselves; either 
method is acceptable, provided that an appropriate amount of sealer is deposited 
(Fig.  6.13 ). If the master cones are the primary carrier for sealer, they should be 
once removed and inspected for a complete coating with sealer.

6.4.4        Step 4: Filling the Apical Portion (Lateral or Vertical 
Compaction) 

 The master cones are placed close to WL using a slight pumping motion to allow 
trapped air and the excess sealer to fl ow in a coronal direction. The marking on the 
cone should be close to the coronal reference point for WL determination. 

 For lateral compaction, a preselected fi nger spreader is then slowly inserted 
alongside the master cone to the marked length and held with measured apical 

a

c d

b

  Fig. 6.12    In preparation for obturation, gutta-percha cones are disinfected by immersion in 
NaOCl ( a ), cut to the needed tip size ( b ), and dried with gauze ( c ). Prior to the obturation, cones 
can be dipped in the sealer ( d )       
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pressure for about 10 s. During this procedure, the master cone is pushed laterally 
and vertically as the clinician feels the compression of the gutta-percha. Rotation of 
the spreader around its axis will disengage it from the gutta-percha mass and facili-
tate removal from the canal. 

 The space created by the spreader is fi lled by inserting a small, lightly sealer- 
coated accessory gutta-percha cone (Fig.  6.14 ). Using auxiliary cones larger than 
the taper of the spreader will produce voids or sealer pools in the fi lling and should 
be avoided. The procedure is repeated inserting several fi ne cones and moving to 
larger spreaders and cones until the entire canal is fi lled.

   For vertical compaction, electrically heated pluggers are used to melt a master 
cone fi tted to length. Tapered gutta-percha cones optimize the hydraulic forces that 
arise during compaction of softened gutta-percha with pluggers of a similar taper. 
After fi tting the master cone as before, a hand plugger and a heated plugger are tried 
into the root canal. The goal is to fi nd pluggers that fi t to within about 4–7 mm from 
the apical constriction. 

 The depth of plugger binding should be marked with a rubber indicator, as this is 
where the instrument touches the canal wall. Heat control is extremely important 
and manufacturer’s guidelines should be strictly adhered to, as heat is rapidly con-
ducted into the periodontal ligament if the heat is activated for too long a time 
period. Also, strong compaction forces while a hand plugger is binding against the 
root wall could possibly lead to vertical root fractures. 

 After activating the heat switch, the electrically powered plugger is driven into 
the seated master cone, partially melting it and pushing softened gutta-percha in an 
apical and lateral direction. The plugger should stop at the premeasured depth and 
held for several seconds to compensate for shrinkage while the gutta-percha cools 
to body temperature. After briefl y activating the power one more time to separate 
the apical fi ll from the plugger, the instrument is withdrawn and excess gutta-percha 

a b c

  Fig. 6.13    Sealer may be placed into molar root canal systems with a lentulo spiral ( a ), a K-fi le ( b ), 
or the main gutta-percha cone ( c )       
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wiped off. The apical portion of the canal is now fi lled and is compacted with the 
selected hand plugger (Fig.  6.15 ).

6.4.5        Step 5: Completing the Fill 

 For lateral compaction, the coronal canal portion is fi lled by adding cones placed to 
progressively smaller depths. When a cone with a taper larger than .02 was selected, 
only a few accessory cones are often suffi cient to completely fi ll for example a dis-
tobuccal canal in a maxillary molar or a mesial canal in a mandibular molar that was 
prepared to a round cross section. In contrast, several more accessory cones or two 
master cones will have to be used in oval canals. 

 Such nonround or generally irregularly shaped canals in molars may also be 
fi lled using vertical compaction. After placement of the apical gutta-percha mass, a 
small amount of sealer is placed and the remainder of the canal is readily fi lled with 
melted gutta-percha from an extruder. Voids in the interface between the apical 
mass and the backfi ll gutta-percha are typically a result of the following errors:

    1.    Needle of the extruder was too large or not warm enough to melt apical 
gutta-percha.   

   2.    Extruder was pulled back instead of maintaining apical pressure.   

  Fig. 6.14    For lateral compaction, space generated by deep spreader penetration is fi lled by pro-
gressively adding gutta-percha cones in the space created by the fi nger plugger (Reprinted from 
Arens et al., 2009, with permission)       

 

6 Shaping, Disinfection, and Obturation for Molars

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



158

   3.    Apical gutta-percha mass was not compacted to a fl at contact surface.   
   4.    Insuffi cient sealer was placed to the contact surface.     

 For both lateral and vertical compaction, the gutta-percha mass in each canal 
should end about 1 mm below the pulpal fl oor, leaving a small dimple. Only in cases 
where placement of a post is planned (see Chap.   7    ), gutta-percha is confi ned to the 
apical 5 mm. All molar canals that do not receive a post should be covered with an 
orifi ce barrier (Fig.  6.16 ) to protect from leakage prior to placement of a defi nitive 
restoration [ 74 ], promoting healing of apical periodontitis [ 75 ]. Materials that are 
suitable for such a barrier include light-curing glass ionomer, fl owable composite, 
or fi ssure sealant. Placement of these materials requires a clean and bondable 

a

b

  Fig. 6.15    For vertical compaction, the main cone coated with sealer is placed to working length 
and excess removed at the orifi ce level ( a ). The next sequence compacts the warmed gutta-percha 
mass and removed more excess, completely fi lling the apical canal segment ( b ). The coronal canal 
portion may be fi lled with various methods, most often with plastifi ed gutta-percha from an 
extruder (not shown) (Reprinted from Arens et al., 2009, with permission)       
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surface; this can be achieved by removing sealer remnants with alcohol, a mini-
sandblaster, or a fi ne-grain round diamond bur. A short treatment with phosphoric 
acid is also indicated. In order to facilitate retreatment, it becomes necessary such a 
barrier should be thin so that the gutta-percha fi ll is just visible (Fig.  6.16 ).

6.4.6        Step 6: Quality Criteria After Obturation 

 Prepared and fi lled canals should demonstrate a homogenous radiopaque appear-
ance, free of voids and importantly fi lled to working length. The fi ll should approxi-
mate canal walls and extend as much as possible into canal irregularities such as an 
isthmus or a C-shaped canal system. The fi ll of accessory canals is not predictable 
and not per se a prerequisite for success [ 76 ]. However, in molar cases with larger 
accessory spaces, in addition to the main canals, procedures such as the ones 
described in this chapter typically result in debridement and often radiographically 
visible fi ll (see Figs.  6.1 ,  6.4  and  6.10 ). 

 In order to avoid overextension of root fi lling material into the periapical tis-
sue, specifi cally in the mandibular canal, it is recommended to accurately deter-
mine working length to prevent destruction of the apical constriction. For infected 
root canal systems, the best healing results are achieved when the working length 
is between 0 and 0.5 mm from the tip of the root as visible on a radiograph [ 1 ,  2 ]. 

 In molar endodontics, determination of apical canal anatomy is often diffi cult. It 
may be appropriate for second mandibular molars that are in close proximity to the 
mandibular canal to deemphasize patency and even block apical foramina to avoid 
large overfi lls (Fig.  6.17 ). Large overfi lls may be an impediment to healing and in 
the worst case may be associated with nerve damage.

   In general, undesirable and uncorrectable outcomes of molar root canal treat-
ment, identifi able on the fi nal radiograph, include:

    1.    Excessive dentin removal during access and instrumentation   
   2.    Overt preparation error such as perforation, ledge formation, and apical zipping   
   3.    Presence of an instrument fragment in not fully disinfected canals   
   4.    Overfi ll and overextension     

a b

  Fig. 6.16    Clinical appearance of the access cavity after a molar root canal system was fi lled with 
gutta-percha ( a ). To prevent coronal leakage, the orifi ces are covered with a thin layer of light- 
curing glass ionomer ( b ) (Courtesy of Dr. P. Bahrami)       
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 Each of these outcomes must be documented and the patient notifi ed as they may 
reduce the odds for a successful outcome. In cases such as par- or dysesthesia after 
an overfi ll, immediate attention and possibly referral is indicated.   

6.5     Special Considerations for Different Canal 
Configurations 

 As described before, detailed knowledge of anatomic structures and an optimal case 
selection strategy is mandatory to assess the diffi culty of the shaping procedure in 
molar endodontics. The relevant steps differ shaping root canals with varying levels 
of diffi culty. Specifi c strategies, recommendations, and concerns are described 
below for specifi c situations. 

6.5.1     Cases With Relatively Low Complexity 

 It may not be necessary to follow all steps of the list described earlier for canal shap-
ing in all cases; indeed steps 2 and 3 may not be needed. For molar canals with 
comparatively low complexity (Fig.  6.18 ), these following modifi ed checklist may 
be applied:

•      Step 1: Analysis of the specifi c anatomy of the case   
•    Step 4: Negotiation to patency   
•    Step 5: Determination of working length  
  Consider using larger fi les for working length determination with an apex loca-

ter. The better the adaptation of the tip of the instrument to the foramen, the more 
accurate the length determination.  

•    Step 6: Glide path preparation   
•    Step 7: Root canal shaping to desired size  
  The more recently advocated simplifi cation of using a single-fi le, single-length 

technique may work well in this anatomy, where a single rotary or reciprocating 

  Fig. 6.17    Examples of molar root canal treatment that resulted in signifi cant overfi ll. Such a 
condition can result in permanent damage when sealer is placed close to the infraalveolar nerve. 
All cases shown resulted in paresthesia (Courtesy of Dr. A. Gluskin)       
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instrument may perform the whole shaping procedure. However, it is especially 
important to check the amount of debris accumulated in the last millimeters of 
the fi le. The absence of dentin indicates that the foramen is larger than the tip of 
the fi le and a larger fi le may be needed to complete the shaping procedure.  

•    Step 8: Gauging the foramen, apical adjustment  
  It is more diffi cult to perform this step correctly in a canal with a large apical 

third compared to a small-diameter one. A gauging .02-tapered K-fi le with the 
same diameter of an inadequate master apical fi le could bind short of WL due to 
a lack of a continuous taper increasing progressively from the apical to the coro-
nal third in a large canal. This mistake can impede the improper selection of the 
apical fi le size and therefore can create problems during vertical compaction of 
gutta-percha.     

6.5.2     Cases With Moderate Complexity 

 For more complex cases (Fig.  6.19 ), all eight steps of the generic checklist should 
be included and carefully followed. Special attention should be given to certain 
steps as listed below:

•      Step 1: Analysis of the specifi c anatomy of the case   
•    Step 2: Canal scouting   
•    Step 3: Coronal modifi cations   
•    Step 4: Negotiation to patency  
  Careful precurving any negotiation fi le may be needed to ensure patency without 

creating procedural errors during this stage.  
•    Step 5: Determination of working length   
•    Step 6: Glide path preparation   
•    Step 7: Root canal shaping to desired size  

  Fig. 6.18    Cases with low level of complexity. Protocol described for “ Cases with relatively low 
complexity”  was followed       
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  A single-fi le technique is typically not appropriate in molar cases of moderate 
diffi culty. The fact that there will be wide variations in the anatomical complex-
ity does not allow reducing the number of preprogrammed apical size to 1 or 2. 
Consider adapting the tools to the anatomy of the specifi c canal system, rather 
than adapting the canal to the tool.  

•    Step 8: Gauging the foramen, apical adjustment      

6.5.3     Cases with High Complexity, Including Challenging 
S-Curves 

 In cases of signifi cant complexity, such as shown in Figure  6.20 , attention should be 
focused on several steps in the generic checklist as outlined below:

•      Step 1: Analysis of the specifi c anatomy of the case   
•    Step 2: Canal scouting   
•    Step 3: Coronal modifi cations  
  When shaping very diffi cult canals with signifi cant and multiplanar curvatures, 

shaping procedures can be simplifi ed by dividing the entire root canal in two dif-
ferent root canals or shaping stages. Procedural accidents in the apical third dur-
ing negotiation can be avoided when the coronal two-thirds of the root canal are 
preenlarged before the negotiation of the apical third. Preenlargement procedures 
may be done as if the root canal were two different canals. After scouting the 
canal with a #08 or #10 fi le, fi rst shape the straight coronal portion (fi rst part of 
the curvature or fi rst stage) as an easy canal and this will allow a better negotia-
tion of a shorter diffi cult apical third and an easier shaping of this third alone 
after removing the restrictive dentin in the coronal and middle third. 

 Generally speaking, the overall length of a molar ranges from 19 to 25 mm, with 
around 10 mm the length of the clinical crown and the rest (9–15 mm) the length of 
the root. If this 9–15 mm is divided between the three-thirds of a root canal, it makes 
a total of 3–5 mm for the coronal, middle, and apical root third, respectively. 

  Fig. 6.19    Cases with medium level of complexity. Protocol described for “ Cases with moderate 
complexity”  was followed       
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 When shaping a diffi cult root canal, the most challenging anatomy is often 
located in the apical third of the root canal. If we break down the root canal in the 
three segments described above and prepare the two coronal thirds before even 
trying to scout the apical third with a small fi le, procedural accidents are predict-
ably avoided and preparation of the most delicate area is facilitated. With the 
coronal two-thirds optimally prepared, we can then scout the rest of the canal 
with small instruments, reach the working length with precurved fi les, confi rm 
apical patency, and decide if the apical third can be shaped with rotary tech-
niques (if a glide path is achieved) or manual instrumentation [ 77 ].  

•    Step 4: Negotiation to patency  
  Apart from the strategies for negotiation mentioned above, the following can be 

of great help when working with extreme anatomies: 
 Files with large soft handles help reduce fi ngers fatigue (Senseus, Dentsply 

Maillefer, Ballaigues, Switzerland) during the arduous task of negotiating the 
most diffi cult curvatures, for example # 08 and # 10 K-fi les with silicon handles. 

 In diffi cult canals it is desirable to use also #08 fi les. If negotiation with a #08 
or #10 fi le is not possible due to an impediment, place a short curvature at the last 
mm of the fi le and look for the passive way to length when a “sticky” feel is 
noticed with the curved portion in order to bypass the impediment. Once 
bypassed, use a #10 fi le with the same bend and push pull to reduce the impedi-
ment. Many times, the actual problem in diffi cult canals is that the apical fora-
men is 90° from the main canal. 

 Keep the canal patent throughout the procedure. The more diffi cult the canal, 
the more important it is maintaining apical patency to avoid blocking the apical 
foramen and posterior accidents when trying to reach the appropriate length again.  

•    Step 5: Determination of working length   
•    Step 6: Glide path preparation  
  After sizes #8 and #10, different strategies have been suggested to get a #15 fi le 

to WL and achieve a glide path. There is a big jump between #10 and #15 when 

  Fig. 6.20    Cases with high level of complexity. Protocol described for “ Case with high complexity, 
including challenging s-curves”  was followed       
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shaping diffi cult canals. The use of a Golden Mediums instrument (Dentsply 
Maillefer) with a half size 0.12 will help the #15 fi le to reach working length. 

 Step back with #20 and #25 fi les with balanced force techniques to remove 
the resistance coronal to the WL that is not allowing the #15 instrument to reach 
the full length. 

 Creating a glide path with rotary instruments as Pathfi le #1 and #2 (Dentsply 
Tulsa Dental) after reaching the working length with a #10 fi le helps to manage the 
diffi culties avoiding the transportation of the apical foramen in these extreme 
cases.  

•    Step 7: Root canal shaping to desired size  
  Selecting fl exible and resistant rotary instruments is very important not to deform 

the apical third of these more complicated canals after achieving a glide path. 
Thoroughly follow the instructions recommended in the step “root canal prepa-
ration” to avoid fl exural fatigue of the instruments when shaping extreme 
curvatures. 

 Different rotary systems have manual instrument sets (ProTaper, GT, both 
Dentsply Tulsa Dental) with the same characteristics, tapers, and diameters than 
corresponding rotaries that provide the same shape as the rotary instruments. This 
reduces the risk of instrument fracture when no predictable glide path was cre-
ated. If manual instrumentation is performed with such hand instruments rather 
than the classic ISO fi les, the resistance form along the root canal is maintained.  

•    Step 8: Gauging the foramen, apical adjustment          
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  7      Considerations for the Restoration 
of Endodontically Treated Molars                     

     Julian     G.     Leprince      ,     Gaetane     Leloup     , and     Chloé     M.  F.     Hardy    

    Abstract 
   The restoration of endodontically treated teeth must be considered as integral 
part of the endodontic treatment, since it plays a major role in the long-term suc-
cess of the procedure, as well as in tooth longevity. In order to maximize the 
chances of success, the specifi cities of endodontically treated molars need to be 
carefully considered, as well as the recent advances in adhesion, digital technolo-
gies, and biomaterials. This chapter will critically discuss important aspects such 
as reinforcement, restoration retention, the need for a ferrule and/or for posts, 
and the importance of cuspal coverage. Best-practice recommendations will be 
made, with particular focus on tissue preservation.  

     Guiding Reference 
 van Dijken JW, Hasselrot L. A prospective 15-year evaluation of extensive dentin- 
enamel- bonded pressed ceramic coverages. Dent Mater. 2010;26:929–39. 

 This prospective study on molars with long-term follow-up investigated the 
durability of ceramic restorations that were luted with different bonding systems. 
More restorations failed in root canal-treated molars compared to vital counterparts 
(21 and 39 %, respectively). Other relevant factors for failure included the bonding 
agent used, gender, and parafunctional habits. The technique investigated showed 
advantages like less destruction of healthy tissue, and avoiding of endodontic treat-
ment and/or deep cervical placement of restoration margins to obtain retention.  
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7.1     Introduction 

 Root canal treatment should not be considered fi nished until the tooth in question is 
restored in a timely and adequate fashion. It is clear from the literature that any 
delay between endodontic treatment and tooth restoration should be as brief as pos-
sible, since signifi cantly reduced change of survival after endodontic treatment was 
reported for teeth restored with temporary restorations, compared to those receiving 
a permanent restoration [ 1 ]. Regarding the way endodontically treated molars 
should be restored, we lack a clear response to several important questions, which 
will be listed in the next section of this chapter. 

 Best clinical practice should refer to the highest level of evidence, that is, ran-
domized controlled clinical studies. This is exemplifi ed in the conclusion of authors 
dealing with the restoration of endodontically treated teeth. For example, Al-Omiri 
and others state [ 2 ]: “Most guidelines were based mainly on  ex vivo  studies and to a 
lesser extent on limited in vivo studies. The lack of long-term controlled random-
ized clinical studies was the main hindrance to reaching a conclusive and undispu-
table opinion regarding endodontic posts in terms of tooth fracture and biomechanical 
behaviour.” While Peroz and others fi nd [ 3 ]: “These guidelines are based mainly on 
in vitro studies with an evidence level of IIa or IIb, as there is a lack of randomized 
clinical studies available.” 

 Even from clinical studies, it is diffi cult to extract clear clinical guidelines. For 
example, in a recently published practice-based study, it is stated that the infl uence 
of tooth type on the survival of endodontically treated teeth is not well established 
in the literature [ 4 ]. The authors found that restorations placed on premolars and 
anterior teeth were more successful compared with restorations in molars, but this 
is not universally accepted [ 5 ,  6 ]. 

 In fact, lack of consideration of some factors prevents clear evidence-based 
guidelines for the restoration of endodontically treated teeth. To give a specifi c 
example, in a meta-analysis (high level of evidence) evaluating the prognostic fac-
tors for tooth survival after endodontic treatment, the placement of crowns or cast 
restorations was reported to improve tooth survival compared to direct restorations 
[ 7 ]. Nevertheless, some important parameters were not taken into account in the 
analysis in that study, notably the tooth type, the amount and distribution of residual 
tooth structure, or the type of fi nal restoration. 

 Confounding variables further compromise these results. For example, it has been 
argued that teeth with preoperative periapical lesions are less likely to receive a crown 
compared to those without lesion and anterior teeth are more likely to be restored with 
a fi lling and sooner than posterior teeth [ 8 ]. This indicates a treatment selection bias 
and highlights that considering restorations of endodontically treated teeth must be 
specifi c to the type of tooth and the amount and distribution of remaining tissue. 

 The present chapter will focus on the literature dealing specifi cally with the resto-
ration of molars after endodontic treatment. With the limitations pointed out above, 
the following aims at providing best-practice considerations in the restoration of end-
odontically treated molars, with particular focus on the most recent scientifi c data 
and technological innovations and relate that to clinical questions.  
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7.2     Questions That Arise in Daily Practice 

 Providing a fl uid-tight seal and long-term stability of the root canal treatment is only 
one of many factors that the restorative dentist needs to fulfi ll. In general dental 
practice, patient expectations are more related to the restoration of masticatory 
function, the aesthetics, the longevity of the restoration, or to more practical factors 
such as chair-side time or the cost of the restorative procedure [ 9 ]. Hence, several 
questions come to mind when considering how an endodontically treated molar 
should be restored. The subsequent paragraphs will provide some clinical questions 
with briefl y remarked answers that will be revisited later in the chapter.

•     Should all endodontically treated teeth be restored with a cast crown?     

 While cuspal coverage is typically recommended, this may not be necessary in 
many instances, since such a decision should depend on the amount of remaining 
coronal tissue. In teeth with little tissue loss, for example, limited to the access cav-
ity, a direct restoration is a valid option. It is less expensive for the patient, conserves 
tooth structure, and is faster, and effi cient, since the patient leaves the practice with 
a permanent restoration in a single appointment.

•     Where is the limit, deciding between a direct and indirect restoration for end-
odontically treated molars?     

 Historically, in teeth with substantial tissue loss, which is frequently the case 
when a root canal treatment is required, the use of metal posts was often neces-
sary. This was to provide retention for nonadhesive materials such as silver amal-
gams (Fig.  7.1a ) or other precious metal core materials to support cast crown 
(Fig.  7.1b, c ).

•      Are posts required for the restoration of endodontically treated molars? Which 
posts, for example, which type, shape, size, or diameter?     

 The placement of certain posts usually requires additional dentin removal, and 
may therefore result in a weakening of the tooth (Fig.  7.1c ). The stiffness of metal 
posts materials could also generate inappropriate stresses on the thin remaining den-
tin walls, which may result in root fracture (Fig.  7.1d ).

•     Do posts reinforce or weaken endodontically treated molars?     

 It must be kept in mind that retention of a restoration (survival) does not neces-
sarily mean clinical success. In some instances, even if the retention provided by the 
post is suffi cient to maintain the restoration in place, the loss of marginal seal should 
already be considered as a failure, and restoration repair or replacement should be 
performed. This is illustrated by a very extreme situation in Fig.  7.1e , but more 
moderate cases of this very situation are not uncommon. While reinforcement of 
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thin, fragile root walls with a bonded fi ber post is possible, posts often weaken teeth 
due to nonphysiological forces exerted and further loss of dentin to prepare the post 
space. This leads to a more general transition in modern dentistry, now giving more 
importance to the tooth survival than to the restoration survival, the former being 
certainly more important from a patient perspective.

a

d

g h i

e f

b c

  Fig. 7.1    Selection of clinical cases of molar endodontics with ( a ) a right mandibular fi rst molar 
(46 FDI, #30 Universal) with inadequate root canal treatment, periapical lesions on both roots and 
a large amalgam restoration retained by two metal posts; ( b ) a long-span bridge restoration includ-
ing three molars, with metal posts in multiple root canals; ( c ) tooth 36 (#19) with cast post and core 
in precious alloy before crown placement. Note the very thin remaining dentin layer toward the 
furcation of both roots indicated by  arrows ; ( d ) three-unit bridge placed 3 years ago with metal 
post and resin core in tooth 37 (#18). Note vertical root fracture indicated by the  red arrow ; ( e ) 
example of bridge restoration anchored by root canal posts, but with massive destruction of tooth 
structure due to recurrent caries; ( f )  left : inadequate root canal treatment with periapical radiolu-
cent areas and resin composite restoration with two large metallic screw posts;  center : same case 
after removal of the posts, endodontic retreatment; immediately after crown placement and 4-year 
follow-up showing periapical healing; ( g ) endodontically treated upper molar with large coronal 
tissue loss restored with bonded overlay composite restoration after preliminary margin relocation 
(Courtesy of Dr. T. Hollaert); ( h )  left : tooth 25 (#13) with vertical root fracture, 26 (#14) and 27 
(#15) with mesial decay;  right : same case after extraction of 25 (#13) and 27 (#15); crown prepara-
tion of 26 (#14) resulting in loss of tooth structure and pulpal infl ammation requiring root canal 
treatment; the remaining composite material will have to be replaced; ( i )  left : tooth 26 (#14) with 
apical radiolucency on MB root, with a carrier-based fi ll in a pulp-fl oor perforation;  right : tooth 
after endodontic retreatment, removal of the carrier, repair of the perforation, and lesion healing at 
the 1 year follow-up. The initial large composite restoration was maintained, and the access cavity 
fi lled by a direct composite       
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•     Can an endodontically treated molar with extensive tissue loss be restored solely 
by a bonded restoration? Are posts required for root canal-treated molars?     

 Dental material technologies have evolved tremendously over the last decades. 
In particular, resin-based composites, which can be micromechanically and chemi-
cally bonded to the dental tissues, have become more and more reliable. By tradi-
tion, some dentists keep using metal posts to retain bonded composite restorations 
(Fig.  7.1f ), while they accordingly should be replaced by fi ber-reinforced resin- 
based posts, or possibly by no posts at all, either in case of a composite core covered 
by a full crown, or more recent adhesive strategies such as the so-called endocrowns 
or overlays in general (Fig.  7.1g ).

•     Is adhesive technology suffi cient to reinforce the tooth?     

 The preparation of a full crown frequently results in additional removal of sound 
tooth structure (Fig.  7.1h ). Fiber posts rely on luting resin that fi lls discrepancies, so 
that additional widening of the space becomes unnecessary. This is supported by the 
fact that a ferrule should be obtained on endodontically treated teeth. If a 2 mm fer-
rule can be obtained, a post is not needed to retain the buildup.

•     Is a ferrule a must in endodontically treated molars or is tissue preservation 
more important? Is partial restoration a valid alternative to full crown? Should 
the cusps be covered?     

 A ferrule is generally admitted to be a must to prevent dislodging forces that will 
lead to coronal leakage. Cusps should be covered if structure loss is the size of an 
MOD preparation, or larger, and in undermined coronal walls. It should be consid-
ered in cases with loss of marginal ridges.

•     After endodontic (re-)treatment through an existing restoration, should the latter 
be replaced or repaired?     

 Very often, endodontic treatment is performed through an existing restoration, 
either a crown or a fi lling (Fig.  7.1i ), which in some instances are still serviceable. 
Here preservation of the previous restoration and the direct restoration of the occlu-
sal cavity may suffi ce.

•     Can endodontically treated molars be part of a multiunit restoration?     

 Despite the development of implant technology, endodontically treated teeth are still 
valid abutments in large-span restoration. This chapter focuses on single-tooth restora-
tion for endodontically treated molars; detailed considerations for complex treatment 
plans likely require multispecialty discussion and are beyond the scope of this book.

•     Finally, how should a tooth with poor endodontic prognosis be restored?     
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 Despite the high success rate of endodontic procedures, some teeth are compro-
mised due to problems such as broken instruments, perforation, or stripping, which 
may result in a poorer prognosis of the endodontic treatment. A direct restoration 
for teeth with a poor prognosis may be an appropriate solution. 

 This list of question is not exhaustive, and the answers not comprehensive, but 
they illustrate part of the decision-making process of the dentist restoring a molar 
after root canal procedure, which offers specifi c challenges (Box  7.1 ). This chapter 
will provide considerations to help practitioners answer these questions, and make 
the best possible clinical decision. 

7.3       Molar Restoration in an Era of Adhesive Dentistry, 
Digital Technology, and Biomaterials 

 Molar teeth endure the majority of the vertical masticatory forces, while most of the 
time, they are protected from lateral forces by anterior teeth through anterolateral 
guidance [ 10 ]. Occlusal loads sustained by molars during normal function range 
roughly between 100 and 300 N, while they do not exceed 50 N for premolars, and 
are lower yet for anteriors [ 11 ]. Higher values for maximum voluntary bite force 
have also been reported (500–800 N) [ 12 ], and can potentially reach even higher 
levels in case of parafunctions [ 10 ]. The variability is due to factors such as the type 
of food [ 13 ], age [ 12 ], or gender [ 14 ]. 

 This underlines that restorative concepts should be specifi c to each tooth type, 
since each is submitted to very different challenges. Molar teeth are mostly submitted 
to axial forces of high intensity. Since root canal treatment weakens teeth due to loss 

  Box 7.1. Specifi c Properties and Findings Regarding Endodontically Treated 
Molars 
•     They differ from other tooth types, since they endure most of the vertical 

masticatory forces (100–300 N), and are protected from lateral forces by 
anterior teeth through anterolateral guidance.  

•   Root canal therapy itself does not seem to weaken dental structures; 
increased susceptibility to fracture appears to be due in majority to coronal 
and pericervical hard tissue removal, not to local changes of dentin 
characteristics.  

•   Three major technological developments are challenging the way end-
odontically treated molars have so far been restored:
 –    Adhesive dentistry and the development of increasingly more reliable 

dental adhesives  
 –   The rise of digital technology, enabling the rapid and reliable design 

and manufacture of restoration in practice  
 –   The development of “Bio-”materials, with characteristics closer to the 

replaced tissues       
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of structure, there is a particular need to adequately protect endodontically treated 
molars against tooth fracture. In this regard, it is to some extent surprising that most 
reviews and guidelines dealing with restoration after endodontic treatment propose 
general concepts of restoration for all teeth, and not specifi c to each tooth type [ 15 ]. 

 Tooth weakening following endodontic treatment seems to have little [ 10 ] or 
nothing to do [ 16 ] with local changes of dentin characteristics following endodontic 
treatment (e.g., loss of moisture, use of chelators, irrigants, or medicaments). The 
major cause for increased susceptibility to fracture of endodontically treated teeth 
appears to be the loss of hard tissue [ 10 ]. Endodontically treated teeth indeed very 
often undergo additional dentin removal in the process of the restoration, for 
example:

•    Creating post space  
•   Preparation for full crowns  
•   Occlusal reduction of thin dentin walls    

 In this regard, it is quite sobering that a major cause of further tissue damage is 
iatrogenic, especially given the efforts that are currently invested in developing 
strategies to regenerate dental tissues in order to strengthen tooth structure. 

 In light of this paradox, it is important to weigh the necessity or rationale of addi-
tional tissue sacrifi ce. The ultimate goal of dentistry is to retain a healthy comple-
ment of teeth for a lifetime; therefore, appropriate strategies should be “conservative” 
in order to control, rather than eliminate a condition, with existing tissues preserved 
as much as possible [ 17 ]. Indeed, it appears that habits, heritage, and/or traditions 
sometimes lead to a “conservative” dentistry in the sense of holding to traditional 
attitudes and values and cautious about change or innovation. In this regard, it is 
signifi cant to consider certain advances and evolutions made over the past few 
decades that are of prime importance when considering the best way to restore end-
odontically treated molars: adhesive dentistry, digital technology, and biomimetics. 

