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■ Preface
Over a decade has passed since the Color Atlas of Endodontology 
was published: a relatively short period of time, yet full of new 
and revolutionary developments.

In the foreword to the original atlas, the microscope of course 
was mentioned, but mainly in connection with microsurgical 
techniques and apicectomy. Since then, microscopes have be-
come an indispensable part of endodontic treatment and many 
dentists and endodontologists have microscopes at their dispo-
sal.

Nickel-titanium instruments were already a feature 10 years 
ago, however, in the ensuing time many innovative designs have 
been added. Torque-controlled motors or specially designed 
handpieces have become part of everyday endodontic practice 
and the connection to electronic working length measurement 
has been achieved in many cases.

Bacteriology and immunology have made substantial progress 
and the assessment of pulpal infection has become more de-
tailed. We can expect the future to bring developments in the 
form of newer and more effective irrigation solutions, medicated 
dressings, and root canal fi lling materials. MTA (mineral trioxide 
aggregate), MTAD (mixture of tetracycline, an acid and a detergent), 
and Bioglass are the fi rst indications of such developments.

Heating techniques for root canal obturation continue to im-
prove and have become easier and more reliable to use with fur-
ther developments in equipment. At the same time, cold fi lling 
systems for gutta-percha have been successfully introduced to 
help overcome the problem of shrinkage due to the polymeriza-
tion that occurs during heating.

The ongoing progress in adhesive fi xation technology has allow-
ed redefi nition and further development of the concepts of root 
canal fi lling, postendodontic provision of tooth or dentinlike ma-
terials, as well as the avoidance of apical and coronal leakage.

Taking into consideration existing biologic structures and prin-
ciples, this book reviews the areas of traumatology, endodontics 
of the deciduous tooth, and procedures in deciduous and mixed 
dentition, with implementation of new ideas.

Surgical procedures are being increasingly replaced by ever-
more successful primary endodontic treatment and by a growing 

rate of retreatment. Indeed, endodontic retreatment is experienc-
ing a revival. For a long time endodontic retreatment was an un-
popular procedure—time-consuming, often frustrating, and with 
not much promise of success. However, the introduction of 
microscopes, ultrasound and NiTi fi les, and heating equipment 
has led to endodontic retreatment becoming faster, easier and 
very successful. Implantology, the great rival of endodontic 
procedures, has stimulated the discourse on the signifi cance, 
pur pose, and limitations of endodontic treatment.

This book has been prepared with careful consideration of the 
constructive criticism of the original atlas, and we have included 
the suggestions for improvement: The section on deciduous den-
tition has been expanded, and the issue of interaction between 
endodontics and the organism as a whole has been discussed. 
More space has been dedicated to the problems of resorption and 
perforation, as well as to failures and problem solutions, putting 
a new slant on the success rates of earlier years. And, to conclude, 
a note on the images—indispensable in a color atlas—that have 
a totally new degree of quality owing to the use of the now 
common microscope images of clinical treatment steps.

Endodontology is the work of many authors from all over the 
world. On the one hand it mirrors the age of globalization, and on 
the other hand it is the “next episode” of a continuing specializa-
tion of singular aspects of an individual area. Being but a small 
component of dentistry, and consequently of medicine, endo-
dontology itself contains such vast amounts of details and facts 
that no single author would be capable of mastering and explor-
ing in depth the individual aspects of the whole.

Thanks go therefore to all the contributors from East to West, 
and North to South, without whose highly qualifi ed expertise 
this color atlas would not have been possible.

So, dear reader, we present to you Endodontology and we hope 
you enjoy reading the text and viewing the images.

Michael A. Baumann
Rudolf Beer
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2 A  Basic Principles

1  Histology of the Pulp
From a functional point of view, pulp essentially exists to allow 
the constant formation of new dentin to compensate for natural 
occlusal abrasion. Therefore, the morphology of pulpal tissue 
changes throughout life and it should be viewed as a dynamic 
organ.

Histologically, pulp consists of specialized, loosely woven con-
nective tissue, which is responsible for formation of new dentin 
at the periphery of the pulp chamber. Odontoblasts, which line 
the wall of the entire pulp chamber, lay down the so-called “re-
parative dentin” in response to external stimuli (e.g., bacterial 
invasion into dentin tubuli).

The cells in the pulpal connective tissue consist primarily of 
undifferentiated fi broblast-like cells (pulpoblasts). Following ex-
ternal stimulation, these cells can differentiate into odontoblasts 
or into fi broblasts that produce fi brodentin.

It is possible to differentiate between coronal pulp and root 
canal (radicular) pulp. Coronal pulp consists of a loose network of 
connective tissue in which blood vessels and nerve fi bers are em-
bedded. These vessels and nerve fi bers reach the coronal pulp via 
the apical foramen and the root canal itself. Within the pulp 
chamber, these entities branch to form rich vascular and nerve 
plexuses in the subodontoblastic layer. In addition to the loose 
connective tissue, the central part of the root pulp contains col-
lagen fi bers subjacent to the odontoblastic layer, and the blood 
vessels and nerve fi bers course through this fi brous matrix. At 
the apical foramen, the pulpal tissue blends with the periodontal 
tissues.

 The pulp of a mandibular molar1.1 

The coronal pulp fi lls the wide pulp 
chamber. The various zones of den-
tin, predentin, the odontoblastic 
 layer, and the cell-poor and cell-rich 
layers can be seen.

The pulpal tissue itself consists of 
loose connective tissue. Individual 
vascular elements are seen in both 
transverse and longitudinal sections 
(courtesy of Professor Dr. W. Ketterel, 
Mainz, Germany).
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31 Histology of the Pulp

Embryonic Development of the Pulp
The pulp develops from the mesenchymal cells of the cranial ec-
tomesenchyme, which develops from the cranial neural crest. In-
vagination of the superfi cial ectoderm of the oral cavity is fol-
lowed by formation of the dental primordia, in which the 
individual tooth buds develop. A complex and multifaceted in-
duction cascade between the ectoderm and mesenchyme leads 
to the concentration of mesenchymal cells immediately subja-
cent to the ectoderm of each tooth bud.

The enamel organ develops from the ectoderm surrounding 
condensed mesenchymal cells. Additional signaling molecules 
released from the invaginated epithelium into the mesectoderm 

stimulate the differentiation of mesenchymal preodontoblasts at 
the ectodermal–mesenchymal border; these cells then begin to 
secrete pre-dentin.

As the mineralization of dentin begins, cellular processes be-
gin to form at the apical ends of the preodontoblastic cells. These 
so-called odontoblastic processes continue to produce predentin, 
therefore ensuring that the dentin layer becomes ever thicker. 
Vascular elements proliferate at the apical aspect of the tooth bud 
and extend into the forming dental pulp.

Development of the tooth bud1.2 

Left: The superfi cial oral ectoderm 
 invaginates into the subjacent mesen-
chyme, forming the tooth bud (1).

Right: The inner enamel epithelium 
 induces condensation of the mesen-
chymal cells (2), as a result of which 
the mesenchyme (3) thickens 
 subjacent to the enamel epithelium.

Development of the pulp1.3 

Left: The internal (2) and external (4) 
enamel epithelia surrounding the 
 thickening pulpal mesenchyme (5).

Right: As a result of further growth of 
the tooth bud into the mesenchyme 
(arrows indicate the growth direc-
tion), one can differentiate between 
the coronal pulp and  radicular pulp.

Differentiation of odontoblasts1.4 

Left: Three-dimensional reconstruc-
tion of the bud of tooth 81. The 
 enamel (blue) covers the dentin 
(pink) like a cap. The enamel organ 
(light gray) surrounds the pulp 
 chamber.

Right: The odontoblasts (6) begin to 
secrete predentin. The odontoblastic 
processes start to develop 
(2 = inner enamel epithelium).
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4 A  Basic Principles

Coronal Pulp
As mentioned in the previous section, the coronal pulp consists 
of loose reticular connective tissue. At the periphery of the pulp 
chamber, toward the dentin, the odontoblasts are arranged in a 
palisade layer, with the odontoblastic processes extending into 
the dentinal tubules. Between the odontoblasts and the mineral-
izing dentin, there exists an approximately 20-μm-thick layer of 
predentin.

In the subodontoblastic layer, there is a complex network of 
capillaries, which supplies the odontoblasts, and the nerve plexus 
that innervates the dentin. The nerve fi bers that supply the pul-
pal tissues consist of the Aβ and Aδ fi bers and C fi bers. The Aδ fi -

bers are rapidly conducting nerve fi bers that constitute the subo-
dontoblastic Raschkow plexus and are responsible exclusively for 
pain perception. The more slowly conducting C fi bers are also af-
ferent nociceptive fi bers and are located in the central area of the 
dental pulp.

Numerous arteries and veins are embedded in the loosely 
structured pulpal connective tissues. The presence of lymphatic 
vessels in the pulp remains a controversial issue, although rele-
vant morphologic evidence now exists.

Coronal pulp1.5 

The coronal pulp of a molar. There is a 
line of demarcation between the new-
ly formed, physiologic secondary den-
tin and the circumpulpal dentin. The 
red-stained odontoblasts (1) line the 
entire pulp chamber. The reticular 
connective tissue of the pulp chamber 
is characterized by profusely branch-
ing vascular elements and nerve fi bers 
(2 = predentin, 3 = blood vessels).
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51 Histology of the Pulp

 
The odontoblasts completely line the pulpal walls. Through 

tight junctions, gap junctions, and desmosomes, the odontoblasts 
remain in contact with each other, permitting intercellular ex-
change of information. The odontoblastic processes extend into 
the dentinal tubules and stimulate peritubular and intratubular 
dentin formation.

Toward the center of the pulp chamber, and directly beneath 
the odontoblasts, are the subodontoblastic vascular and nerve 
plexus that supply the odontoblasts. The netlike, loosely arranged 
connective-tissue cells of the pulp chamber provide structural 
support for the other pulpal tissues. The cells consists primarily 

of undifferentiated cells from which secondary odontoblasts may 
derive.

The connective-tissues fi bers consist primarily of collagen type 
I and III. In young pulp tissue, type III argyrophilic fi bers predom-
inate, whereas in older pulp tissue the fi bers are primarily of col-
lagen type I. The extracellular matrix primarily consists of gly-
cosaminoglycans and proteoglycans. Scattered between the 
loosely arranged pulpocytes are immunocompetent plasma 
cells.

Coronal pulp1.6 

Left: Scanning electron micrograph 
(SEM) of pulpal cells with abundant 
intercellular connections.

Right: Loosely arranged pulpal cells 
exhibiting abundant branching.

Odontoblasts1.7 

Left: SEM of odontoblastic processes 
extending into the dentinal tubules.

Right: The odontoblastic layer of the 
pulpal wall. Note the odontoblastic 
processes extending into the dentin 
on the left side and the subodonto-
blastic capillary plexus on the right 
side, under the odontoblastic layer 
(1).

 Nerves and pulpal cells1.8 

Left: Neurofi bril staining of the nerve 
plexus around the odontoblasts, with 
unstained cell bodies of the odonto-
blasts (*).

Right: Plasma cells in the pulpal 
 tissue.
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6 A  Basic Principles

Root (Radicular) Pulp
In contrast to the histologic appearance of the coronal pulp, the 
connective tissue in the center of the radicular pulp contains col-
lagenous fi bers through which the vascular elements and nerves 
course. The radicular pulp is also lined by odontoblasts at its bor-
der with the dentin.

Between the odontoblastic lining and the collagenous connec-
tive tissue is a layer of loosely organized connective tissue with 
fi nely branching capillaries and nerves running through it.

The blood vessels and nerves of the pulp enter and leave 
through the apical foramen. The connective tissue of the pulp 
merges with the periodontal ligament via the apical foramen.

Radicular pulp1.9 

Left: Low-power photomicrograph of 
the radicular pulp showing the thin 
odontoblastic layer and loosely struc-
tured connective tissue with a core of 
collagenous connective tissue (1).