 Adhesive dentistry started in 1955 with Buonocore, and bonding materials and 
strategies have since considerably evolved. Dental adhesives are now more and 
more reliable and predictable [ 18 ]. Specifi cally regarding restoration of endodonti-
cally treated molars, composite restorations enable us to do more and more without 
mechanical, nonadhesive, retention features such as cavity taper, grooves, or posts. 
Retention elements necessary in the era of silver amalgam are no longer needed, and 
this allows for more tissue preservation. 

 Another major breakthrough that is very likely to greatly affect tooth restoration 
is the advent of digital technology, specifi cally the CAD/CAM technology. Clearly, 
digital technology is changing dentistry and it is likely that the use of computers 
will replace manual tasks with the hope to get results faster and with fewer errors 
[ 19 ]. For endodontically treated teeth, with a likely further spread of CAD/CAM 
devices, clinicians may have the option of placing a permanent indirect restoration 
immediately after completion of endodontic treatment. As mentioned above, this 
approach is highly desirable in terms of endodontic success, as it limits or avoids 
temporary restoration failure. 
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 Finally, another interesting evolution is the advent of “bio”-materials. Far more 
than just a buzzword, the addition of these three letters in front of the word “mate-
rial” has a clear meaning, in that materials should not only be considered for their 
intrinsic qualities, but in the context of their integration in a living organism. 
Biomaterials are expected to behave and perform in a similar fashion as the tissue 
they replace. Therefore, their characteristics should be as close as possible to the 
tissues replaced. This should be kept in mind by clinicians when choosing the best 
strategy and most adapted material for tooth restoration. The current trend is to use 
materials whose mechanical properties are as close as possible to the dental tissues 
they replace [ 20 ], this is sometimes implied by the expression “biomimetics.” 

 For example, an important property to consider is the elastic modulus, which is the 
tendency of a material to be reversibly deformed when a force is applied to it. A sig-
nifi cant difference of elastic modulus between the replacement material and the tissue 
replaced might result in inappropriate interfacial stress generation. The elastic modu-
lus was determined to be about 19 GPa for dentin and 80–94 GPa for enamel [ 21 ]. In 
comparison, it is much higher in metals and other dental materials, for example, about 
110 GPa for titanium, 200 GPa for stainless steel, 200 GPa for zirconium, and 300 GPa 
for aluminum oxide. This major difference in modulus suggests that metal posts in 
roots should be used with caution. In contrast, the elastic modulus of fi ber posts ranges 
between 10 and 25 GPa, which is much closer to that of dentin [ 22 ]. 

 The elastic moduli of currently available materials for coronal restoration are as 
follows: 10–15 GPa for hybrid resin-based composites [ 23 ], 10–17 GPa for glass 
ionomer [ 24 ], about 20 GPa for amalgam [ 25 ], 71 GPa for feldspathic porcelain, 
and 224 GPa for zirconia [ 26 ]. Interestingly, it has been shown that an increase in 
elastic modulus of the restoration from 5 to 20 GPa actually results in a 30 % reduc-
tion of stress at the tooth-restoration interface under occlusal load [ 27 ]. Hence, it 
seems to make sense that the deformation under load of the restorative materials 
should be as close as possible to that of the tooth, which according to the above 
values points to resin-based composites for dentin, and feldspathic porcelain for 
enamel. As illustrated, many clinical situations show that a lack of respect of these 
biomimetic concepts can result in a failure. Nevertheless, it is also possible to fi nd 
other clinical cases where these concepts of integration are not respected, but where 
the restoration can still be considered a clinical success. In fact, clinical experience 
seems to illustrate that in dentistry, a treatment might be successful despite what we 
do, not because of what we do. Therefore, and given the lack of clear clinical evi-
dence, risks pointed out by in vitro data need to be carefully appraised when restor-
ing root canal-treated molar teeth.  

7.4     Objectives of the Restoration of Endodontically 
Treated Teeth 

 Generally, goals of the restoration of teeth after endodontic treatments can be sum-
marized in three main objectives: to restore tooth functions, to prevent infection or 
reinfection of the root canal space by providing a fl uid-tight seal and to protect the 
remaining tooth structure against further tissue damage (Box  7.2 ). 
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  Although these general objectives are not specifi c to molars, the latter appear to be 
the most commonly extracted teeth among endodontically treated teeth (81 %) com-
pared to premolars (16 %) and incisors/canines (3 %) [ 28 ]. Here, particular attention 
should be paid to the reasons for extraction, which were mainly nonrestorable caries 
(>60 %), far ahead of persistent endodontic failure, nonrestorable root or cusp frac-
ture, and iatrogenic perforation, which were in that study cited in about 9–12 % each. 

 The major tooth functions that need to be restored include mastication, occlusal 
stability, and protection of the marginal periodontal tissues by providing appropriate 
contact points with neighboring teeth. At the same time an esthetic result must be 
achieved, while this is typically less critical in the posterior than in the anterior 
dentition. The restoration of these functions is not specifi c to endodontically treated 
teeth, but common to all damaged teeth and will not be the focus of this chapter. 

 The second objective, to prevent infection or reinfection of the root canal space, 
is of prime importance regarding the long-term success of endodontic treatment, as 
will be discussed in the next section. 

 Finally, the third objective, to protect the residual tooth structure against further 
tissue damage (carious or noncarious causes), is particularly relevant to endodonti-
cally treated teeth. In cases of structural loss after caries removal or preparation, 
endodontically treated teeth require protection against fracture. This third objective 
is particularly important and critical in molars, since they receive most of the mas-
ticatory forces, as will be described further. Hence, this chapter will propose consid-
erations to prevent this major cause for endodontic treatment failure.  

7.5     Fluid-Tight Seal of the Root Canal System 

 After completion of endodontic treatment, the priority is to establish an adequate 
coronal seal to prevent any infection or reinfection of the root canal space. This 
important aspect is not specifi c to molars but common to all types of teeth. Is the 

  Box 7.2. Objectives for the Restoration of Endodontically Treated Molars 
•     To restore function

 –    Mastication  
 –   Occlusal stability  
 –   Contact points with neighboring teeth to ensure protection of the mar-

ginal periodontal tissues  
 –   Aesthetics (to a lower extent in the posterior sector)     

•   To prevent the infection or reinfection of the root canal space by providing 
a fl uid-tight seal
 –    An adequate tooth restoration increases the chances of healing when 

combined with an adequate root canal treatment and obturation     
•   To protect the remaining tooth structure against further tissue damage, in 

particular tooth fracture
 –    Increase of tooth longevity       
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quality of coronal restoration of equal importance as the quality of the root canal 
fi lling regarding the outcome of endodontic treatment? This question has been the 
subject of debate in the endodontic literature (Fig.  7.2 ). The discussion arose from 
a report that cases with good coronal restoration, regardless of the quality of end-
odontic treatment (conditions 3 and 4 in Fig.  7.2 ) were associated with a signifi -
cantly higher success rate based on the absence of periapical lesion in a radiograph  
than the opposite situation (80 %, conditions 2 and 4 in Fig.  7.2 ) [ 29 ]. The same 
authors fi nd, comparing the worst- and best-case scenarios (situations 1 and 4 in 
Fig.  7.1 , respectively), success rates of about 20 % and 90 %, respectively.

   Gillen and others [ 30 ] conducted a systematic literature review and meta- analysis 
of all papers published on this topic since the original work by Ray and Trope [ 29 ]. 
Based on new statistical analyses based on data from nine papers, they concluded 
that a better treatment outcome can be expected when performing both high-quality 
root canal treatment and restoration (situation 4 in Fig.  7.2 ) compared to either 
insuffi cient fi lling or root canal treatment (situations 2 and 3 in Fig.  7.2 ), where no 
signifi cant difference in the odds of healing was observed [ 30 ]. 

  Fig. 7.2    Schematic diagram of possible clinical situations when restoring a root canal-treated 
molar ( center ). Clinical outcomes shown in cases  1 – 4  depend on the quality of both endodontics 
and restorative work, with better outcomes when both parts are done to quality criteria ( red /g reen ). 
See text for more details       
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 In a best-practice approach, since it is clear that the highest treatment quality in 
both aspects results in the best chances of success, the joint and coordinated efforts 
of both endodontists and restorative dentists are necessary to achieve the best pos-
sible outcome. Importantly, these elements point out to endodontic specialists that a 
quality restoration is important for success of the endodontic treatment he/she per-
formed. As mentioned above, a major reduction of survival after endodontic treat-
ment is anticipated for teeth restored with temporary restorations compared to the 
teeth receiving a permanent restoration [ 1 ]. 

 Along the same lines, in vitro data have pointed out that temporary materials (nei-
ther Cavit, conventional glass ionomer, or a combination of both) were unable to 
prevent bacterial leakage over a 2-month period, whereas a bonded-resin-based 
material was able to do so [ 31 ]. This problem becomes particularly striking, consid-
ering that nowadays the endodontic and restorative phases are more often in the 
hands of two different practitioners and treatment decisions are infl uenced by insur-
ance coverage also. Hence, the joint and coordinated efforts of both endodontists and 
restorative dentists are necessary to achieve the best possible outcome for the patient. 

 Even when under the control of one general dentist, endodontic and restorative 
procedures are usually performed in two separate appointments. Therefore, one 
needs to consider approaches that can ensure immediate, reliable, and defi nitive 
sealing of the root canal system, very likely through an adhesive procedure. One 
possible approach is the one proposed by Magne’s group, called immediate dentin 
sealing (IDS). This procedure may consist of immediate placement of a bonding 
system at the surface of freshly cut dentin and was demonstrated to improve bond 
strength of indirect restorations as compared with delayed bonding procedure at the 
next appointment, when placing the restoration [ 32 ]. Hence, in the context of restor-
ing endodontically treated teeth, IDS has a dual advantage: providing an immediate 
seal, and improving bond strength for the restoration to come (see Box  7.3 ). The 
additional placement of a thin layer of fl owable resin-based composite at the 
entrance of the root canals and on the pulp chamber fl oor can also be recommended. 
It must fi nally be kept in mind that IDS requires the fi nal restoration to be placed 
within the next 2 weeks after bonding placement. After longer periods, a reduction 
of the cohesion between bonding and resin-based composite was indeed observed 
[ 33 ], possibly due to the decay of free radicals within the adhesive layer, which 
reach undetectable levels in less than 1 month after light-curing [ 34 ]. An additional 
procedure including the placement of a silane agent is then required, as well as a 
fresh layer of bonding agent [ 35 ]. 

  Box 7.3. Sealing the Endodontic Space 
•     The combination of both good endodontic treatment and good coronal res-

toration results in signifi cantly better endodontic treatment outcome  
•   The placement of an adhesive resin-based composite layer at the entrance 

of root canals and over the whole surface of pulp-chamber and cavity 
immediately after completion of endodontic treatment represents the best 
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  As mentioned earlier, one of the objectives of the restoration of endodonti-
cally treated teeth is to protect the remaining tooth structure against further tissue 
damage, in particular tooth fracture. The major cause for increased susceptibility 
to fracture of endodontically treated teeth is the loss of hard tissue; it is important 
to weigh the impact of caries removal, preparation for coronal restorations, 
access cavities, or root canal preparation on tooth stiffness. This issue was evalu-
ated in premolars in the classic work by Reeh and others [ 36 ], and the residual 
tooth stiffness relative to an unaltered tooth (100 %) was sequentially: 95 % after 
access cavity only, 80 % after occlusal cavity preparation, 54 % after two-surface 
cavity preparation, 37 % after MOD cavity preparation, 33 % after access cavity 
preparation, 34 % after root canal instrumentation, and only 32 % after root canal 
obturation. 

 In molars, the average residual tooth stiffness was reported to range between 81 
and 95 % after an MO cavity preparation, and between 60 and 61 % after an MOD 
cavity preparation, depending on the cusp considered [ 37 ]. This is lower than what 
was observed for premolars, although it is problematic to directly compare the val-
ues of two separate studies. Nevertheless, it may be concluded that the reduction in 
tooth stiffness results mainly from cumulative tissue loss at the coronal level. To 
address this tooth weakening, three important clinical concepts need to be consid-
ered: the ferrule effect, the placement of post(s), and cuspal coverage.  

7.6     The Ferrule Effect in Molars 

 The dental ferrule refers to a circumferential band of dentin of at least 1–2 mm of 
dentin coronal to the margin of the preparation for a full crown (Fig.  7.3 ). It has 
been suggested that the presence of a ferrule may reinforce endodontically treated 
teeth, the “ferrule effect,” especially in teeth restored with cast post and core [ 38 ]. It 
was also observed that an adequate ferrule lowers the impact of the other factors 
(post and core system, luting agents, or crown material) on the survival of endodon-
tically restored teeth [ 39 ].

way to prevent reinfection of the root canal system. This initial layer will 
serve as substrate for the subsequent adhesive restoration.  

•   Immediate dentin sealing (IDS) is indicated fi rst to reduce the risk of 
contamination of the root canal system associated with temporary resto-
rations, and second, to increase bond strength of the future coronal 
restoration.  

•   Ideally, the endodontist could/should take care of the placement of this 
initial layer. The subsequent placement of the permanent restoration 
as soon as possible requires agreement between both the endodontist 
and restorative dentist, both on best-practice restorative procedure and 
sequence.    
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   Most research was done with single-rooted teeth and comparatively little data are 
available on molars. In the two major literature reviews that focus on the importance 
of the ferrule effect, one did not mention a single work devoted to molars [ 38 ] and 
the other reported the critical need for more clinical trials that investigate an effect 
on molars [ 39 ]. Only one clinical study focused specifi cally on endodontically 
treated, restored molars, and concluded that the amount of tooth structure available 
for ferrule (evaluated retrospectively from bitewing radiographs) may not be a sig-
nifi cant prognostic parameter [ 40 ]. However, two other clinical studies included 
molars [ 41 ,  42 ] and both reported improved survival for teeth with ferrule (93 % at 
3 years [ 41 ] and 98 % at 5 years [ 42 ]) compared to teeth without ferrule (74 % [ 41 ], 
93 % [ 42 ]). Notably, in these two studies molars represented less than half of the 
teeth and a minority of the failures [ 42 ]. 

 Therefore, while from a mechanical standpoint a ferrule is logical and recom-
mended whenever possible, it is somewhat speculative to generalize and recom-
mend ferrules for all molars based on these data alone. Moreover, it should be kept 
in mind that occlusal loads on molars are mostly axial, whereas the ferrule effect has 
mostly been demonstrated to be effective in protecting single-rooted teeth against 
lateral and oblique forces. 

 Interestingly, in an in vitro study comparing the importance of ferrule in end-
odontically treated molars restored with full metal crowns, it was reported that the 
presence of a 2 mm ferrule was a determinant factor on the fracture resistance and 
fracture mode. However, the forces required to induce fracture were well above the 

  Fig. 7.3    From left to right, an endocrown (no ferrule), a post and core (either fi ber post and resin 
composite core or metal cast post and core) covered by a full crown (no ferrule), and a crown 
covering a post and core with apical extension of preparation margin, providing a 2 mm ferrule. 
The  red arrow  symbolizes the risks the apical extension may represent, here regarding the furca-
tion, but in general regarding the respect of the biological width space       
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physiological forces, or even parafunctional levels, either in the ferrule group 
(2035–2934 N) or in the no-ferrule group (1528–1879 N) [ 43 ]. As stated before, 
results based on one type of teeth should no longer be generalized to all endodonti-
cally treated teeth without any distinction, as it is often the case in the literature. 

 Hence, given the lack of solid evidence in favor of the need of ferrule in molars, 
it is questionable whether it should be achieved at the expense of the remaining 
tooth structure (Fig.  7.3 ) and it is questionable to make the decision to extract a 
molar based solely on the lack of ferrule. Interestingly, when dentists are made 
aware of the additional tissue loss (3–45 %) associated with complete versus partial 
coverage restoration in molars, over 50 % of the clinicians altered their initial choice 
of restoration design from full to partial coverage [ 44 ]. Besides, the preparation of 
a ferrule at any cost in case of little remaining coronal tissue might be associated 
with additional problems. Notably, the subgingival margin placement can lead to a 
reduction of the biologic width space (distance between crown margin and alveolar 
crest) below the required 2–3 mm and to diffi culties with the margin impression, 
excess luting cement removal, and cleaning of the area by the patient. The alterna-
tives, crown lengthening or orthodontic extrusion, represent additional costs and 
delay for the patient; details of these procedures are beyond the scope of this text. 
Given the signifi cant progress made in adhesive dentistry, preservation of coronal 
tissue should be contemplated instead of ferrule preparation in molars, and alterna-
tive approaches such as so-called endocrowns should be considered, as will be 
described further. 

 Admittedly, endodontic treatment in molars is typically rendered when a major 
portion of enamel and dentin has been already lost due to caries. Moreover, there are 
molars that may have a guarded prognosis (see also Chaps.   2     and   8    ) but still require 
a restoration (Fig.  7.4 ). Obviously, there is a range of clinical scenarios in the resto-
ration of molar endodontics, and a variety of possible solutions will be discussed 
below.

7.7        Post Placement in Endodontically Treated Molars 

 The question whether post placement is indicated in the restoration of endodonti-
cally treated teeth is quite diffi cult to answer with a clear  yes  or  no  based on the 
available literature. There are numerous factors involved, such as the post material 
or diameter, the quality of the bonding interface between post and dentin, the core 
material, the crown material, the amount of residual tooth structure, and others. This 
makes studies diffi cult to compare, and probably accounts for the contradicting 
results found in the literature. Importantly, tooth type is a major factor to consider, 
and most of the studies evaluating post placement were done on single-rooted teeth. 
The results obtained for incisors or premolars are not directly transferable to molars, 
and each tooth type has specifi c characteristics, notably the major differences in 
occlusal load intensity and directions [ 45 ]. Hence, only studies involving molars 
will be considered here. As regards the type of post, fi ber-reinforced composite 
posts present characteristics that support their use instead of metal posts, since as 
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Pre-operative X-Ray

Pre-operative X-Ray

Post-operative X-Ray

+ 8 months

+ 2 months

Cone-fitting

+ 8 months

+ 15 months

  Fig. 7.4    ( a ) Teeth 15 and 16 (#4, 3) with periapical lesions, 16 (#3) with a perforation of pulp cham-
ber fl oor ( arrows ). Both teeth received root canal (re-) treatment, and the perforation of tooth 16 (#3) 
as well as the vestibular canals were obturated. Direct composite restoration on tooth 16 (#3) and 
composite endocrown placed on tooth 15 (#4). Teeth are clinically asymptomatic at 8 months, and 
there are no signs of pathosis either in the periapical or in the furcal regions. ( b ) Tooth 26 (#14) pre-
senting with a large periapical lesion with overextended fi ll and inadequate coronal obturation. The 
apical size of the MB root canal was very large and an apical plug was placed, followed by the place-
ment of a direct composite restoration. At the 1-year follow-up, the tooth is asymptomatic and there 
is evidence of bone fi ll; the patient decided to keep the composite restoration       
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already mentioned their elastic modulus is much closer to dental tissues, while at 
the same time displaying a fracture strength of 600–1100 MPa [ 22 ,  46 ], in other 
words, lower than metal posts (around 1400 MPa) but still much higher than dentin 
(200 MPa) [ 46 ]. It has also been suggested that the consequences of root fracture are 
more severe with metal posts than with fi ber-reinforced composite posts [ 47 ]. In 
addition, the latter can be bonded to both root canal surface and resin-based restor-
ative materials, which is not the case of their metallic counterparts. Hence, even if 
metal posts have been used for years in the clinics, the present chapter will only 
address the interest of using or not fi ber posts in molar restoration.  

7.8     Bonding in the Root Canal: The Worst-Case Scenario 

 Even in the event that a post is required (which as will be discussed below, does not seem 
to be clearly the case in molars), several aspects make its bonding procedure diffi cult. 

 First, it is not trivial to clean the root canal dentin and prepare it for bonding. 
Following endodontic treatment, obturation, and post space preparation, large areas 
of the root canal walls were indeed shown to be covered with smear layer, debris, 
and materials (sealer or gutta-percha) [ 48 ], which interfere with the post bonding 
effi ciency. Since NaOCl was also demonstrated to decrease the bond strength [ 49 ], 
there may be an interest of neutralizing this effect by use of antioxidant such as 
sodium ascorbate [ 50 ,  51 ]. In Lai’s work, control of abundant rinse with water prior 
to bonding is lacking, while in Vongphan’s paper, there is no signifi cant difference 
between control and when abundant water rinse is performed after NaOCl. Hence, 
it is still unclear whether or not this additional step is really benefi cial. 

 Second, the ease of bonding procedure (etching, rinsing, primer application, dry-
ing, bonding application), resin-material injection, and photopolymerization is not 
as straightforward in the root canal space as in the coronal portion, which can result 
in lower bonding quality, more voids, or suboptimal resin polymerization [ 52 ]. 

 Third, another major limitation of the bonding procedure in the root canal is 
related to the well-known polymerization shrinkage of resin-based composite, and 
the resulting stresses generated on the surrounding tooth structure. If the shrinkage 
stress exceeds the bond strength of the adhesive system to dentin, gaps form along 
the interface [ 52 ]. The magnitude of shrinkage stress is related to a parameter called 
“C-factor,” which refers to the ratio of the bonded surfaces to the unbonded ones 
[ 53 ]; the higher the C-factor, the greater is the shrinkage stress [ 54 ]. Signifi cant 
bond strength reduction is already observed when increasing C-factor from 1 to 3 
[ 55 ], and the C-factor values in root canals are expected to be much higher, since 
theoretically every dentin wall can be considered to have an opposing wall, and 
therefore very few surfaces are unbonded [ 52 ]. It is interesting to notice that the 
addition of a post as compared to fi lling the root canal with only resin results not 
only in a massive increase of C-factor, but also to a signifi cant reduction of micro-
tensile bond strength to root canal dentin (7.3–9.6 MPa with a post compared to 
20.4–39.8 MPa without a post) while variations of resin volume by modifi cations of 
root canal width did not seem to affect bond strength [ 56 ]. 
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 Finally, higher bond strength values have been reported in coronal compared to 
apical dentin [ 57 ]. This questions the interest of preparing long post spaces, as com-
pared to using only the coronal portion of the root canals, such as in the endocrown 
strategy, which will be described further. 

 All these limitations explain why bonding posts in the root canal is probably the 
worst-case scenario, with a particularly important risk of debonding and gap forma-
tion between post and root canal dentin, and low dentin bond strength. Additionally, 
there is concern of the stability of this little predictable bond with time, especially 
after repeated thermal, chemical, and mechanical stresses [ 58 ]. Indeed, Bouillaguet 
et al. [ 57 ] state that “clinical failure is not seen when suffi cient coronal dentin is 
available because the restoration does not rely heavily on the bonding of the post to 
the root dentin.” This then logically questions the rationale of using posts to increase 
the restoration retention and/or reinforce the teeth. 

7.8.1     Do Posts Reinforce Endodontically Treated Molars? 

 Based on in vitro studies, it is generally considered that the use of posts does not 
increase the fracture resistance of endodontically treated teeth [ 3 ], but these data are 
mostly based on metal post restorations, which do not bond to the dentin structure. 
Hence, it is worth revisiting this question with fi ber-reinforced composite posts, and 
specifi cally regarding molar restoration. 

 Unlike for metal posts, in vitro data seem to highlight a possible strengthening 
effect of fi ber posts on endodontically treated teeth. Again, a large majority of works 
addressing the use of posts to reinforce teeth included singe-rooted teeth. Let us 
consider those specifi cally focused on molars. In an in vitro work quoted earlier 
regarding the role of ferrule, a signifi cantly higher fracture resistance was observed 
for teeth with posts (around 2900 N with ferrule, around 2000 N without ferrule and 
no signifi cant difference between glass fi ber and cast posts) than without posts 
(around 2000 N with ferrule, around 1500 N without ferrule). 

 Cast posts were associated with the highest rate of nonrestorable failures 
(80–100 %), whereas nonrestorable failures were reported in only 10–30 % of teeth 
with fi ber posts or without posts (25° load direction) [ 43 ]. In another in vitro study, 
it was concluded that fi ber post placement does not increase fracture resistance of 
endodontically treated mandibular molars with one or two remaining cavity walls in 
case of indirect composite overlay placement (fracture resistance around 1000 N for 
restored teeth after fatigue compared to 2992 N for intact teeth) [ 59 ]. However, they 
also observed that fi ber post insertion could lead to more restorable fractures in case 
of extra axial loads (65 % nonrestorable fractures without post and 30 % with post) 
(45° load direction). Similar observations were again made when comparing differ-
ent onlay materials (gold, composite, and ceramics) on MOD cavities with buccal 
and lingual cusp coverage, that is, fracture resistance ranging from about 1600 N 
(for ceramic and composite inlays) to 2900 N (for gold inlays), again well above 
physiological and parafunctional forces in all cases [ 60 ]. The effect of fi ber post 
placement was not signifi cant for composite or ceramic onlays, but well for gold 
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onlays (about 2300 N without post and about 2900 N with post). Another study 
investigated direct composite restorations of root canal-treated molars with or with-
out fi ber posts, and reported fracture resistance ranging from 700 to 1600 N, depend-
ing on the number of remaining cavity walls [ 61 ]. They concluded that fracture 
resistance is not affected by the presence of fi ber posts, but depends mostly on the 
number of residual walls, with a signifi cant reduction of fracture resistance observed 
with less than two remaining walls. A higher proportion of nonrestorable failure 
was observed for restorations with fi ber posts (0–50 %) than without (40–70 %). 
Another study by the same group investigated fracture resistance of root canal- 
treated molars restored with zirconia crowns, with different degrees of coronal tis-
sue loss. They reported a signifi cant improvement in fracture resistance with fi ber 
posts (average ranging from about 1200 to 1450 N, with 20–33.3 % of nonrestorable 
fractures) compared to without posts (average ranging from about 1150 to 1250 N, 
with 6.7–20 % of nonrestorable fractures) [ 62 ]. 

 In summary, based on in vitro studies, there is no consensus on the effect of fi ber 
posts on endodontically treated molars, since some of them support a reinforcement 
and others do not. The common fi nding of all these in vitro data points is that failure 
occurs above normal intraoral forces, or even parafunctional forces which have a 
range from 700 to 1000 N in the posterior mandible. Hence, it is questionable whether 
or not the differences observed well above physiological forces, as well as the con-
clusions regarding restorability after failure, are in any way related to the clinical 
reality. All the conditions might very well be equivalent under physiological forces. 

 Considering clinical data, a meta-analysis on the subject concluded that the use 
of post retention had no signifi cant infl uence on tooth survival after endodontic 
treatment, and a substantial heterogeneity among the included studies was deplored 
[ 7 ]. By contrast, a prospective study on tooth survival by the same group reported 
that teeth with cast post-and-core restorations were 2.6 times more likely to be 
extracted [ 1 ]. Since almost 90 % of the extracted teeth with cast post and core were 
premolars and molars, they concluded that the use of such retention systems should 
better be avoided in posterior teeth, and replaced by alternative treatment options 
[ 1 ]. They also reported that despite the large number of teeth included (1,617 teeth), 
the statistical power was not suffi cient to test the interaction between factors, nota-
bly tooth type or post and core material, due to the small number of failures. The 
lack of consideration of tooth type in the majority of the clinical studies on end-
odontically treated teeth survival is a major limitation to determine whether or not 
the placement of posts participate in the reinforcement of endodontically treated 
molars specifi cally. As pointed out earlier [ 3 ], more clinical studies taking into 
account tooth type are required to determine whether or not a post should be used. 

 Among the few studies including molars, two reported no infl uence of post 
placement on restoration survival, one comparing at 5 years between cast post and 
core, direct post and composite core restoration and post-free all-composite core 
restorations [ 42 ], and the other direct composite resin-core-crown reconstructions 
with or without prefabricated metal posts [ 63 ]. However, the use of metal posts with 
composites is not an appropriate association, as mentioned earlier, and molars rep-
resented only 20–25 % of the teeth in both studies. 
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 Several other studies investigating fi ber posts included molars, but all were lack-
ing appropriate controls, that is, molars with comparable tissue loss and without 
fi ber post were not included. For example, Mancebo et al. evaluated the survival of 
root-treated teeth restored with fi ber post and composite core covered by a crown, 
but molars represented only 18 % of the teeth included, only 3/14 failures, and most 
importantly no control without posts were investigated [ 41 ]. Another retrospective 
study evaluated the long-term performance of three types of fi ber posts after a ser-
vice period of 7–11 years. Almost 1,000 posts were in the study, with a total of 79 
failures, 39 for endodontic reasons and 40 actual restoration failures. It was con-
cluded that fi ber posts “ may be  used routinely for restoring endodontically treated 
teeth” [ 64 ]. The evidence provided is again insuffi cient to determine if fi ber posts 
 should  be used, since again no control without posts were considered, and only 
about 20 % of the teeth were molars, which represented only 13 of the 40 restoration 
failures, all due either to post debonding or to crown dislodgement. 

 In fact, to clearly determine whether fi ber posts participate in endodontically 
treated molar reinforcement, a randomized clinical study would need to evaluate 
restoration with and without posts,  for a given tooth type, and for similar levels of 
tissue destruction . To our knowledge such study does not exist for molars. This is 
further underlined in a prospective study evaluating the risk factors for failure of 
glass-fi ber-reinforced composite post restorations, which concluded that tooth and 
restoration type as well as remaining cavity walls were signifi cant predictors of end-
odontically teeth restoration failure [ 6 ]. In their work, a two to three times higher 
failure rate was observed in restorations placed in incisors or canines compared to 
those placed in premolars or molars. Though, as mentioned by the authors them-
selves, some limitations such as small sample size and small number of failures led 
to small statistical power. Once more, no control without posts was considered, and 
no specifi c focus was put on molars. The authors explain the higher failure rate in 
anterior teeth by the fact that fatigue fractures are caused by tension stress and not by 
compression, and the anterior region is therefore considered to be an area of higher 
risk, compared to molar areas, which bear less nonaxial forces. However, their results 
are in contradiction with the meta-analysis by Ng et al. [ 7 ] and the practice-based 
research by Skupien et al. [ 4 ], which report increased survival of nonmolar endodon-
tically treated teeth, irrespective of the presence or absence of a post. 

 Bitter et al. considered the level of tissue loss and compared restorations with or 
without fi ber posts (mean observation period of 32.4 months, 90 patients, 120 teeth). 
They concluded that fi ber post placement is useful to reduce restoration failures of 
endodontically treated teeth with no remaining coronal wall, whereas no signifi cant 
effect was shown in teeth with one or more remaining coronal walls [ 65 ]. 
Unfortunately, tooth type was again not considered, and the low number of failures 
of molars restored without posts (3/37) and with posts (0/25), which again is insuf-
fi cient to conclude regarding the advantages of using posts in molars. The result of a 
recent practice-based study (almost 800 teeth, mean observation time 4.5 years, 50 % 
were molars, 700 without posts, 100 with post, post type not specifi ed) concluded 
that the use of posts had no signifi cant effect on either tooth survival or restoration 
success [ 4 ], though again the infl uence of post specifi cally on molar teeth could not 
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be evaluated. The authors bring up the fact that the longevity of teeth and restorations 
do not only depend on the restorative considerations but also on factors related to the 
practitioner and the patient [ 66 ]. This is a very important aspect, since, as mentioned 
by Skupien et al., the dentist’s decision making may for example result in teeth with 
a more important coronal breakdown receiving a post [ 4 ]. 

 In summary, it appears that clinical data are insuffi cient to justify the use of 
posts to reinforce endodontically treated molars. As stated by Al-Omiri and others, 
the guidelines are mainly based on in vitro studies and only limited in vivo material 
[ 2 ]. More long-term randomized controlled clinical trials taking into account tooth 
type and the loss of coronal structure are clearly required to reach an irrefutable 
conclusion regarding the use of posts to prevent fracture of endodontically treated 
molars [ 2 ].  

  Fig. 7.5    Schematic of the various restorative options when restoring endodontically treated 
molars with large tissue loss. ( 1 ) No post placement, core buildup without root canal anchorage, 
and full crown. ( 2 ) No post placement, core buildup with root canal anchorage, and full crown. ( 3 ) 
Placement of one or several post(s) in the root canals and core buildup, or placement of a cast post 
and core, and full crown. ( 4 ) Endocrown       
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7.8.2     Do Posts Increase Restoration Retention? 

 Posts are generally suggested to increase retention in case of large hard tissue loss, 
usually with less than two remaining cavity walls [ 3 ]. Several restorative strategies 
are in fact possible, as summarized in Fig.  7.5 .

   To our knowledge, there is no clear consensus on which of these strategies pro-
vides the best restoration retention. A fi rst issue is the variability of materials used 
for each of these strategies. Considering Fig.  7.5 , it is clear that depending on the 
materials selected for the crown, the core, and the post, different behaviors and per-
formances can be expected. Specifi cally, in situations 1–3, the properties of the core 
composite material, which will account for an important part of the fl exural behav-
ior of the coronal part of the tooth, may vary signifi cantly (e.g., fl exural strength 
from 57 to 125 MPa, and elastic modulus from about 3 to 13 GPa) [ 67 ]. Often, 
fl owable dual-cured or self-cured materials are used by practitioners both for post 
bonding and for a fast one-step core buildup. 

 The mechanical properties of these materials are often inferior to those of highly 
fi lled light-cured composites. In addition, the multiplication of interfaces (Fig.  7.5 , 
situation 3: dentin-post, dentin-core, core-crown, etc.) might increase the probabil-
ity of fl aws, and partial restoration debonding. On the contrary, the endocrown 
(Fig.  7.5 , situation 4) allows the use of a single high-performance material (indirect 
composite or ceramics) and a single interface (crown-dentin). This variability of 
materials and interfaces between the different restorative options might account for 
the fact that the most frequently reported reasons for clinical failures of fi ber post 
restorations were post debonding and post fractures, in some cases with core frac-
ture [ 65 ]. This is probably linked to the diffi culty to predictably bond in the root 
canal, as it was earlier alluded to. Since the loss of restoration retention was associ-
ated in most cases with the presence of little remaining coronal tissue, the authors 
concluded that the mechanical failures were due to the lack of coronal tooth struc-
ture [ 65 ]. These observations clearly question the added value of fi ber posts, since 
the lack of tooth structure is precisely when the use of posts is recommended. 
Unfortunately, no control without post was included and it is therefore unclear 
whether posts are really appropriate to improve restoration retention. Finally, as 
previously mentioned regarding the risk of fracture, there are major issues account-
ing for the absence of consensus regarding the use of fi ber posts, mainly the lack of 
consideration of tooth type and level of tissue loss in the majority of the clinical 
studies, as well as the limited number of failures in some studies. 

 Hence, even if it cannot be completely excluded that fi ber posts may participate to 
increase restoration retention in molars, the evidence is very weak. It seems that end-
odontically treated molars rarely, if ever, require a post for restoration retention [ 58 ]. 
First, molars provide more coronal tooth structure, hence a larger bonding area as 
compared to anterior teeth and in general a large pulp chamber. Second, as already 
mentioned, they are mostly submitted to vertical forces [ 58 ,  68 ], while fi ber posts may 
resist mainly against lateral forces. Third, the use of adhesive strategies has become 
more and more reliable (see Fig.  7.6 ); the necessity of using posts is therefore ques-
tioned by current in vitro data and clinical results using adhesive restorative strategies.
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7.9         A New Treatment Option: The Endocrown 

 The absence of requirement of post placement in molars is further highlighted by 
recent promising results reported for a new type of adhesive restoration called the 
“endocrown.” Endocrowns are in fact large adhesive inlay-onlay restorations used 
to restore endodontically treated teeth with large tissue loss. They can either extend 
to the pulp chamber when present (Fig.  7.7 ), or in case of very shallow or inexistent 
pulp chamber, they may also be bonded on an almost fl at surface after obliteration 
of the root canal entrances (Fig.  7.6 ).

   According to in vitro data, endocrown restorations in molar teeth are quite 
promising compared to conventional crowns associated with fi ber posts. Finite ele-
ment analyses in a molar model revealed lower levels of stress (compressive, ten-
sile, and shear) in teeth restored with ceramic endocrowns than in those restored 
with either fi ber or cast post and a conventional full crown [ 69 ], the highest stresses 
occurring in teeth restored with fi ber posts. In any case, contact stresses around the 
restorations were not higher than 1.6 MPa, which is much lower than the bonding 
strength reported between the bonding system and tooth tissues (around 30 MPa). 
Hence, according to the authors, ceramic endocrowns in molars have a low risk of 
fracture or debonding under physiological loads [ 69 ]. They further underline the 
interest of such adhesive restorations in molars by stressing fi rst their minimally 

  Fig. 7.6    Placement and 8.5-year follow-up of an all-ceramic crown bonded on fl at occlusal sur-
face (Courtesy of Dr. A. Mainjot)       
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invasive preparation of tooth structures and lower risk of root damage, and second, 
the more favorable ratio between crown height and width in molars, which leads to 
smaller forces exerted on restorations compared to incisors for example, with a 
much larger restoration-tooth interface. Of course, any fl aw within the material can 
increase the risk of restoration fracture, and any procedural mistake during the 
bonding procedure can favor debonding. Moreover, the reduction of bond strength 
with time under load and temperature changes, which is material specifi c, needs to 
be kept in mind [ 70 ]. In fracture strength experiments, ceramic endocrowns were 
shown to be more resistant to compressive forces than teeth restored with fi ber 
posts, composite core, and conventional full crowns. In both cases, failure occurred 
by fracture of the tooth in most cases [ 71 ]. Again, fracture strength values were 
higher than physiological forces and the compression load was applied with a 45° 
load direction, which may not correspond to most situations in the molar region, 
where most forces are probably axial. 

 These promising in vitro results are confi rmed by clinical studies. One study 
investigated CAD/CAM ceramic crowns placed in posterior teeth ranked in three 
different groups with various stump height (bondable and retentive surface) with one 
group of 70 molars that had only a pulp chamber retention cavity [ 72 ]. Among the 
molars, no signifi cant difference in survival was observed between the three groups, 
with a survival of up to 94 % after a mean service life of 55 ± 15 months. As men-
tioned by the authors, comparable survival rates have been previously documented 
for conventional metal-ceramic or all-ceramic crowns. Of the 70 molar endocrowns, 

  Fig. 7.7    Replacing an inadequate metal crown by a ceramic endocrown on tooth 46 (#30) 
(Courtesy of Dr. B. Lambert)       
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nine were lost due to adhesive failure, two because of vertical root fractures (similar 
same as conventional crowns), two for other reasons. In that study the major cause 
for failure was debonding, which is a restorable failure. Interestingly, while molars in 
the classic and reduced groups presented some fracture of ceramics (fi ve molars), no 
ceramic fracture could be observed in the endocrown group [ 72 ]. This is in accor-
dance with in vitro data, reporting superior fracture resistance of monolithic ceramic 
restorations compared to their porcelain-veneered counterparts [ 73 ]. 

 In another clinical study including mostly molars (142 molars, 40 premolars), it 
was reported that large ceramic bonded restorations placed in endodontically treated 
teeth showed a similar failure rate compared to those placed in vital teeth (5-year 
failure rate of about 10 % for endodontically treated teeth and about 7 % for vital 
teeth) [ 74 ]. A 15-year prospective study by the same group included different groups 
depending on the degree of tooth preparation, among which 14 premolars and 14 
molars were endodontically treated, without retention or post and core treatments 
(64 premolars and 188 molars total) [ 75 ]. Contrary to the short-term study, it was 
reported that ceramic restorations failed signifi cantly more on nonvital teeth (39 %) 
than on vital teeth (21 %) after a mean observation period of about 13 years. 
Interestingly, the main reasons for failure were restoration loss and ceramic fracture 
(without differentiation between vital or nonvital teeth), which were easy repair-
able; only three root fractures were reported. 

 Another clinical study evaluated the survival of 53 endodontically treated and 
morphologically compromised molars restored with monolithic CAD/CAM ceramic 
endocrowns, and reported a success rate of 94 % after 4 years [ 76 ]. Failures were 
due to debonding (one tooth, restorable failure), restorable fracture (one tooth), sec-
ondary caries (one tooth, restorable failure), and one extraction due to persistent 
pain. Finally, another study investigating the survival of indirect composite onlays 
in posterior endodontically treated teeth (158 molars and 31 premolars) reported 
about 97 % restoration survival over a period of 24–52 months [ 77 ], which is in the 
same range at the survival reported for all-ceramic and metal-ceramic crowns at 5 
years (up to 96 %) in a systematic review [ 78 ]. These data seem to indicate that 
overlay restorations are a reasonable option to restore endodontically treated molars. 

 Beyond the promising survival rates, this restoration strategy presents other advan-
tages; importantly it does not require signifi cant tissue removal for the placement of the 
restoration. It must be kept in mind that in molar endodontics, each restorative proce-
dure signifi cantly increased the amount of lost hard tissue volume [ 79 ]. Endocrowns 
are clearly a more conservative approach, which reduces the risk of procedural acci-
dents such as root perforations or loss of the apical canal seal [ 58 ]. Moreover, post 
space preparation may increase the chances of root fracture [ 68 ]. Finally, deep cervical 
placement of restoration margins is not needed, which enables maximum conservation 
of enamel. This is crucial to obtain a predictable and effi cient bond. 

 In conclusion, there is a lack of clear evidence regarding the need to use posts to 
restore endodontically treated molars. Even if there is not suffi cient evidence to say 
that fi ber posts should be avoided, evidence is accumulating to show that the loss of 
tooth structure is a factor favoring tooth fracture. Hence, if in view of the pros and 
cons presented above for the use of a fi ber post, clinicians are still convinced that a 
post is necessary to restore endodontically treated molars, they should by all means 
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avoid any further tissue loss; removal of root canal fi lling material should be suffi -
cient and NO additional space for the post should be created using drills. However, 
given their promising results and specifi c advantages of the endocrown option, it is 
our opinion that these adhesive procedures appear as a preferable choice.  

7.10     Placement of Full Crowns After Molar Endodontics: 
Clinical Data and Study Biases 

 According to several studies, the presence of full or partial, direct or indirect restora-
tion does not seem to affect the success of endodontic treatments [ 4 ,  8 ,  80 ]. However, 
there is a general assumption that survival of endodontically treated teeth is improved 
when systematically providing a full crown after the endodontic treatment. In a sys-
tematic literature review, it was reported that tooth survival for root canal- treated 
teeth restored with a crown or with a direct restoration decrease to about 81 ± 12 % 
and 63 ± 15 %, respectively, at 10 years [ 81 ]. However, that study made no distinction 
regarding the amount of tissue loss or the type of tooth. Moreover, the authors actu-
ally considered mainly survival of the restoration, not of the tooth, since failure was 
considered as: fracture of the tooth, fracture of the restoration, post fracture, post 
decementation, dislodgment of the restoration, marginal leakage of the restoration, 
and tooth loss, and several of these failure events are restorable. 

 The assumption that a crown is systematically required after root canal treatment 
is supported either by prospective studies without randomization [ 1 ] or by retro-
spective studies. For example, in a large epidemiological study including almost 
800,000 molars [ 82 ], it was reported that among the 3 % of extracted teeth at 8 
years, the number of teeth without crown (large amalgam or composite restoration, 
or no restoration at all) was more than sixfold higher compared to teeth with crowns. 
However, such comparison was not provided among the 97 % of retained teeth. The 
lack of randomization between full indirect restorations and partial direct restora-
tions in the available studies represents a major bias [ 8 ], since the amount of remain-
ing tissue and/or the tooth prognosis play a major and subjective part in the decision 
making. This is clearly illustrated by a recent Cochrane review, concluding that 
“there is insuffi cient evidence to support or refute the effectiveness of conventional 
fi llings over crowns for the restoration of root fi lled teeth. Until more evidence 
becomes available clinicians should continue to base decisions on how to restore 
root fi lled teeth on their own clinical experience, while taking into consideration the 
individual circumstances and preferences of their patients” [ 83 ]. Hence, personal 
guidelines or preferences followed by the practitioners for the restoration of end-
odontically treated teeth will affect the outcomes one way or the other. For example, 
on the one hand, a practice-based study reported that the survival of endodontically 
restored teeth restored with resin composite was superior to crowns [ 4 ]. Interestingly, 
the authors specify that endodontically treated teeth were restored routinely with a 
direct composite and that the placement of crowns was limited to severely damaged 
teeth, the latter being therefore more at risk of fracture. 

 On the other hand, other studies used the exact opposite reasoning; for example, 
teeth with poor prognosis may be considered not worth the investment of a crown [ 5 ]. 
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This is supported by the observation that teeth presenting a periapical lesion before 
the restoration were signifi cantly less likely to receive a crown (64 %) than teeth 
without a lesion (76 %) [ 8 ]. Therefore, teeth with a better long-term prognosis may 
be more likely to receive a crown, which introduces an important risk of bias in the 
conclusions drawn from observational studies and can lead to an overestimation of 
the effect of crown restoration on tooth longevity. Moreover, it has been suggested 
that patients who can afford crown placement might have a higher socioeconomic 
status and dental awareness, both potentially affecting tooth longevity [ 5 ]. In addi-
tion, cuspal coverage is provided in all cases for full crown restorations, whereas it is 
not a routine procedure when performing a more conservative direct restoration. 

 High-quality randomized controlled clinical trials are needed, which have to 
consider tooth type and remaining coronal tissue, to evaluate the importance of 
partial direct, indirect or full-crown restoration (Box  7.4 ). 

7.11       The Relevance of Cuspal Coverage 

 One current strategy suggested to make endodontically teeth less susceptible to 
fracture is to provide cuspal coverage. This is supported by some studies that sug-
gest improved longevity of fully crowned teeth, but one has to consider the men-
tioned study biases. As concluded by Ng et al. [ 1 ], the systematic provision of full 
crown coverage is probably a large exaggeration of the true need, since it requires 
further removal of tooth tissue from an already weakened tooth. These authors rec-
ommend that the restoration preparation should try to preserve as much remaining 

  Box 7.4. Tooth Reinforcement and Restoration Retention 
•     There is insuffi cient evidence to support the necessity to systematically 

establish a ferrule in ET molars.  
•   Fibers posts do not seem to reinforce endodontically treated molars. In 

vitro works, report that failure with or without posts occurs well above 
normal intraoral forces, or even parafuntional forces. In clinical studies, 
the data are insuffi cient to justify the use of posts to reinforce endodonti-
cally treated molars.  

•   Endodontically treated molars rarely, if ever, require a post for restoration 
retention since molars provide a large bonding area and are mostly submit-
ted to vertical forces (whereas fi ber posts help resist against lateral forces).  

•    If  practitioners still want to place fi ber posts, they should not remove addi-
tional tissue to prepare the post space and avoid any procedural errors, 
such as root perforation.  

•   Adhesive strategies such as “endocrown” or overlays are considered increas-
ingly as a reliable option, based on the accumulating evidence of in vitro and 
clinical works. They represent an effi cient and more conservative approach, 
although more clinical studies are needed to fully confi rm this trend.    
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tooth tissue as possible, and partial cuspal coverage by overlays appears therefore as 
the restoration of choice for many endodontically treated molars. 

 Regarding in vitro data, the interest of covering the cusps these teeth has fi rst 
been described by Linn and others [ 37 ], who reported that cusp coverage with 
gold or amalgam overlays protects teeth with MO and MOD cavities against frac-
ture. A fi nite element analysis reported that the reduction of buccal and lingual 
cusps and their coverage by an overlay results in a fourfold reduction of stresses 
generated in the dentin as compared with an inlay restoration without cuspal 
reduction [ 84 ]. Another in vitro study compared fracture resistance of root canal-
treated molars with MO cavities, restored with either direct or indirect composite 
restoration with cuspal coverage [ 85 ]. They reported no signifi cant difference, 
once again with values well above physiological forces (around 1400 N). 
Interestingly, values in the same range were reported when using direct composite 
to restore cavities with two or more remaining walls, but without cuspal coverage 
(from 1200 to 1600 N) [ 61 ]. However, the resistance values dropped signifi cantly 
for teeth with one or no remaining wall (700–800 N), though still above physio-
logical values. 

 The importance of remaining tooth structure is also highlighted in a clinical 
study, investigating the success of direct restoration without cusp coverage ( n  = 220 
teeth, 195 composite, 14 amalgam, 11 IRM), as a function of three types of remain-
ing tooth structures [ 86 ]:

•    Type I: maximum remaining tooth structure, approximately Class I cavity, the 
remaining walls being more than 2 mm thick  

•   Type II: moderate remaining tooth structure, approximately a Class II cavity, two 
walls minimum being more than 2 mm thick.  

•   Type III: minimum remaining tooth structure, less than two walls being more 
than 2 mm thick.    

 The restoration success rates for Type I, II and III decreased from more than 
94 % at 1 year to about 78 % (Type I), 45 % (Type II), and 18 % (Type III) at 5 
years. This led to the conclusion that endodontically treated molars with little 
coronal tissue loss (Type I) can be successfully restored for a prolonged period 
with dental composite, and without cusp coverage. On the contrary, for teeth with 
larger tissue loss (Type II and III) the short-term success is quite high but it drops 
signifi cantly with time. Importantly, in that study, success was defi ned as tooth 
needing a new restoration, a repair procedure, or an extraction (failures due to 
endodontic and periodontal reasons were excluded). Hence, restorable and non-
restorable failures were not discriminated in the calculations. Finally, it is men-
tioned that over the observation period of up to 10 years, only 6 % of the teeth had 
to be extracted out of the 46 % total failures, which indicates that most failures 
were restorable. 

 Hence, the question whether or not all cusps should systematically be covered by 
the material remains unclear from the literature (see Box  7.5 ). Nevertheless, it 
seems reasonable to cover selectively any wall that appears too weak to withstand 
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the high occlusal forces of the posterior area, especially in case of parafunctional 
forces (Fig.  7.8 ). It is also probably excessive to cover strong cusps (2 mm thickness 
or more being a reasonable estimate), given the paramount importance of coronal 
tissue preservation for fracture resistance. As to defi ne what is a “strong” cusp, it is 
quite diffi cult to provide an absolute thickness threshold, but it is reasonable to state 
that 2 mm represent a strict minimum.

  Box 7.5. Cuspal Coverage 
•     Full crown is not systematically required after root canal treatment of ET 

molars. Even if this is supported by most of the available literature, this is 
probably an overtreatment, given the numerous biases in the clinical stud-
ies. Many factors such as tooth type, extent and distribution of tissue loss, 
or else type and material of fi nal restoration need to be considered to decide 
for the appropriate restorative strategy.  

•   Cuspal coverage of ET molars seems reasonable for any cavity wall that 
appears too weak to withstand the high occlusal forces of the posterior 
area, especially in case of parafunctional forces.    

  Fig. 7.8    Summary of the decision-making process for the restoration of endodontically treated 
molars       
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7.12         Direct or Indirect Restoration: Selection of Material 
and Clinical Procedures 

 Two major aspects to consider when considering a direct or an indirect restoration 
strategy are the restitution of tooth anatomy and the biomimetic properties of the 
material. 

 Regarding the fi rst aspect, it is clear that the larger the restoration, the more dif-
fi cult it is to recreate good proximal contact points, occlusal anatomy, and optimal 
contact with opposing teeth. Hence, it is common clinical sense that large restora-
tions, that is, when one cusp or more are to be restored, will be more easily and more 
predictably prepared indirectly. This is also supported by clinical studies, reporting 
that the longevity of direct restorations decreases when the number of restored sur-
faces increases [ 87 ,  88 ]. 

 Biomimetic properties of a restorative material (Fig.  7.8 ) relate to how well the 
material mimics the properties of the replaced dental tissue, mainly esthetically and 
mechanically; two material classes are applicable here: resin-based composites and 
ceramics. Between and within these two material classes, a wide range of biome-
chanical characteristics can be described. It is not the purpose of the present chapter 
to review every material available, but to provide the reader with general important 
principles. 

 According to the objectives presented above for the restoration of root canal- 
treated molars, the material chosen should both restore function and prevent any 
further damage to the tooth. In this regard, one important aspect is then to avoid 
the generation of stresses within the remaining tooth structure. Finite element 
analyses have shown that increasing the elastic modulus of the restoration mate-
rial from 5 to 20 GPa leads to a signifi cant reduction in stresses in the neighbor-
ing dental tissues [ 27 ], whereas a further increase above 20 GPa results in a stress 
increase [ 84 ]. 

 Only highly fi lled composites reach the lower bounds of this range, and these 
materials also happen to possess the highest fl exural strength and microhardness 
[ 23 ]. Accordingly, such high-performance composites should be favored for direct 
restorations, while materials with low mechanical properties such as the recent 
bulk-fi ll composites should be avoided [ 89 ]. Finally, given the major importance of 
irradiation protocols on the fi nal composite properties [ 90 ], it is recommended that 
composites are placed in 2 mm increments, each one being light-cured during 20 s 
at a light irradiance of about 1000 mW/cm 2  [ 91 ]. 

 For adhesive indirect restorations, recommended in case of large tissue loss, 
CAD/CAM blocks appear to be the best current available option. Among materials 
available in that category, there is currently no clinical evidence that ceramics per-
form better than composites for onlay restorations [ 92 ]. Hence, the choice must 
currently be made based on the available in vitro data. 

 Purely at the material level, lithium disilicate blocks were so far considered as the 
best combination of high fl exural strength and resistance to fatigue degradation, 
while resin composite blocks outperformed glass-rich ceramics [ 93 ]. However, none 
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of the available materials perfectly mimics the properties of the replaced tissues. For 
example, the elastic modulus of lithium disilicate (around 70 GPa) [ 94 ] is indeed 
much higher than dentin, and in fact in the range of the values of enamel. As described 
for direct composites, the elastic modulus of composite blocks with dispersed fi llers 
approaches the lower values reported for dentin [ 94 ,  95 ]. Another recently intro-
duced composite block technology is based on a polymer-infi ltrated ceramic network 
[ 94 ,  95 ]. The latter represents an interesting new avenue for indirect restorations, 
since it presents intermediate properties between dentin and enamel [ 95 ]. 

 To sum up, in absence of a clear advantage of one material over the other, it 
appears that both lithium disilicate and high-performance composite represent 
appropriate options for the restoration of molars. Glass-rich ceramics and low- 
performance artisanal indirect composites should now clearly be avoided [ 93 ,  95 ]. 

 Despite the clinical procedures and materials recommended above based on the 
amount of remaining dental tissues and material specifi cities (summarized in 
Fig.  7.8 ), the restorative dentist may have to opt for a direct composite restoration 
even in a case that an indirect restoration was indicated. The main reason is when the 
tooth is compromised, either due to the guarded prognosis of the endodontic treat-
ment (Figs.  7.1i  and  7.4a, b ), or to other issues such as periodontal problems. In such 
cases, a direct restoration with high-performance composite materials is a valid tem-
porary alternative, while endodontic success is evaluated. As mentioned before, large 
direct composite restoration in root canal-treated molars have good short-term prog-
nosis (<2 years), even with little remaining coronal tissue [ 86 ]. Hence, such a restor-
ative approach can be performed to temporize, and leave some time to evaluate 
healing. Then a more durable strategy can be performed, such as full crown, or over-
lay, except if the patient cannot afford the cost of an indirect restoration, in which 
case the direct composite may become a permanent option (Fig.  7.8 ). 

 Regarding the bonding strategy for the adhesive restorative strategies recom-
mended above, one-step adhesives or cements should be considered with caution, 
since they seem to be related to signifi cantly lower in vitro and clinical perfor-
mances [ 96 ] (Box  7.6 ). Accordingly, it is recommended to use the most effi cient 
adhesive technologies, that is, either the three-step Etch & Rinse (e.g., Optibond FL, 
Kerr, Orange, CA, USA) or the mild self-etch products (e.g., Clearfi l SE Bond, 
Kuraray US, New York, NY, USA), the latter possessing the additional advantage of 
creating a chemical bond to hard tissues when containing molecules such as 
10-MDP (10-methacryloxydecyl dihydrogen phosphate), and being potentially less 
technique-sensitive [ 97 ]. In case of indirect restorative procedure, the application of 
a separate bonding system prior to the resin composite cement is also required, 
since it leads to increased bond strength [ 98 ]. 

  Specifi cally, for bonding to a dental substrate after an endodontic procedure, all 
adhesive substrates (enamel, coronal, and pulpal fl oor dentin) should be thoroughly 
cleaned, since any residue of endodontic sealer, sodium hypochlorite, or temporary 
fi lling agent is likely to interfere with bonding. For example, a negative effect of 
sodium hypochlorite on bonding was described for some bonding systems, an effect 
that could be reversed by use of antioxidants such as sodium ascorbate [ 50 ]. 
However, the negative effects of sealers and irrigants appear to be system-specifi c, 
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and the restorative dentist is frequently not aware of all particular materials used by 
the endodontist. Hence, a nonspecifi c cleaning method prior to bonding, such as air 
abrasion, may be a more rational approach. 

 Following the cleaning of the dental surfaces and the application of the bonding 
system, the tooth will receive either a highly fi lled resin-based composite in case of 
a direct restoration, or a dual-cure resin composite cement followed by an onlay in 
case of an indirect restoration. The surface of the latter will need to be preliminary 
conditioned, that is, either sandblasted for resin composites, or sandblasted and/or 
etched with 5 % hydrofl uoric acid for ceramics, followed by the application of a 
silane agent for both types of substrates.  

7.13     Restoration Repair: A Rational Strategy 

 The points discussed above regarding an ideal restoration procedure concern all 
cases where the placement of a new restoration is considered. However, in many 
cases, the root canal system must be (re-) accessed, in presence of a satisfactory per-
manent restoration, for endodontic reasons (see Fig.  7.1i ). In such cases, the practi-
tioner must decide whether the existing restoration will be  repaired , or  replaced  by a 
new restoration. Failing restorations or restorations presenting small defects are 
replaced by most clinicians [ 66 ], though this leads to an additional removal of sound 
tooth structure, and in general to a higher cost for the patient. Moreover, there is now 
cumulative evidence demonstrating that repair of restorations is not only a viable 
alternative to replacement, but one that leads to increased restoration longevity [ 66 ]. 

 In fact, the mean survival period of existing crowns that had access cavity fi lled 
with a resin composite after root canal treatment was not different from new crowns, 
placed after root canal treatment [ 99 ] (Fig.  7.9 ). Such repair procedures must be 
conducted appropriately in order to restore the mechanical properties of the restora-
tion as well as to provide optimal seal. Apart from the need to smoothen and clean 

  Box 7.6. Bonding Procedure Recommendations 
•     Prior to bonding, thoroughly clean the tooth substrate, for example, by air 

abrasion  
•   Use the best available adhesive technologies, that is, a three-step Etch & 

Rinse (e.g., Optibond FL, Kerr) or a mild self-etch product (e.g., Clearfi l 
SE Bond, Kuraray)  

•   In case of indirect restoration, appropriately condition the overlay intrados: 
sandblasting for resin composites, sandblasting + etching with 5 % hydro-
fl uoric acid for ceramics, followed by the application of a silane agent for 
both types of substrates  

•   In case of restoration repair (which leads to increased restoration longev-
ity), clean the surfaces with air abrasion, and optimize surface conditioning 
to the nature of the existing restoration; silanization is a must in any case    
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the surfaces to repair (e.g., with a combination of bur and air abrasion), the nature 
and chemical specifi cities of the materials to be repaired must be carefully consid-
ered, and the products and strategies must be adapted to the substrate [ 35 ]. Composites 
need to be silanated prior to the application of a bonding system; ceramics need to be 
etched with 5 % hydrofl uoric acid (with caution), then silanated prior to the applica-
tion of a bonding system; metal surfaces require the application of a silica coating, 
then be silanated before the application of a bonding and a resin composite [ 53 ].

7.14        Restoration of endodontically treated molars 
as part of multi-unit restorations 

 The majority of this chapter was devoted to the restoration of isolated teeth, which 
represents the majority of the cases. Now the question that needs to be asked is how 
to restore after an endodontic treatment a tooth which will be part of a plural 

Pre-Op Pre-Op

Post-Op +3 years

  Fig. 7.9    Example of a tooth with clinically satisfactory coronal restoration (full crown), but 
unsatisfactory root canal treatment. The retreatment was performed through the crown after access 
opening, and removal of the metal post. The access opening was then repaired by placement of a 
resin composite restoration       
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restoration (bridge, abutment, etc.). In fact, based on the available literature, the 
question that shall rather be asked is whether or not an endodontically treated molar 
be part of a plural restoration at all. The available data shows that the use of end-
odontically treated molar in plural restorations is subject to caution, reduced tooth 
survival being reported [ 4 ,  80 ]. This may be due to various causes, including higher 
occlusal stresses on the abutment teeth, different distribution of these stresses, with 
potentially an increased shear force component, or else the removal of a large 
amount of sound tissue to accommodate for the insertion axis. In light of these 
aspects, and given the good quality of modern implant strategies, it seems more 
reasonable to avoid the use of an ET molar as part of a plural restoration whenever 
possible. In spite of those considerations, if the use of a root-treated molar needs to 
be used as an abutment, the recommendations made above may need to be reconsid-
ered. For example, a post insertion may in that case be more justifi ed [ 3 ], as well as 
the creation of a ferrule. 

 In conclusion, for single-tooth restoration after molar root canal treatment, over-
all best practices suggest that clinicians consider the following during the restora-
tion of root canal- treated molars:

•    Overall adequate amount of structure retained  
•   Systematic need for ferrule and full crown contested  
•   Partial indirect restoration considered  
•   Cuspal coverage generally recommended  
•   Bacteria-tight coronal seal maintained  
•   Post placement avoided or critically evaluated  
•   Appropriate restoration material selected and correctly placed  
•   Biting pattern and functional forces considered  
•   Repair considered whenever possible        
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  8      The Outcome of Endodontic Treatment                     

     Thomas     Kvist     

    Abstract 
   In any medical treatment modality, outcome assessment is a major step. For root 
canal treatment, this primarily means looking at clinical symptoms and assessing 
radiographs. Moreover, retention is also an important outcome parameter and in 
this regard questions remain in regard to the association of endodontically treated 
teeth and overall health of the patient. Therefore, this chapter is dedicated to 
outcome assessments and decision-making for endodontically treated teeth.  