Right: The thin, red-stained odonto-
blastic layer (2) lining the pulpal wall. 
To the left, note the loosely organized 
connective layer (3) with scattered 
vascular elements. Further to the left, 
is the dense collagenous connective- 
tissue core with large vessels and 
nerve fi bers.

Apical foramen1.10 

The apical foramen and the entry of 
vessels and nerves into the pulp. The 
connective tissue of the pulp merges 
with that of the periodontal liga-
ment.
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72 Pathobiology

2  Pathobiology
During the past decade, extensive microbiologic, immunologic, 
and morphologic research studies have shown that any coloniza-
tion of tooth surfaces by pathogenic bacteria – even transient or 
superfi cial colonization – triggers both humoral and cellular host 
defense responses, regardless of whether the bacterial challenge 
is incipient (acute) or progressive (chronic).

The breakdown of the complex host defense mechanism is 
usually temporary, but it destroys the host organism’s system of 
equilibrium, resulting in a disease process. From the endodontic 
perspective, this biologic equilibrium primarily concerns the bal-
ance between calcium and phosphate ion exchange during the 

continuous process of demineralization and remineralization of 
enamel and exposed dentin. As long as a disease process is revers-
ible, as in the case of initial dental caries, the concepts of “pro-
gression” and “remission” exist. Clinical evidence of caries indi-
cates that the acidogenic plaque bacteria are demineralizing 
more enamel than can be remineralized. In this sense, dental car-
ies is rather a chronic destructive process. Irreversible forms of 
caries may develop during the superfi cial stage, with no prospect 
of remission. 

Initial enamel caries2.1 

Left: Extracted tooth with incipient 
proximal caries below the contact 
point.

Right: Low-power view of a histologic 
preparation showing an intact 
 surface layer (10–30 μm thickness). 
It is sharply demarcated from the 
body of the lesion. This region also 
exhibits a clearly reduced mineral 
content.  Relatively large and also 
small  micropores within the adjacent 
dark zone. Note the initial structural 
alterations caused by the carious pro-
cess in the translucent zone.

Initial enamel caries2.2 

Left: Clinical appearance of a “brown 
spot” lesion with cavitation.

Right: The superfi cial layer is no 
 longer intact. The body of the lesion 
penetrates the enamel, exhibiting 
 initial dental caries.

Extension of the carious 2.3 
 process

Left: Histologic section through the 
margin of the lesion also reveals 
 extension of the carious process into 
the dentin (ultraviolet [UV] light).

Right: Ground section through the 
center of the lesion reveals clear 
 involvement of the dentin.
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8 A Basic Principles

Reversible Pulpitis
As the carious lesion starts progressing from the enamel into the 
dentin, an infl ammatory pulpal reaction is initiated. Histologi-
cally, neutrophilic granulocytes, lymphocytes, and macrophages 
begin to appear within the odontoblastic layer. The odontoblastic 
processes get embedded in a layer of sclerosed dentin, usually 
with initial formation of peritubular dentin followed by mineral-
ization of the odontoblastic processes (Frank and Voegel, 1980).

The odontoblastic processes in the upper layers of carious den-
tin exhibit splayed ends, with membranous fragments within the 
lumen of the tubule. In this area, there are also large numbers of 
bacteria (Yamada et al., 1983). If a superfi cial carious lesion is 

chronic in nature, in addition to the shrinking odontoblastic bor-
der, a small amount of reparative dentin formation will be seen.

Arrested caries in the middle of the dentin (caries media) is 
characterized by reparative dentin formation, shrinkage of the 
odontoblastic layer, and cellular infi ltration. In the case of active 
caries, there is massive infl ammatory cell infi ltration in addition 
to the damage to the odontoblastic layer.

Dentinal caries and pulpitis2.4 

Left: Slowly progressing dentinal 
 caries leading to the  formation of ir-
regular reparative  dentin as a protec-
tive measure against further toxic in-
fl uences.

Right: Pulp stones with fi brodentin 
(atubular dentin), which have been 
laid down by pulpoblasts (odontblast-
like cells) sited away from the center 
of the pulp as a result of the patho-
logic irritation.

Reversible pulpitis2.5 

Left: Within the pulp horn, there 
is no accumulation of hard tissue, 
and endotoxins can penetrate 
 unhindered into the pulpal tissues.

Right: At the deepest point of the 
carious lesion, there is obvious 
 disintegration of the odontoblastic 
layer, and the subjacent capillary 
plexus is also disrupted, often 
 appearing only as capillary frag-
ments. Lysosomal  enzymes induce 
endothelial cell necrosis, increased 
vascular permeability, and obvious 
extravascular edema.

Reversible pulpitis2.6 

While bacteria penetrate the dentinal 
tubules from the coronal aspect, 
from the pulpal aspect neutrophilic 
granulocytes migrate into adjacent 
tubular orifi ces, where they release 
tissue-destroying enzymes.
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92 Pathobiology

Carious Exposure of the Pulp–“Pulpitis aperta”
If the pulp is exposed by the carious process, an electron photo-
micrograph will show a large number of dead and necrotic cells 
within the pulpal tissues. Adjacent to the foci of necrosis will be 
lymphocytes, plasma cells, and macrophages. Polymorphonu-
clear leukocytes predominate near the site of  exposure, some of 
which are intact and others partially destroyed, with their organ-
elles scattered in the extracellular matrix.

Micro-organisms are found within the neutrophilic granulo-
cytes and macrophages. The endothelial cells of the vascular ele-
ments are also damaged, and leukocytes are released from ves-
sels.

If the carious process results in deep dentinal cavities, infl am-
mation of endodontium occurs within a week, the odontoblastic 
layer is destroyed and the pulp is infi ltrated by neutrophilic gran-
ulocytes. Bacteria, necrosis, and cellular destruction occur and 
reparative (secondary) dentin formation is limited. The injection 
of a bacterial extract into an open pulp chamber elicits local ab-
scess formation with resorption of bone, cement, and dentin 
(Stabholz and Sela, 1983).

Granulomatous open pulpitis 2.7 
(“pulpitis aperta”)

Left: Dentin has been penetrated by 
caries, and bacteria have reached the 
pulp, resulting in massive accumula-
tion of infl ammatory cells. Granula-
tion tissue sprouts the ulcerated 
 pulpal surface and protrudes through 
the coronal opening.

Right: The coronal pulpal tissue has 
epithelialized, and consists primarily 
of dense connective tissue. It is rich in 
collagen fi bers, with relatively poor 
vascularity, and contains numerous 
nerve fi bers that extend into the epi-
thelium, as well as areas of persistent 
chronic infl ammatory infi ltration.

Necrosis of the radicular pulpal 2.8 
tissues

Left: Bacterial infi ltration of the 
 coronal pulpal tissues leads to necro-
sis and tissue destruction. Note the 
accumulation of polymorphonuclear 
leukocytes at the root canal orifi ce, 
which are differentiated from the 
mononuclear leukocytes. Granula-
tion tissue is also obvious in the 
 periapical region.

Right: The coronal third of the root 
canal shows infi ltration of infl amma-
tory cells with tissue destruction as 
well as destruction of the odonto-
blastic layer.

Local immune reaction2.9 

The infl ammatory infi ltrate is 
 dominated by monocytes. In addition 
to lymphocytes, plasma cells can also 
be seen; the presence of these cells 
indicates a local immune reaction.
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10 A Basic Principles

Acute Irreversible Pulpitis
As bacteria penetrate into the dentinal tubules, neutrophilic 
granulocytes within the pulp migrate toward the orifi ces of the 
tubules and engage the bacteria. This process releases lysosomal 
enzymes and leads to destruction of the pulpal tissues. During 
the course of the subsequent phagocytosis of the destroyed tis-
sues by polymorphonuclear or mononuclear phagocytes, the cell 
debris disintegrates, leading to the release of more lysosomal en-
zymes and further tissue destruction and chemotactic attraction 
of additional infl ammatory cells.

The toxic substances that lead to enhancement of the infl am-
matory reaction include bacteria, their metabolic by-products, 

their breakdown products, and fi nally also the breakdown prod-
ucts of the affected dentin. At this point of the process, a “vicious 
circle” ensues, manifested by an irreversible pulpitis (Langeland, 
1981). Pulp regions near to the necrotic areas are fi lled with neu-
trophilic granulocytes that phagocytize the bacteria. This process 
leads ultimately to the dissolution of entire segments of the pul-
pal tissue and proceeds in an apical direction (Lin et al., 1984).

Caries and pulpitis2.10 

Left: Advanced caries in the dentin 
has reached the pulpal tissue under 
the occlusal fi ssure, causing circum-
scribed pulpal infl ammation.

Middle: Death of odontoblasts with-
out formation of reparative dentin, 
and infl ammatory cell infi ltration into 
the adjacent pulpal tissue.

Right: Penetration of bacteria within 
the dentinal tubules with chemotactic 
attraction of neutrophilic granulocytes. 
“Empty spaces” in the subodontoblas-
tic layer represent micronecrotic areas 
with pus formation and accumulation 
of polymorphonuclear leukocytes.

Accumulation of 2.11 
 infl ammatory cells

The area opposite the carious 
 destruction of the odontoblastic 
layer is dominated by neutrophilic 
granulocytes, which can be identifi ed 
peripherally and also intravascularly, 
an expression of a persistent chemo-
tactic irritation. Larger “empty spaces” 
represent the beginning of tissue 
 necrosis.

Infl ammatory cells2.12 

Left: The adjacent tissue contains 
not only acute polymorphonuclear 
granulocytes but also chronic 
 mononuclear granulocytes.

Right: The adjacent tissue exhibits 
plasma cells and lymphocytes, which 
can secrete lymphokines as well as 
other substances. Both migration-
inhibiting factors as well as macrophag-
es and dentinoclast-activating factors 
can be observed. As true lympho-
toxins, these factors can also directly 
 induce tissue destruction.

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter02_s007_020.indd   10Chapter02_s007_020.indd   10 12.08.2010   13:26:40 Uhr12.08.2010   13:26:40 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



112 Pathobiology

It is important to note, however, that the histologic picture of 
acute infl ammation with a preponderance of acute infl ammatory 
cells does not imply that all clinical symptoms of acute infl amma-
tion will be present. In cases of deep caries (caries profunda), 
Langeland (1981) established that of 224 teeth with partial pul-
pal necrosis and severe infl ammation, 81 were not associated 
with clinical pain. Furthermore, Langeland did not fi nd any cor-
relation between the depth of the carious lesion and the occur-
rence of pain.

It has also been observed that irreversible pulpitis with pulpal 
necrosis is often accompanied by swelling of the apical periodon-

tal ligament space. The cause for this early periapical reaction ap-
pears to be penetration of toxins through intact radicular pulpal 
tissues. Gram-negative bacteria with external membranes that 
release endotoxin can elicit a complement reaction. The activa-
tion of complement causes release of biologically active peptides, 
resulting in an increase in vascular permeability and aggregation 
of neutrophilic granulocytes and macrophages.

Enzymes released during phagocytosis can lead to osseous 
 tissue destruction (Pitts et al., 1982).

Absence of infl ammation2.13 

Left: The low-power histologic sec-
tion reveals the progress of the cari-
ous process and an area of incipient 
infl ammation within the coronal 
pulp. The root canal pulp is vital and 
free of infl ammation.

Middle: The odontoblastic layer is in-
tact, also the subodontoblastic area 
exhibits normal structure. The den-
tinal tubuli show no irregularity indi-
cating toxic irritation or damage.

Right: A single area of calcifi cation is 
visible within the root canal. The pul-
pal tissue is vital and free of infl am-
matory cells.

Periapical infl ammation2.14 

The root canal pulp is free of 
 infl ammation, but the periapical 
 region contains granulation tissue. 
In a  radiograph, periapical radiolu-
cency would also be evident.