     Guiding Reference 
 Swedish Council on Health Technology Assessment. Methods of Diagnosis and 
Treatment in Endodontics—A Systematic Review. 2010: Report nr 203;1–491. 
  http://www.sbu.se     

 This comprehensive summary evaluated methods used by dentists to diagnose, 
prevent and treat infl ammation and infection of the dental pulp. Root canal therapy 
(endodontics) is conducted to ensure healthy conditions in and around teeth, which 
have been damaged by caries, external trauma or other causes. Despite the overall 
high standard of dental health in Sweden, root fi llings are still common and are 
expensive items of treatment for both the individual and the society.  
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8.1     Introduction 

 Pathosis of endodontic origin develops as a response to microbiological challenges 
and is mainly a sequel to dental caries. Trauma may be a frequent reason for end-
odontic treatment in incisors and premolars. But since this book is about molar 
endodontics, particular aspects on trauma will not be covered in this chapter. In 
many situations, both pulpitis and apical periodontitis evolve despite the lack of any 
clinical symptoms and are detected during routine dental visits. However, root canal 
treatment is mainly initiated because of pain from affected teeth. When people 
become sick and are suggested a treatment, they have many questions about how 
their illness and the treatment will affect them. This also holds true for diseases 
emanating from the dental pulp and periradicular tissues. Some frequently asked 
questions are likely to be as follows:

•    What will happen to my tooth and my body if pulpitis or apical periodontitis is 
left untreated?  

•   What different treatment options do I have if I decide to keep my tooth?  
•   After treatment, will my symptoms disappear?  
•   How do disease and treatment affect my risk of losing the tooth?  
•   Will treatment cure pulpitis or apical periodontitis?  
•   Is there a risk of persistence or relapse of disease?  
•   What are my options, if persistence or relapse does occur?  
•   Would it be a better idea to take the tooth out?  
•   If so, can it be replaced?     

8.2     Prognosis 

8.2.1     The Scientific Basis for Statements Concerning Prognosis 

 Prognosis is a prediction of the future course of disease following its onset with or 
without treatment. Studies on prognosis tackle the clinical questions noted above. A 
group of patients with a condition such as pulpitis or that have a particular treatment 
in common, such as root canal treatment, is identifi ed and followed forward in time. 
Clinical outcomes are measured. Often, conditions that are associated with a given 
outcome of the disease, that is, prognostic factors, are sought. This is a diffi cult but 
indispensable task and may be affected by biases that have to be controlled in these 
studies. The objective is to predict the future of individual patients and their affected 
teeth as closely as possible. The intention in the clinical setting is to avoid stating 
needlessly vague prognoses and answer with confi dence when it is deceptive. 
Therefore, relevant studies aiming to answer the clinical questions must be scruti-
nized for quality. 

 The examination comprises evaluation of relevance with regard to subject matter 
and methodological qualities – study design, internal validity (reasonable protection 
from systematic errors), statistical power, and generalizability. 
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 Experimental studies in laboratory animals and in vitro studies are generally con-
sidered to give only uncertain and preliminary answers to clinical questions. In order 
to give trustworthy answers to specifi c clinical questions, only randomized controlled 
studies, controlled clinical studies, and prospective cohort studies are considered to 
give the basis for scientifi c evidence on clinical questions.  

8.2.2     Statements About Prognosis in Endodontics 

 Unfortunately, in recent years, several careful analyses of the scientifi c basis for the 
methods that we apply in endodontics have demonstrated extensive shortcomings 
[ 1 – 15 ]. The situation is worrying for diagnostic and treatment procedures as well as 
for evaluation of the results of our methods. 

 It is generally acknowledged by the profession, their patients, and society that 
practitioners have gathered lengthy clinical experience and that results from in vitro, 
animal, and clinical studies provide a basis for understanding how the pulp and the 
periapical tissues respond to therapeutic interventions. 

 Certainly, many clinical investigations have confi rmed that an infl amed pulp may 
be successfully treated with a conservative procedure, that is, one that is retaining 
the vital pulp. Yet, to date, there is no analysis available on which clinical conditions 
defi ne cases that are likely to respond well, and which treatment measures will ren-
der teeth functional and asymptomatic. 

 Many follow-up studies have also demonstrated that teeth with necrotic and 
infected pulps can be treated endodontically to achieve a healthy outcome that can last 
many years. This bulk of knowledge has repeatedly been presented in scientifi c jour-
nal reviews and textbooks of endodontics. There are, however, few clinical studies of 
high scientifi c quality. Consequently, there is a lack of scientifi c evidence to show 
which treatment protocols are the most effective and result in root-fi lled teeth with 
minimal risk of recurrent symptoms, periapical infl ammation, or loss of the tooth. 

 Randomized, controlled, and blinded trials are the standard of excellence for 
comparison of treatment effects and are useful to observe a given treatment method 
or procedure when all other variables are maintained. At the same time, it is impor-
tant to bear in mind that there are important parameters, which can infl uence treat-
ment results, but which cannot be easily controlled in clinical studies. Results of 
clinical studies must be judged in relation to two broad questions:

•    Can the diagnostic method or treatment work under ideal circumstances?  
•   Does it work in ordinary settings?    

 The label’s effi cacy and effectiveness have been applied to these concepts. To a 
certain degree, this may be a question of the clinician’s experience, ability, attention 
to detail, meticulousness, and skill. It is seldom possible to assess to what extent such 
factors infl uence the results of treatment studies or clinical evaluations. It is how-
ever reasonable to assume that in a discipline such as endodontics, these factors are 
most important because of the technically complicated nature of many endodontic 
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procedures. In particular, in molar endodontics, the diagnosis and treatment are often 
complex, and the infl uence on the results of the operator cannot be overvalued. So 
far, most clinical studies in endodontics have been conducted in academic or special-
ist settings ( effi cacy ) where devices that substantially facilitate the technical proce-
dures and affect treatment outcomes are widely spread. For the future, it is important 
that clinical research in endodontics is also conducted in general practice settings, 
where the majority of endodontic procedures are performed ( effectiveness ). In this 
chapter, we try to give an overview of the prognosis for endodontic treatments based 
on the current and best available evidence and clinical experience, as it has been 
presented in textbooks, at conferences, and other professional venues. Furthermore, 
we point out some of the obvious knowledge gaps and controversies in the science of 
clinical endodontics.   

8.3     Natural History of Disease 

 The prognosis of a disease without interference is termed the natural history of dis-
ease. A great many teeth with pulpitis and apical periodontitis, even in countries 
with well-developed dental care, often do not come under dental treatment. They 
remain unrecognized, because they are asymptomatic or are considered among the 
ordinary discomforts of daily living. Or, the patient may be suffering both pain and 
other symptoms for a prolonged period of time, but because of economic limitations 
has not been able to seek dental care. 

 Numerous teeth with only small caries lesions in the dentin, sometimes even when 
lesions are confi ned to the enamel only, develop infl ammatory changes in the pulp. 

 As long as the caries is still in the periphery, the pulp is regularly able to endure 
the challenge caused by bacteria in the dentine. The quicker the progression and the 
deeper the lesion gets, the more severe the infl ammatory response in the pulp. When 
the caries lesion continues to progress, pulp vitality is jeopardized. Once the bacte-
rial front extends into reparative dentin or the pulp tissue proper, it may fi nally reach 
a point of no return. Pulp necrosis will sooner or later follow. It is known that the 
disease can be severe without causing patients symptoms, even if the pulpitis even-
tually leads to pulp necrosis. Also, dental procedures and different forms of acciden-
tal trauma may cause injury, leading to pulp necrosis. In molars with two or more 
roots, it is a common feature that in one root total pulp necrosis has already occurred, 
while in another root, the pulp is still vital but severely infl amed. 

 Collapse of the dental pulp by any cause results in loss of the defense mechanisms 
that can counteract microorganisms in the oral cavity from entering into the root canal 
system. In cases of direct exposure such as caries or fracture, microorganisms rapidly 
invade the available pulpal space. In apparently intact teeth, microorganisms will ulti-
mately fi nd ways to access the root canal through fractures, cracks, or from accessory 
lateral and furcal canals in teeth with periodontal breakdown. In restored teeth, the 
pathway may be via dentinal tubules under restorations with marginal gaps. The inva-
sion of microorganisms is a prerequisite for the development of apical periodontitis. 

 As the microbiota of the mouth invades the necrotic pulpal tissue, an infl amma-
tory reaction, that is, apical periodontitis, will develop outside the root canal system 
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adjacent to the foramina. One of the main features of apical periodontitis is the 
appearance of an osteolytic area due to the increased activity of osteoclasts. In early 
stages, the loss of mineral is not enough to be detected in traditional intraoral radio-
graphs. However, eventually, a visible periapical radiolucency will develop. 
Infl ammatory periapical lesions associated with an infected necrosis of the root 
canal system may prevail without clinical or subjective signs (pain, tenderness, 
sinus tracts, or swelling). However, symptomatic apical periodontitis may develop 
spontaneously. Severe pain might develop with or without soft-tissue swelling. 
Spread of an infection may occasionally lead to life-threatening conditions. 
Abscesses can spread to the sublingual space and lead to elevation of the tongue 
followed by occlusion of the airways or toward the eye and ophthalmic vein, which 
in turn is in contact with the brain through the cavernous sinus. 

 The natural history of teeth with a necrotic pulp and apical periodontitis on a popu-
lation basis are to a great extent unknown. Some sparse information may be extradited 
from the few longitudinal observational studies on teeth and endodontic status. For 
example, Kirkevang et al. 2012 [ 16 ] presented data from a Danish cohort of 327 indi-
viduals who participated in three consecutive full-mouth radiographic examinations 
with 5-year intervals. It was possible to follow-up 33 teeth with apical periodontitis 
over a period of 10 years. At the last follow-up examination, fi ve untreated teeth were 
diagnosed without signs of apical periodontitis (15 %) and fi ve untreated teeth 
remained with signs of apical periodontitis (15 %). Nine teeth had root fi llings (27 %) 
and fourteen teeth were lost (42 %). As a contrast, only 98 of 8225 teeth (1 %) without 
apical periodontitis at baseline were lost during the same period. Ideally, prospective 
longitudinal studies on natural history of necrotic teeth should include both clinical 
and radiographic observations. However, there are ethical and practical considerations 
making such studies, if not impossible, at least very diffi cult to implement.  

8.4     Clinical Course 

 The term clinical course has been used to describe the evolution (prognosis) of disease 
that has come under medical or dental care and treated in a variety of ways that might 
affect the subsequent course of events. Treatment of pulpal and periradicular pathol-
ogy is inserted at different stages of disease development. As long as the pulp remains 
vital, there is a possibility of reversing the progression of disease and preserve the 
pulp. The advantage of preserving the pulp tissue is most obvious in the case of a 
young permanent tooth with a large pulp chamber and undeveloped root, because 
removing the pulp arrests root development. The dentinal walls in the root will then 
be thin, increasing the risk of root fracture. A root-fi lled tooth in an adult also carries 
with it the risk for fracture. The prognosis in terms of the survival rate of root-fi lled 
teeth is not as good as vital teeth, especially in molars. Possible reasons include the 
loss of proprioceptive function, damping property, and tooth sensitivity, once a vital 
pulp succumbs to necrosis or is removed by pulpectomy. From a cost aspect as well, 
the alternative of retaining all or some of the pulp is preferable. The clinicians’ chal-
lenge is to distinguish conditions where pulp can be preserved and cured (reversible 
pulpitis) from those in which the pulp is so extensively damaged that the road to 

8 The Outcome of Endodontic Treatment

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



212

complete necrosis is inevitable (irreversible pulpitis). Unfortunately, there is no scien-
tifi c basis on which to assess the value of pain or other markers of infl ammation 
intended to differentiate between reversible and irreversible pulpitis [ 13 ].  

8.5     Vital Pulp Therapies 

8.5.1     Caries in Primary Dentin 

 The most basic and simple treatment of reversible pulpitis consists of stopping the 
progression of caries. Beyond a certain point, excavation of a caries lesion is con-
sidered necessary, and a fi lling is placed to restore the dentin. The prognosis of the 
pulp after caries removal and placement of a fi lling is probably very good. However, 
large cohort studies focusing on pulpal pathology after restorative procedures are 
surprisingly rare. In a randomized trial investigating the dentine and pulp protection 
by conditioning-and-sealing versus a conventional calcium hydroxide lining, 
Whitworth et al. 2005 [ 17 ] studied a cohort of 602 teeth, which were restored with 
composite fi llings. Over a period of 3 years, 16 teeth (2,6 %) developed clinical 
signs of pulpal breakdown. The residual dentine thickness is generally believed to 
be a key prognostic factor in these situations. Deep lesions are considered being 
more at risk for pulpal collapse than shallow ones.  

8.5.2     Deep Caries 

 If the carious lesion with its bacterial front enters the primary dentin and progresses 
into the reparative dentin zone or even into the pulp tissue proper, the infl ammatory 
response in the pulp becomes massive. In the above-mentioned study by Whitworth 
et al. [ 17 ], pulp exposures appeared strongly associated with an unfavorable pulp 
outcome. These observations have led authors to propose that treatment methods 
where pulp exposure is avoided should be preferred over those in which the pulp is 
at risk of being exposed [ 14 ]. 

 There are basically two methods available to avoid exposure of the pulp: Indirect 
pulp capping and stepwise excavation. With both methods, a layer of carious den-
tine is left undisturbed. The difference between the two methods is that in the for-
mer the tooth is left without further intervention, whereas the latter includes a 
re-entry for checkup and possible further excavation at a later (3–6 months) session. 
In a review published in 2013, eight clinical trials with 934 participants and 1372 
teeth were scrutinized [ 14 ]. Four studies investigated only primary teeth, three per-
manent teeth, and one included both. Both stepwise and partial excavation without 
re-entry reduced the incidence of pulp exposure in symptomless, vital, and carious 
primary as well as permanent teeth. Therefore, these techniques seem to have clini-
cal advantage over complete caries removal in the treatment of deep dentinal caries. 
Unfortunately, these studies have debilitating characteristics and do not provide the 
scientifi c basis to evaluate differences in pulpal survival rates following immediate 
complete caries excavation or stepwise excavation in the long term.  
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8.5.3     Pulp Exposure 

 If the pulp is exposed, four more or less different treatment options are available. 
 The pulpal wound can be covered with a dressing (direct pulp capping). 

Another approach is to remove the outermost layer of pulpal tissue and apply a 
dressing to the wound (partial pulpotomy). Yet another option is to remove the 
contents of the pulp chamber and locate the surface of the wound at the opening 
of the root canal (pulpotomy). The most radical method is to remove all of the 
pulp tissue from the pulp chamber and the root canals (pulpectomy) and replace it 
with a root fi lling. 

 Caries is the most common cause of pulp exposure. The outcome of the three 
above-mentioned treatment options available in order to retain the vitality of all or 
part of the pulp (direct pulp capping, partial pulpotomy, and full pulpotomy) in 
permanent teeth with cariously exposed pulps has been reviewed by Aguilar and 
Linsuwanont [ 10 ]. Over a period of 3 years, a clinically favorable outcome (tooth in 
an asymptomatic state without signs of pulpal necrosis and subsequent infection) 
was in the range of 73–99 % with no conclusive advantage neither for any of the 
three types of treatment, nor for clear answers as to what factors might infl uence 
treatment outcome. It is a common opinion among clinicians that various symptoms 
and clinical fi ndings may indicate that the pulp is irreversibly infl amed. The signifi -
cance of persistent toothache, radiographic changes in the periapical region, abnor-
mal pain reactions to thermal stimuli, and/or abnormal bleeding from an exposed 
pulp as signs for the prognosis of a treatment aimed to preserve the pulp has not 
been studied suffi ciently well. In another review of the matter, it was concluded that 
there is limited scientifi c support that preoperative toothache increases the risk of 
failure of direct pulp capping [ 9 ]. This Swedish comprehensive review applied 
stricter inclusion criteria for studies. Their main conclusion on the topic was also 
that there is no scientifi c basis for assessment of which method, direct pulp capping, 
partial pulpotomy, or pulpotomy gives the most favorable conditions for maintain-
ing the pulp in a vital and asymptomatic condition (Box  8.1 ). 

   Box 8.1. Follow-Up After Treatments Aiming at Preserving a Molar’s 
Pulp Vitality 

 Evaluation  Signs of favorable outcome  Checklist 

 Subjective symptoms  Asymptomatic, comfortable, and functional  √ 
 Restoration  Good-quality restoration with no signs of caries  √ 

 Pulp sensitivity 
 Normal positive response to thermal or electric pulp 
testing  √ 

 Periradicular tissues 
 Clinical  No signs of swelling, redness, or sinus tract  √ 
 Periradicular tissues 
 Radiographic  No signs of periradicular bone destruction  √ 
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     Pulpectomy 
 Complete removal of the pulp and placement of a root fi lling is the most extreme 
treatment approach when a pulp has been exposed. The scientifi c literature on pulp-
ectomy is limited, and in particular there are no studies of direct comparison between 
the results of pulp preservation therapies with pulpectomies. Furthermore, many 
follow-up studies have not been able to make a clear distinction between teeth with 
vital but infl amed pulps and necrotic ones. In a randomized controlled study [ 18 ], 
the outcome of pulpectomy in one or two treatment sessions was assessed by a 
single dentist specialized in endodontics who carried out the treatments. A majority 
of the teeth in the study were affected by caries and had symptoms because of pul-
pitis. In both treatment groups, teeth were asymptomatic and without clinical and 
radiological signs of periapical infection or infl ammation in 93 % of the cases, with 
a follow-up time up to 3 years. 

 In another clinical study [ 19 ], where supervised dental students carried out the 
pulpectomies and root fi llings, it was found that after an observation period of 3.5–4 
years, teeth with positive bacterial samples at the time of root fi lling had a poorer 
outcome than that of teeth with negative samples. Also, signifi cantly more unfavor-
able outcomes were noted after 3.5–4 years than after 1 year of observation. The 
fi ndings are in concordance with the results of a review on the outcome of primary 
root canal treatments (including pulpectomies) in which four conditions were found 
to improve the outcome of primary root canal treatment signifi cantly [ 4 ]. One of 
these factors, the absence of periapical radiolucency, indicates that a noninfected 
root canal is a prognostic factor favoring an outcome where no signs of apical peri-
odontitis will develop. Consequently, holding on to a strict protocol for asepsis 
seems to be of importance when carrying out a pulpectomy.   

8.5.4     Symptomatic Pulpitis 

 Many endodontic procedures begin in an emergency situation. Symptoms from an 
infl amed dental pulp vary from only enhanced sensitivity to thermal, osmotic, and 
tactile stimuli to conditions of severe lingering and tearing pain. Patients with pain 
may require pulpectomy in the long term, but in an emergency situation pulpotomy 
has a good effect. If pulpotomy can be applied with good results on longer term is 
not well known [ 13 ]. A recent published study seems to indicate that pulpotomy in 
molars performed with biocompatible materials may be as successful as pulpec-
tomy in achieving favorable clinical results when performed by general dental 
practitioners [ 20 ].   

8.6     Treatment of Pulp Necrosis and Apical Periodontitis 

8.6.1     Pulp Necrosis and Asymptomatic Apical Periodontitis 

 Injury to the pulp may eventually lead to a complete breakdown of the tissue. The 
nonvital or necrotic pulp is defenseless against microbial invasion and will sooner 
or later be infected by indigenous microorganisms. No established methods exist to 
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allow for debridement and antimicrobial combat and a subsequent reestablishment 
of a vital adult pulp. However, ongoing research within this area may change the 
treatment options in the future [ 21 ]. For the time being, the only established treat-
ment modality in teeth with completed root formation is root canal treatment. The 
root canal is cleaned in order to remove microbes and their substrates. In addition to 
irrigants, antimicrobial substances are used as dressings to enhance the antibacterial 
effect. A root canal treatment is fi nished as the tooth receives a permanent root fi ll-
ing. Postoperative discomfort sometimes follows, but after a short period most teeth 
become asymptomatic. Normally, the tooth is restored with a fi lling or crown imme-
diately or a short while after completion.  

8.6.2     Symptomatic Apical Periodontitis 

 Most teeth with pulp necrosis and apical periodontitis prevail without acute signs of 
infl ammation. Nevertheless, symptoms may develop spontaneously or be initiated 
in conjunction with root canal treatment. The symptoms may vary from relatively 
mild pain to life-threatening situations with abscesses or cellulites. In an acute situ-
ation, the clinician needs to deliberate on the seriousness and deploy adequate mea-
sures. These can range from simple root canal instrumentation to incision of an 
abscess with or without prescription of analgesics and antibiotics. The appropriate-
ness of different measures depends on the risk of the spread of infection and the 
patient’s general health. When the acute phase has subsided, the affected tooth 
needs root canal treatment, which is performed in the same manner as for asymp-
tomatic cases. There is no evidence that shows that teeth that have gone through a 
phase of symptomatic apical periodontitis have a worse prognosis than those that 
have not.  

8.6.3     Successful Outcome of Root Canal Treatment 

 The desirable and best possible long-term outcome of root canal treatment is a 
retained and functional asymptomatic tooth with no clinical or radiographic signs of 
apical periodontitis. Ng et al. [ 4 ] identifi ed 63 studies published from 1922 to 2002, 
which fulfi lled their inclusion criteria for a review. The reported mean rates of a 
“successful” outcome ranged from 31 to 100 %. This large variation could partly be 
the result of different radiographic criteria when evaluating the periradicular tissues 
on radiographs. 

 Despite the lack of high-quality scientifi c evidence, a meticulous analysis of the 
literature pointed out four circumstances that improve the possibility to maintain or 
reestablish healthy periradicular tissues in root-fi lled teeth: (i) preoperative absence 
of periapical radiolucency, (ii) root fi lling with no voids, (iii) root fi lling extending 
to 2 mm within the radiographic apex, and (iv) satisfactory coronal restoration [ 4 ], 
(Box  8.2 ). If these conditions are attainable, root canal therapy has been reported to 
be able to fulfi ll the requirements of “complete success” in 85–95 % of cases. 
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Clinical experience and data from studies [ 4 ,  16 ,  18 ,  22 ,  23 ] have shown that root- 
fi lled teeth can be retained and stay healthy for many years. 

8.6.4       Unsuccessful Outcome of Root Canal Treatment 

 When root-fi lled teeth cause pain, it is usually a sign of infection. Especially so, if 
corresponding clinical fi ndings in the form of swelling, tenderness, and fi stulas at 
the same time are present. In situations like these, it is usually frank to diagnose a 
persistent, recurrent, or arising apical periodontitis. The treatment result is classifi ed 
as a “failure.” There is an obvious indication for a new treatment intervention, 
retreatment, or extraction of the tooth (or sometimes only a root).  

8.6.5     Asymptomatic and Functional but Persisting Radiological 
Signs of Apical Periodontitis 

 Nevertheless, a common situation is that the root-fi lled tooth is both subjective and 
clinically asymptomatic but an X-ray reveals that bone destruction has developed, 
or that the original bone destruction remains. In cases where no bony destruction 
was present when root canal treatment was completed, and in particular in cases of 
vital pulp therapy, it can be rationally assumed that microorganisms have entered in 
the root canal system. For teeth that showed clear bone destruction at the point of 
treatment, suffi cient time must be allowed for healing and bone formation to occur.  

8.6.6     Uncertainties in Classifying the Outcome into “Success” 
and “Failure” 

    The Time Factor 
 It is diffi cult to determine the amount of time that may be required for a periapical 
bone lesion to heal. A majority of root canal treated teeth with initial bone destruc-
tion show signs of healing within 1 year [ 24 ]. However, in individual cases, the 

   Box 8.2. Prognostic Factors for Pulpectomy and Root Canal Treatment 

 Prognostic factors for pulpectomy and root canal treatment  Checklist 

 Enough remaining tooth structure for a restoration that can avoid or counteract 
with adverse masticatory forces  √ 
 Aseptic control and disinfection measures applied during treatment  √ 
 A root-fi lling without voids in all main root canals  √ 
 A root-fi lling extending to 2 mm within the radiographic apex  √ 
 A good-quality coronal restoration  √ 
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healing process can take a long time [ 22 ]. In a study by Molven et al. [ 23 ], it was 
reported that some cases had required more than 25 years to completely heal. The 
fi nding that there is no absolute time limit for when healing may eventually be diag-
nosed can also be deduced from epidemiological studies [ 16 ].  

    The Reliability and Validity of Radiographic Evaluation 
 The diagnosis of periapical tissues based on intraoral radiographs is subject to con-
siderable interobserver and intraobserver variations [ 12 ]. 

 There are also uncertainties regarding the validity of the radiographic examina-
tion. Only a limited number of studies have compared the histological diagnosis in 
root-fi lled teeth to radiographic signs of pathology [ 12 ,  25 ]. In these studies, false- 
positive fi ndings (i.e., radiographic fi ndings that indicate apical periodontitis while 
histological examination does not) are rare. The number of false-negative fi ndings 
(i.e., radiographic evaluation indicates no apical periodontitis while histological 
examination gives evidence for infl ammatory lesions) varies between the studies. 
However, from experimental studies, it is well known that bone destruction and 
consequently apical periodontitis may be present without radiographic signs visible 
in intraoral radiographs. 

 The advent of cone beam computed tomography (CBCT) has attracted much 
attention in endodontics in recent years [ 12 ]. In vitro studies on skeletal material 
point to that the method has higher sensitivity and specifi city than intraoral periapi-
cal radiography. The higher sensitivity of CBCT is confi rmed in clinical studies. 
CBCT provides a three-dimensional image of the area of interest, an advantage 
when assessing the condition of multirooted teeth. As a result, the reliability of 
results of endodontic treatment in follow-up using conventional intraoral radio-
graphic technique has been questioned [ 26 ]. It has been suggested that CBCT 
should be used in future clinical studies, because conventional radiography system-
atically underestimates the number of teeth with osteolytic lesions. In this respect, 
long-term studies are required to investigate if healing of periapical bone destruc-
tion may take longer than previously assumed. Also, there is not enough scientifi c 
evidence to tell whether lesions on CBCT images provide accurate clues as to the 
histological diagnosis present. So far, there are also disadvantages of CBCT, such as 
greater cost and a potentially higher radiation dose. Up to date, there is no evidence 
that suggests that individuals with subjectively and clinically asymptomatic root 
canal treated teeth with normal appearance of surrounding bony structures in an 
intraoral radiographic examination would benefi t from further evaluation by a 
CBCT scan.  

    Controversies of “Success” and “Failures” of Root Canal Treatment 
 Besides the time aspect of periapical bone lesions, there is also a problem with deter-
mination of what should be considered healing suffi cient to constitute a “successful” 
endodontic treatment. As a consequence, the question of what establishes a “failure” 
and hence an indication for retreatment is far from unmistakable. According to the 
system launched by Strindberg [ 22 ], the only satisfactory post-treatment situation, 
after a predetermined healing period, combines a symptom-free patient with a 
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normal periradicular situation. Only cases fulfi lling these criteria were classifi ed as 
“success,” and all others as “failures.” In academic environments and in clinical 
research, this strict criteria set by Strindberg in 1956 [ 22 ] has had a strong position. 

 The periapical index (PAI) scoring system was presented by Ørstavik et al. [ 27 ]. 
The PAI provides an ordinal scale of fi ve scores ranging from “healthy” to “severe 
periodontitis with exacerbating features” and is based on reference radiographs with 
verifi ed histological diagnoses originally published by Brynolf [ 25 ]. The results 
from Brynolf’s work indicated that by using radiographs, it was possible to differ-
entiate between normal states and infl ammation of varying severity. However, the 
studies were based on a restricted biopsy material to upper anterior teeth. Among 
researchers, the PAI is well established, and it has been used in both clinical trials 
and epidemiological surveys. Researchers often transpose the PAI scoring system to 
the terms of Strindberg system by dichotomizing scores 1 and 2 to “success” and 
scores 3, 4, and 5 into “failure.” However, the “cutoff” line is arbitrary. 

 The Strindberg system, with its originally dichotomizing structure into “success” 
and “failure” has achieved status as a normative guide to action in clinical contexts. 
Consequently, when a new or persistent periapical lesion is diagnosed in a root-
fi lled tooth, failure is at hand and retreatment (or extraction) is indicated. 

 However, as early as 1966, Bender and colleagues [ 28 ] suggested that arrested 
bone destruction in combination with an asymptomatic patient should be a suffi -
cient condition for classifying a root canal treatment as an endodontic success. 
More recently, Friedman and Mor [ 29 ] as well as Wu et al. [ 30 ] have suggested 
similar less strict classifi cations of the outcome of root canal treatment.  

    Prevalence of “Failures” 
 The presence of subjective or clinical signs of failed root canal treatment is only 
occasionally reported in published follow-ups and epidemiological studies. The 
results are measured thus exclusively through an analysis of X-rays. In epidemio-
logical cross-sectional studies, the frequency of periapical radiolucencies in root- 
fi lled teeth varies. In a systematic review of the matter, Pak et al. [ 31 ] included 33 
studies from around the world with frequencies of failed cases varying from 12 to 
72 %. The weighted average of periapical radiolucencies in the 28,881 endodonti-
cally treated teeth included was 36 %. The high frequency of root-fi lled teeth with 
periapical bone destructions seems to persist regardless of the fact that technical 
quality has improved over time [ 31 ]. Yet, cross-sectional studies cannot distinguish 
between cases that will fi nally heal and osteolytic lesions that will persist. On the 
other hand, longitudinal studies have shown that root-fi lled teeth without periapical 
radiolucent areas may develop visible lesions over time [ 16 ].  

    Consequences of “Endodontic Failures” 

   Persistent Pain 
 Surprisingly little is known about the frequency of pain from root-fi lled teeth. From 
the available data in follow-up studies from universities or specialist clinics, in a 
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systematic review, the frequency of persistent pain >6 months after endodontic pro-
cedures was estimated to be 5 % [ 7 ].  

   Local Spread of Disease 
 A large majority of root-fi lled teeth with apical periodontitis remain asymptomatic. 
It is known that the infl ammatory process occasionally turns acute with the develop-
ment of local abscesses that have the potential for life-threatening spread to other 
parts of the body. Case reports in the literature describe the occurrence of more or 
less serious complications in the nearby organs (respiratory tract, brain), due to 
spread of bacterial infection from the root canals of teeth. However, the incidence 
and severity of exacerbation of apical periodontitis from root-fi lled teeth has met 
only scarce attention from researchers. A low risk of painful exacerbations (1–2 %) 
was reported from a cohort of 1032 root-fi lled teeth followed over time by Van 
Nieuwenhuysen et al. [ 32 ]. In a report from a university hospital clinic in Singapore 
where 127 patients with 185 nonhealed root-fi lled teeth were recruited [ 33 ]. Flare- 
ups occurred only in 5.8 % over a period of 20 years. Less severe pain was experi-
enced by another 40 % over the same time period. The incidence of discomforting 
clinical events was signifi cantly associated with female patients, treatments involv-
ing a mandibular molar or maxillary premolar, and preoperative pain.  

   Systemic Effects 
 Oral infections have been associated increasingly with severe systemic diseases, 
such as atherosclerosis, stroke, and even cancer. The potential of an association 
between chronic marginal periodontitis and cardiovascular disease is recognized in 
numerous reports. Indeed, the increasing numbers of reports of a relationship 
between atherosclerotic vascular diseases prompted a systematic review and 
American Heart Association Scientifi c Statement that examined possible correla-
tions [ 34 ]. However, no clear answers to the questions about the possible causative 
relationship between atherosclerotic vascular disease and periodontal disease could 
be established. 