Periapical infl ammation2.15 

The root canal pulp is completely free 
of infl ammatory signs; a few cavita-
tions represent artifacts of specimen 
preparation. Vacuole formations are 
a result of delayed fi xation of the tis-
sues, excessively short fi xation time 
as well as fi xation under pressure, 
leading to apparent postmortem 
 tissue destruction. These histologic 
artifacts are not classifi ed as degen-
erative tissue alterations (Langeland, 
1957; Beer, 1983).
Some mononuclear cells can be 
 observed in the periapical region.
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12 A Basic Principles

Necrosis of Pulpal Tissue
Pulpal necrosis is an irreversible condition characterized by tis-
sue destruction that may occur locally in otherwise vital pulpal 
tissue in either the coronal or the radicular pulp. Pulpal necrosis 
is mainly caused by bacterial infection, with the degree of necro-
sis correlating with the extent of bacterial invasion (Schroeder, 
1991).

If an open carious lesion is continuously exposed to saliva, 
large areas of necrosis with abscess formation will be present af-
ter only 6 days, even before penetration of bacteria into the pul-
pal tissue. According to Lin et al. (1981), if the carious process 
reaches the pulp with consequent pulpal exposure, the result will 

always be necrosis of the coronal pulpal tissues. In all 15 teeth 
examined by these authors, the coronal pulp was partially or 
completely necrotic; however, only nine teeth had partial or com-
plete necrosis of the radicular pulp. Both acute and chronic in-
fl ammatory cells were observed. All the bacteria were found in 
the coronal pulp in all the teeth and in the radicular pulp in only 
one-third of the teeth. In 14 of the 15 cases, a periapical radiolu-
cency was also observed.

Carious pulp exposure and 2.16 
necrosis

Left: The carious process has 
 advanced into the pulp through a 
coronal opening in the pulpal tissues. 
The coronal pulp is necrotic and an 
abscess has formed.

Right: Near the point of carious 
 involvement of the pulp, hard tissue 
deposits can be seen in the form of 
tubule-free reparative dentin. The 
odontoblastic processes were dam-
aged by bacterial toxins, and the 
 result is an infl ammatory reaction; 
following some degree of odonto-
blastic cell death, reparative dentin 
has been laid down.

Tissue necrosis2.17 

Left: The coronal pulp contains a 
large “empty space” consistent with 
accumulation of pus. The adjacent 
tissue is necrotic and contains some 
calcifi c deposits.

Right: The coronal pulp is completely 
necrotic. The adjacent tissue also had 
cell lysis and it was impossible to 
 effectively stain any cell nuclei.

Tissue necrosis2.18 

Left: As a result of chronic infl amma-
tion, an increased number of diffuse 
areas of calcifi cations as well as pulp 
stones are seen within the pulpal 
 tissues. Such pulp stones are round or 
oval hard tissue structures formed of 
fi brodentin, the formation of which is 
in most cases elicited by external 
 irritation, chronic infl ammation, or 
 following cellular death.

Right: Even some infl ammatory cells 
that normally phagocytose and deal 
with cellular debris have succumbed 
to the destruction and are no longer 
clearly visible.
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132 Pathobiology

 
It is not possible to determine the point in time at which the 

carious process infi ltrates the pulpal tissues. The cause of early, 
severe pulpal destruction is the presence of bacterial toxins. High 
levels of endotoxin are toxic and cause tissue destruction, but 
lower doses lead to enhanced cellular proliferation and collagen 
synthesis, indicating a host defense reaction (Pinero et al., 1983).

Bacteria cause tissue necrosis; outside the zone of necrosis, the 
bacteria cannot be observed. Histologically, a normal host de-
fense response is seen as a zone of necrosis surrounded by neu-
trophilic granulocytes and macrophages, with evidence of active 
phagocytosis. At the same time, lysosomal products released by 

the cells destroy the pulpal tissues. It is only in areas of necrosis 
that bacteria also penetrate into the adjacent dentinal tubules. In 
their study of apical periodontitis, Lin et al. (1981) found necrosis 
in the apical radicular pulp in only a third of cases; in six root 
canals, there was no tissue necrosis, instead, there was vital tis-
sue without bacteria and with only a few infl ammatory cells.

Demarcation of the necrosis2.19 

Left: At the transition between the 
coronal and radicular pulp, the pulpal 
tissues are necrotic and saturated with 
infl ammatory cells. Further apically 
within the root canal, no necrosis is 
observed.

Right: Phagocytic cells engulf bacteria 
and simultaneously secrete lysosomal 
enzymes, leading to destruction of 
 vital tissue and the resultant necrosis; 
this is initially seen histologically as 
formation of empty spaces with 
 microabscesses.

Granulocytes2.20 

Left: Neutrophilic granulocytes are 
observed within areas of destroyed 
tissue.

Right: The dominant cell type is the 
polymorphonuclear granulocyte 
(PMNL).

Periapical infl ammation2.21 

Left: Early indication of initial peri-
apical infl ammation following coro-
nal pulpal necrosis; this is caused by 
the seepage of endotoxins through 
the vital radicular pulp tissue.

Right: The apical root canal pulp 
 adjacent to the apical foramen is vital 
and free of bacteria. The periapical 
periodontal tissues are clearly 
 infi ltrated by leukocytes.

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter02_s007_020.indd   13Chapter02_s007_020.indd   13 12.08.2010   13:26:45 Uhr12.08.2010   13:26:45 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



14 A Basic Principles

Only a limited number of the approximately 300 species of 
bacteria forming part of oral microfl ora are found in infected root 
canals. Between one and 12 different species have been isolated, 
however, the numbers of individual bacteria have been estimated 
to be between 100 and more than 10 million.

There is a direct correlation between the size of a periapical 
lesion and the number of bacterial species isolated, as well as the 
total bacterial load. Thus, Sundqvist (1992) isolated more strains 
of bacteria in root canals of teeth with larger carious lesions.

The dynamics of a bacterial infection in the root canal was 
demonstrated in a series of animal experiments by Fabricius et al. 

(1982). In carious teeth contaminated by bacteria from the saliva, 
in which the cavities were carefully and completely sealed, facul-
tative anaerobic bacteria were much more frequently observed in 
the initial time period of up to 3 years. After 6 months however, 
the total number of bacteria decreased to under 2% of the original 
number although the proportion of strict anaerobic bacterial 
strains increased. It was proposed that a selective mechanism 
within the root canal promoted the development of a specifi c mi-
crobiologic environment.

Bacterial Infection in the Root Canal

Caries penetration into the 2.22 
pulpal tissues

Left: The progression of the carious 
process has led to exposure of the 
pulpal tissues and tissue necrosis 
within the coronal pulp as well as in 
parts of the radicular pulp.

Right: This section through an area 
of necrosis within the crown shows 
 tissue destruction.

Necrosis within the root canal 2.23 
and apical periodontitis

Left: The radicular pulp is largely 
 necrotic with periapical infl ammation 
and buildup of granulation tissue.

Right: Necrosis of the root canal pulp; 
the space on the left side is a histo-
logic artifact. A necrotic pulp without 
bacterial infection does not lead to 
the formation of a periapical lesion. 
Apical periodontitis will only develop 
in the presence of bacteria (Möller et 
al., 1981).

Pulp obliteration2.24 

Left: Obliteration of structures within 
the root canal only occurs as a result 
of the infl ammatory reaction, with 
formation of irregular, reparative 
dentin. The adjacent tissues exhibit 
accumulation of neutrophilic 
 granulocytes.

Right: Note the pulp stones.
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152 Pathobiology

Symbiotic relationships often exist among bacteria in an in-
fected root canal. For example, Sundqvist et al. (1989) frequently 
found Fusobacterium nucleatum together with Peptostreptococcus 
micros, Wolinella recta, Porphyromonas endodontalis, and Sele-
nomonas sputigena. Numerous factors can infl uence the bacterial 
colonization of the root canal. Some bacterial metabolic by-prod-
ucts can be used by other bacteria as nutritional substances (Loe-
sche, 1968). Bacteriocin, which is released by some microorgan-
isms, can inhibit the growth of other bacteria (van Winkelhoff et 
al., 1987).

Bacteria within an infected root canal release enzymes that 
can enhance the pathogenicity of the bacteria. In this way, im-
munoglobulins of the host organism can be inactivated, for ex-
ample by P. asaccharolyticus and endodontalis. P. intermedia and 
gingivalis degrade complement factor C3. Both are important 
 opsonins for the phagocytosis of these bacteria during the host 
response process. P. gingivalis can simultaneously degrade the 
proteinase inhibitors important in maintaining the integrity of 
the tissue surrounding the infection (Carlsson et al., 1984).

 

Bacteria within dentin2.25 

Left: The histologic photomicrograph 
permits differentiation between non-
infi ltrated (yellow) and infi ltrated tis-
sues (red, arrow). The coronal pulp 
contains bacteria, also found within 
the dentinal tubules and the pulpal 
tissue.

Right: The bacteria have caused de-
struction of dentin, resulting in the 
formation of recesses or caverns. The 
latter are generally fi lled with bacte-
ria and connective-tissue matrix rem-
nants.

Bacteria within the root canal2.26 

Left: The tissue within the root canal 
is necrotic and periapical accumula-
tion of infl ammatory cells is clearly 
visible. The specimen, however, does 
not permit identifi cation of specifi c 
bacterial species.

Right: The coronal pulp as well as the 
coronal aspect of the root canal pulp 
contains aggregates of bacteria.

➤

Intracellular bacteria2.27 

Left: No bacteria can be detected 
 histologically within the area of 
 periapical infl ammation.

Right: At a higher magnifi cation, in 
the middle third of the root canal, 
 intracellular bacteria within neutro-
philic granulocytes are evident.
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16 A Basic Principles

A periapical lesion occurs only in the presence of bacteria within 
the root canal. This was demonstrated in 1965 by Kakehashi et al. 
in their studies on germ-free rats. The teeth of these animals de-
veloped periapical infl ammation only after bacterial inoculation. 
If the teeth were simply drilled and the pulp exposed to the 
germ-free oral milieu there was no development of periapical 
periodontitis. Similar results were reported by Möller et al. (1981) 
in monkey teeth. Following necrosis of the pulpal tissues, no pe-
riapical lesions developed if the access cavity was completely 
sealed.

Nair (1987) studied 31 periapical lesions. In every case, bacte-
ria could be detected within the root canal, both dispersed as 
well as adherent to the dentinal wall, and within the dentinal tu-
bules. In 18% of the cases studied, bacteria were detected in the 
periapical tissues; one case clearly had actinomycosis. In three 
other lesions, the bacterial plaque appeared to adhere to the den-
tinal wall and progress toward the center of the apical periodon-
titis, eliciting a circumscribed but pronounced area of necrosis as 
well as an acute infl ammatory cell response.

Acute Apical Periodontitis

Progression of the carious 2.28 
process

Left: Despite a thin layer of dentin, 
penetration of bacteria and their 
components through the dentin has 
led to pulpal infl ammation and 
 necrosis.

Right: Carious destruction, the bac-
terial  irritants have elicited a reaction 
in the adjacent tissue, resulting in tis-
sue  necrosis.

Apical periodontitis2.29 

Left: Acute apical periodontitis has 
developed at the periapical foramen.

Right: In the areas adjacent to the 
 necrotic tissue, the pulpal tissues are 
infi ltrated with neutrophilic granulo-
cytes that phagocytose the bacteria 
and also release lysosomal agents 
that enhance the infl ammatory 
 reaction.

Necrosis and lysis2.30 

Left: Bacteria and areas of necrosis 
are observed in the entire coronal 
pulp and also in the adjacent root 
 canal pulp.

Middle: The pulpal necrosis is charac-
terized by cell death and tissue 
 destruction, which may be localized 
or involve the entire radicular pulp.

Right: Necrotic tissue containing 
some intact cells and some dead 
 infl ammatory cells. The result is 
 destruction and dissolution of the 
 entire pulpal soft tissue, a process 
that may extend beyond the root 
apex.
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172 Pathobiology

Acute apical periodontitis is characterized histopathologically 
by an exudate of polymorphonuclear granulocytes and mac-
rophages limited to the widened periodontal ligament space. 
Macrophages play a dominant role in the degradation of immune 
and complement complexes, while neutrophilic granulocytes 
dominate in the defense mechanisms against nonhost sub-
stances. Macrophages attract bacterial antigens and enhance the 
immunogenic potential of the host. The result is further massive 
infi ltration of neutrophilic granulocytes, accompanied by tissue 
necrosis and dissolution, leading to abscess formation.