 Less attention has been given to a corresponding association with disease pro-
cesses originating in the dental pulp. The scientifi c basis is insuffi cient to assess the 
association between infections of endodontic origin and disease conditions of other 
organs [ 9 ].   

    Disease Concepts 
 To retreat or not to retreat “an endodontic failure” is the issue. It has been argued 
that both modern medicine and dentistry face fundamental ethical problems if too 
rigorous and consistent concepts of disease prevail. The discussion about different 
concepts of disease goes back to ancient philosophy and has bewildered and occu-
pied philosophers ever since. In this book about molar endodontics, we can only 
hint at the fundamental issues. For further reading, the interested reader should seek 
in books on philosophy of medicine [ 35 ]. 

 Two fundamentally different concepts of disease can traditionally be recognized.
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   The  naturalist theory  defi nes disease in terms of biological processes. Disease is a 
value-free concept, existing independently of its social and cultural contexts. 
Disease is discovered, studied, and described by means of science.  

  The  normativist theory , on the other hand, declares that there is no value-free con-
cept of disease. Rather than discovered, the concept of disease is invented. It is 
contextual and given by convention.    

 These theories address different aspects and pose different challenges to medicine 
and dentistry as a whole and therefore also to endodontics. But the two predominant 
concepts have been challenged for several reasons. For example, they neither sepa-
rately nor together fully acknowledge all important perspectives on human disorders. 
An alternative approach is to apply the “triad of disease, illness, and sickness” [ 36 ] 
(Box  8.3 ). Despite criticism, the triad is widely used and discussed. The defi nition of 
the triad’s different components is by no way clear-cut. The triad and its implications 
on dentistry were elaborated by Hofmann and Eriksen [ 37 ]. Kvist et al. [ 38 ] made 
cautious and initial attempts to apply the theory to the problem of asymptomatic 
root-fi lled teeth with radiographic signs of apical periodontitis. 

     Disease  means the disorder in its physical form, the biological nature, the clinical, 
and paraclinical fi ndings (histology, microbiology, radiography, etc.).  
   Illness  is used to describe a person’s own experience of the disease, how it feels, and 

what sufferings it gives now or in the future. Illness also includes anxiety and anguish.  

   Box 8.3. An Attempt to Apply the Triad of Disease, Illness, and Sickness to 
Root-Filled Teeth with Signs of Apical Periodontitis 

 Disease  Illness  Sickness 
 Phenomena 
studied 

 Pathophysiological, 
histological, 
microbiological, and 
radiographic events 

 Pain, swelling, or 
other symptoms 
presented now or 
in the future 

 Criteria for 
classifi cation and 
grading of disease 

 Validity  Objective  Subjective  Intersubjective 
 Purpose from the 
professions’ 
point of view 

 To study the medical 
facts of apical 
periodontitis in order 
to improve knowledge 
of how to prevent and 
cure 

 To identify and 
describe the 
incidence, 
frequency, and 
intensity for 
patient-related 
outcomes (pain, 
swelling, spread) 

 To decide upon 
common criteria for 
classifi cation, defi ne 
different severities of 
disease, and construct 
decision aids to guide 
clinical action 

 Purpose from 
patients’ point of 
view 

 To get an explanation 
of the situation 

 To value and 
accept or not 
accept the 
situation 

 To understand what is 
regarded “sick,” 
respectively “healthy,” 
and to be helped to 
make a clinical decision 
in his or her situation 
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   Sickness  is the third label; it tries to capture the social role of a person who has ill-
ness or disease (or both) in a particular cultural context. What is eligible for 
being “sick” can consequently vary over time and between societies.    

 The three approaches to disease do not replace but complement each other. It is 
also the case that they are strongly intertwined. However, using the above matrix of 
“disease,” “illness,” and “sickness” makes it easier to understand the variation in 
clinical decision-making regarding root-fi lled teeth with persistent apical lesions, 
both when it is tested in different setups by researchers as well as in the clinical situ-
ation with an individual patient.  

    Patient Values 
 In front of a situation with a root-fi lled tooth with persistent apical periodontitis, 
dentists and their patients choose different clinical management despite identical 
information. Both doctors’ and patients’ values will infl uence the decision-making 
process. The concept of value has many aspects, but it is reasonable to suppose that 
there is a close connection between an individual’s values and his or her preferences 
and value judgments. The concept of personal values in clinical decision-making 
about apical periodontitis has been explored among both dental students and spe-
cialists by Kvist and Reit [ 39 ]. Substantial interindividual variation was registered 
in the evaluation of asymptomatic apical periodontitis in root-fi lled teeth. From a 
subjective point of view, some patients will benefi t much more from endodontic 
retreatment than others (Box  8.4 ). 

  Today, patient autonomy is widely regarded as a primary ethical principle, 
emphasizing the importance of paying attention to the values and preferences of 
each individual patient.  

    Variation in Clinical Decisions About “Endodontic Failures” 
 The diagnostic diffi culties, timing, the question of what should be regarded as 
healthy and diseased, patient values, as well as several other factors partly explain 

   Box 8.4. Checklist for the Outcome of Endodontic Treatment of the Root Canal 
System 

 Evaluation  Signs of favorable outcome  Checklist 
 Subjective symptoms  Asymptomatic, comfortable and functional  √ 
 Restoration  Good-quality restoration with no signs of caries  √ 
 Periradicular tissues 
 Clinical 

 No signs of swelling, redness, or fi stula 
 No deep probing depths 

 √ 

 Periradicular tissues 
 Radiographic 

 No, or only small signs of periradicular bone 
destruction 
 Or, a periradicular bone destruction of decreasing 
size over time 

 √ 
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the large variation among dentists regarding retreatment decision-making. This situ-
ation has been highlighted in numerous publications. The issue was comprehen-
sively reviewed by Kvist [ 40 ]. From the many investigations conducted, it stands 
clear that the mere diagnosis of persisting periapical bone destruction in a root-fi lled 
tooth does not consistently result in decisions for retreatment among clinicians. 
Theoretically, four options are available:

    1.    To accept the situation and leave it without further follow-ups or treatment   
   2.    To accept the situation for time being and expose the tooth for continued follow-up   
   3.    To extract the tooth (or root)   
   4.    To endodontically retreat the tooth    

  If retreatment is selected, the decision-maker also has to make a choice between 
a surgical and nonsurgical approach.

  Our discussion will be adequate if it has as much clearness as the subject-matter admits of, 
for precision is not to be sought for alike in all discussions,…for it is the mark of an edu-
cated man to look for precision in each class of things just so far as the nature of the subject 
admits. Aristotle (350 BC) Nicomachean Ethics. Translated by: W D Ross. 

8.6.7         Tooth Retention Over Time 

 Two longitudinal studies in Scandinavian populations found that 12–13 %, respec-
tively, of the teeth that were root fi lled at the baseline examination were extracted at 
follow-up approximately 10 years later [ 16 ,  41 ]. In the Danish population, it was 
found that teeth with apical periodontitis (nonroot-fi lled and root-fi lled) had six times 
higher risk of being lost than periapically healthy teeth [ 42 ]. However, fi ndings sug-
gest that other causes than apical periodontitis such as periodontal disease, caries, or 
root fracture are frequently present when root-fi lled teeth are extracted [ 43 ,  44 ]. 

 In a systematic review on tooth survival following nonsurgical root canal treat-
ment, 14 studies published between 1993 and 2007 were included. The authors 
concluded that the pooled proportion of teeth surviving over 2–10 years ranged 
between 86 and 93 % [ 6 ]. Four prognostic factors were found to signifi cantly 
improve tooth survival: (i) A crown restoration after completion of root canal treat-
ment, (ii) tooth having both approximal contacts, (iii) tooth not functioning as an 
abutment in a prosthodontic construction, and (iv) not being a molar tooth. However, 
the authors pointed to the fact that the results of the review should be interpreted 
with care because of the methodological limitations of available studies. 

 For example, it is diffi cult to tell whether the observed correlations are causative 
or a consequence of biased selection of cases. It seems likely that dentists and their 
patients, would be more prone to invest in placing a crown on a tooth with perceived 
good prognosis rather than on the one with questionable forecast. Consequently, the 
fi nding about the positive effect of the crown placement may be a self-fulfi lling 
prophecy. The reason why molars, teeth without approximal contacts and abutments 
in prosthesis more often have been extracted in a follow-up may be a result of the 
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fact that these teeth are more dispensable and acceptable to extract from a patient’s 
point of view if any additional signs of disease appears. In the above-mentioned 
review, the authors concluded that the available data support the common opinion 
among clinicians that tooth survival is likely to be infl uenced by the strength and 
integrity of the remaining tooth tissue and the manner in which forces are distrib-
uted within the remaining tooth tissue when in masticatory function.   

8.7     Retreatment 

8.7.1     Surgical or Nonsurgical Retreatment 

 Chronic periapical asymptomatic lesions as well as exacerbation or aggravation of 
persistent apical periodontitis of root-fi lled teeth may be cured by endodontic non-
surgical or surgical retreatment. There is insuffi cient scientifi c support on which to 
determine whether surgical and nonsurgical retreatments of root-fi lled teeth give 
systematically different outcomes, both in the short and long terms, with respect to 
healing of apical periodontitis or tooth survival [ 3 ,  8 ,  9 ]. In clinical practice, a num-
ber of factors infl uence the choice of treatment, for example, the size of the bone 
destruction, the technical quality of previous treatment, accessibility to the root 
canal, future restorative requirements of the tooth, the cost of treatment, the prefer-
ences of the clinician and the patient, medical considerations, the availability of 
various types of special equipment. 

 The clinical decisions will have to be made on the basis of unique conditions 
applying to every case.  

8.7.2     The Size of the Bone Destruction 

 Apical periodontitis may develop into cysts. Periapical cysts are classifi ed as 
“pocket-cysts” or “true-cysts.” In case of a pocket cyst, the cyst cavity is expected 
to heal after proper conventional root canal treatment. A true cyst, on the other hand, 
is supposed not to respond to any intracanal treatment efforts. Thus, it is supposed 
that true radicular cysts have to be surgically resected in order to heal [ 45 ]. 
Unfortunately, there is no scientifi c evidence to clinically determine the histological 
diagnosis of the periapical tissue in general, and in particular, there is no method to 
distinguish between pocket-cysts and true-cysts other than histology [ 12 ]. However, 
cysts are expected to be more predominant among large bony lesions [ 46 ]. Thus, in 
case of large bone destruction, much speaks for a surgical retreatment.  

8.7.3     The Technical Quality of the Previous Treatment 

 In cases of nonhealed apical periodontitis, the technical quality of the root fi lling is 
often poor [ 31 ]. In molars, the reason for treatment failure may be associated with 
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untreated canals. In many cases, therefore, a nonsurgical retreatment should be con-
sidered. In particular, this is the case when access is not hindered by a crown and 
post. Since there is convincing fi ndings that the quality of the restoration also plays 
a signifi cant part for the periapical status in root fi lled teeth [ 11 ] the clinician is 
recommended to have a critical look at the restoration. If restoration is of poor 
quality, it may jeopardize the results of an endodontic surgery [ 15 ]. 

 The obvious objective for a nonsurgical retreatment is to treat the previously 
untreated parts of the root canal system and thus improve the quality of root canal 
fi lling. With the help of modern endodontic armament, this is often possible to 
achieve. Studies have shown that nonsurgical retreatment performed by skillful cli-
nicians results in good chances of achieving periapical healing [ 47 ,  48 ]. 

 Several authors have argued that the result of endodontic surgery is dependent on 
the good quality of the root fi lling, and consequently argued that any endodontic 
surgery should be preceded by a nonsurgical retreatment. No clear evidence exists 
of the benefi t of this approach, and it would moreover, if used orderly, lead to the 
execution of a signifi cant amount of unnecessary surgeries. In many cases, the non-
surgical retreatment  per se  would be enough to achieve healing of the periapical 
tissues.  

8.7.4     Accessibility to the Root Canal 

 Root-fi lled teeth are often restored with posts and crowns, and are frequently used 
as abutments for bridges and other prosthodontic constructions which have to be 
removed or passed through for a nonsurgical approach. In cases where the quality 
of restorations is adequate, a surgical approach is more appealing. Even without 
hindering restorations, a preoperative analysis of the case may reveal intracanal 
ledges or fractured instruments that already preoperatively make the accessibility to 
the site of the residual infection questionable [ 47 ]. 

 On the other hand, access to the site of infection by endodontic surgery can be 
judged to imply major diffi culties. In particular, surgery involving mandibular molar 
roots as well as palatal roots of the maxillary molars sometimes offers signifi cant 
operator challenges. Preoperative CBCT scans help the surgeon to plan the inter-
vention or sometimes to refrain and choose a nonsurgical approach, or even consid-
ering extraction and a different treatment plan (Fig.  8.1 ).

8.7.5        Future Restorative Requirements of the Tooth 

 Before considering retreatment of a previously root-fi lled tooth, there is a need for 
careful deliberation of the overall treatment plan. In many cases, the issue is rather 
straightforward. It might concern a single tooth, restored with a post and a crown of 
fully acceptable quality, but with an ensured diagnosis of persistent apical periodon-
titis. The objective is to cure the disease and to “save” the tooth and its restoration 
in the long term. In other situations, when complete mouth restorations are planned 
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to “build something new,” the strategic use of teeth, nonroot fi lled as well as root 
fi lled, and dental implants to minimize the risk of failure of the entire restoration 
must be the fi rst priority [ 49 ].  

8.7.6     The Cost of Treatment 

 Since surgical endodontics does not require the dismantling of functional prosth-
odontics constructions, it is often a less expensive alternative for the patient. But, 
the costs of both surgical and nonsurgical treatments, of course, vary both in differ-
ent countries between operators and between countries with different systems of 
reimbursement by insurance.  

8.7.7     The Preferences of the Clinician and the Patient 

 Whether a retreatment, nonsurgical or surgical, should be performed is a complex 
decision, with many factors to be considered. When a diagnosing dentist is asked to 
suggest a treatment plan with alternatives, both biological considerations and the 
potential and limitations of different options weigh in. However, as important as the 
professional skill and knowledge might be, the preferences of each individual 
patient will also infl uence the fi nal decision. The subjective meaning (“the illness”) 
of the situation (“the disease”) will vary among patients. Only the patient is the 
expert on how he or she feels about keeping a tooth, with or without retreatment, or 
perhaps extracting it, as well as which symptoms are tolerable, which risks are 
worth taking, and what costs are acceptable.  

8.7.8     Modern Times: Improved Outcomes 

 During the last 20-year period, clinical endodontics has undergone a technological 
development of rare unprecedented proportions. Rotary instrumentation alloys have 
facilitated the painstaking work of removing old root fi llings. Super-fl exible proper-
ties of nickel-titanium instruments allow root canals to be successfully instrumented 
in a predictable way. 

 An equally signifi cant addition to the endodontic armamentarium is the operat-
ing microscope. With its help, previously untreated parts of the root canal system 
can be visualized during both surgical and nonsurgical retreatments. Parallel with 
the increasing use of the operating microscope, a wide range of specialized instru-
ments have been developed, primarily in connection with surgical endodontics. In 
addition, the introduction of ultrasonic instruments has further improved treatment 
options. 

 Much effort has also been expended on trying to develop new materials for safer 
retrograde sealing of the root canal. Alternatively, technological achievements have 
signifi cantly changed the clinical routine of endodontic retreatment procedures. 
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  Fig. 8.1    Radiographs showing details for the evaluation and treatment of the left mandibular 
second molar (tooth 46 FDI or #30 Universal). The patient is female, born 1945. There is pain from 
lower right jaw region; the tooth in question was root canal-treated 3 years earlier. Both right man-
dibular molars are tender to percussion, and the second molar is not sensitive to electric and ther-
mal pulp testing. Radiographically, there are radiolucent areas associated with both molars. ( a ) 
Preoperative periapical radiograph. ( b )  Left  and  right , Root canal treatment of 47 (#31). Note the 
fi ll of lateral canal. ( c )  Left  and  right , Follow-up after 6 months. Asymptomatic patient. Note that 
44 (#28) also has a root fi lling and a periapical radiolucent area. ( d )  Left  and  right , Additional 
follow-up 1 year later. Note bone fi ll apically to 47 (#31) and 44 (#28). However, periapical radio-
lucent area 46 (#30) persists. The tooth is slightly tender to percussion. The decision is made to 
perform surgical retreatment 46 (#30). ( e ) Immediate postoperative surgery 46 (#30). ( f )  Left  and 
 right , 1-year follow-up after surgery. Patient asymptomatic. Good healing of periapical lesions 47, 
46, 44 (#31, 30, 28)         
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 In environments of clinical excellence, nonsurgical as well as surgical retreat-
ments have shown favorable outcomes on the periapical tissues of “endodontic fail-
ures” [ 15 ,  48 ,  49 ]. It is likely that more root-fi lled teeth with apical periodontitis can 
be successfully treated surgically compared with reports from that before microsur-
gical techniques were used [ 15 ,  50 ]. Frequency of periapical healing after retreat-
ment has been reported to reach approximately 80–90 % for both methods [ 15 ,  48 ]. 
High-quality clinical studies of long-term follow-up of teeth that have undergone 
surgical or retreatment are still missing.  

e

f

d

Fig. 8.1 (continued)
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8.7.9     Endodontic Retreatment: Need for Research 

 In the future, there is need for more research on endodontic retreatment methods as 
to whether they are effective and result in long-term tooth survival. In this context, 
it is also important to evaluate the alternatives to retreatment, extraction, and 
replacement by a tooth-supporting bridge or an implant from the perspective of 
quality of life and cost effectiveness [ 2 ,  9 ].   

8.8     Conclusion 

8.8.1     Short Answers to Clinical Questions 

 This chapter on molar endodontics shows that there is a considerable documenta-
tion gathered through the years about the methods that are used for preventing and 
treating diseases originating from the pulp and periradicular tissues. From the bulk 
of information, it can be concluded that various forms of endodontic treatments 
have saved and continue to save billions of molar teeth affl icted by caries or other 
insults. 

 Based on current best empirical and scientifi c knowledge, the following general 
short answers to “the clinical questions” may be appropriate:

•    What will happen to my tooth and me if pulpitis or apical periodontitis is left 
untreated?
 –    The tooth may stay asymptomatic for a long time, but there is also a risk of 

periods of pain and, in a worst-case scenario, local spread of infection.     
•   What different treatment options do I have if I decide to keep my tooth?

 –    If the pulp is still vital, there are often reliable methods that can be used to 
try to save the integrity of the pulp and avoid root canal treatment. 
However, if pulp is seriously injured, which is very diffi cult to predict, 
pain or pulp necrosis may occur. In such a case, root canal treatment may 
be necessary.     

•   After treatment, will my symptoms disappear?
 –    After treatment, there may be a short period of postoperative pain, but if 

endodontic procedures are performed according to a high standard protocol 
your symptoms will almost invariably disappear. Approximately 95 % of 
root-fi lled teeth are asymptomatic after a postoperative period of 6 months.     

•   How does the disease and treatment affect my risk of losing the tooth?
 –    The risk of losing a tooth with severe injury to the pulp is higher than for a 

healthy tooth, in particular, if the pulp vitality is lost and there is a need for 
root canal treatment. But if properly treated and restored, approximately 90 % 
of root-fi lled teeth survive 10 years or more.     

•   Will treatment cure pulpitis or apical periodontitis?
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 –    Yes, using current methods used in endodontics, in 80 –90 % of the cases, no 
signs of disease will be present at a standard clinical and radiographic checkup 
carried out a few years after treatment.     

•   Is there a risk of persistence or relapse of disease?
 –    In about 10 % of root canal treated cases, signs of disease may persist over 

time. If your restoration of the tooth is lost or if endodontic procedures are 
inadequately performed, disease may also relapse.     

•   What will be my options, if persistence or relapse does occur?
 –    In cases with persistent disease, surgical or nonsurgical retreatment performed 

by skilled specialists using modern armamentarium is able to cure the disease 
in about 80–90 % of the cases.     

•   Would it be a better idea to take the tooth out?
 –    In most cases not. But if the tooth is affl icted by periodontal disease or the 

remaining tooth substance does not provide conditions for a high-quality res-
toration, it might be a better idea.     

•   If so, can it be replaced?
 –    In the majority of cases, a lost tooth can be replaced by an implant or a fi xed 

prosthesis.        

8.8.2     Knowledge Gaps 

 There are few clinical studies of high scientifi c quality within the fi eld of endodon-
tics. Consequently, there are many knowledge gaps [ 9 ]. Further clinical studies with 
high quality are necessary to give our patients less vague answers to the following 
questions:

•    In a situation with a tooth with a vital pulp that is affl icted by deep caries, is it 
better to preserve the pulp vitality rather than to perform pulpectomy and root 
fi lling?  

•   Is it more cost-effective in long term to have a root canal treatment and restora-
tion rather than to extract the tooth and replace it with a fi xed prosthesis or an 
implant?  

•   Which specifi c treatment factors explain why endodontic treatments do not 
achieve an optimal outcome, that is, get extracted, remain painful, develop or 
have persistent apical periodontitis?  

•   Will root-fi lled teeth survive long term, and what factors infl uence the loss of 
endodontically treated teeth?  

•   How often will a root-fi lled tooth with persistent but asymptomatic periapical 
infl ammation result in the occurrence of pain and swelling?  

•   Which are the prognostic factors to predict an exacerbation of asymptomatic 
periapical infl ammation, particularly in a root-fi lled tooth?  

•   Are there any risks to general health when teeth with a periodical infl ammatory 
process remain untreated?         
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  9      Nonsurgical Root Canal Retreatment                     

     Elio     Berutti      and     Arnaldo     Castellucci     

    Abstract 
   Conventional endodontic therapy enjoys a high success rate; however, root canal 
treatment in cases of pulpal necrosis and cases with procedural errors will occa-
sionally fail. Retreating such cases is often a challenge for clinicians. This chap-
ter discusses both the diagnosis of retreatment needs and the steps to regain 
access to the previously treated root canal system. In cases where satisfactory 
retreatment is impossible and healing cannot be expected, strategies for further 
decision-making are presented.  

     Guiding Reference 
 Gorni FG, Gagliani MM. The outcome of endodontic retreatment: a 2-yr follow-up. 
J Endod. 2004; 30(1):1–4. 

 This retrospective study of nonsurgical retreatment compares clinical and radio-
graphic outcome criteria in cases that had procedural errors that could be corrected 
and those that were not overcome. The overall success, defi ned as absence of symp-
toms and evidence of intact periapical tissue, was 69 %, but this number was signifi -
cantly reduced in the cases when not correctable alterations in the natural course of 
the root canals were found, caused by previous root canal treatment.  
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9.1     Introduction 

 Conventional endodontic therapy enjoys a high success rate, oftentimes enabling 
clinicians to restore teeth to a lifetime of function. Depending on the pretreatment 
diagnosis, success rates remain signifi cantly lower in infected teeth than in teeth 
with no radiographic signs of microbial contamination, and most retreatment cases 
fall into that category. 

 Retreating failed root canal therapy, be it due to leaking restorations or insuffi -
cient primary treatment, is one of the greatest challenges in root canal therapy. Once 
the need for a revision has been determined, a clinician may be faced with a broad 
spectrum of materials that occlude the original root canal space, including portions 
of root canal instruments. These materials can be easy or exceedingly diffi cult to 
remove and may be accompanied by preparation errors that preclude accessibility. 
Even the most diligent attempts to clean all aspects of a given pulp space of previ-
ously introduced materials may be futile at times. 

 This chapter will discuss both the diagnosis of retreatment needs and the steps to 
regain access to the previously treated root canal system. In cases where satisfactory 
retreatment is impossible and healing cannot be expected, strategies for further 
decision-making will be presented (see also preceding Chap.   8    ).  

9.2     Definition of Root Canal Retreatment 

 According to the American Association of Endodontists Glossary of Contemporary 
Terminology for Endodontics [ 1 ], retreatment is defi ned as follows:

  A procedure to remove root canal fi lling materials from the tooth followed by cleaning, 
shaping and obturating of the canals 

 This defi nition is somewhat limited in scope because it does not consider situations 
where there is no previous fi lling material to be removed, nevertheless the case is 
failing and needs to be “retreated.” A typical situation is shown in Fig.  9.1  where a 
general dentist, even in a single-rooted tooth, could not locate the original canal and 
referred the patient for completion. In an attempt to locate the original canal, a per-
foration occurred on the distal aspect of the middle third of the root. This case 
should be considered a retreatment, even though there was no fi lling material to be 
removed. Using the operating microscope, the original canal was located, the perfo-
ration was repaired with MTA, and the root canal system was then conventionally 
root-fi lled.

   Figure  9.2  shows a case that had previously been surgically treated; the retreat-
ment of this maxillary molar includes nonsurgical cleaning, shaping, and obturating 
the root canal system. This case, too, must be considered a retreatment, even though 
there was no previous fi lling material to remove from the canals. Figure  9.3  shows 
a maxillary fi rst molar treated with a missed second mesiobuccal (MB2) canal. The 
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tooth was nonsurgically retreated, but no fi lling materials were removed from the 
missed canal.

    The following defi nition is offered according to Carr [ 2 ] as an alternative that 
more closely refl ects the actual clinical practice of retreatment: Endodontic retreat-
ment is a procedure performed on teeth that received failed prior attempts at defi ni-
tive root canal treatment, requiring further endodontic therapy to achieve a successful 
result. 

a b

c

d

  Fig. 9.1    ( a ) A preoperative fi lm of a maxillary cuspid with a perforation on the distal aspect of the 
coronal one-third. ( b ) The off-angle radiograph shows better the perforation. ( c ) The perforation 
has been repaired with MTA. ( d ) Postoperative radiograph       
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9.2.1     The Rationale for Retreatment 

 The clinical practice of root canal treatment has changed markedly over the last 20 
years. The introduction of rotary instrumentation, of various new obturation sys-
tems, of ultrasonically powered devices, and of magnifi cation systems (in particular 
operating microscopes) has signifi cantly increased the success rate of primary end-
odontic treatment and endodontic surgery [ 3 ,  4 ]. 

 Perhaps, the most important difference today is that an endodontist’s manual 
dexterity is no longer the prime determinant for success. Obviously, individual skill 
always makes a difference, but with the use of modern endodontic techniques, 

a b

c d

e f

  Fig. 9.2    ( a ) Preoperative fi lm of the maxillary right fi rst molar. The apical surgery has been per-
formed on contaminated and empty root canals. The surgical failure must be retreated nonsurgi-
cally. The gutta-percha cone traces the sinus tract. ( b ) A sinus tract is evident clinically. ( c ) Working 
length radiograph of MB1. ( d ) After cleaning and shaping four canals, the sinus tract disappeared. 
( e ) Postoperative fi lm. ( f ) Two-year recall       
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levels of excellence are seen that were unheard of in the past [ 5 ,  6 ]. Nevertheless, a 
signifi cant portion of the workload of endodontic specialists continues to be dedi-
cated to redoing failed endodontic treatments. 

 Implantology can deliver high success rates [ 7 ] that might make extraction and 
replacement by implants seem a valid alternative to endodontic retreatment. 
However, it should be stressed that the two types of treatment have different goals: 
endodontic treatment aims to prevent or treat apical periodontitis, whereas implants 
are used to replace missing teeth [ 8 ]. This means that retreatment is the approach of 
choice for cases with endodontic failure, in which the tooth can be salvaged, both 
from restorative and periodontal standpoints. 

 In a recent US epidemiological study by Salehrabi and coworkers on a popula-
tion of 4744 teeth that had undergone orthograde retreatment by endodontists, the 
success rate after 5 years was 89 % [ 9 ]. Earlier, Fristad and coworkers analyzed the 
success rate in 112 roots retreated by undergraduate students after 10–17 years, and 
after 20–27 years. The success rate at 10–17 years was 85.7 %, but 10 years later this 
had risen to 95.5 %, equaling the success rate found in cases of fi rst treatment [ 10 ]. 
The study authors conclude that the persistence of asymptomatic periapical radiolu-
cencies, especially those with overfi ll, should generally not be classifi ed as failures, 
as many of them will heal after an extended observation period. This statement is of 

a b

c d

  Fig. 9.3    ( a ) The patient was referred for the retreatment of the palatal canal, thinking that the 
cause of pain was the overfi lling. ( b ) During the retreatment, a missed MB2 was negotiated and 
then cleaned and shaped. Immediately after that, the pain disappeared, even though it was not pos-
sible to remove the gutta-percha protruding through the foramen of the palatal root. ( c ) Postoperative 
fi lm. Note the independent foramen of MB2. ( d ) Follow-up at 2 years       
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particular interest in increasingly easy access to cone beam computed tomography 
(CBCT). It has been shown that considerably more (asymptomatic) lesions are 
detected on CBCT scans rather than on periapical radiographs of endodontically 
treated teeth [ 11 ]. Likewise, in a systematic review, Torabinejad reports that end-
odontic surgery appears to offer more favorable initial success, whereas nonsurgical 
retreatment leads to a more favorable long-term outcome [ 12 ]. 

 Planning endodontic retreatment requires a correct diagnosis using clinical and 
radiographic fi ndings (see Chap.   2     in this book). It is necessary to understand the 
cause or causes that have led to the failure of the prior treatment and determine the 
feasibility of salvaging the tooth restoratively and periodontally. Prognostic factors 
of individual cases must be combined with a diagnosis to formulate a correct treat-
ment plan. 

 The secret of achieving high success rates in retreatment undoubtedly lies in 
understanding typical causes of failure of the original endodontic treatment and will 
be discussed in the following section.  

9.2.2     Incomplete Treatment of the Root Canal System 

 A root canal system may be highly complex, especially that of molar teeth (see 
Chap.   1    ). In many cases, complete mechanical treatment of such root canal systems 
is virtually impossible. Two different types of incomplete treatment of the root canal 
system exist:

    1.    The working length stops short of the canal end, due to anatomical problems 
(curvature, bifurcations, etc.), preparation errors, or pathological problems (min-
eralizations; see Fig.  9.4 )

       2.    Overlooked anatomy (MB2 in maxillary molars, for middle mesial root canal of 
a mandibular molar, and other variants of molar anatomy, see Fig.  9.5 )

9.2.3            Inadequate Root Canal Filling 

 Historically, it has been held that inadequate apical seal may be a cause of failure in 
nonsurgical endodontic treatment [ 13 ]. It is indeed impossible to remove all the 
bacteria, toxins, and pulp tissue from the root canal system [ 14 ], and therefore tissue 
fl uid (via the apical foramen and other foramina) may reach an incompletely fi lled 
canal space so that bacterial contamination persists and apical periodontitis is the 
consequence. Thus, to achieve long-term success, the root canal system should be 
fi lled as completely as possible. 

 Inadequate seal may occur in four cases:

    1.    Canal fi lling in the presence of exudate   
   2.    Canal straightening with transportation of the apical foramen   
   3.    Ineffective fi lling techniques   
   4.    Filling procedure executed incorrectly      
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a

c

b

  Fig. 9.4    ( a ) Preoperative radiograph. Left mandibular fi rst molar with insuffi cient endodontic 
treatment and apical, mesial, and distal radiolucent areas, indicative of asymptomatic apical peri-
odontitis. ( b ) Postoperative radiograph. Retreatment. ( c ) Follow-up at 6 months       

a

b

b

  Fig. 9.5    ( a ) Preoperative radiograph. Right maxillary fi rst molar with insuffi cient endodontic 
treatment. ( b ) Postoperative radiograph after retreatment. The mesiobuccal root has two indepen-
dent canals: MB1 and MB2. ( c ) Radiographic follow-up after 6 months       
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9.2.4     Vertical Fractures 

 According to clinical studies, vertical root fractures account for approximately 
3 % of failures in teeth treated endodontically [ 15 ] and for 11 % of failures in fi xed 
prostheses after 18 years [ 16 ]; of teeth requiring extraction, up to 32 % displayed 
vertical root fractures [ 17 ]. The extracted, fractured teeth were mostly root canal 
treated and associated with posts and screws. Diagnosis may be straightforward if 
the fracture can be identifi ed in the coronal portion of the tooth in question: typi-
cally probing reveals a very narrow periodontal pocket along the fracture line 
(Fig.  9.6 ).

   Conversely, diagnosis is far from simple for a vertical root fracture that starts 
from the apical portion of the root. In these cases, there is initially no periodontal 
probing; however, a radiograph may show a radiolucent area along the lateral 
aspect of the root, or it is visible in a small fi eld of view CBCT. In cases of a con-
fi rmed fracture connecting periodontal and pulpal spaces, nonsurgical retreatment 
is not recommended [ 18 ]. Endodontic surgery (see Chap.   10    ) may confi rm or deny 
root fracture and provide means to improve the apical seal of the root canals 
(Fig.  9.7 ).

9.2.5        Loss of Coronal Seal 

 Loss of coronal seal is a frequent cause of failure some years after endodontic treat-
ment. Magura and coworkers state that canals that have been obturated completely 
and exposed to the oral environment for 3 months or longer may need retreatment; 
if the root canal space had been prepared for a post, and if the root canal fi lling was 
incomplete, then the time lapse before clinically signifi cant leakage occurs could be 
shorter [ 19 ]. 

 In generating a treatment plan, the endodontist must next analyze the prognostic 
factors that may infl uence the treatment plan (Box  9.1 ). 

  Fig. 9.6    Right mandibular 
fi rst molar with vertical 
fracture of the mesial root. 
Very narrow periodontal 
probing is present at the 
fracture       
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9.2.6       Unclear Cause of Failure 

 To undertake retreatment without having clearly understood the causes responsible 
for failure of the original treatment is a serious mistake. While persisting or newly 
introduced microorganisms are the main cause of apical periodontitis [ 20 ], it is 

a

c

b

  Fig. 9.7    ( a ) Preoperative radiograph. Right mandibular molar responsible for repeated abscesses. 
Note the good quality of the endodontic therapy and the radiolucent area surrounding the mesial 
root. Periodontal probing is noncontributory. Suspected vertical fracture starting from the apex 
suggests surgery is the best option. ( b ) View of surgical fi eld. Note the loss of buccal bone in the 
mesial root area. The root was stained with methylene blue. Clearly visible fracture line originating 
apically and extending to the boundary between the medial and the coronal thirds of the root. ( c ) 
Enlarged view of surgical fi eld       
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impossible to improve a situation without knowing where it went wrong in the tech-
nical aspects of treatment [ 21 ]. In diffi cult situations, it is not uncommon to think of 
the most complex and unusual causes (unsealed lateral canals, extra canals, etc.) 
and fail to see the obvious. The four causes of failure are listed above, and the spe-
cifi c cause or causes responsible for failure in individual cases must be determined. 
Naturally, an endodontist must have an in-depth knowledge of root canal anatomy 
for each molar, including possible anatomic variables, and he or she must perform a 
complete and in-depth clinical and radiographic assessment (see Chaps.   1     and   2     in 
this book).  

9.2.7     Presence of a Periradicular Radiolucency 

 As with primary endodontic treatment, the presence of a preoperatively detected 
periradicular radiolucency in retreatment cases markedly reduces the success rate 
[ 21 ,  22 ]. In a critical review of literature published between 1970 and 2004 that 
sought to explore the level of evidence relating to the outcome of endodontic retreat-
ment, Paik and coworkers [ 23 ] found that all included studies agreed in that the 
success rate was inferior in the presence of a periradicular lesion prior to retreat-
ment; they also found that this difference varied greatly:

•    Presence of preoperative periradicular lesion – success rate ranged from 
97 to 40 %  

•   Absence of preoperative periradicular lesion – success rate ranged from 
100 to 84.4 %     

9.2.8     Satisfactory Quality of Previous Treatment 

 This prognostic factor is certainly one of the most problematic one. When dealing 
with the endodontic failure of a molar that has been treated satisfactorily from the 

  Box 9.1. Prognostic Factors in Retreatment Decision-Making 
•     Specifi c cause of failure  
•   Presence of periradicular radiolucency  
•   Satisfactory quality of prior treatment  
•   Altered root canal morphology  
•   Periodontal involvement  
•   Suspected vertical fracture  
•   Lack of coronal seal  
•   Endodontist’s experience  
•   Availability of technologies (operative microscope, ultrasound, etc.)  
•   Patient’s expectations    
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endodontic standpoint (correct working length, appropriate shape, density of fi lling 
material), the most common error is to embark upon retreatment in the hope of 
improving the quality without taking into account that a possible cause may be a 
vertical fracture as discussed before. Chevigny and coworkers report an 88 % suc-
cess rate for retreatment in cases where prior treatment was unsatisfactory, but only 
66 % where prior treatment was adequate [ 22 ].  

9.2.9     Altered Root Canal Morphology 

 The presence of ledges, perforations, false pathways, stripping, internal or exter-
nal transportation of the foramen, mineralizations, broken instruments, apical 
resorption, or internal resorption are all factors that complicate retreatment and 
may jeopardize its success (Fig.  9.8 ). In a study on 452 teeth retreated after 
2 years, Gorni and coworkers [ 21 ] found a signifi cant difference in terms of suc-
cess rate in cases in which the root canal morphology was altered, and in the 
presence of a periradicular lesion: they report 84.4 % success in the absence of 
iatrogenic alterations versus only 40 % in the presence of alterations of the root 
canal system.

a

c

b

  Fig. 9.8    ( a ) Preoperative radiograph. Left mandibular fi rst molar with insuffi cient endodontic 
treatment and apical radiolucency at the level of the mesial root. Note the presence of a fragment 
of broken endodontic instrument in the middle third of one mesial root canal. Owing to the position 
of the broken instrument and the root anatomy, surgery is without doubt the least invasive treat-
ment option. ( b ) Postoperative radiograph. ( c ) Radiographic follow-up at 6 months       
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9.2.10        Periodontal Involvement 

 It is important to distinguish between two different periodontal problems. One is 
primary: the patient is affected by periodontal disease of some degree of severity; he 
or she has numerous affected sites, and one of these is the molar scheduled for 
retreatment. As was already seen, in this case, a careful periodontal evaluation is 
necessary to evaluate whether the tooth can be salvaged, or whether it would be bet-
ter to extract it and place an implant. The second eventuality is that in which there 
is a primary endodontic lesion with secondary periodontal issues, often as a conse-
quence of iatrogenic damage (perforation, stripping, etc.; see Fig.  9.9 ). In these 
cases, the success rate is signifi cantly reduced [ 24 ].

9.2.11        Suspected Vertical Fracture 

 As stated above, an evaluation of epithelial attachment must be made, even before 
radiography. Narrow probing reaching the apical third is very probably the conse-
quence of a vertical root fracture. The presence of a single periodontal pocket, pos-
sibly in the furcation of a molar retreatment tooth, casts serious doubt on the 
possibility of salvaging the tooth for a long term. Another sign that points toward a 
vertical fracture is the presence of sinus tracts in unusual locations, for example, 
closer to the marginal gingival or on both the buccal and lingual aspects [ 25 ].  

9.2.12     Lack of Coronal Seal 

 Lack of coronal seal at the time of retreatment undoubtedly complicates the already 
complex RCS infection. Kwang and Abbott [ 26 ] state that “The restoration-tooth 
interface is a potential pathway for bacteria to enter teeth and infect the root canal 
systems.” Complete removal of an existing restoration insertion of a leakage-proof 
temporary buildup is often the only way to ascertain that no new infection will occur 
during endodontic retreatment. Infection in retreatment cases may or may not be 
more diffi cult to eradicate, because it is sustained by streptococci, enterococci (e.g., 
 Enterococcus faecalis ) and yeasts [ 20 ,  27 ] existing in a biofi lm, enabling them to 

  Fig. 9.9    ( a ) Preoperative radiograph. Left mandibular fi rst molar with stripping at the level of the 
mesial root; repair has been attempted with amalgam. There is now an endo-perio lesion with wide 
buccal periodontal probing. ( b ) View of the surgical fi eld. The amalgam obturation may be seen in 
the micro-mirror inserted into the furcation. ( c ) View of the surgical fi eld. Repair of the perforation 
with Super EBA (Bosworth). ( d ) View of the surgical fi eld. A Gore-Tex membrane is placed at the 
level of the periodontal lesion of the furcation. ( e ) Postoperative radiograph. ( f ) View of the surgi-
cal fi eld, reopened after 4 weeks. Note the new-formed tissue. ( g ) Clinical checkup after 6 months. 
Note the healthy periodontal tissues. ( h ) Radiographic follow-up at 10 years       
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develop effective protection against disinfectants [ 27 ,  28 ]. More recently, however, 
evidence has emerged that the microbial fl ora at the apicalmost portion of the root 
canal is similar in retreatment cases and initial treatment; this suggests that the 
inability to disinfect all canal space rather than specifi c microorganisms plays a role 
in failing endodontic treatment [ 29 ].  

9.2.13     The Importance of Professional Experience 

 Because retreatment procedures frequently involve thinned root walls and altered 
anatomy, the endodontist’s level of experience is important, both in the initial phases 
of evaluating the case and formulating the treatment plan, and in the subsequent 
technical phases of executing the endodontic retreatment [ 30 ]. An experienced 
endodontist will be able to remember 15–20 other cases similar to the one being 
tackled, the diffi culties encountered, how they were overcome, the end result, and 
the long-term outcome. A beginner in the specialty has the advantage of open- 
mindedness, but will require additional time to prepare to avoid irreparable damage 
of compromised teeth. Chapter   8     of this book provides a detailed discussion of 
decision-making in endodontics.  

9.2.14     Available Technology 

 Whether in nonsurgical or surgical retreatment, both the operating microscope 
and ultrasonic tips are irreplaceable devices that can make a difference, signifi -
cantly raising the treatment’s success rate. Setzer reported a success rate at 1 
year of 88 % in surgical endodontic treatments performed with modern tech-
niques, but without the help of enlargement, or only with magnifying loupes. 
The success rate rose to 94 % if surgery was performed under the operating 
microscope [ 31 ].  

9.2.15     Patient Expectations 

 It is very important to have a consultation appointment with the patient, during 
which the endodontist illustrates costs and benefi ts together with any mishaps that 
could occur during treatment. The various phases of the procedure should be briefl y 
explained and an estimate of costs given. The endodontist is under the obligation to 
list any alternative treatments, pointing out their advantages and disadvantages. It is 
imperative to understand the value of the tooth for the patient. A patient must never 
be urged into a decision: he or she must be sure that retreatment is the right choice 
and a good economic investment. To undertake retreatment in a nonmotivated 
patient is very stressful for the endodontist, and in consequence, it will be diffi cult 
to achieve a satisfactory outcome.  
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9.2.16     Nonsurgical Versus Surgical Retreatment 

 Nonsurgical retreatment is in principle considered the treatment of fi rst choice, in 
particular, if this better addresses the cause of the treatment failure. Only when 
attempted nonsurgical retreatment is not feasible or was performed with no satisfac-
tory result, should one select surgical treatment (see Chap.   10     in this book). 

 The clinical strategy in root canal treatment is to shape, clean, and fi ll the root 
canal system. Thus, it seems reasonable to assume that when nonsurgical retreatment 
addresses the entire canal space, cleaning it and densely fi lling it, success rates com-
parable to those possible with the primary endodontic treatment may be achieved. 
Studies point out better outcomes of surgical retreatment if it is preceded by nonsur-
gical retreatment that disinfects and seals the canal system successfully [ 32 ]. 

 With this premise in mind, there are some cases in which surgical retreatment is 
indicated as fi rst choice:

•    Presence of an obstacle that hinders complete treatment of the root canal space  
•   Failure of an apparently well done endodontic treatment  
•   Perforation in the apical third  
•   Diagnosis of a suspected vertical fracture  
•   Presence of recent, adequate prosthetic restoration  
•   Less invasive compared to removal of restorations or posts    

 We may conclude that retreatment is indicated when there is a periradicular 
lesion that developed after the fi rst endodontic treatment, when the lesion is enlarged 
or appears unchanged for more than 4 years, when the tooth is symptomatic, when 
the coronal seal has been lost for longer than 3 months, and when prosthetic restora-
tion is necessary in the presence of an inadequate endodontic treatment, even with-
out periradicular lesions and/or symptoms.   

9.3     Clinical Practice of Root Canal Retreatment 

9.3.1     Removal of Filling Material 

 The methods applied during nonsurgical retreatment vary according to the type of 
fi lling material to be removed or the obstacle to be overcome. 

 The degree of diffi culty also varies, depending on whether the preceding obtura-
tion was performed with paste, sealer, gutta-percha, carrier-based obturators, or sil-
ver points, whether ledges were created in the root canal, whether an instrument had 
fractured, and whether preparation errors exist. 

 A preoperative radiograph can provide much useful information in this respect, 
but for molar retreatment, a cone beam CT (CBCT) scan should be obtained [ 33 ]. 
On the other hand, certainty about the nature of the material, its consistency, its ease 
of removal, as well as the presence of ledges and the likelihood of bypassing a 
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broken instrument cannot be assessed by radiographic means alone, but can only be 
tested clinically, that is, by accessing the root canal space.  

9.3.2     Pastes 

 The removal of root canal fi lling paste is in general easy, since, by defi nition, pastes 
do not set completely within the root canal; they can therefore be penetrated and 
removed by hand endodontic instruments and irrigating solutions. The most widely 
used paste is perhaps iodoform paste, which typically shows intense radiopacity and 
scattered areas of resorption.  

9.3.3     Sealers 

 The removal of sealer is often also relatively simple; sometimes, however, it can be 
extremely complicated. Zinc oxide-eugenol sealers are dissolved by orange solvent 
[ 34 ] ,  which is used as an irrigating solution, fl ooding the pulp chamber of the tooth 
in question. After creating the access cavity, an endodontic explorer is introduced 
into the orifi ce of the root canal to allow a deeper penetration of the solvent. After 
this, K-type endodontic instruments (e.g., .08 C + File, Dentsply Maillefer, 
Ballaigues, Switzerland) are introduced to probe apically with delicate movements. 
Special attention must be paid to not forcing the dissolved sealer beyond the apex 
and irritate periapical tissues. To prevent this, sealer should be removed as much as 
possible before taking instruments to the radiographic terminus of the canal and 
checking the working length. 

 If a sealer cannot be dissolved by orange or eucalyptic oil (whitish colored sealer, 
oftentimes used in Russia, and the reddish-brown resin paste, commonly utilized in 
Eastern Europe and the Pacifi c Rim), the coronal portion can be removed using 
ultrasonic instruments in conjunction with a microscope [ 35 – 37 ]. 

 Once the preexisting sealer is eliminated and the canal has been negotiated to full 
length, the case can be completed using traditional methods (Fig.  9.10 ).

a b

  Fig. 9.10    ( a ) Preoperative radiograph. The fi rst and second lower molars were treated using just 
sealer as a root-fi lling material. ( b ) Two years follow-up       
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9.3.4        Silver Point Removal 

 A silver point that conforms closely to the canal walls can be diffi cult to take out; in 
contrast, a point that fi ts loosely in a canal does not present great problems, espe-
cially if it extends into the pulp chamber. If zinc oxide-eugenol sealer, zinc phos-
phate cement, or composite were used to cover the coronal portion of the silver 
point within the pulp chamber, they can be removed with ultrasonics. 

 Once the coronal end of the cone is freed of surrounding materials, it can be 
grasped with hemostatic forceps (Stieglitz Forceps, Hu-Friedy; Chicago, IL, USA) 
and extracted from the root canal .  If the pulp chamber was fi lled with amalgam, the 
silver point cannot be distinguished from the surrounding metal, and the cone will 
inevitably be sectioned at the orifi ce of the root canal unless one is able to dislodge 
the amalgam and remove it in one single piece. If one succeeds in doing so, the 
silver points will also be removed from the root canals [ 38 ]. Obviously, cutting the 
silver point seriously complicates the removal of the point itself and makes subse-
quent retrieval efforts diffi cult, if not impossible. 

 Dislodging a silver cone can be facilitated by the use of solvents to soften sur-
rounding sealer or by ultrasonics [ 39 ,  40 ]. The latter is particularly effective in 
dislodging and removing silver cones after hand instruments have created paths 
alongside the points [ 38 – 41 ]. Ultrasonics has also been shown to be effective in 
removing fragments of silver cones when they break off within the canal as a 
consequence of corrosion [ 42 ]. Ultrasonics may be used indirectly, transmitting 
ultrasonic energy on grasping pliers to synergistically enhance the retrieval efforts. 
This form of  “indirect”  ultrasonics advantageously transfers energy along the 
silver point, breaks up material deep within the canal, and enhances removal 
efforts [ 42 ]. 

 Some authors suggest several microtube removal methods, for example, Lasso & 
Anchor [ 43 ], the Cancellier Extractor kit (Sybron Endo; Orange, CA, USA) [ 2 ,  43 ], 
the Instrument Removal System (iRS) (Dentsply Maillefer) [ 43 ], the use of an injec-
tion needle with a wire loop at the end [ 44 ], and the use of specifi c instruments such 
as Masserann kit (Micromega; Besançon, France) [ 45 ] the Endo Extractor System 
kit (Roydent; Rochester Hills, MI, USA )  [ 46 ] the Post Removal System kit 
(SybronEndo) [ 46 ]. However, the rigidity and size of the listed devices limit the use 
of these instruments to relatively wide and straight roots; any intracanal work with 
these tools requires the use of high magnifi cations, ideally an operating microscope. 
They cannot be safely used in the apical portions of curved roots.  

9.3.5     Bypassing Ledges 

 One of the most frequent complications that can occur during root canal shaping is 
straightening the curvature of a canal, without communication with the periodon-
tium; this is known as a ledge. The usual cause of ledges is using an incorrect, 
shorter working length. The canal is immediately blocked, due both to the accumu-
lation of debris and the ledge that is formed. If the endodontist then applies force to 
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the instruments in an attempt to bypass the blockage, he or she may create a “false 
canal,” tangential to the original pathway (Fig.  9.11 ). The result of ledge formation 
is that it becomes impossible to shape, cleanse, and fi ll the entire root canal; this 
frequently leads to treatment failure [ 47 ,  48 ].

9.3.6        Etiology 

 The main causes leading to ledge formation are as follows:

•    Wrong working length, shorter than the correct one  
•   Interferences in the access cavity that hinder straight access to the apical third 

and cause loss of instrument control  
•   Aggressive canal instrumentation, specifi cally with instruments with cutting tips  
•   Using stainless steel instruments that are not precurved or that are of larger diam-

eter and thus too rigid  
•   Failing to use instruments in the correct sequence of increasing size  
•   Inadequate use of irrigants  
•   Using rotary NiTi instruments without an adequate glide path  
•   During retreatment, when removing previous canal obturation  
•   When removing broken instruments  
•   While shaping canals with complex anatomy (curvature, bifurcation, etc.), or 

when working in calcifi ed canals [ 49 ]     

9.3.7     Endodontic Management 

 Relocating and renegotiating the original canal may be very complex, even for an 
expert endodontist. When the canal is, or is suspected of being, blocked by a ledge, 
the treatment plan entails:

a b

  Fig. 9.11    ( a ) Left maxillary fi rst molar. Endodontic treatment is insuffi cient and the patient com-
plains of slight pain on mastication. ( b ) Postoperative radiograph showing retreatment. Note the 
palatal perforation in correspondence to the apical ledge       
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•    Locating the ledge  
•   Bypassing the ledge  
•   Eliminating the ledge    

    Locating the Ledge 
 When retreating a canal, if the preoperative radiograph shows that the old canal fi ll-
ing stops before a curve, that it does not follow the natural canal anatomy, or that it 
stops short compared to the radiographically visible outline of the root, then the 
existence of a ledge should be suspected (Fig.  9.12 ).

       Bypassing the Ledge 
 An indispensible requisite for bypassing a ledge is to know where that ledge is. The 
ledge will always be located at a curve, on the outer surface of the canal. The instru-
ment that creates the ledge is usually a rigid stainless steel instrument of large size 
(#25, 30) that, even if precurved, tends to straighten and thus to transport the canal 
externally to the curve. The endodontist must therefore have an in-depth knowledge 
of the endodontic anatomy of the tooth to be retreated. It is necessary to imagine the 
canal curvature in all three dimensions. Thinking in 3D means, for example, looking 
at the preoperative radiograph of the molar and imagining that the mesial canal, 

a

c

b

  Fig. 9.12    ( a ) Left maxillary fi rst molar. Endodontic treatment is insuffi cient. There is a wide 
ledge corresponding to the MB1 canal at the boundary between the coronal and the middle thirds. 
( b ) Postoperative radiograph showing retreatment. ( c ) Follow-up after 6 months       
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where a ledge is suspected, not only possesses the curvature we can see on the radio-
graph, in the buccolingual projection, but that it also has a curvature that would be 
visible in a hypothetical fi lm taken with proximal projection. The canal does not 
actually have two curves: it has one curvature that runs three-dimensionally in space 
(Fig.  9.13 ).

   Through the radiograph, we can break this curvature down into two images: the 
buccolingual projection, and a proximal projection that, naturally, we can only 
imagine. A ledge in the mesial canal of a mandibular molar will be the result of two 
actions: straightening the curvature in the buccolingual projection (the instrument 
transports the canal mesially) and straightening the curvature in the proximal pro-
jection (the instrument transports the MB canal buccally and the ML canal lin-
gually). If we sum the two vectors given by the forces acting on the external surfaces 
of the curves, we obtain a vector, which will reveal the position of the ledge. In an 
MB canal, the ledge is always mesiobuccal; in an ML canal, the ledge is always 
mesiolingual. Naturally, the canal entrance will be precisely opposite the ledge 
(Fig.  9.14 ).

   The most suitable instruments to bypass the ledge are small hand fi les (such as 
a #10 or 15 fi le). The last 3 or 4 mm of the fi le tip must be precurved, gently but 
sharply, at about 90°, and the tear of the rubber stop must be positioned toward the 
instrument tip; this will show where the instrument tip is pointing when it is inside 

a b

  Fig. 9.13    ( a ) Radiograph in buccolingual projection. The fi le inserted into the MB and ML canals 
points up the buccal curvature of the canals, the only curvatures visible through radiography on the 
patient. ( b ) Radiograph in proximal projection. The fi le inserted into the MB and ML canals points 
toward the proximal curvatures of the canals, which are impossible to visualize through radiogra-
phy on the patient       
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the canal (Fig.  9.15 ). The precurved tip of the fi le must be pointed from the side 
opposite the ledge, and the instrument introduced into the canal. Once the depth 
corresponding to the position of the ledge has been reached, the fi le is rotated 
gently to explore an area of some 60° on the side opposite the ledge. The fi le must 
be gently pushed against the canal walls in order to bypass any blockage (debris, 
fi lling material).

   After one or two attempts, the fi le should be extracted and again precurved. It is 
very useful to pre-enlarge the canal up to about 1–1.5 mm from the ledge, to enable 
the fi le to maintain its prebending as it approaches the ledge. If after several attempts 
the ledge cannot be bypassed, then a false pathway may be present, and thus the 

  Fig. 9.14    Pulp chamber of mandibular fi rst molar. The  black arrows  indicate the thrust of the 
endodontic instrument, in the buccal, and in the proximal directions, respectively, when straighten-
ing the buccal and proximal curves. The resultant of these two forces is the red vector, which 
indicates the direction of the ledge. Conversely, the opposing green vector shows the direction 
where the entrance to the original canal is situated       

  Fig. 9.15    The fi nal 
3–4 mm of the tip of the 
fi le used to bypass the 
ledge must be precurved to 
about 90°, and the 
indicator of the rubber stop 
must be positioned in the 
direction of the instrument 
tip. This will make it 
possible to know where the 
instrument tip is located 
when it is inside the canal, 
and to guide it toward the 
canal entrance       
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canal entrance may have been transported onto the wall of the false pathway. The 
same probing technique should be used, but at 0.5, 1.0, and 1.5 mm shorter than the 
end of the old canal preparation. 

 From the operative standpoint, it is important to remember that the wider the 
ledge is, the more diffi cult it will be to bypass it (Fig.  9.16 ). A ledge in a mesial 
canal of a mandibular molar created with a fi le #20 or 25 may easily be bypassed, 
whereas if the ledge was created with a fi le #40 or 50, it will become a problem. In 
this case, the precurved tip of the fi le will have to explore an extensive area, and it 
is more likely that a false pathway or a canal blockage is present.

   The C + Files (Dentsply Maillefer) have proven to be very useful; these were 
originally designed for canal location and initial exploration. They are more rigid 
than stainless steel K-fi les, and thus they maintain their precurved tip better, mean-
ing that they can be used for longer before they must be extracted and again pre-
curved. Their rigidity transmits to the endodontist a signifi cantly better tactile feel. 
This is important, for example, when after locating the canal entrance the C + File 
must be gently pushed to bypass a debris plug.  

    Eliminating the Ledge 
 Once the ledge has been bypassed with the fi rst fi le, generally a #10, it is necessary 
to reach the apical foramen, with the help of an apex locator, and confi rm the 

a

c

b

  Fig. 9.16    ( a ) Left mandibular second molar with insuffi cient endodontic treatment. The distal 
canal has been substantially enlarged, and a wide ledge is present. ( b ) Postoperative radiograph 
showing retreatment. Note the wide ledge present in the distal root. ( c ) Follow-up after 1 year       
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working length with a radiograph. Subsequently, fi les #15 and 20 may be taken to 
the working length (always precurved). In the more complex cases, it may be help-
ful to use K-FlexoFile Golden Medium (Dentsply Maillefer); these are available in 
ISO diameters 12, 17, 22, 27, 32, and 37. The 12 K-FlexoFile Golden Medium may 
be used to bridge the gap between fi les #10 and 15, and the 17 K-FlexoFile Golden 
Mediums to bridge the gap between fi les #15 and 20. 

 Once the working length has been reached, the instrument is retracted by a few 
millimeters, while leaving it beyond the ledge. It is moved with gentle both push- 
and- pull movements and reaming, so as to begin reducing the width of the ledge. It 
is important to apply constant irrigation, frequently recapitulating with small fi les 
(#10) to remove debris and confi rm the glide path. The following instruments, fi les 
#25, 30, 35, and 40, are precurved, taken beyond the ledge, and then extracted rotat-
ing clockwise. This motion tends to straighten the apical third of stainless steel fi les 
and allows them to rasp, reduce, smooth, or eliminate the ledge [ 49 ]. If, using the 
technique described, the ledge cannot be eliminated, then increased-taper manual 
NiTi instruments such as the ProTaper series (Dentsply Maillefer), appropriately 
precurved, may be used. The technique entails prebending the last 3–4 mm of 
ProTaper S1, S2, and F1 fi les to bypass the ledge, and using the balanced forces 
technique to move the instrument forward in the canal. The increased taper of the 
ProTaper will rapidly eliminate the ledge. In order to employ this technique, the 
canal must be adequately enlarged, coronally to the ledge, so that the ProTaper fi les 
do not touch the canal walls except after bypassing the ledge. The endodontist must 
always be in control of the instrument, since only in this case can the ProTaper fi le 
be easily guided beyond the ledge. To prebend the ProTaper fi le, either Endo Bender 
Pliers (Analytic Endodontics, Orange, CA, USA) or Bird Beak orthodontic pliers 
(Hu-Friedy; Chicago, Il, USA) may be used [ 46 ]. 

 The above techniques to eliminate the ledge can only be performed when the 
ledge is not too close to the apical foramen (3–4 mm). If these movements are used 
in proximity of the foramen, there is a high risk of errors, such as external transpor-
tation of the apex. In these cases, it may be better to stop 1 mm shorter than the 
ledge with rotary NiTi shaping, and to link in the apical 1–2 mm using precurved 
manual fi les. Particular care must be paid to irrigation, which can be enhanced using 
special devices that push the irrigant to the working length (see Chap.   6     in this 
book).   

9.3.8     Instrument Fragment Removal 

 Fracture of an endodontic instrument is inconvenient and mortifying, as Louis 
Grossman noted more than 40 years ago [ 50 ]. However, we should not forget 
Grossman also said that such accidents happen in Endodontics, and if it has never 
occurred, the clinician in question has not treated many root canals. Thus, if an 
instrument breaks in a canal or if we must retreat a canal in which a broken instru-
ment has been left, we must use professional skill to achieve a successful outcome 
of the therapy. 
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 The problems raised by retreatment of a root canal where an instrument fragment 
has been retained are very similar to those arising from ledges. The goal of re- 
intervention is to clean, shape, and obturate the portion of root canal apical to the 
broken instrument. If, during these procedures, the fragment is removed, so much 
the better, but it must be clear to the dentist and to the patient that the prognosis 
depends not on the removal of the “foreign body,” but on the possibility to clean, 
shape, and obturate the portion of root canal apical to the broken instrument and to 
obtain a good apical seal. Therefore, the treatment can be successful either remov-
ing the fragment or just bypassing it (Fig.  9.17 ).

   The fi rst factor infl uencing the prognosis of the removal is the location of the 
fragment: the more apical its location, the more complicated the removal of the 
fragment. If the fragment is at the level of the foramen, protrudes beyond the apex, 
or is in a perforation, surgical intervention is generally indicated. If, instead, the 
instrument had fractured in the middle or coronal one-third, the chance of bypassing 
and possibly removing it increases signifi cantly. 

 The instruments that most often fracture within the canal are rotary NiTi Files, 
but we may also fi nd reamers, K-fi les, Hedström fi les, lentulo spirals, barbed 
broaches, and Gates Glidden drills. 

 In most cases, fracture is caused by excessive engagement of the instrument in 
the canal and simultaneous rotation. These fractures are commonly described as 
torsional. Another type of fracture occurs when the instrument has been used for an 
extended period of time and the metal shows signs of wear. This second type of 
fracture is referred to as fatigue fractures. However, most fractures show a combina-
tion of both scenarios. 

 Through the years, many different approaches have been suggested for managing 
broken instruments removal. Today, separated instruments can frequently be 
removed thanks to the use of the operating microscope, powerful ultrasonic units 
and tips, and microtube delivery methods [ 43 ]. 

 The removal is infl uenced by additional factors, such as the diameter and length 
of the fragment. Safe retrieval also depends on the anatomy of the root canal, includ-
ing its diameter, length, and curvature, and it is limited by root morphology, includ-
ing dimension and thickness of dentin and depth of external concavity. 

 A broken instrument can be removed if 1/3 of its length can be exposed, if the 
fragment lays in the straightway portion of the root canal, if the position only par-
tially involves a curvature, and if a safe access to the most coronal extent can be 
obtained. 