In the case of the periapical abscess, the necrotic tissue around 
the root apex is saturated with bacteria, surrounded by a wall 
of neutrophilic granulocytes (Nair and Schroeder, 1985). The mi-
crobial fl ora around the periapical abscess is described as “poly-
microbial,” and includes at least fi ve bacterial species. Gram- 
negative, anaerobic rods, and peptostreptococci predominate. 
Periapical abscesses contain black-pigmenting bacterial species, 
which play an important role in the etiology of periapical lesions. 
Van Winckelhoff et al. (1985) found P. intermedia in 63% and P. en-
dodontalis in 53% of their cases.

 

Infl ammation within the 2.31 
 apical root canal pulp

Left: The apical third of the root 
canal pulp is partially necrotic and 
 infi ltrated by infl ammatory cells; the 
toxins released during the infl amma-
tory process elicit an infl ammatory 
reaction at the periapical region. 
 Histologic sections taken during this 
process will reveal the remaining vital 
areas of pulpal tissue.

Right: This is a section from the coro-
nal zone of necrosis that is separated 
from the adjacent pulpal tissues by 
an intervening layer of neutrophilic 
granulocytes.

Acute apical periodontitis2.32 

In the periapical region, note the 
 accumulation of infl ammatory cells 
and also resorption lacunae within 
the dentin and the appearance of 
dentinoclastic as well as osteoclastic 
activity. The transition zone within 
the root canal contains signifi cantly 
fewer infl ammatory cells.

Infl ammatory cells2.33 

Left: In addition to neutrophilic 
 granulocytes, there are eosinophils, 
plasma cells, foreign body giant cells, 
and mast cells. A characteristic 
 feature is the continuous infi ltration 
of infl ammatory cells.

Right: This magnifi ed histologic sec-
tion of the periapical region reveals 
the accumulation of infl ammatory 
cells, surrounded by collagen-rich 
granulation tissue.
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18 A Basic Principles

Following induction of apical periodontitis in rat molars, the his-
tologic appearance between days 7 and 20 consisted of an active 
phase with severe osseous destruction and a subsequent chronic 
phase with relatively mild increase in the lesion. Morphometri-
cally, at 15 days as well as up to 90 days, lymphocytes dominated 
the fi eld (50%–60% of all cells), followed by polymorphonuclear 
leukocytes (25%–40%), macrophages, plasma cells, and fi bro-
blasts. T-helper cells were predominant in the acute lesion, 
whereas T-suppressor cells were predominant in the chronic le-
sion. The former cells play an important role in osseous destruc-
tion while the latter stabilize the lesion, rendering it more chron-

ic. T-helper cells induce the production of an interferon, which 
stimulates macrophages to produce the bone resorption factor 
interleukin (IL)-1. A bone-resorbing cytokine is produced, and T-
helper cell factors stimulate the formation of antibodies and im-
mune complexes. High IL-1 concentrations prevent new bone 
formation via the inhibition of protein synthesis by osteoblasts 
(Stashenko et al., 1994).

Chronic Apical Periodontitis

Necrosis2.34 

Left: From the coronal aspect, carious 
exposure of the roof of the pulp 
chamber has led to pulpal necrosis.

Right: Magnifi ed histologic section of 
the area of the necrotic coronal pulp.

Chronic periapical lesion2.35 

Left: The periapical region has a 
large encapsulated accumulation of 
 infl ammatory cells; in the center of 
this periapical lesion are numerous 
encapsulated empty spaces.

Right: The tissue within the root ca-
nal is necrotic and contains  primarily 
neutrophilic granulocytes, some of 
which have lysed and  released addi-
tional tissue-destructive enzymes.

Necrosis of the coronal pulp2.36 

Left: The tissue in the transition zone 
between coronal and radicular pulp 
has disintegrated. The “cracks” in the 
area of necrosis are histologic 
 artifacts.

Right: The granulocytes are chemo-
tactically attracted by bacteria and 
their toxins, and phagocytose cellular 
debris as well as foreign bodies. In 
this process they die, and also de-
stroy any adjacent, still-intact tissue. 
Nerve fi bers remain for the most part 
intact even in the face of severe 
 infl ammation and tissue necrosis.
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192 Pathobiology

Clinically, chronic apical periodontitis is asymptomatic. There 
is a direct correlation between the size of the periapical lesion 
and the amount of bacterial infi ltration and tissue necrosis with-
in the root canal. Teeth with small periapical lesions continue to 
react positively to standard sensitivity tests, but in those with 
larger lesions no reaction can be expected (Lin et al., 1984).

The main features of chronic periapical lesion are (Schroeder, 
1991):
• There is lymphocytic and plasma cell infi ltration.
• Granulation tissue may be seen.
• Epithelial rest cells of Malassez may proliferate.

• A connective-tissue capsule may develop, consisting of fi bro-
blasts and collagen fi ber bundles.

The increase in antibody concentration in acute lesions and a 
 reduction following endodontic treatment demonstrates that 
preparation of the root canal and the removal of bacterially in-
fected tissues in cases of chronic apical periodontitis is the treat-
ment of choice (Kettering and Torabinejad, 1984).

Tightly attached periapical 2.37 
granulation tissue

Left: A chronic periapical lesion 
 surrounded by a dense connective- 
tissue capsule, and containing mast 
cells, fi broblasts, and collagen fi ber 
bundles. In the center is a focal infi l-
trate of mononuclear infl ammatory 
cells including lymphocytes, plasma 
cells, and macrophages.

Right: The magnifi ed histologic 
 section shows strands of epithelium 
immediately adjacent to the root 
apex, and also distributed in a some-
what bizarre fashion within the 
 central zone of the periapical region.

Periapical granulation tissue2.38 

The photomicrograph shows 
 granulation tissue with fi broblasts 
and mononuclear infl ammatory cells. 
In addition, 30%–60% of cases have 
encapsulated microabscesses in the 
center of the lesion, visible as cavities 
at the top of the photomicrograph.

Microabscesses2.39 

Left: The magnifi ed histologic 
 section shows strands of epithelium 
with a mononuclear cellular infi ltrate. 
Epithelial rests of Malassez are 
 diffi cult to discern.

Right: This highly magnifi ed section 
shows several encapsulated and 
 apparently dormant microabscesses, 
which may represent the incipient 
phase of a future cystic epithelium. 
Strands of epithelium penetrate and 
proliferate within the granulation 
 tissue and surround it in an arcade or 
netlike pattern.
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20 A Basic Principles

The “true” radicular cyst is defi ned as a zone of chronic periapical 
infl ammation circumscribed by an epithelial lining around a 
closed cavity.

The cyst develops from the fl oor of an area of chronic apical 
periodontitis. In the fi rst of the three phases of development—
initiation—dormant epithelial rest cells of Malassez begin to pro-
liferate. During the second phase, an epithelial-lined central cav-
ity develops, and in the third phase—as a result of osmotic and 
resorption-stimulating factors—there is formation of a true cyst 
(Nair et al., 1996).

An established radicular cyst has a connective-tissue capsule, a 
subepithelial zone of infl ammatory infi ltrate, the epithelial cyst 
wall, and the cyst lumen. In addition to necrotic epithelial cells, 
this lumen contains cholesterol crystals, as well as infl ammatory 
cells and remnants of the resorbed osseous tissues.

The wall of the cyst is made up of a multilayered squamous 
epithelium, consisting of granulocytes, macrophages, and lym-
phocytes. The subepithelial zone contains T lymphocytes and B 
lymphocytes, as well as plasma cells (Schroeder, 1991).

Radicular Cysts

Structure and components2.40 

An established radicular cyst contain-
ing  cholesterol crystals and surround-
ed by the epithelial cystic wall and the 
subepithelial zone with infi ltration of 
infl ammatory cells within the cystic 
lumen. The connective-tissue capsule 
contains fi broblasts and collagen fi ber 
bundles and is fi rmly  attached to the 
periapical periodontal fi bers.

Right: The epithelial cystic wall 
 consists of multilayered squamous 
 epithelium devoid of a stratum 
 corneum, and approximately 20 to a 
maximum of 50 cells thick.

Content of the cystic lumen2.41 

Remnants of osseous lamellae within 
the cystic cavity illustrate the capaci-
ty of the cystic tissue to resorb hard 
tissues.

Right: The organic constituents 
 within the cystic lumen form a cystic 
fl uid that is diffi cult to differentiate, 
with inclusion of neutrophilic granu-
locytes and some lymphocytes that 
indicate infection and acute exacer-
bation of the infl ammatory process.

Content of the cystic lumen2.42 

Multinuclear giant cells represent a 
possible foreign-body reaction as well 
as osteoclastic activity; adjacent 
 plasma cells produce antibodies, 
 primarily IgG and IgA, and less often 
IgM and IgE.

Right: Lymphocytes are most 
 frequently T cells, and less often 
B cells (ratio of 3:1).
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3 Endodontic Microbiology

Since the pioneering studies of Miller (1894), there has been 
 continuous interest in the microbiologic aspects of endodontic 
diseases. Almost all clinical situations requiring endodontic 
treatment have a microbiologic etiology or may later develop a 
microbiologic component. Subsequently, to ensure the best pos-
sible chance of success in treatment, the dentist must be familiar 
with the key aspects of endodontic microbiology:

• the role of microbes in the etiology and pathogenesis of the 
various diseases involving the tooth root canal system;

• the effect of the treatment procedures on the microbial infec-
tion;

• methods of preventing reinfection of the root canal.

3  Endodontic Microbiology

Detection of bacteria3.1 

Primary apical periodontitis: infec-
tion by anaerobic bacteria. Anaerobic 
and microaerophilic bacteria are the 
key microbial components of primary 
apical periodontitis. These images 
show some of the most important 
microorganisms causing endodontic 
disease. 

Above left: Fusobacterium  nucleatum 
colonies. 

Above right: Prevotella intermedia 
(dark brown) and Porphyromonas 
 gingivalis (light brown) colonies to-
gether with colonies of other bacteria 
from an infected root canal. 

Below left: Histologic preparation 
showing bacterial colonies in 
 periapical actinomycosis. 

Below right: Scanning electron 
 microscopic image of bacteria 
 penetrating into dentinal tubules.
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A Basic Principles

The connection between microbes and apical periodontitis (AP) 
is well established. Using gnotobiotic rats (rats raised in a sterile 
environment), Kakehashi et al. (1965) were the fi rst to demon-
strate the indisputable causal relationship between periapical 
infl ammation (apical periodontitis = lesion of endodontic origin 
[LED]) and the presence of microbes in the root canal. Compared 
with normal rats, gnotobiotic animals with pulps exposed to the 
oral cavity and saliva with no bacteria developed no periapical 
disease.

Kakehashi and coworkers’ results were verifi ed and refi ned 
further by Bergenholtz (1974) and Sundqvist (1976), who showed 
that intact necrotic human teeth exhibited apical periodontitis 
only if bacteria were present in the root canal, whereas necrotic 
teeth with a sterile root canal exhibited no periapical pathoses.

Etiology of Apical Periodontitis

Classic studies of periapical 3.2 
periodontitis

Kakehashi et al. (1965) demonstrated 
that pulpal exposure without bacte-
ria did not lead to pulpal necrosis in 
gnotobiotic rats (a). However, as 
soon as experimental animals came 
into contact with rats with normal 
oral bacterial fl ora, radiographs re-
vealed pulpal necrosis and periapical 
lesions shortly after (b). Sundqvist 
(1976) studied intact but necrotic 
teeth with and without periapical le-
sions. Periapical lesions could only be 
detected in teeth in which bacteria 
could be identifi ed in the root canals 
and subsequently cultured (c, d).

Bacterial infection is the cause 3.3 
of apical periodontitis

Left: Infl amed area within the coronal 
pulp. Although bacteria have not yet 
progressed into the pulp, an initial in-
fl ammatory reaction appears.

Middle: The biofi lm within the root 
canal contains bacteria (cocci and 
rods) in dense aggregates showing 
various morphotypes.

Right: Gram-stained biopsy from the 
necrotic root canal of a tooth with as-
sociated AP; note the relatively even 
distribution of numerous leukocytes 
(red) Gram-positive cocci, and rod-
like bacteria (blue).

Radiographic appearance3.4 

Left: The radiolucent periapical lesion 
in this necrotic tooth indicates the 
presence of an infection in the ne-
crotic root canal.

Middle: AP in an apparently intact 
tooth. The etiology in such a case is 
usually trauma, which leads to necro-
sis. Bacteria penetrate through mi-
croscopic canals and lateral canals, 
or as bacteremia into the root canal.

Right: A fractured H fi le in a tooth 
with a partially fi lled root canal; the 
fi le extends far beyond the apex. The 
radiograph shows no evidence of an 
apical lesion.

a b c d
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3 Endodontic Microbiology

The initial immunologic reactions in the development of pulpitis 
occur in response to bacterial antigens released from the advanc-
ing bacterial front within the carious lesion. These antigens are 
fi rst “examined” by the antigen-detecting/antigen-presenting 
cells (APCs) of the pulp.

Dendritic cells are the main APCs in the pulp and macrophages 
(except histiocytes) which have major histocompatibility com-
plex (MHC) class II molecules on their cell surface (Jontell et al., 
1998). The class II molecule is a gene product of MHC and present 
foreign material (e.g., antigens) to T cells in the regional lymph 
nodes for recognition.

Following this, memory T cells are released into the circulation 
in the tissues, including the pulp, where they contribute to the 
secondary immune response. When the microbial cells in the 
 advancing front of the carious lesion enter the pulp, infi ltration of 
polymorphonuclear leukocytes and other infl ammatory cells 
such as T memory cells and plasma cells can be observed.

Immunologic defense reactions anywhere in the body cause 
local tissue destruction, and the pulp is no exception. Micro-
abscesses and focal necrosis can sometimes be seen in the pulp 

even before the carious lesion (and the microorganisms) invades 
the pulp.

With progression of caries and increasing antigen challenge, 
the area of necrosis increases in size and eventually the entire 
coronal pulp becomes necrotic. It is only at this stage that the 
root canal(s) of the affected tooth will have become infected.

Acute infl ammatory responses to advancing infection in the 
periapical area involve numerous cells of the host infl ammatory 
response system, and are induced by endogenous mediators such 
as prostanoids, kinins, and neuropeptides. Interleukin-1 and 
prostaglandins are key mediators of periapical bone resorption 
by osteoclasts (Stashenko et al., 1998).

Pathogenesis of Pulpitis and Apical Periodontitis

Immune reaction3.5 

Left: Stability in the periapical region: 
The immune defense cells inhibit an 
invasion of microorganisms from the 
necrotic root canal.

Middle: In a case of chronic AP, the os-
seous tissue is resorbed by multinucle-
ated osteoclasts that are activated by 
an immunologic cascade.

Right: The pulp tolerates the chemical 
assault of numerous fi lling materials 
(green arrow). Microbial leakage 
through the space between tooth and 
root canal fi lling material (black arrow) 
often lead to pulpal  irritation.

Apical periodontitis3.6 

Left: A radiograph showing a deep 
carious lesion in a maxillary premolar. 
The maxillary second premolar also 
has a periapical lesion representing 
AP.

Right: Granulocytes, plasma cells, 
and lymphocytes are apparent in this 
histologic section of this periapical 
region of a tooth with chronic AP.
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A Basic Principles

Microbiota in Primary Apical Periodontitis

Chronic Apical Periodontitis
Chronic apical periodontitis is a symptom-free apical infl ammation 
caused by microbes within the necrotic root canal. There is usu-
ally polymicrobial infection, dominated by obligate anaerobic 
bacteria (Moller et al., 1966; Bergenholtz 1974; Kantz and Henry, 
1974; Sundqvist, 1976, 1994; Heimdahl et al., 1985; van Winkel-
hoff et al., 1985, 1988; Haapasalo et al., 1986a, b; Sund qvist et al., 
1989; Haapasalo 1993; Siqueira et al., 2001; Fouad et al., 2002; 
Khemaleelakul et al., 2002; Munson et al., 2002; Siqueira and Ro-
cas, 2003, 2004a).

The number of different species per case is relatively small, 
typically two to eight species, with rarely more than 15 species in 
one tooth. The most frequent isolates are Dialister pneumosintes 

Bacterial groups and genera3.7 

This table presents a comprehensive 
list of bacteria that are routinely 
 isolated from apical periodontitis 
 lesions.

Bacteria most often detected in endodontic infections

Anaerobic bacteria

Gram-negative cocci Gram-negative rods Gram-positive cocci Gram-positive rods

• Veillonella • Prevotella
• Porphyromonas
• Bacteroides
• Dialister
• Fusobacterium
• Filifactor
• Campylobacter
• Selenomonas
• Treponema

• Micrococcus
• Peptostreptococcus
• Finegoldia

• Eubacterium
• Pseudoramibacterium
• Mogibacterium
• Bifi dobacterium
• Clostridium
• Propionibacterium
• Lactobacillus
• Olsenella
• Atopodium
• Actinomyces

Facultative anaerobic and aerobic bacteria

Gram-negative cocci Gram-negative rods Gram-positive cocci Gram-positive rods

• Neisseria • Actinobacillus
• Haemophilus
• Eikenella
• Capnocytophaga
• Enterobacter
• Klebsiella
• Escherichia
• Citrobacter
• Pseudomonas
• Xantomonas
• Proteus

• Streptococcus
• Gemella
• Enterococcus
• Staphylococcus
• Micrococcus

• Propionibacterium
• Lactobacillus
• Actinomyces
• Bacillus
• Corynebacterium

Bacteria most commonly found in apical periodontitis before endodontic treatment

Gram-negative anaerobic 
rods

Gram-positive anaerobic 
cocci

Gram-positive anaerobic 
rods

Gram-positive facultative 
cocci

• Prevotella intermedia
• Prevotella nigrescens
• Prevotella buccae
• Prevotella oris
• Prevotella oralis
• Prevotella denticola
• Dialister pneumosintes
• Dialister invisus
• Porphyromonas 

 gingivalis
• Porphyromonas 

 endodontalis
• Fusobacterium 

 nucleatum
• Campylobacter rectus
• Campylobacter gracilis
• Selenomonas spp.

• Micrococcus micros
• Peptostreptococcus 

anaerobis
• Finegoldia magna

• Eubacterium spp.
• Filifactor alocis
• Propionibacterium 

acnes*
• Actinomyces viscosus*
• Actinomyces israelii
• Actinomyces 

 naeslundii*
• Lactobacillus spp.*

• Streptococcus 
 anginosus

• Streptococcus 
 intermedius

• Streptococcus 
 constellatus

• Streptococcus mitis

* Most species are microaerophilic or facultative anaerobes

(Bacteroides pneumosintes), Tannerella forsythensis (B. forsythus), 
Prevotella spp., Porphyromonas spp., Fusobacterium spp., Trepone-
ma spp., Campylobacter rectus (Wolinella recta), Micromonas mi-
cros (P. micros), Eubacterium spp., Bifi dobacterium spp., Actinomy-
ces spp., Propionibacterium spp., Lactobacillus spp., and 
Streptococcus spp. Most of the above genera are strictly anaero-
bic, some include both anaerobic and facultative anaerobic spe-
cies and strains, while streptococci are facultative bacteria. E. 
faecalis is less often observed in primary apical periodontitis than 
in posttreatment endodontic disease (Peciuliene et al., 2001; Ro-
cas et al., 2004). Bacteria most frequently isolated from primary 
apical periodontitis lesions are shown in Figs. 3.7 and 3.8.
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3 Endodontic Microbiology

Clinical signs and symptoms of acute apical infection include 
pain, swelling, abscesses with or without a sinus tract. Increased 
tenderness to percussion/palpation is also typical in the acute 
phase. The microbiologic factors related to symptoms are both 
qualitative and quantitative. Sundqvist (1976) found that the 
probability of pain was greatly increased when at least six differ-
ent species were found in the same canal. A relationship has also 
been suggested between clinical symptoms and the presence of 
certain black-pigmented Prevotella and Porphyromonas species 
(Sundqvist, 1976; Haapasalo et al., 1986a). However, anaerobic 
bacteria are seldom related to long-lasting symptoms.

In addition to P. gingivalis and P. endodontalis, there are also 
other bacteria more associated with symptomatic AP than with 
symptom-free cases. These include P. buccae, F. nucleatum, E. yurii, 
P. magnus, P. dentalis, T. denticola, and T. socranskii (Griffee et al., 
1980; Heimdahl et al., 1985; van Winkelhoff et al., 1985; Haapasa-
lo, 1986; Haapasalo et al., 1986a, b; Yoshida et al., 1987; Sundqvist 
et al., 1989; Hashioka et al., 1992; Siqueira and Rocas 2004b; Saka-
moto et al., 2006). Species typically found in samples taken from 
endodontic abscesses include F. nucleatum, P. gingivalis, P. en-
dodontalis, and P. intermedia (Heimdahl et al., 1985; van Winkel-
hoff et al., 1985). However, acute infections routinely respond well 
to high-quality endodontic therapy.

Acute Apical Periodontitis

Bacterial species in apical 3.8 
 periodontitis

In addition to P. gingivalis and P. en-
dodontalis, other bacteria are also 
found in cases of painful AP, and not 
in symptom-free  lesions. These in-
clude P. buccae, F.  nucleatum, E. yurii, 
Peptostreptococcus magnus, and 
P. dentalis, T. denticola, and Treponema 
socranskii. Some of the bacterial spe-
cies that are routinely isolated from 
endodontic abscesses are F. nuclea-
tum, P. gingivalis, P. endodontalis, 
and P. intermedia.

Electron microscopy of  bacteria3.9 

Left: In cases of acute AP, the large 
numbers of bacteria  exiting the pulp 
and entering the periapical tissues 
overwhelm the capacity of the host’s 
defense system (leukocytes). High lev-
els of hydrolytic lysosomal enzymes 
are released into the tissues (degranu-
lation), which leads to tissue destruc-
tion, swelling, and pain.

Right: A thin section with T. denticola 
cells, which are often observed in 
cases of both acute and chronic en-
dodontic infection. The histologic 
section shows the intracellular fl agel-
la that are typical of oral treponemal 
organisms.

Bacterial capsule3.10 

Left: Electron photomicrograph of 
the thick capsule of P. gingivalis; the 
capsule makes the cell more resistant 
to host defense systems.

Right: Electron photomicroscopic 
 depiction of the thick, yet loose, cap-
sule of P. denticola, a Gram-negative, 
black-staining, anaerobic, rod-
shaped species.

Gram-negative anaerobic rods

• Prevotella buccae
• Prevotella dentalis
• Porphyromonas gingivalis
• Porphyromonas endodentalis
• Fusobacterium nucleatum

Treponema spp.

• Treponema socranskii?
• Treponema denticola?

Gram-positive anaerobic rods

• Eubacterium yurii?

Gram-positive cocci

• Finegoldia magna?
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A Basic Principles

Posttreatment endodontic disease is often a result of inadequate 
asepsis during and after treatment. The composition of the mi-
crobiota in a case of posttreatment endodontic infection is differ-
ent from that of the primary infection. Ecologic changes resulting 
from the treatment have a major role in determining the species 
that can survive in the root canal. Facultative species are more 
resistant than anaerobic bacteria, and Gram-positive bacteria are 
better survivors than Gram-negative bacteria.

In teeth with endodontically fi lled roots, the space available for 
the microbes is limited, and the numbers of bacteria retrieved 
from root-fi lled teeth with persisting infection are lower than 
those in teeth with primary AP (Molander et al., 1998; Peciuliene 
et al., 2001; Siqueira et al., 2002).