 The broken instrument cannot be removed if it is apical to the canal curvature or 
if a nondestructive access to the fragment cannot be accomplished. In such cases, in 
the presence of signs or symptoms, surgery or an extraction will be required. 

 The type of material and alloy will also infl uence successful removal. Usually, 
stainless steel fi les are easier to remove, since in general they do not fracture further 
during the removal attempt. On the other hand, nickel titanium fi les sometimes break 
repeatedly during the use of ultrasonic tips, maybe because of heat buildup [ 2 ]. 

 The fi rst step in the removal of a broken instrument is to obtain a good coronal 
access, to obtain straight-line access to all canal orifi ces. The second step is to obtain 
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  Fig. 9.17    ( a ) Two broken instruments are present in the mesial root of this lower second molar. ( b ) 
A #10 K fi le is bypassing the broken instrument in the mesiolingual canal. ( c ) Just enlarging the canal 
around, the fragment has been removed from the mesiolingual canal. ( d ) A #10 K fi le is now bypass-
ing the broken instrument in the mesiobuccal canal. ( e ) A gutta-percha point has been inserted in the 
mesiolingual, and then the K-fi le has been introduced in the mesiobuccal, to detect if the canals are 
joining together: the impression left on the gutta-percha from the fi le is confi rming that the two canals 
have a common foramen; therefore, it is useless trying to remove the second fragment from the 
mesiobuccal canal. ( f ) The gutta-percha is condensed in the mesiolingual canal and now is in contact 
with the broken instrument in the other canal. ( g ) Postoperative radiograph. ( h ) 2-year recall         
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straight-line radicular access, to obtain an adequate visibility of the coronal aspect 
of the fragment. The next step is to gain space around the fragment by creating a 
circumferential staging platform [ 2 ,  43 ] with modifi ed Gates Glidden drills: their tip 
has been cut perpendicular to its long axis at its maximum cross-sectional diameter. 
This so-called staging platform is nothing else than an intentional ledge at the level 
of the coronal aspect of the fragment, to increase visibility and to facilitate the use 
of ultrasonic tips. 

 Many methods, devices, and techniques have been described in the literature 
to remove broken instruments. Today, the most predictable method is represented 
by the combination of the operating microscope, ultrasonic tips, and microtubes 
[ 2 ,  41 ,  43 ,  51 ].  

9.3.9     Ultrasonic Techniques 

 An ultrasonic tip of appropriate size must be selected, which will be long enough to 
reach the fragment and thin enough to allow good visibility while working under the 
microscope. The tip can stay in contact with the obstacle, at minimum power, and a 
dry canal, so that the clinician has constant visualization of the energized tip against 
the broken instrument. To maintain visibility, remove the dentinal dust, and cool the 
ultrasonic tip, the assistant is to constantly blow air using the Stropko three-way 
adapter with an appropriate Luer-lock tip. The ultrasonic tip is guided counterclock-
wise around the obstruction to remove the dentin and expose the coronal few mil-
limeters of the fragment. During ultrasonic use, the broken instrument begins to 
loosen, unwind, then spin, and oftentimes it “jumps” out of the canal.  

9.3.10     Microtube Removal Methods 

 Sometimes, in spite of creating good coronal and radicular access, exposing 2/3 mm 
of the broken instrument and ultrasonic trephining, a fragment cannot be removed. 
In these cases, microtube removal methods should be employed to remove the 

g h

Fig. 9.17 (continued)
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fragment, a strategy [ 43 ,  46 ,  51 ] already mentioned for the removal of silver points. 
The most popular products are the IRS kit, which is a microtube designed to 
mechanically engage the broken instrument, and the Cancellier kit, which is 
designed to engage the fragment using cyanocrylate glue or self-curing dental resin. 
Clinically, it is important to allow suffi cient curing time to promote a secure grip of 
the fragment. 

 As an alternative, the fragment can be bypassed using small hand fi les, per-
haps aided by an aqueous chelator, to partially or completely loosen and, hope-
fully, remove it. As already stated, bypassing the fragment into the root canal 
apical to it may allow adequate disinfection. If a clinician is unable to bypass 
the fractured instrument, one should treat it as though a ledge could not be 
overcome. 

 The canal may be fi lled with warm plastifi ed gutta-percha up to that point; some-
times, the portion of canal that was not reached fi lls automatically during the obtu-
ration phase. Naturally, the patient must be advised of the situation and the 
importance of regular checkups. Depending on whether a lesion or clinical symp-
toms are present, apicoectomy and retrofi ll, with or without surgical removal of the 
instrument, can be considered (see Chap.   10     in this book). 

 Once again, the rule that prevention is the best therapy holds true. A clinician 
must adhere to the following guidelines to prevent fracture of instruments in the 
root canal:

•    One must be familiar with the physical properties and limitations of each 
instrument.  

•   The instruments must work in root canals fl ooded with irrigating solutions, never 
in dry canals.  

•   Hand instruments should be precurved and used in the proper sequence.  
•   Instruments must be worked delicately and preferably on withdrawal from the 

canal, not on entry.  
•   Rotary or reciprocating instruments must never be forced into a tight canal; a 

suffi cient glide path created by preceding hand instruments must be present.  
•   Files must be replaced as soon as they are bent or their cutting edges are deformed, 

and they should always be considered single use.  
•   Rarely instruments may have manufacturing defects, which increase the proba-

bility of fracture.    

 The diagnosis of instrument fracture is suggested by the observation of sudden 
inability to probe a canal from which the last instrument has emerged slightly 
shorter. A radiograph may confi rm the presence of an instrument fragment. 

 If attempts to remove the fragment are successful, it is advisable to obtain another 
radiograph to document the removal. For legal reasons, if an instrument fractures, it 
is essential that the patient be informed [ 52 ]. 

 In cases when the broken fi le segment is unable to be retrieved, and in the pres-
ence of signs and/or symptoms, surgery or extraction may be the best treatment 
option.   
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9.4     Perforation Repair 

 Perforations are pathological or iatrogenic communications between the root canal 
space and the attachment apparatus, and they create an “additional” portal of exit in 
the root canal system. An infl ammatory reaction is established in the surrounding 
periodontium at the site of the perforation. This is due both to the mechanical trauma 
and to the introduction of debris or toxic substances that inevitably accompany it. 
Apart from iatrogenic mishaps, spontaneous perforations occur due to caries, or 
internal or external resorption. 

 The perforation, once identifi ed, must be sealed as quickly as possible, since 
periodontal involvement arising from it can become irreversible with time. 

 Treating a perforation may require a multidisciplinary approach in order to 
establish a correct treatment plan, and the team must decide whether to extract or 
direct efforts toward nonsurgical retreatment, surgical correction, or both. 

 When evaluating a perforated tooth, four variables should be considered, both 
individually and collectively, level, location, size and shape, and time [ 53 ,  54 ]:

•     Level.  Perforations can occur in the coronal, middle, and apical one-third. The 
level of perforations will infl uence the prognosis: perforations of the apical and 
middle third have a much better prognosis than perforations of the coronal third 
or of the pulp chamber fl oor of multirooted teeth.  

•    Location.  Perforations can occur circumferentially, on the buccal, lingual, mesial, 
or distal aspects of the roots. This is critical if surgical access is considered, 
while it is not so important in case of nonsurgical retreatment.  

•    Size and shape.  The establishment of a good seal is mainly infl uenced by the 
dimension and shape of the perforation. The bigger the size, the bigger the area 
to seal. Furthermore, lateral or furcal perforations are rarely round, but rather 
elliptical in shape, since the burr meets the canal wall at an angle. Finally, the 
perforating cavity has no taper, and this makes even more diffi cult to establish a 
good apical seal without disturbing the surrounding periodontium.  

•    Time.  The time interval between the perforation and obturation will infl uence the 
prognosis. As already stated, perforations create an infl ammatory reaction in the 
adjacent tissues and a consequent loss of attachment with a connection to a peri-
odontal pocket and subsequent microbial contamination. Therefore, to prevent 
periodontal breakdown, perforations should be sealed as soon as possible, if pos-
sible, in the same appointment they occur.    

 In conclusion, the more coronal the perforation is and the longer the time inter-
val, the worse is the prognosis. 

9.4.1     Perforations of the Apical One-Third 

 These may occur in the course of instrumentation of curved canals, transposing the 
apical foramen. 
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 If the endodontist succeeds (with small, precurved instruments, a lot of irriga-
tion, and a great deal of patience) in fi nding the original canal, damage due to the 
perforation may be minimal, especially if the perforation is small. It can be treated 
as an additional lateral canal and will be obturated. Larger perforations may require 
MTA (Mineral trioxide aggregate; Dentsply Tulsa Dental, Tulsa, OK, USA) plugs 
to prevent overfi lling. 

 If the path of the original canal has become obstructed by dentinal debris and the 
instrument follows the wrong path into the perforation each time, the canal should 
be fi lled using common techniques with subsequent surgical removal of the apex 
containing the untreated portion of the canal. This is particularly necessary in a 
tooth with a necrotic pulp.  

9.4.2     Perforations of the Middle One-Third 

 Perforations of the middle third of the root can occur during access cavity prepara-
tion, or, more often, it occurs during cleaning and shaping of the canal or during 
preparation of a post space with rotating instruments such as Peeso, Gates Glidden, 
Largo, or similar drills. 

 In the second instance, the perforations are more frequent in molars and are due 
to excessive dentin removal on the inner, concave side of curved root canals, toward 
the so-called danger zone of the furcation. The roots most often affected are the 
mesial roots of lower molars and the mesiobuccal roots of upper molars, in which 
the dentinal wall facing the bifurcation is thinned out, with consequent stripping. 

 During space preparation for a screw or post, perforations can occur in any root. 
These perforations are most frequent in mesial roots of lower molars and mesiobuc-
cal roots of upper molars, where the injury caused by excessive enlargement can 
become evident long afterward. Such roots must never be enlarged to receive a post, 
since the risk of stripping or perforation is very high. 

 In molars, the safest roots in which a space can be prepared for a post are the 
distal root of lower molars and the palatal root of upper molars. This space, how-
ever, must always be performed by keeping in mind the inclination of the tooth, the 
curvature of the canal, the anatomy of the root, its thickness, as well as the size of 
the bur [ 55 ]. The preparation of the post space should merely remove the root canal 
fi lling. The operator should avoid any alteration of the dentinal walls, and may use 
the space prepared by the endodontist during the shaping procedure.  

9.4.3     Perforations of the Coronal Third and of the Bifurcations 

 Perforations of the coronal third may occur when an access cavity or cavity for a 
post or screw is prepared without considering the inclination of the tooth in the arch 
or the anatomy of the roots. 

 At the level of bifurcations, false paths can be due to the search for the orifi ce of 
a canal in a calcifi ed pulp chamber; for example, the removal of an excessive amount 
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of dentin in the wrong direction can lead to perforation of the pulp chamber fl oor or 
perforation of the most coronal portion of the root canal. In other cases, preparation 
of an inadequate access cavity may be the cause. This can be avoided by using ultra-
sonic tips and the microscope. 

 As a consequence of mechanical trauma and infection from the oral cavity, there 
is rapid destruction of the periodontal ligament. The alveolar bone immediately adja-
cent to the perforation is resorbed with consequent vertical loss of bone. The infl am-
matory process then extends coronally from the site of the perforation along the 
fi bers of the periodontal ligament, with destruction of the ligament, alveolar bone, 
and supracrestal gingival fi bers. As a consequence, an apical migration of the epithe-
lial attachment occurs, and then an advanced periodontal defect forms [ 56 ,  57 ].  

9.4.4     Materials and Techniques 

 In perforation repair, good visibility is important, and combines illumination and 
magnifi cation. It is best accomplished under the operating microscope, which has 
dramatically improved nonsurgical retreatment predictability. 

 Historically, a variety of sealing materials have been suggested [ 53 – 57 ]: Cavit, 
amalgam, calcium hydroxide, gutta-percha, as well as resins, EBA, and MTA 
cements. Regardless of the material to be used, clinicians who desired to predictably 
repair perforations always have had two main challenges: fi rst, one needs to estab-
lish hemostasis and avoid overfi lling, by compacting a barrier through the opening 
toward the furcal or root surface [ 58 ,  59 ]. Barriers should be biocompatible, absorb-
able, and supportive of new bone growth. The matrix is placed nonsurgically through 
the access cavity, into a three-walled osseous defect. The internal matrix provides a 
wall to control the placement of a restorative material; time-tested barriers include 
Collacote (Calcitek, Carlsbad, CA, USA), tricalcium phosphate, and calcium phos-
phate [ 43 ,  58 – 62 ]. 

 The second challenge to successfully repair a perforation is to select a restorative 
material that is easy to use, seals well, is not resorbable, esthetically pleasing, and 
biocompatible for new tissue formation. The materials used and commonly employed 
to repair perforations include traditional amalgam (declining use), Super EBA resin 
cement (Bosworth, Skokie, Illinois), composite-bonded restorations utilizing adhe-
sion dentistry, and mineral trioxide aggregate (MTA, see also below) [ 63 – 66 ]. 

 Currently, all the restorative materials used today, except MTA, require a dry fi eld 
to ensure a proper seal. As such, a barrier material must be selected that produces a dry 
preparation and a backstop that controls the placement of the restorative material and 
prevents overfi lling. The use of MTA does not always require barrier material.  

9.4.5     Collacote as a Barrier 

 This technique is indicated when, due to a long-standing perforation and subsequent 
leakage, a lateral root lesion has formed. In such a case, the clinical challenge is to 
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properly place a solid external resorbable matrix that will allow packing of restor-
ative material. It is important, therefore, to establish a length from the reference 
point to the consistent drying point that defi nes the cavosurface of the root. 

 Collacote is an absorbable collagen material (removed in only 10–14 days), has 
excellent working properties that provide complete hemostasis, and provides a con-
trolled barrier. It is relatively inexpensive, biocompatible, and supports new tissue 
growth. 

 With a barrier-type technique, the restorative material selected to repair a perfo-
ration site should be based on personal judgment, experience, research, ease of han-
dling, and the advantages or disadvantages of a particular material in a particular 
clinical setting. If Super EBA is the material of choice, the resin cement is spatu-
lated, incorporating as much powder into the liquid as possible, so that a heavy, 
viscous, putty-type mix is created. A small conically shaped aliquot of Super EBA 
resin cement is attached to the working end of a Schilder plugger. The plugger car-
ries and delivers the restorative into the preparation and packs the material purpose-
fully into place. Progressive placement and packing of small increments of Super 
EBA resin cement fi lls the defect .   

9.4.6     Perforation Repair with Mineral Trioxide Aggregate (MTA) 

 The prognosis of perforation has been improved consistently with the use of the 
operating microscope [ 58 ,  59 ] and after MTA became available to seal the defects 
[ 65 ] developed by Mahmoud Torabinejad of Loma Linda University, California 
(Fig.  9.18 ). MTA is very biocompatible, hydrophilic, and capable to stimulate heal-
ing processes and osteogenesis [ 65 ,  66 ]; it is commercialized as a powder that con-
sists of fi ne mineral trioxides and other hydrophilic particles, which sets in the 
presence of moisture. Hydration of the powder results in a colloidal gel that solidi-
fi es to a hard structure in about 4 h. This cement differs from all other materials in 
its biocompatibility, its antibacterial activity, its marginal adaptation, and sealing 
properties, and mostly because it is hydrophilic and therefore resistant to moisture.

a b

  Fig. 9.18    White ( a ) and Gray ( b ) MTA (ProRoot MTA, Dentsply Maillefer, Ballaigues, 
Switzerland)       
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   Every material used to repair perforations, to seal retropreparations in surgical end-
odontics, to close the open apices, or to protect the pulp in direct pulp cappings, is 
inevitably in contact with blood or other tissue fl uids. Torabinejad et al. demonstrated 
that MTA is the only material that is not damaged by moisture or blood contamination 
[ 65 ]. In fact, MTA sets only in contact with moisture and may be considered the cur-
rently best suited material to repair perforations [ 66 – 69 ] (Figs.  9.19  and  9.20 ).

    In our opinion, for a nonsurgical retreatment to be categorized as successful, the 
treated tooth must meet each of the following requirements:

•    Absence of symptoms, such as spontaneous pain or pain on palpation or 
percussion  

•   Absence of excessive mobility  
•   Lack of oral communication with the opening of the perforation (pocket)  
•   Absence of a sinus tract  
•   Tooth in function  
•   Absence of radiographic signs of demineralization of bone adjacent to the 

perforation  
•   Thickness of the periodontal ligament adjacent to the obturating material no 

more than double the thickness of the surrounding ligament         

a b

c d

  Fig. 9.19    Strip perforation of the mesial root of the lower left fi rst molar, caused by the introduc-
tion of a screw post in the mesiobuccal canal. ( a ) Preoperative radiograph. ( b ) After nonsurgical 
retreatment, the obturation with Schilder technique has been made in the distal, in the mesiolin-
gual, and in the mesiobuccal canal, apical to the perforation. ( c ) Postoperative radiograph: the 
coronal one-third of the mesiobuccal canal has been completely obturated with MTA, from the 
perforation up to the orifi ce. ( d ) The recall radiograph after 15 years shows the complete healing       
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    Abstract 
   For molars that cannot be successfully treated with nonsurgical procedures, end-
odontic microsurgery may offer a promising alternative. This approach relies on 
technology, such as the operating microscope, ultrasonic instruments, fi lling 
materials, knowledge and manual skills on microsurgery, and guided bone regen-
eration techniques, all in a structured approach. This process includes a thorough 
diagnostic workup including a CBCT scan, a sequence of planned treatment 
steps, and appropriate outcome assessment. In the hands of a skilled operator, 
endodontic microsurgery enjoys high success rates.  

     Guiding Reference 
 Setzer FC, Shah SB, Kohli MR, Karabucak B, Kim S. Outcome of endodontic sur-
gery: a meta-analysis of the literature-part 1: comparison of traditional root-end 
surgery and endodontic microsurgery. J Endod. 2010;36:1757–65. 

 This study investigated the outcome of root-end surgery, specifi cally when com-
paring traditional root-end surgery and endodontic microsurgery. The latter was 
defi ned to include ultrasonic preparation and fi lling materials as well as microsurgi-
cal instruments, high-power magnifi cation, and illumination. A meta-analysis based 
on 21 studies indicated that the application of modern microsurgical methods 
resulted in 95 % success, while traditional methods achieved success only on 59 % 
of the cases. Therefore, the use of microsurgical techniques is superior for root-end 
surgery when compared with traditional techniques.  
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10.1     Introduction 

 As discussed previously in Chaps.   8     and   9    , failing endodontic treatments are based 
in principle on the percolation of bacteria or their by-products from inside the root 
canal system to the periodontium, where interaction with the host immune system 
occurs. Therefore, success is related to clinical strategies and techniques that pre-
vent this interaction [ 1 ]. 

 Nonsurgical retreatment may provide acceptable clinical outcomes; however, this is 
only realistic when the clinician can overcome procedural errors that prevent thorough 
disinfection [ 2 ]. Surgical endodontics is then often the last opportunity to save a tooth; 
the decision to perform a surgery should only be made after all previous nonsurgical 
attempts have failed or are not feasible. The ultimate goal of endodontic microsurgery 
is the predictable regeneration of periapical tissues and osseous defects [ 3 ]; clinical 
outcomes with this strategy are clearly superior to conventional apical surgery [ 4 ].  

10.2     Rationale for Endodontic Microsurgery 

 This treatment provides healing outcomes when spaces of the root canal system that 
harbor microorganisms can be readily identifi ed, debrided, and fi lled with a bio-
compatible material. 

 To this end and in brief, surgical access to the involved root apices is gained and 
3 mm of the respective apex is resected under magnifi cation. The granulation tissues 
are then removed. A retrocavity of 3 mm depth is adequately prepared and sealed with 
a biocompatible material in each of the sectioned roots. The need of guided bone 
regeneration techniques must be evaluated before suturing the fl ap back in place.  

10.3     Diagnostic Steps Before Endodontic Microsurgery 

 Periodontal probing has to be performed for teeth in the areas as it informs about the 
profi le of the bony crest all around the molar, and most importantly, the width and 
length of any discontinuity of it (Fig.  10.1 ).

   Classic radiographic techniques like periapical and panoramic radiographs are 
limited in detecting few periapical bone lesions and therefore cone beam computed 
tomography (CBCT) [ 5 ] is now the standard radiographic technique used to prepare 
a treatment plan in surgical endodontics (see Box  10.1 ). 

10.4       Endodontic Microsurgery Step by Step 

10.4.1     Flap Design 

 Similar to the access cavity in nonsurgical endodontics, which provides access to 
canal entries and makes the treatment feasible, fl ap design is the “access cavity” at 
the soft tissue level that allows good visibility to the bone level. It is also extremely 
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important because it must allow suffi cient blood supply to the mobilized and 
 nonmobilized soft tissues [ 6 – 10 ]. 

 Also, all factors, possible incidents, and modifi cations of the ongoing microsur-
gery must be taken into consideration before the fi rst incision is made. Therefore, 
when facing an apicomarginal bone defect, the fl ap design should be made large 
enough in order to have the bone donor site under the same fl ap, moreover, it must 
allow covering of the bone graft without tension on the fl ap [ 11 ]. 

  Fig. 10.1    Preoperatively and from the radiograph ( left ), this defect appeared localized and per-
haps readily managed. However, after raising the fl ap ( right ), the full extent of the apicomarginal 
bone defect became visible (Reprinted from Merino 2009, with permission)       

     Box 10.1. Diagnosis of Bony Defects 

 Findings 

 Type of defect  Extent 
 Periodeontal 
probing  Radiographic  CBCT 

 GBR/
membrane 
recommended 

 Small  Normal  Yes  Yes  No 
 “Endo”  Large  Normal  Yes  Yes  No 

 Through-and- 
through 

 Normal  No  Yes  Yes 

 “Endo- Perio”  Apicomarginal  Deep  No  Yes  Yes 
 Large periapical  Normal  Yes  Yes  Yes 

 Combinations  Large periapical 
or lateroradicular 
and Through-
and-through 

 Normal  Yes  Yes  Yes 

 Combinations  Apicomarginal 
and Through-
and-through 

 Deep  No  Yes  Yes 
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 Modifi cations to the fl ap after the incisions have been made can jeopardize the 
fi nal result. 

 Rectangular and triangular fl aps are the typical designs for microsurgery in the 
molar region. The fi rst fl ap consists of one horizontal sulcular incision and two ver-
tical ones; while the triangular one is similar, but with only one vertical incision. 

 “ The golden   rules of the fl ap design ” [ 12 ] are critical factors the clinician must 
pay attention to them all the time, in order to perform an easy, fast microsurgery 
with less complicated post-op for the patient:

•    The incision must never cross a bone defect. Incisions should be made away 
from the lesion if possible.  

•   Releasing incisions between bone eminences should be over concave bone sur-
faces and should never cross over convex bone eminences.  

•   The end of a vertical incision at the gingival crest should fi nish at the angular line 
of the tooth ( black line  in Fig.  10.2a ), perpendicular to the gingival margin 
(Fig.  10.2b ). The other end should never enter into the mucobuccal fold, so a 
little inclination of the incision ( blue line  in Fig.  10.2a ) is advantageous.

•      The base must be as wide as its free edge. Vertical releasing incisions should fol-
low the direction of the vascularization network, which is oriented mainly per-
pendicular to the occlusal plane in corono-apical direction [ 13 ]. Flap blood 
perfusion is maintained up to the point where the ratio of length to width of the 
rectangular fl ap equals 2:1 [ 14 ,  15 ]. Ideally, the shorter the vertical incisions, the 
larger the horizontal one should be; likewise, the longer the vertical incisions, the 
shorter the horizontal one.  

a b

  Fig. 10.2    ( a ) The incision ( black line ) must never fi nish on thin buccal tissue or in the center line 
of the papilla, as this can compromise the fi ne vascularization and may cause tissue necrosis with 
a poor esthetic result. The incision can be tilted minimally ( blue line ) without crossing the next 
alveolar bone eminence, in order to open the angle and to keep the incision in attached gingiva. It 
is advantageous to keep the end incision within the attached gingiva and 1–2 mm away from the 
mucosa. ( b ) Placing the incision perpendicular to the marginal gingiva toward the base of the 
papilla is critical to create space for a stitch that will keep the position of the gingival margin stable 
during the healing process       
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•   The periosteum must be raised all together with the fl ap. This makes the suturing 
procedure easier and speeds up the healing process, diminishing postoperative 
pain and infl ammation.  

•   The retractor must always rest on bone, never on soft tissues.  
•   All sutures must start by needle insertion through the upper surface of the 

released tissue, before passing it through the lower surface of the unreleased 
tissue.     

10.4.2     Incision (Low-Power Magnification) 

 Standard #15 or #15C blades or microsurgical scalpel blades are used and the 
“Pencil hold” is the most used hand position (Fig.  10.3a, b ). Incisions should be 
made with a fi rm and continuous movement of the blade at 90° to the bone so that a 
full mucoperiostal fl ap is elevated.

10.4.3        Elevation of the Flap 

 The purpose of this step is to raise the already cut fl ap to allow visibility of the bone. 
The fl ap should be elevated in such a way that, when back in place, it will rest pas-
sively in the desired position. A sharp, small, straight, or curved elevator, for example 
Molt 9, P145S, P9HM, or similar (Fig.  10.3c ), is placed at the junction of the hori-
zontal and vertical incisions, with its concave surface against the bone (Fig.  10.3d ).  

10.4.4     Retraction 

 Retraction is done to maintain the fl ap allowing maximum access and visibility 
without causing damage to the fl ap or neighboring tissues. A correct retraction tech-
nique improves ergonomics, reduces the surgery time, and the postoperative pain 
and infl ammation. During surgery, soft tissue management is commonly overlooked 
because, once the fl ap is retracted, attention is usually concentrated on the defect 
(Fig.  10.4a, b ).

   Retractors are one of the most important instruments for surgical endodontics. 
They must be:

•    Wide enough to hold fl ap completely (15 mm)  
•   Thin enough (~0.5 mm) to improve access  
•   Have a serrated working end to prevent sliding  
•   Have a matte surface, so light is not refl ected    

 The working end of a retractor should adapt, as far as possible, to the cortical 
bone plate of the specifi c surgical area.  
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10.4.5     Osteotomy Window (Low-Power Magnification) 

 An osteotomy window approximately 5 mm diameter has to be made in order to 
allow easy access for instruments and devices to the apex. A round tungsten bur or 
a 5 mm trephine may be used to create the “access cavity” at the hard tissue level, 
to the involved molar apices. 

a

d

b c

  Fig. 10.3    ( a ) Incisions may be made perpendicularly to bone with a conventional scalpel. 
Alternatively, a microscalpel ( b ) may be used when making the incision under the microscope. ( c )  
Prichard or Molt curettes are appropriate to initiate fl ap elevation. ( d ) Elevation may be started by 
inserting the elevator at the junction of the vertical and horizontal incisions; vertical force is then 
applied with a slow, fi rm, and controlled peeling motion, following closely the cortical bone con-
tour, in order to release the fl ap to a level completely revealing the extent of the osseous lesion       
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 The endodontic surgeon can now encounter three different clinical situations:

•    Intact cortical bone table  
•   Perforation of the cortical bone plate without periosteum  
•   Perforation of the cortical bone plate with periosteum     

10.4.6     Curretage (Medium-Power Magnification) 

 To remove pathological tissues, foreign bodies, and bone particles from the perira-
dicular or lateroradicular areas, curettage provides visibility and accessibility to the 
apex or lateral canal. Curettage should be performed as clean and fast as possible 
because the surgical hemostasis is directly related to a complete curettage. Lingual/
palatal bone crypt walls are the most diffi cult areas to clean. A Lucas bone curette, 
33 L spoon excavator, and Molt curettes can be used for medium and large lesions. 
Alternatively, Columbia #13/14, Molt, or Jaquette 34/35 curettes may be used for 
small lesions and lingual-palatal bone crypt walls (see Fig.  10.5 ).

10.4.7        Hemostasis (Medium-Power Magnification) 

 Clearly, hemostasis is an indispensable factor for microsurgery because a dry surgi-
cal fi eld provides better visualization of the microanatomy, dramatically improves 
the surgical effi ciency, and minimizes root-end fi lling contamination. Anesthesia 
(see Chap.   3     in this book) is essential in providing effective presurgical hemostasis; 
specifi cally, solutions with 1:50,000 epinephrine should be used if there are no med-
ical contraindications. Both block and buccal/lingual-palatal injections are required 

a b

  Fig. 10.4    ( a ) If a retractor rests on the fl ap, pressure will compromise the perfusion and causes 
ischemia within the fl ap, and causes more postoperative pain and infl ammation. ( b ) Another 
important detail to pay attention to is the tension on the fl ap produced by the retractor. This tension 
also prevents fl ap perfusion; in order to decrease this tension, changes need to be made intraopera-
tively, for example a notch can be prepared in bone to secure retractor placement ( arrows )       
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to get effective hemostasis. The use of anesthetics during surgery to get surgical 
hemostasis is typically ineffective. 

 Topical hemostatic may be achieved with cotton pellets with or without epineph-
rine (Fig.  10.6 ) in the osseous crypt; ferric sulfate pellets can be used to achieve 
hemostasis outside the crypt when applied to bleeding sites on the buccal bone.

10.4.8        Apicoectomy (Low-Power Magnification for Apicoectomy 
and Medium- to High-Power Magnification for Inspection) 

 The apical 3 mm of the root(s) involved are resected (Fig.  10.7 ), where more com-
plex anatomy exists; this has for example been shown histologically in extracted 

a b c

  Fig. 10.5    ( a ) Frequently, just removing granulation tissues with a Lucas curette ( sharp edge with 
concave and convex surfaces) is suffi cient to achieve good access to the apex without removing any 
bone. ( b ,  c ) Jaquette 34/35 curette is specially designed to peel away the granulation tissues 
situated between the root and the palatal-lingual walls of the bone crypt       

a b c

  Fig. 10.6    Hemostasis in the surgical crypt may be achieved with the epinephrine pellet technique. 
( a ) The fi rst cotton pellet is applied against the bony crypt bottom walls. ( b ) Several more pellets 
are placed after until the bone cavity is totally fi lled. Pressure is applied for 4 min. ( c ) Then all 
pellets are removed subsequently, except the very fi rst one that remains in place until fi nal irriga-
tion. This fi rst pellet has two critical functions: it prevents the nicked vessels from reopening dur-
ing surgery and also it prevents operative debris from lodging into the palatal/lingual bone wall of 
the crypt that is otherwise diffi cult to remove       
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molars, in electron microscopic studies, and micro-computed tomography data (see 
also Chap.   1     in this book). Preferably there should be a 0° bevel and a fl uted carbide 
or Lindemann bur should be used with an Impact Air handpiece, under copious 
irrigation. Current microinstruments like micromirrors, small ultrasonic tips, and 
micropluggers permit to work with such a small bevel. After resecting the apical 
root segment, methylene blue dye is used to ensure the resection is complete and for 
canals and isthmus inspection (Fig.  10.8 ).

ba

  Fig. 10.7    ( a ) “Rule of threes”: The goal is to remove the apical 3 mm of each involved root by the 
apicoectomy and another 3 mm of the canal is instrumented and sealed by the retrofi ll. The fi nal 6 mm 
of the canal is treated to eliminate or block most frequent communications at the apical third area 
between main canal and the periodontium. ( b ) Micro-computed tomography rendering of the mesio-
buccal apex of a maxillary molar with multiple apical ramifi cations, indicating the complex anatomy 
that may be present in the apical portion of any molar root (Image B courtesy of Dr. O. Peters)       

  Fig. 10.8    Staining the 
resected apex with 
methylene blue dye 
discloses the presence of 
connective tissue and can 
serve to demonstrate that 
the cut of the root has been 
complete (360° 
continuously stained 
outline) or incomplete 
(broken outline). This 
staining step is also 
important to detect 
otherwise undiscovered 
canals, isthmuses, apical 
fractures, and craze lines       
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10.4.9         Isthmus 

 One small detail left uncorrected can render the whole procedure ineffective. In this 
context, the “micro tissue” within the isthmus is as important as the “macro tissue” 
of the main canals. 