E. faecalis is the dominant isolate in samples from posttreat-
ment endodontic lesions (Molander et al., 1998; Hancock et al., 
2001; Peciuliene et al., 2001). Facultative Gram-negative enteric 
rods have also been detected in posttreatment apical periodonti-
tis. Furthermore, streptococci, coagulase-negative staphylococci, 

Lactobacillus sp., and Candida sp. are among the species that are 
clearly more frequently observed in samples from root-fi lled 
teeth than in teeth with untreated necrotic pulps (Siren et al., 
1997; Waltimo et al., 1997; Chavez de Paz et al., 2003, 2005). 
Gram-negative facultative rods isolated from these infections in-
clude many enteric species such as Enterobacter cloacae, Enter-
obacter agglomerans, Enterobacter sakazakii, and Klebsiella oxy-
toga.

Acinetobacter sp. and Pseudomonas aeruginosa, and Proteus sp. 
have also been isolated. E. faecalis and enteric rods can occur sin-
gly, however, usually enteric bacteria are isolated together with 
other bacteria. Posttreatment endodontic infection is usually 
symptom-free or is accompanied by only mild symptoms. E. 
faecalis has been shown to be more associated with symptom-
free than with acute cases. 

Posttreatment Endodontic Infection

Postendodontic infection3.11 

Left: Radiograph of a maxillary fi rst 
molar treated 3 years previously for 
pulpitis. Subsequently, radiolucent 
lesions developed around the 
 mesiobuccal and distobuccal root 
apices. A possible etiology is the 
poor seal around the composite 
 restoration.

Right: Occasionally, a vertical root 
fracture may be the cause of a 
 persisting infection. In addition to 
the post itself, numerous other fac-
tors probably contributed to the root 
fracture. Vertical root fractures 
 cannot be treated, and the tooth had 
to be extracted.

Microbiologic fi ndings3.12 

Left: Inadequate cleansing and fi lling 
of the apical root canal: Although the 
canal was fi lled with a gutta-percha 
point and a layer of sealant, there 
were several areas still containing 
 necrotic tissue and microorganisms.

Middle: Colonies of E. faecalis on a 
blood agar plate following 24 hours 
of aerobic culture at 37 °C.

Right: Scanning electron photomi-
crograph of two cells of E. faecalis 
showing the typical Gram-positive 
cell wall (white arrow: cytoplasmic 
membrane; black arrow: peptidogly-
can layer).
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3 Endodontic Microbiology

A fi stula is a common way of spreading an endodontic infection, 
and it usually opens intraorally in the alveolar mucosa, close to 
the apex of the affected tooth. Cellulitis is an acute, diffuse, 
spreading, edematous, and suppurative infl ammation of the con-
nective tissues which may involve the deep subcutaneous tissues 
and even muscle. Cellulitis may also be associated with abscess 
formation. In cases of severe infections, hospitalization must be 
considered. An abscess per se is anatomically more defi ned than 
cellulitis, (i.e., an abscess is a localized infection with pus forma-
tion.)

Spreading of the infection is dependent on local anatomy. The 
anatomic relationship of the apex of the infected tooth and the 
facial muscles is of particular importance in determining the di-
rection of spread. The key muscles affecting the pattern of spread 
include the levator anguli oris (canine region), buccinator (cheek 
region), masseter, pterygoideus, and temporal muscle (region of 
the masticatory musculature), as well as the mentalis (submental 
region). Odontogenic infection may also spread into the lateral 
pharyngeal and retropharyngeal spaces or even into the medi-
astinum. Rarely, deep fascial infections create a potential risk for 

patients with endodontic infections. It is important not to mis-
diagnose these as localized endodontic abscesses. Although rare, 
maxillary infection in the canine space may give rise to cavernous 
sinus thrombosis.

Bacteremia of short duration is a common consequence of 
many dental procedures, including endodontic treatment. Over-
instrumentation may lead to direct seeding of bacteria into the 
bloodstream. Bacteria may also advance through the tissues into 
the lymphatic system. Further progress beyond the lymph nodes 
may result in bacteremia or even septicemia.

Instrumentation of an infected root canal is a common cause of 
transient bacteremia (Heimdahl et al., 1990). The number of bac-
teria recovered per milliliter of blood is lower in endodontic bac-
teremias than in bacteremias after tooth extraction or periodon-
tal scaling (Heimdahl et al., 1990).

Spreading of Endodontic Infections

Fistulous tracts3.13 

Left: Clinically apparent orifi ces of 
two fi stulous tracts from acute AP 
lesions. An acute infection always 
spreads along the path of least resis-
tance, resulting frequently in buccal 
or lingual fi stulous tracts.

Middle: Radiographic depiction of 
the fi stulous tracts.

Right: Acute apical periodontitis with 
a fi stulous tract from a mandibular 
second premolar. The wide tract 
opening (red outline) is distal to the 
posterior edge of the periapical 
 infection.

Cultural and microscopic 3.14 
 examination

Left: Mobile anaerobic bacteria that 
were isolated from an endodontic 
 infection and cultured on a blood agar 
plate under anaerobic conditions.

Middle: A granulocyte that has en-
gulfed too many bacteria and died. 
This is a typical picture of a spreading 
infection, often with pus formation.

Right: The infection spreads from the 
primary root canal into lateral canals 
via the dentinal tubules. The dark dots 
and streaks in this photomicrograph 
represent Gram-positive microorgan-
isms within the dentinal tubules.
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A Basic Principles

In periapical actinomycosis, bacteria, Actinomyces spp. in partic-
ular, are permanently present in the periapical area (Borssen and 
Sundqvist, 1981; Nair and Schroeder, 1984; Happonen, 1986; 
O’Grady and Reade, 1988; Figdor et al., 1992). The pathogenesis 
of periapical actinomycosis is only partially understood.

It is possible that actinomycosis may develop after the initia-
tion of the endodontic treatment, when the intracanal biofi lm 
has been pushed out of the canal by instrumentation. Although 
Actinomyces israelii is susceptible to phagocytosis, the dense col-
ony structure of actinomycosis protects individual bacterial cells 
from being effectively phagocytosed (Figdor et al., 1992).

Some studies have indicated that extraradicular infection may 
be caused by bacteria other than Actinomyces (Haapasalo et al., 
1987; Tronstad et al., 1987; Wayman et al., 1992; Brauner and 
Conrads, 1995). Studies employing cultural and molecular meth-
ods have indicated the presence of several different species in 
extraradicular infections (Gatti et al., 2000; Sunde et al., 2000a, 

b). However, the frequency of extraradicular infections has not 
been studied. Evidence is accumulating that T. forsythensis is 
sometimes present in extraradicular infections. However, despite 
early reports to the contrary, recent publications do not support 
the presence of Aggregatibacter (Actinobacillus) actinomycetem-
comitans in these infections.

Studies by Waltimo et al. (2003) on yeasts and Chan et al. 
(2004) on bacteria both showed the importance of positive con-
trols and sequencing of the polymerase chain reaction (PCR) 
products to avoid false-positive results in the analysis of micro-
bial presence in periapical lesions. Using fl uorescent in situ hy-
bridization, Sunde et al. (2003) localized P. gingivalis, T. forsythen-
sis, and P. intermedia in 9 % of periapical lesions.

Periapical Actinomycosis and Other Extraradicular Infections

Actinomycosis I3.15 

Histologic section through a peri-
apical actinomycosis lesion. The peri-
pheral area shows heavy infi ltration 
of infl ammatory cells surrounding 
the homogeneous, darkly stained 
 actinomycotic region. Note the large, 
densely packed colony of Actinomyces 
sp. (Courtesy of Dr. R. P. Happonen.)

Right: An endodontic working length 
radiograph in a middle-aged patient 
with periapical Actinomycosis infec-
tion related to a mandibular canine. 
Note also the questionable condition 
of the premolar.

Actinomycosis II3.16 

Left: A bone sequestrum that pene-
trated through the buccal  mucosa of 
a patient with periapical actinomyco-
sis.

Middle: Histologic section of the 
specimen. Note the lamellar bone (*) 
and three actinomycotic colonies in 
the middle, with loose infi ltration of 
infl ammatory cells nearby.

Right: Thin section of an actinomyco-
sis extraradicular lesion. In addition 
to the bone collagen fi bers, there are 
numerous bacteria with typical 
Gram-positive bacterial cell wall 
structure.

∗

∗
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3 Endodontic Microbiology

Endodontic microbiota can be analyzed by a variety of methods. 
These include culture, a variety of staining methods using light 
microscopy, electron microscopy, immunologic techniques, and 
an increasing number of molecular methods characterizing the 
microbial DNA or RNA (Haapasalo et al., 1986a; Happonen, 1986; 
Siqueira et al., 2001; Fouad et al., 2002).

The choice of technique used is dependent on availability of 
resources and the goal of the investigation. When antibiotic sus-
ceptibility of the causative organisms is needed, culture methods 
have priority. For etiologic and epidemiologic studies, methods 
using DNA amplifi ed by PCR and other molecular techniques are 
used. These include PCR, real-time PCR, nested PCR, quantitative 
PCR (Q-PCR), reverse transcriptase PCR (RT-PCR), species specifi c 
primers, 16S rRNA sequencing, DNA sequencing, pulse fi eld gel 
electrophoresis (PFGE), denaturing gradient gel electrophoresis 
(DGGE), restriction fragment length polymorphism (RFLP) (fl uo-

rescent) amplifi ed fragment-length polymorphism ([F] AFLP), 
fl uorescent in situ hybridization (FISH), and DNA microarrays 
(Baumgartner, 2004; Siqueira and Rocas, 2005). Electron micros-
copy is suitable for the study of bacterial cell wall structures, e.g., 
virulence factors such as the capsule, and the structure and loca-
tion of bacterial biofi lms.

Microbiologic methods, DNA/RNA techniques in particular, 
have greatly improved during the past few years. However, none 
of these methods is completely error-free. The problem of false-
negative and false-positive results remains a challenge, and quan-
titative results are not possible with many of these techniques.

Techniques for Studying Endodontic Microbiota

Test procedures3.17 

Left: Starch hydrolysis test to indicate 
the presence of anaerobic bacteria. 
Iodine solution stains the starches in 
the medium dark blue if they have 
not been hydrolyzed by bacteria.

Middle: Bile Esculin agar used to 
 differentiate enterococci from other 
bacteria. The dark color indicates 
positive growth, as well as the 
 capability for Esculin hydrolysis.

Right: Sensitivity test for facultative 
aerobic and anaerobic bacteria using 
a special medium that does not inter-
fere with the effects of the antibiotic 
medication.

Gram staining 3.18 

Left: Gram staining of an endodontic 
sample. Gram-negative bacteria as-
sume a red color, while Gram-positive 
bacteria and yeasts stain blue.

Middle: The pleomorphic, Gram-
negative anaerobic rod Prevotella sp., 
 isolated from a case of acute apical 
periodontitis. The cellular morpholo-
gy ranges from coccoid to very long 
rodlike shapes.

Right: Microaerophilic/facultative 
 anaerobic, Gram-positive rod-shaped 
bacteria, genus Actinomyces. The cells 
appear straight or slightly curved.
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A Basic Principles

Preparation of a  microbiologic 3.19 
sample

In a microbiologic laboratory, the 
specimens are prepared upon various 
selective and nonselective culture 
media to culture and identify the 
 various bacterial species.

Fermentation set3.20 

Fermentation set for the identifi ca-
tion of anaerobic bacteria. The color 
indicators in the test ampoules 
change to a yellow color following 
production of acids by the bacteria 
from the various carbohydrates.

Enzyme test set3.21 

Enzyme test set for detection of the 
presence and the production of 
 glucosidase and aminopeptidase 
 enzymes, which are identifi ers for 
 numerous anaerobic and facultative 
anaerobic bacteria. The moment an 
enzyme metabolizes a certain sub-
strate, previously invisible molecules 
become colored and are released 
into the medium revealing enzyme 
activity.

Modern test techniques3.22 

Left: DNA microarrays permit the 
testing and identifi cation of numer-
ous genes or DNA sequences using an 
automated reading system. Specifi c 
probes are “injected” onto the walls 
of the chips, and subsequently used 
to identify the substances within the 
sample. The strength of the signal is 
characterized in various colors within 
the fl uorescent array.

Right: Silver-colored polyacrylamide 
gel following gel electrophoresis. This 
test is performed to compare the var-
ious strains of Candida albicans in or-
der to ascertain differences between 
individual isolates.
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4 Endodontic Diagnosis

4  Endodontic Diagnosis
The goal of endodontic diagnostic procedures is to determine the 
condition of the pulp and the periradicular tissue. Diagnosis is 
diffi cult because it is impossible to directly inspect the pulp and 
the clinician has to rely on indirect methods of examination.

Patients who present with pain in the facial region often have 
pulpal or periradicular disease. Within a very short period, the 
dentist must arrive at the proper diagnosis and devise a targeted 
clinical and therapeutic regimen which relieves the patient’s pain 
and assures long-term maintenance of the affected tooth. In 
terms of the appointment structure within the dental practice, 
this presents an important challenge for the dentist. However, no 
diagnostic method has perfect sensitivity and specifi city. Knowl-
edge gleaned from the patient’s chief complaint, medical/dental 
history, appropriate clinical tests, and differential diagnosis, will 
in most cases lead to an accurate diagnosis and subsequent suc-
cessful treatment.

The absence of clinical symptoms does not necessarily mean 
that the pulp is completely healthy. In the case of infection with 
bacteria with minimal virulence, or in the case of strong immu-
nologic resistance within the pulpal tissues, a transient acute in-
fl ammation can become chronic and be detected by chance, for 
example due to crown discoloration or lack of pain or painless-
ness during the placement of a restoration. Conversely the acute 
phase may develop within a chronic process. Infection may also 
be primarily acute. Pain as a diagnostic criterion of endodontic 
disease has relatively low sensitivity. According to Langeland 
et al. (1994), there is no correlation between clinical signs and 
 symptoms and the histopathologic status of the pulp, although in 
one study 80% of the patients who presented with dental pain 
had histological evidence of an irreversible alteration within the 
pulp (Dummer, 1980). There is also no direct correlation between 
the severity of pain and the progression of the infl ammatory pro-

cess, (i.e., between the specifi c types of bacteria and the clinical 
symptoms) (Dummer, 1980).

To quickly establish an appropriate working diagnosis, it is wise 
to follow a systematic procedure (e.g., from the outside to the in-
side). All clinical investigations regarding pain intensity should 
always be interpreted in comparison with the adjacent and/or 
contralateral teeth. This helps to establish clear comparisons with 
regard to both the objective and subjective reactions of each indi-
vidual patient. In the case of multirooted teeth, the diagnosis is 
rendered much more diffi cult due to the different histopathologic 
conditions within the pulp of the individual root canals.

Tenderness to percussion indicates an extension of pulpal in-
fl ammation into the periapical tissue (e.g., periodontal ligament). 
Pulpitic and/or periapical discomfort may radiate to other areas 
of the jaw and face, but almost never crosses the facial midline 
(Seltzer et al., 1963). Pain originating from the mandibular teeth 
is often referred to the periauricular area, and pain originating 
from maxillary teeth may be referred up to the temple.

If the patient reports bilateral pain, one must consider system-
ic disease rather than pain of odontogenic origin. In such cases, 
although a patient may believe that the teeth are the origin of 
their discomfort, the pain is actually originating elsewhere. Nat-
kin et al. (1975) observed cardiac etiologies in 18% of patients 
presenting with supposed tooth pain. The possible pulpal and 
periapical diagnoses are listed below (the transition between the 
individual pulpal states is sometimes vague):
• clinically healthy pulp;
• reversible pulpitis;
• irreversible pulpitis;
• necrosis;
• apical periodontitis (acute or chronic).
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A Basic Principles

The information gleaned from the patient’s medical history 
should clarify whether the patient has any systemic medical dis-
ease or whether any medications are being taken that could in-
fl uence the treatment and prognosis of endodontic therapy. The 
best method for taking a medical history is to use a standardized 
questionnaire.

In general, there are no contraindications to endodontic treat-
ment; however, each patient’s physical and psychologic condition 
should be considered. If the dentist is in any way uncertain, the 
patient’s general physician or a medical specialist should be con-
sulted before the initiation of endodontic treatment.

As a basic principle, the medical history should be reviewed 
and updated before each endodontic appointment. If the medical 
history reveals pre-existing conditions such as endocarditis, heart 
valve replacement, or rheumatic fever, antibiotic prophylaxis is 
indicated before root canal therapy. In the case of other condi-
tions such as glaucoma, asthma, or pregnancy, epinephrine-con-
taining anesthetic solutions should not be used. In patients with 
diabetes, human immunodefi ciency virus (HIV) infection, or fol-
lowing radiation therapy, one must remember that the course of 
healing will be longer. It is also critically important to note the 
presence of any allergies (e.g., latex, penicillin).

Medical History and Clinical Examination

Patient information4.1 

The patient’s dental history must include questions concerning 
previous dental visits, recently placed restorations or pulp cap-
ping procedures, and any previous complications associated with 
dental treatment.

If a patient presents as an emergency, the primary complaint 
should fi rst be recorded briefl y in the patient’s own words. Details 
to be documented include pain localization, duration, and quality/
quantity, as well as any stimuli that trigger, increase, or relieve the 
pain. After questioning the patient, a comprehensive examination 
of the entire intraoral environment should be carried out. If a tooth 
is suspected of requiring endodontic treatment it should be as-
sessed in terms of restorability and strategic importance.

The decision about endodontic treatment should be made only 
after a comprehensive assessment of the clinical fi ndings, the 
primary complaint, medical/dental history, and the differential 
diagnosis, which is the only relatively reliable way to reach an 
accurate diagnosis. This allows rapid planning of targeted therapy 
to reduce the patient’s discomfort.

It is obligatory to inform the patient not only about the prog-
nosis and procedures involved in endodontic therapy, including 
the necessity for numerous radiographs, possible complications, 
but also about the fi nancial burden of the endodontic therapy 
 itself and subsequent costs of necessary prosthetic treatments 
after successful root canal therapy.

Information concerning root canal treatment

Dear Patient,

Your treatment plan will include root canal therapy. This document con-
tains important information about root canal treatment; if you have any 
more questions or concerns you can obtain additional details and infor-
mation from your dentist.
Root canal treatment becomes necessary if the nerve within the affected 
tooth (pulp) becomes infl amed or is already dying. This condition often 
causes toothache, but it may also remain unnoticed and be detected by 
chance, for example through use of a pulp tester or on a radiograph.

Root canal treatment is usually the “last chance” to maintain the dis-
eased tooth. No dentist can offer a guarantee of success.

The affected tooth will fi rst be isolated from the oral cavity by means of a 
rubber dam (latex rubber). This protects you from possibly swallowing 
dental instruments or rinsing solutions, and additionally guarantees a 
sterile and compact fi eld of operation for the dentist.
The infl amed nerve will be removed from the tooth, the root canal will be 
cleaned using small instruments called fi les and disinfected. It will then 
be fi lled with a biocompatible substance (gutta-percha) in combination 
with a sealer cement. If the nerve is not yet completely necrotic, you will 
fi rst receive a local anesthesia. During the root canal treatment proce-
dure, some radiographs will be required. Depending upon the number of 
root canals in the tooth (up to four), and how easy it is to clean and shape 
these canals, several time-consuming appointments will be necessary. If 
unexpected problems occur, the time of treatment may be extended, or it 
may be decided that restoration of the tooth is impossible and that it 
must be extracted (taken out).

As with every dental procedure, there may be some complications while 
doing a root canal treatment, even though the utmost care has been tak-
en. These include:
–  swelling or discomfort of the affected tooth—this usually occurs within 

the treatment period, between the appointments, but it may occur 
some later time following completion of the root canal treatment;

– injury to the root canals by instruments or inserted posts;
– Instrument fracture;
– tooth fracture;
– unusual and unanticipated damage to the nerves within the lower jaw
–  perforation of the maxillary sinuses, because the roots of some teeth are 

very close to them;
– overfi lling of the root canal.

Alternatives to root canal therapy include dental-surgical procedures in 
which the apex of the diseased root tip is removed (apicectomy). In the 
posterior teeth only the compromised root may be completely removed. 
If all else fails, the only possible treatment will be removal of the tooth.
If you decide against the recommended root canal treatment, because you 
may be pain-free, without any clinical signs and symptoms and your con-
dition was only detected by chance during routine radiographic examina-
tion, you should understand that the infl ammation of the tooth pulp may 
progress towards the maxillary sinuses or into and along the nerves of the 
lower jaw; this can lead to pain, swelling and abscess formation with sup-
puration.
Following the initial root canal appointment, and following the abating of 
the local anesthesia (approximately 2 hours) some mild to moderate dis-
comfort may occur in the affected tooth. This discomfort usually subsides 
in intensity; however, it may persist for 2–3 days following the treatment. 
You may need to take over-the-counter pain medication, e.g., ibuprofen. 
In the case of more intense pain or increasing pain, we ask that you tele-
phone the offi ce immediately for an additional appointment. We request 
that you refrain from driving for at least one hour after the end of the 
procedure as the anesthetic will still be having an effect.
Following root canal treatment, the crown of the affected tooth may be-
come esthetically compromised, i.e., “discolored.”
With successful root canal treatment of the tooth, its long-term survival 
(especially in the posterior segment), depending on the loss of tooth 
structure, should be enhanced by the subsequent placement of a partial 
crown or a full crown, sometimes involving the use of a pin or a post 
within the fi lled root canal. This is a fi rm recommendation.
By signing this document, you confi rm that you have been informed 
about the necessity for the root canal procedure, the procedure itself, the 
possible complications, and alternatives to root canal treatment, and that 
you agree to undergo this therapy.
I have been informed about the necessity, possible complications and 
 alternatives to root canal treatment. I have no additional questions. As 
attested by my signature, I confi rm my willingness to undergo the proce-
dure.

_____________________________________ __________________________
Patient Signature Date
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4 Endodontic Diagnosis

The extraoral examination begins when the clinician greets the 
patient. During this time any atypical external facial features 
should be noted including facial asymmetry (e.g., swelling, skin 
color, the appearance of fi stulae and localized redness, etc).

Extraoral bimanual palpation, including a comparison of the 
submandibular and cervical lymph nodes on both sides may 
 provide clues about any spread of infection or the presence of 
tumorous diseases. It is essential to clarify whether a localized or 
generalized condition represents the etiology of any abnormality 
noted. The masticatory muscles should be palpated bimanually. 

The mouth opening should also be checked: It should be at least 
three fi ngers’ wide for root canal treatment to be carried out.

The intraoral examination includes an assessment of the gen-
eral dental status combined with careful examination of the hard 
and soft tissues for swellings, sinus tracts, crown discoloration, or 
tooth mobility. The condition of the hard and soft tissues (tongue, 
lips, cheeks, palate, and neck) as well as the status of the denti-
tion, the periodontium, and the oral hygiene, and number and 
quality of dental restorations should be recorded.

Extra- and Intraoral Examination

Extraoral examination4.2 

Left: Submandibular abscess extend-
ing posteriorly from the mandibular 
left second molar.

Right: Extraoral cutaneous fi stula 
caused by odontogenic infection.

Intraoral examination4.3 

Left: Discoloration of the crown of 
the maxillary fi rst incisor resulting 
from accumulation of hemosiderin in 
the dentinal tubules.

Middle: Intrapulpal hemorrhage 
 following crown preparation.

Right: Hyperplastic pulpitis: “pulp 
polyp.” Proliferative nature of pulp 
tissue after chronic irritation (e.g., 
caries, most often observed in young 
teeth).

Intraoral examination4.4 

Left: Pink spot: Typical appearance of 
internal resorption by odontoclastic 
cells.

Middle: Typical appearance of an 
 intraoral sinus tract.

Right: Atypical clinical picture of an 
intraoral sinus tract.
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A Basic Principles

The following examination procedures should be used routinely 
and in full for each patient: palpation and percussion, determina-
tion of tooth mobility, pulp tests, and periodontal and radio-
graphic examinations. As mentioned in the previous section, 
while carrying out clinical tests, one must always include com-
parisons with adjacent and/or contralateral teeth. Additional 
tests include occlusal analysis, transillumination, selective anes-
thesia, special bite tests, and/or test cavities if there is any doubt 
about the condition of the pulp.