 Although an isthmus is an important structure in endodontic microsurgery, it was 
ignored in dental textbooks or scientifi c literature until 1983 [ 16 ]. It represents the 
communications that normally exist, at different levels, between two canals inside a 
root (Fig.  10.9a ), but surgically exposed at the resected apex root area. It contains 
pulp tissue and should be treated in the same way as the pulp tissue of the canals. 
Figure  10.9b  illustrates schematically how the isthmus should be prepared.

10.4.10        Root-End Preparation 

 In order to create a clean and well-defi ned Class 1 cavity into the already sectioned 
root it must have walls that are parallel to the major axis and well centered within the 
root, so as not to weaken the root walls, and deep enough to retain the biocompatible 
material of obturation (Fig.  10.10 ). The retrocavity should have at least 3 mm depth 
according to the “Rule of Threes” (see Fig.  10.7 ). Retrocavity preparation has been 
dramatically improved since ultrasonic (US) microtips and micromirrors were 

a b

  Fig. 10.9    ( a ) Clinical view of high-power magnifi cation of a prepared isthmus ( arrow ) in a mesial 
root of a mandibular molar. Only the complete but dentin-preserving preparation of an isthmus 
permits adequate disinfection. ( b ) After the main canals are retrogradely prepared, the isthmus 
( arrowhead ) must be prepared and cleaned with either a round or potentially a blade-shaped ultra-
sonic tip. Care has to be taken to retain suffi cient dentin wall thickness ( arrows ), specifi cally along 
the isthmus in roots with fi gure-eight cross-sections such as the mesiobuccal roots in maxillary 
molars and the mesial roots in mandibular molars       
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introduced [ 17 ]. Low-power magnifi cation (4×) should be used for microtip 
 alignment with the long axis of the root (Fig.  10.11 ); poor alignments can produce 
root perforations. Medium-power magnifi cation (10–16×) should be used for retro-
cavity preparation, while high-power magnifi cation (20–25×) is used for the fi nal 
inspection of the retrocavity.

    Properly designed ultrasonic microtips, ideally with abrasive coating, should be 
used at the correct power setting and with adequate irrigation, in order to prevent 
microfractures at the tooth apex. 

 In order not to overly thin out the radicular wall, there should be a relationship 
between the size of the microtip and the wall thickness, so that thinner microtips are 
selected for buccal roots of upper molars and mesial roots of lower molars; con-
versely larger tips may be selected for palatal roots of upper molars and distal ones 
of lower molars (Fig.  10.12 ).

10.4.11        Drying of the Preparation (Medium-Power 
Magnification) 

 The retrocavity has to be cleaned and dried before fi lling it. Air can be used with the 
Stropko’s syringe, except in a through-and-through bone defect, perforating the 

  Fig. 10.10    Light-microscopic and scanning electron-microscopic images of a root after apicoec-
tomy and preparation. The retrograde preparation must create a Class 1 cavity with clean walls and 
suffi cient depth (Image courtesy Dr. M. Torabinejad)       
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a b c

  Fig. 10.11    ( a ) The ultrasonic tip must follow the canal trajectory to prevent thinning of radicular 
structure or perforation. Proper alignment of a zirconium oxide microtip in relation to the long root 
axis seen at low-power microscope magnifi cation. ( b ,  c ) Incorrect angulations may lead to perfora-
tion toward the buccal or lingual direction       

a b

c d

  Fig. 10.12    Adequate retrograde tips must be selected to prepare different root cross-sections in 
molars ( a ,  b ) to avoid excessive thinning of the radicular structure and possible sequelae such as 
vertical root fracture. Round cross-sections such as in maxillary anteriors are amenable to larger 
retrograde tips due to the bulkier root cross-section ( c ,  d ) (Courtesy Dr. C. Peters)       
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maxillary sinus membrane where the use of paper points is mandatory (Fig.  10.13 , 
see also bone defect classifi cation in Box  10.1  and further below).

10.4.12        Retrograde Fill (Medium-Power Magnification) 

 A biocompatible material is used to produce a stable hermetic seal that can prevent 
the percolation of bacteria or their products between root canal system and perira-
dicular tissues. Mineral-trioxide aggregate or MTA currently is the standard cement 
for retrograde fi lls because of its biocompatibility, sealing ability, and dimension 
stability (Fig.  10.14 ). Other bioceramic materials such as root repair putty (RRM) 
may provide similar healing rates [ 18 ,  19 ].

   Cited disadvantages of MTA are that, although moisture is required for setting, 
during packing, isolation is critical because excess moisture can remove the fi lling 
from the retrocavity. Also, there are no fi nal wash and polish phases and its setting 
time is very long while radiopacity is not high. Newer materials provide shorter set-
ting times [ 19 – 22 ].   

  Fig. 10.13    After preparation, the cavity has to be dried. The use of paper points is not a reliable 
method for this, because residual blood, debris and moisture may prevent the fi lling material from 
forming an adequate retrocavity seal, which could cause the case to fail. But in a case like this one, 
with a perforation of the buccal bone plate and the sinus membrane too, air should not be blown into 
the retrocavity because it could introduce necrotic material from the retrocavity into the sinus cavity 
(Reprinted from Merino 2009, with permission)       
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10.5     Bone Defect Classification 

 Classic studies of endodontic surgery [ 23 ,  24 ] noticed that some failures originated 
not from the surgical technique itself, but from the size of the lesion and the confi gu-
ration of cortical bone being perforated at the time of the surgery. Although every 
step of endodontic microsurgery has dramatically improved over the last few years, 
comparatively little attention has been paid to the bone defect topography underly-
ing the soft tissue. 

 The shapes, sizes, and locations of the bone defects encountered during end-
odontic microsurgery differ substantially. However, bone defect topography dictates 
the long-term prognosis of microsurgery, independent of the perfectly performed 
steps of the microsurgery itself [ 3 ]. 

a

c

b

  Fig. 10.14    ( a ) In a mesiobuccal root of a maxillary molar, placement of gray MTA (Dentsply) 
retrofi ll material using a microplugger. ( b ) Clinical view at medium-power magnifi cation. 
( c ) Apical view of a distal root of a maxillary molar after MTA retrofi ll at high-power magnifi ca-
tion ( a ,  b  Courtesy of Dr. C. Peters)       
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 The areas of interest in apical surgery can be divided into two major classes, the 
apical endodontic area (green) and the cervical or periodontal area (red) (Fig.  10.15 ). 
Then clinically osseous defects may be classifi ed in endo lesions, endo-perio 
lesions, and a combination of them (see Box  10.1 ). Specifi c clinical conditions asso-
ciated with these bone defects are listed below:

•     Small bone defects 
 A localized defect around the periapical area, related to the main apical foramina 
or major accessory canals localized in the periapical area (Fig  10.16 .).

•        Large bone defects 
 These defects can cause collapse of the periosteum over the root surface; or if 
they are close to the bone crest, to invagination of the dentogingival junction into 
the furcation area (Fig.  10.16b ).   

•    Through-and-through bone defect 
 There is a close relationship between the apexes of the upper molars and the 
maxillary sinus. This is the reason for the fact that an infl amed sinus membrane 
is an early radiological sign for a periapical infection starting in the apical area 
[ 25 ] (Fig.  10.16c ). Also, after the root canal treatment, the return to its normal 
width is an early sign of a successful treatment. The spatial position of the buccal 
roots (and their foramina with relation to the root apices) of the upper molars and 
the maxillary sinus inside the bone compartment, and the amount of bacterial 
toxins leached out to the periodontium, produces a simple bone lesion contained 
inside the bone compartment, or perforates one of the cortical bone or two corti-
cal walls ending up in a complex osseous defect (Fig.  10.16d ). Typically, through-
and-through defects require a specifi c surgical strategy: 

 If the root canal treatment or retreatment cannot stop the infection, then the 
surgical intervention will consist of both on a standard endodontic microsurgery 
(to prevent the bacterial percolation) and the application of guided bone regen-
eration procedure, to regenerate the bony compartment. 

  Fig. 10.15    In an 
apicomarginal bone defect 
we fi nd two different areas: 
the endo ( green ) or 
periapical part and the 
perio part ( red ), or cervical 
part, which manifests as 
root dehiscence       
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 If the root canal treatment or retreatment can stop the infection, then the fi nal 
surgical intervention may consist of only guided bone regeneration, in order to 
reconstruct the lost periodontium.   

•    Apicomarginal bone defect 
 This condition can be seen as a mix of two bone defects: a periapical bone defect 
plus a total root dehiscence. Due to the structural differences between bone max-
illa and mandible, root dehiscences in the maxilla tend to be larger overall and 
wider than the ones encountered in the mandible. 

 Although the diagnosis of an apicomarginal defect can be easily made after 
refl ection of the mucoperiosteal fl ap, clinical and radiographic data obtained 
beforehand [ 20 ] can advance us to this point and allow the patient to be informed 
about the special surgery, increased budget, and longer surgery time. 

 The prognosis of endodontic microsurgery in the presence of an apicomar-
ginal defect depends on the following:

 –    Crown/root ratio  
 –    Width of the dehiscence at the bone crest  
 –    Thickness of the proximal bone margins    

 Regardless, a successful treatment outcome depends more on the control of 
the epithelial downgrowth, that is, epithelial proliferation, at the crestal level 
than on the management of the periapical defect (see Fig.  10.15 ).   

•    Combination of Apicomarginal and Through-and-through defects 
 This condition can be seen frequently in maxillary molars (Fig.  10.17 ). A sche-
matic approach to the diagnosis of bone defects can be seen in Box  10.1 . Most of 
the lesions encountered need guided tissue regeneration techniques in order to be 
successfully managed.
      Materials and techniques to treat the different bone defects are listed in 

Box  10.2 . Autologous bone is the only material that promotes regeneration, 
while a xenograft material should be used as a space maintaining material while 
membranes prevent soft tissue interference in the bone regeneration process. All 
three materials must be used when the root is protruding out of the osseous 
envelope. 

  Fig. 10.16    ( a ) This small periapical and lateroradicular bone defect is far away from the bone 
crest. ( b ) This large periapical bone defect affects two roots and the furcation area. ( c ) Early peri-
apical bone lesion on the mesiobuccal root of this fi rst upper left molar with the cortical plate intact 
( white arrow ). However, the sinus membrane is already infl amed ( red arrow ). ( d ) Right fi rst maxil-
lary molar with a large osseous defect requiring apical surgery. There is a large through-and- 
through bone defect with total destruction of the buccal and sinus bone cortical plates ( white 
arrows ) related to the tooth in question (Reprinted from Merino 2009, with permission)       
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a b c

d

g

e f

  Fig. 10.17    ( a ) Apical surgery for the mesiobuccal root of a maxillary fi rst molar. A total dehiscence 
of the mesiobuccal root was evident after raising the fl ap and the apical part of the bone defect has 
destroyed the cortical bone of the maxillary sinus fl oor, with bone visible in lower power magnifi cation. 
( b ) In order to prevent operational debris from getting into the sinus during retrograde preparation and 
fi ll, a collagen piece was inserted between the root apex and the sinus membrane. ( c ) Retrocavity was 
fi lled with SuperEBA (Bosworth) cement and the collagen piece was removed. ( d ) Before placement of 
a membrane, a new piece of collagen is inserted into the crypt. ( e ) A Gore-Tex nonresorbable mem-
brane No. GT4, selected to function as an external barrier, was trimmed to adapt to the root dehiscence 
at the bone crest and fi xed using a titanium tag. Bone chips were used to cover the root dehiscence and 
the membrane were fi xed in its fi nal position. ( f ) No dehiscence was detected in the area when titanium 
tags and membrane were removed. ( g ) Clinical condition and probing at a 5-year follow-up (Reprinted 
from Merino 2009, with permission)       
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10.6       Intentional Replanation 

 Intentional replantation is defi ned as the “insertion of a tooth into its alveolus after 
the tooth has been extracted for the purpose of performing treatment, such as root- 
end fi lling (s) or perforation repair” [ 26 ]. This is not a mysterious or exotic proce-
dure but a safe and standard clinical technique to retain an otherwise untreatable 
tooth, with a high success rate [ 27 – 31 ]. 

10.6.1     Potential Indications 

•     Diffi cult access, for example to apices of second or third mandibular molars is 
extremely diffi cult and apicoectomy is typically contraindicated (Fig.  10.18 ).

•      Anatomical limitations, for example close proximity of the apices of premolars 
or molars to the inferior alveolar nerve (Fig.  10.18 ) or occasionally the maxillary 
sinus. Here, less experienced clinicians may choose intentional replantation 
instead of surgical standard approach.  

•   Diffi cult access to perforation or resorption areas.  
•   An intraradicular post cannot be removed neither nonsurgically nor surgically.  
•   Previously attempted and failing retreatment.  
•   Previous attempted and failing apicoectomy.  
•   Severe periodontal problem and/or removal of bone to gain surgical access, 

which would leave the patient with an untreatable periodontal problem.  
•   Patient limitations: Medical or geriatric patients who cannot cooperate during 

the surgery time.     

10.6.2     Contraindications 

•     Medical history with anticoagulation medication or compromised healing.  
•   Nonrestorable tooth.  
•   Large periodontal lesions that compromise the tooth stability.  
•   Diffi cult extraction with high risk of bone cortical plate fracture.  
•   Root fracture during extraction leaving a poor crown-root ratio.     

  Box 10.2. Treatment Techniques for Bony Defects 

 Materials 

 Extent of defect  Augmentation  Membrane 
 GBR/membrane 
recommended 

 Apical 1/3  No  Yes  No 
 Apical and middle 1/3  Bone xenograft  Yes  Resorbable, one side 
 Through-and-through  Variable  Yes  Resorbable, two sides 
 Apicomarginal       

 -  intraosseous; 
space-making

-  extraosseous; 
non-space-making 

 Autologous graft
Autologous (fi rst layer), 
xenograft (second layer) 

 Yes
Yes 

 Resorbable
Nonresorbable fi xed 
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10.6.3     Clinical Case Selection 

 Apart from the technique procedure itself, case selection is the most important 
 factor in replantation prognosis. A clinical case is shown in Fig.  10.19 ; here the 
inability to debride and prepare via an orthograde approach necessitated the surgery 
and the access was too close to the mandibular canal.

10.6.4        Technique 

 Replantation is biologically based on the viability of the cells and fi bers of the 
 periodontal ligament after it’s stay outside of the socket. It was previously believed 
that a tooth that was outside of the alveolar socket will suffer from resorption or 
ankylosis upon replantation but current data overwhelmingly show that this depends 
on the viability of the cells of the periodontal ligament: the longer the root is outside 
of the socket, the more readily resorption and ankylosis will occur [ 31 – 34 ]. This is 
the reason that, before the extraction, the clinical team must rehearse all the surgical 
steps, so that once the tooth has been removed, the procedure can be carried out 
effi ciently and in minimum time [ 30 ].  

  Fig. 10.18    ( Left  and  right ) The external oblique ridge complicates the surgical access to the apex 
of second and third molars. In many cases, the distance is too large for a buccal approach. Also 
structures such as the inferior alveolar never are close to the lingual cortical bone as shown in this 
specimen (Image courtesy of Dr. J. Gutmann)       
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10.6.5     Recommendations 

•     Intentional replantation is the last resort to maintain a tooth; therefore, case 
selection is critical.  

•   Crown or root fracture is always a possibility of replantation procedure termina-
tion and the patient must be informed orally and in writing in the informed con-
sent form.  

•   A fast procedure is signifi cantly related to success. Therefore, “ergonomics is 
everything.”  

•   Gentle extraction without touching the root surface compressing neither of the 
alveolus walls promoted periodontal healing.  

•   The extraction forceps handles should be grabbed aided with a rubber band.  
•   Root inspection should be done at maximum-power magnifi cation, and prepara-

tion and obturation of cavities at medium-power magnifi cation.  
•   The tooth should be rinsed constantly with saline, serum, or tissue culture 

solution.  

a b

c d

  Fig. 10.19    ( a ) After crown preparation and root canal treatment with signifi cant overextension of 
root canal fi lling, this patient complained about persistent pain. ( b ) During intentional replantation, 
the tooth was gently lifted out of the socket and retrograde prepared. Care was taken to keep the 
periodontal ligament moist and the retrograde cavities were fi lled with Root Repair Material 
(Brasseler). ( c ,  d ) Clinical and radiographic condition immediately after replantation. The postop-
erative course for this patient was uneventful       
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•   Do not curette the socket, rather aspirate socket clot without touching the walls.  
•   The shorter the time the tooth is out of the socket, the better. Maximum extraoral 

time is about 5–10 min.  
•   A gentle reinsertion should be done. If there is too much pressure in any area, the 

periodontal fi bers will lack vascularization and resorption will start.  
•   Rigid stabilization is typically not needed; if necessary, maximum duration will 

be 1 week’s time.    

 As shown, the scope of contemporary apical microsurgery includes more than 
apicoectomies; however, procedures such as hemisections and root amputations 
have largely fallen into disfavor, since long-term outcomes do appear to compare 
favorably with implant therapy [ 35 ]. Regardless, the overall success rate of end-
odontic microsurgery is according to the literature and with modern techniques in 
the range of nonsurgical root canal treatment [ 4 ,  36 ].      
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 Depression (cont.) 
 endodontic–periodontal lesion , 40–41  
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 cervical external root resorption , 67–68  
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  Electric pulp testing (EPT) 
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   Endodontic microsurgery 
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 bone defect classifi cation 

 apical endodontic area , 283  
 apicomarginal bone 

defect , 285, 286  
 cervical/periodontal area , 283  
 large bone defects , 283–285  
 shapes, sizes, and locations , 282  
 small bone defects , 283–285  
 through-and-through bone defect , 

283–285  
 treatment techniques , 285, 287  

 curretage , 275  
 diagnosis , 270, 271  
 drying preparation , 279, 281  
 fl ap design 

 access cavity , 270–271  
 rectangular and triangular fl aps , 

271–272  
 rules of , 272–273  

 fl ap elevation , 273, 274  
 hemostasis , 275–276  
 incision , 273, 274  
 intentional replantation 

 clinical case , 288, 289  
 contraindications , 287  
 defi nition , 287  
 indications , 287, 288  
 recommendations , 289–290  
 technique , 288  

 isthmus , 278  
 osteotomy window , 274–275  
 rationale for , 270  
 retraction , 273, 275  
 retrograde fi ll , 281–282  
 root-end preparation , 278–280  

   Endodontic treatment , 38–40  
   Ethylenediamine tetraacetic 

acid (EDTA) , 150–151  

    F 
  Facial pain , 36  
   First mesiobuccal (MB1) 

canal , 10  
   Flap design , 270–273  
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    G 
  Glide path preparation , 142  
   Gutta-percha 

 fi lling , 156, 157, 159  
 master cones , 153–155  
 outcome , 134  

    H 
  Headaches , 34  
   Heat testing , 44  
   Hemostasis , 275–276  
   Herpetic neuritis , 35  

    I 
  Inferior alveolar nerve (IAN) , 78  
   Inferior alveolar nerve block (IANB) , 77–78  
   Intentional pulp exposure , 100–101, 105–106  
   Intentional replantation 

 clinical case , 288, 289  
 contraindications , 287  
 defi nition , 287  
 indications , 287, 288  
 recommendations , 289–290  
 technique , 288  

   Intraligamentary (PDL) injection , 86–87  
   Intraosseous injection (IO) , 87–89  
   Intrapulpal injection , 89–90  
   Irreversible pulpitis 

 asymptomatic , 55, 56, 58  
 infl ammation , 98  
 symptomatic , 57, 58  

   Isthmus , 21–23, 278  

    J 
  “J-shaped” radiolucency , 65  

    K 
  K-fi les , 124, 142, 145, 254  

    L 
  Lateral canals , 18–20, 151, 152  
   Local anesthesia 

 checklist , 90  
 IANB injection , 85  
 infl ammatory change , 76  
 intraosseous injection , 87–89  

 intrapulpal injection , 89–90  
 mandibular anesthesia 

 block technique , 78–80  
 compounds , 80  
 IANB , 77–78  

 mandibular buccal infi ltration injection , 
85–86  

 maxillary anesthesia 
 compounds , 82–83  
 infi ltration technique , 81–82  

 PDL injection , 86–87  
 periapical changes , 76  
 pulpal anesthesia , 83–84  
 supplemental anesthetic techniques , 84  
 topical anesthesia , 76–77  

    M 
  Mandibular anesthesia 

 block technique , 78–80  
 compounds , 80  
 IANB , 77–78  

   Mandibular molars 
 accessory and lateral canals , 18–20  
 apical ramifi cations , 18–20  
 C-shaped canal system , 20–21  
 danger zone , 12, 13  
 distal root , 16, 18  
 distolingual root , 13–16  
 intracanal communications , 21–23  
 isthmi , 21–23  
 middle mesial root canal , 16–18  

   Maxillary anesthesia 
 compounds , 82–83  
 infi ltration technique , 81–82  

   Maxillary molars 
 MB1 canal , 10  
 MB2 canal 

 CBCT imaging , 9  
 challenge , 11  
 cross-sectional shape , 11, 12  
 C-shaped canal system , 11  
 distobuccal , 7  
 micro-computed tomography , 6–7  
 occurrence , 11  
 orifi ce , 10  
 prevalence , 6, 9  
 pulp horns and pulp chamber , 7, 8  
 ultrasonic tips/long-shank round burs , 10  

 MB3 root , 10, 11  
   Middle superior alveolar (MSA) , 81  
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   Mineral trioxide aggregate (MTA) , 263–265  
   Molar access 

 CEJ , 120, 129  
 locating canal orifi ces , 121  
 mandibular fi rst molar 

 distal root , 124–126  
 lingual and buccal canal walls , 

126–127  
 mesial root , 124–127  
 three-rooted confi guration , 127  

 mandibular second molars , 127–128  
 maxillary fi rst molars 

 blockage or transportation , 124  
 distobuccal canal entrance , 123  
 identifi cation and instrumentation , 125  
 mesiobuccal canal entrance , 123  
 palatal canal entrance , 123  
 root morphology , 124  

 maxillary second molars , 124  
 patient-specifi c variables , 118  
 restorations , 128–129  
 root canal system anatomy , 128  
 straight-line access , 121–123, 

125–127, 129  
 tooth-specifi c variables , 118  

   Molar root canal anatomy 
 classifi cation , 2–5  
 components , 2–4  
 intraradicular microfl ora , 2  
 kidney-shaped roots , 3–4  
 mandibular molars 

 accessory and lateral canals , 18–20  
 apical ramifi cations , 18–20  
 C-shaped canal system , 20–21  
 danger zone , 12, 13  
 distal root , 16, 18  
 distolingual root , 13–16  
 intracanal communications , 21–23  
 isthmi , 21–23  
 middle mesial root canal , 16–18  

 maxillary molars    (see  Maxillary molars )  
 nickel-titanium instruments , 4–5  

   Multiple idiopathic external root resorption 
(MIEARR) , 68–69  

   Muscle disorder pain , 33  

    N 
  Neuropathic pain , 34–35  
   Non-odontogenic pain 

 cardiac pain , 35  
 muscular , 33  
 neoplasia , 35–36  
 neuropathic pain , 34–35  

 neurovascular , 34  
 non-somatoform , 36  
  vs.  odontogenic pain , 31–33  
 sinus/nasal structures , 33  

   Non-somatoform pain , 36  
   Nonsurgical retreatment 

 altered root canal morphology , 243  
 bypassing ledges 

 buccolingual projection , 252  
 canal entrance , 252, 253  
 C+Files , 254  
 false canal , 249–250  
 false pathway , 253–254  
 instrument tip , 252–253  
 mesial canal , 254  
 proximal projection , 252  
 three-dimension , 251–252  

 cause of failure , 241–242  
 coronal seal 

 lack of , 244, 246  
 loss of , 240, 242  

 defi nition , 234, 235  
 eliminating ledges , 254–255  
 epidemiological study , 237–238  
 etiology , 250  
 fi lling material removal , 247–248  
 implantology , 237  
 inadequate root canal fi lling , 238  
 incomplete treatment , 238, 239  
 instrument fragment removal 

 broken instrument , 256–258  
 prognosis , 256  
 re-intervention , 256  
 staging platform , 258  
 straight-line radicular access , 256, 258  

 locating ledges , 251  
 maxillary molar , 234, 236  
 microtube removal methods , 258–259  
 operating microscope , 246  
 pastes , 248  
 patient expectations , 246  
 perforation repair 

 apical one-third , 260–261  
 collacote , 262–264  
 coronal third and bifurcations , 261–262  
 level, location, size and shape, and 

time , 260  
 materials and techniques , 262  
 middle one-third , 261  
 MTA , 263–265  

 periodontal involvement , 244, 245  
 periradicular radiolucency , 242  
 planning , 238  
 professional experience , 246  
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 satisfactory quality , 242–243  
 sealers , 248  
 second mesiobuccal (MB2) canal , 

234–235, 237  
 silver point removal , 249  
  vs.  surgical retreatment , 247  
 suspected vertical fracture , 244  
 typical situation , 234, 235  
 ultrasonic techniques , 258  
 vertical fractures , 240, 241  

    O 
  Obturation 

 canal drying and sealer application , 
154–156  

 factors , 152–153  
 fi lling    (see  Root canal fi lling )  
 master cones , 153–155  
 materials and techniques , 152–154  
 quality , 159–160  
 timing , 153, 154  

   Outcome assessment 
 apical periodontitis    (see  Apical 

periodontitis )  
 clinical course , 211–212  
 clinical studies , 229  
 natural history , 210–211  
 pathosis , 208  
 prognosis , 208–210  
 pulp necrosis , 214–215  
 retreatment 

 accessibility , 224, 226–227  
 bone destruction , 223  
 clinician and patient preferences , 225  
 cost of treatment , 225  
 restorative requirements , 224–225  
 surgical/nonsurgical retreatment , 223  
 technical quality , 223–224  
 technological development , 225, 227  
 tooth-supporting bridge , 228  

 symptomatic pulpitis , 214  
 vital pulp therapies 

 indirect pulp capping , 212  
 primary dentin , 212  
 pulp exposure , 213–214  
 stepwise excavation , 212  

    P 
  Percussion test , 47  
   Periapical index (PAI) , 218  
   Posterior superior alveolar (PSA) , 81, 82  
   Pulpal anesthesia , 83–84  

   Pulpal testing 
 accuracy , 45–46  
 asymptomatic irreversible 

pulpitis , 55, 56, 58  
 dentin hypersensitivity , 55, 56, 58  
 endodontic therapy , 57, 58  
 EPT , 44–45  
 histological studies , 42–43  
 pulp necrosis , 57, 58  
 radiographic assessment , 59–61  
 reversible pulpitis , 55, 56, 58  
 symptomatic irreversible pulpitis , 57, 58  
 thermal testing , 43–44  

   Pulp necrosis , 214–215  

    Q 
  QuickSleeper system , 87, 88  

    R 
  Radix entomolaris , 13–16  
   Resin-based composites , 197, 199  
   Restoration , 171–174  

 adhesive dentistry , 174–175  
 “bio”-materials , 176  
 bonding system 

 cast post , 185–188  
 clinical evidence , 192–193  
 fi ber post , 185–188  
 limitation , 184–185  
 metal post , 186  
 retention , 189–190  

 cuspal coverage , 194–196  
 digital technology , 175  
 direct/indirect 

restoration , 197–199  
 endocrown 

 advantages , 192  
 bond strength , 190–191  
 clinical study , 191–192  
 pulp chamber , 190, 191  
 in vitro data , 190  

 full-crown, placement 
of , 193–194  

 multi-unit restorations , 200–201  
 repair of , 199–200  

   Reversible pulpitis , 55, 56, 58, 98  
   Root canal fi lling 

 apical portion 
 lateral compaction , 155–157  
 vertical compaction , 156–158  

 completion , 157–159  
 paste , 248  
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    S 
  Second mesiobuccal (MB2) canal 

 CBCT imaging , 9  
 challenge , 11  
 cross-sectional shape , 11, 12  
 C-shaped canal system , 11  
 distobuccal , 7  
 micro-computed tomography , 6–7  
 occurrence , 11  
 orifi ce , 10  
 prevalence , 6, 9  
 pulp horns and pulp chamber , 7, 8  
 ultrasonic tips/long-shank round burs , 10  

   Shaping 
 analysis , 136  
 canal preparation , 135  
 canal scouting , 136–137  
 coronal modifi cations , 137–138  
 desired size , 142–143  
 foramen, apical adjustment , 144–146  
 glide path preparation , 142  
 high complexity , 162–164  
 low complexity , 160–161  
 moderate complexity , 161–162  
 patency 

 advantages , 139  
 conditions , 140–141  
 recommendations , 138–139  
 watch-winding , 139–140  

 working length , 141–142  
   Sinus tract , 41–42  
   Sodium hypochlorite (NaOCl) , 147–148  
   Somatoform pain , 36  
   Stabident system , 88–89  

    T 
  Temporomandibular pain , 33  
   Tertiary dentinogenesis , 96–97  
   Third mesiobuccal (MB3) root canal , 10, 11  
   Tooth resorption , 65–66  
   Topical anesthesia , 76–77  
   Trigeminal neuralgia , 34–35  

    V 
  Vertical root fracture (VRF) 

  vs.  advanced crack , 63–65  
 defi nition , 63  

   Vertucci’s classifi cation , 2–3  
   Vital pulp therapy 

 apexogenesis , 95  
 capping agents , 103–104  
 classifi cation , 94  
 controversy , 94  
 deep caries , 94, 95  
 direct pulp capping Class I , 

100, 103–104  
 direct pulp capping Class II , 

100–101, 105–106  
 “emergency” pulpotomy , 103  
 factors controlling prognosis , 

110–111  
 “full” pulpotomy , 103, 106–107  
 indications , 99, 111–112  
 indirect pulp therapy 

 partial excavation , 109–110  
 stepwise exaction , 107–109  

 infl ammation 
 clinical evaluation , 98–99  
 and tertiary dentin , 97  

 outcome assessment 
 indirect pulp capping , 212  
 primary dentin , 212  
 pulp exposure , 213–214  
 stepwise excavation , 212  

 “partial” pulpotomy , 102, 
105–106  

 stepwise exaction , 107–108  
 tertiary dentinogenesis , 96–97  

    W 
  Working length (WL) , 141–142  

    X 
  X-Tip system , 87–89         
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