Tenderness to palpation in the region of the apices of the teeth 
(e.g., fl uctuation or induration of the tissues and/or a positive 

percussion test), usually carried out by tapping the teeth with the 
handle of a dental instrument, are classis signs of advanced 
stages of infl ammation involving the periapical structures. The 
mobility of a tooth may be increased following occlusal trauma, 
crown or root fracture, or as a result of periapical infl ammatory 
processes.

Periodontal probing should be carried out in relation to the en-
tire dentition to permit differential diagnosis between endodon-
tic and/or periodontal etiologies.

An occlusal analysis can provide information about premature 
contacts in restorations or improper tooth loading, either of 

Diagnostic Tests

Clinical fi ndings4.5 

Left: Intraoral soft-tissue swelling 
originating from infection of the 
maxillary lateral incisor.

Middle: Intraoperative examination 
of the fl oor of a cavity; the pulp was 
exposed by the caries process.

Right: Pulpal diagnoses. Overview of 
the most common signs and symp-
toms (primary symptoms) of pulpal 
infl ammation.

Diagnosis of caries4.6 

Left: Diagnosis of distal interproximal 
caries in the maxillary left fi rst pre-
molar, by means of transillumination.

Middle: Exposure of the pulp after 
caries removal in the  maxillary left 
fi rst premolar following cavity prepa-
ration.

Right: Periapical diagnoses. Overview 
of the most common signs and 
symptoms (primary symptoms) of 
periapical infl ammation.

which may clinically simulate pulpitis. Removal of such prema-
ture contacts may lead to disappearance of the pulpitis-like 
symptoms in a short period of time.

A selective bite test using a bite stick (“tooth slooth”) may help 
in the diagnosis of complete or incomplete fractures: pain typi-
cally occurs on release of bite pressure.

Transillumination can assist in the diagnosis of interproximal 
caries, and may also provide information concerning cracks in 
the enamel and/or dentin or complete fractures. The penetration 
of light is considerably reduced behind the fracture line.

In diffi cult cases, it may be necessary to use selective anesthe-
sia, in which the suspect tooth is anesthetized, for example with 
an intraligamentary injection.

If the clinician still remains uncertain about the condition of 
the pulp, it may be necessary to remove an existing restoration or 
perform a test cavity without anaesthetizing the tooth. This pro-
cedure demands a tentative diagnosis, and must be considered 
the last diagnostic method of choice.

After carrying out all the investigations described here, in com-
bination with the primary complaint, the medical and dental his-
tory, and the differential diagnosis the dentist should be able to 
achieve a relatively precise diagnosis, and therefore also plan an 
individualized treatment regimen.

Reversible pulpitis

• Increased sensitivity to cold 
that subsides as soon as the 
stimuli is removed 

• Positive response (to thermal 
or electric) pulp test 

Irreversible pulpitis

• Prolonged sensitivity to heat or 
cold 

• Positive response to pulp test

Necrosis

• Usually no response to thermal 
or electric pulp test

Acute apical periodontitis with/
without abscess

• Pain during chewing and/or 
with percussion 

• Tenderness to palpation in the 
nearby gums, swelling

Chronic apical periodontitis

• Usually asymptomatic and an 
incidental radiographic fi nding

• Negative response to pulp and 
percussion test 
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4 Endodontic Diagnosis

Pulp test4.7 

Left: A diagnostic ice stick made with 
frozen water in a needle cover can be 
used for cold testing.

Right: In this case,  adjacent metallic 
restorations are evident, and the pulp 
test may be compromised due to car-
ryover of the cooling  effect. Separa-
tion of the teeth using a plastic or 
rubber strip may be  helpful.

Delayed reaction to the pulp 4.8 
test

Left: The pulp tissue is often calcifi ed 
in elderly patients. The pulp test in 
such cases is usually not helpful. It 
may be necessary to prepare a test 
cavity to investigate more fully the 
condition of the pulp. A radiographi-
cally visible calcifi cation does not 
necessarily mean that the pulp is 
 necrotic.

Right: Complicated crown fracture of 
a maxillary central incisor following 
traumatic injury. A pulp test immedi-
ately following such trauma may be 
negative.

small apical radiolucent zones are visible on the radiograph. Pulp 
tests utilizing cold temperature (with a level of precision of 90%) 
are preferred over electrical (84%–88%) and heat tests (83%) (Pe-
tersson et al., 1999). The most convenient method involves using 
ice sticks made by freezing water or carbon dioxide snow. A com-
plication in the form of enamel cracks using cold tests may occur 
at the earliest 2 minutes of application (Peters et al., 1994).

The pulp test result will be infl uenced by the thickness of 
enamel and dentin, amount of reparative dentin, and presence of 
calcifi cations. Following dental trauma, the tooth in question may 

remain insensitive for several days or weeks. If the tooth has an 
immature apex or if the patient has taken analgesics, pulp vitality 
tests will be unreliable.

Failure to respond to such a test does not absolutely indicate a 
necrotic pulp. In such cases it is necessary to use additional diag-
nostic methods such as removal of a restoration in the suspect 
tooth or a test cavity without anesthesia in order to determine 
the condition of the pulp. In patients with a cardiac pacemaker, 
an electrical pulp test should be avoided.

The pulpal sensibility test is an indirect method of determining 
the condition of the pulp and provides information about the vi-
tality of the sensory nerve fi bers. The infl amed pulp reacts in a 
hypersensitive way, whereas necrotic pulp does not respond. In 
multirooted teeth the test is more diffi cult to carry out due to the 
possible differing histologic conditions within the pulps of the 
individual root canals. In addition, pulp tests do not allow differ-
entiation between various stages of pulpal disease.

Any pulp test should be carried out on a dry tooth surface at 
the cervical region of the tooth, and a comparison made with the 

adjacent or contralateral tooth. The tooth should be touched only 
briefl y (do not wait until the patient experiences pain!).

In patients presenting with complete ceramic restorations the 
teeth may not react to pulp tests because ceramic isolates the 
tooth; in patients with proximal metallic restorations, these 
should be separated using rubber dam or plastic strips because of 
conduction of the stimulus to the adjacent teeth or to the attach-
ment apparatus.

If the patient cannot precisely identify the offending tooth, the 
test should be carried out in reverse order or in combination with 
other clinical tests. A positive result may be achieved even when 

Pulp Tests
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A Basic Principles

Before determination of the fi nal diagnosis and initiation of ther-
apeutic measures, the clinician is wise to consider a comprehen-
sive differential diagnosis which should include assessment of 
cervical defects, occlusal interferences, loose or fractured resto-
rations, periodontal lesions, maxillary sinusitis, otitis media, or 
temporomandibular pain and/or myofascial pain dysfunction 
syndrome, all of which can induce pain that mimics endodontic 
problems.

Additional diagnostic tests will be necessary to identify true in-
fl ammation of the pulp.

Teeth with periodontal lesions often show an intact crown, and 
usually, a positive pulp test, and the periodontal probing depth is 
generally increased throughout the entire dentition. A negative 
pulp test on a previously compromised tooth with isolated vertical 
bone loss may lead to a diagnosis of endodontic pathology.

In maxillary sinusitis, usually the teeth adjacent to the sinus 
(premolars and molars) are painful and/or percussion sensitive, 
with a positive pulp test. Other conditions that need to be consid-
ered include facial pain and headache, which have a typical presen-
tation, as does pain during movement of the head, especially while 
bending over and in combination with unilateral nasal blockage. 

Differential Diagnosis

Pulpitis-like symptoms4.9 

Cervical erosion or wedge-shaped 
defects of the teeth may lead to sen-
sitivity problems mimicking pulpitis.

Right: Premature occlusal contacts or 
occlusal discrepancies can lead to 
pulpitis-like symptoms. Such symp-
toms disappear quickly after removal 
of the premature contacts by selec-
tive grinding.

Interradicular and vertical 4.10 
bone loss

Left: Interradicular radiolucency that 
resulted from previous inadequate 
endodontic therapy in the presence 
of a deep isolated buccal pocket.

Middle: The lesion completely healed 
following successful endodontic 
 retreatment.

Right: Vertical bone loss on the 
 mandibular right canine that showed 
a positive pulp test, in association 
with generalized periodontal disease 
throughout the dentition.

Maxillary sinusitis4.11 

The patient presented with pulpitis-
like symptoms in the right maxilla, 
and was unable to clearly localize the 
offending tooth. The maxillary right 
premolars and molars were caries-
free (bitewing radiograph) but sensi-
tive to percussion and also exhibited 
a clear response to the pulp test. The 
patient also complained of headache. 
Further questioning revealed unilat-
eral nasal blockage, and pain while 
bending over.

Right: The radiograph shows an air- 
fl uid level in the right maxillary sinus 
and confi rms the tentative diagnosis.
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4 Endodontic Diagnosis

Teeth exhibiting incomplete fractures (“cracked tooth syndrome”) 
can respond with increasing sensitivity to cold, and pulpitic de-
generation leading to necrosis of the pulp tissue is possible. Most 
typical is a short-term “release reaction” to pain following biting 
on a hard substance, which is due to stretching and rupture of 
the odontoblastic processes.

To determine the source of pain, reproduction of the patient’s 
symptoms by applying selective biting pressure on a bite stick 
can clarify this diagnosis.

A correlation exists between the size of a dental restoration 
and the size of teeth exhibiting cracks. Prevalence is estimated 

to be 5.2 % – 15.2 %, with mandibular molars most often affected.
   Teeth with vertical root fractures often have a long history of 
pain, combined with recurrence of symptoms, swelling, or a 
sinus tract. Many patients will have a narrow, locally isolated, 
deep pocket on the affected tooth, possibly with increased tooth 
mobility. Vertical root fractures are seldom seen on a radiograph, 
but sometimes a translucency is visualized along the periphery 
of the root, with typical V-shaped osseous resorption. Tamse et 
al. (1999) found that about 10.9% of extracted and endodontically 
treated teeth had vertical root fractures.

Fracture / Cracked Tooth Syndrome

Vertical root fractures4.12 

Left: Most commonly affected are 
the mesial root of the mandibular 
molars and the maxillary premolars. 
The cause of a vertical root fracture 
may be the root anatomy; in teeth 
with previous loss of tooth structure 
the cause may be over-preparation 
of the root canal or use of a post. 
The forces exerted during lateral 
compaction have also been 
implicated.

Right: Vertical root fractures are 
 often not visible on the radiograph 
unless the plane of fracture happens 
to be at an appropriate angle to the 
x-ray beam.

Cracked tooth syndrome4.13 

The cracked tooth syndrome is the 
term used for incomplete fractures 
that may extend into the dentin. The 
prevalence varies between 5.2% and 
15.2%, with mandibular molars being 
most often affected. The fracture line 
mostly courses from mesial to distal.

Vertical root fractures4.14 

It is often necessary to refl ect a gingi-
val fl ap to confi rm a tentative diagno-
sis of vertical root fracture. This pa-
tient presented with a sinus tract in 
the region of the maxillary right ca-
nine, and reported a long history of 
pain in that region. Following radiog-
raphy of the sinus tract traced with a 
gutta-percha cone it was possible to 
localize its source. Increase in peri-
odontal probing depth on the tooth 
could not be confi rmed. The vertical 
root fracture became apparent only 
after refl ecting a mucoperiosteal fl ap.
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A Basic Principles

After completing the clinical investigations, the examination 
must be extended to include radiography, preferably using the 
right-angle technique. Such exposures will provide important 
clues about the anatomy of the tooth (extension of the pulp, as 
well as number, length, and any curvatures of the roots, pulp cal-
cifi cations, resorption, periodontal condition, and previous den-
tal treatment) and the surrounding structures; it must be noted, 
however, that diagnostic ability is limited by the two-dimensional 
image, which may cause diagnostic error. Therefore a defi nitive 
decision concerning therapy, based solely on the radiograph, is 
not acceptable. If the root canals are overlapping on the radio-

graph, it may be necessary to shift the tube for a mesially or dis-
tally angulated projection. If the patient reports what appears to 
be nonodontogenic dental pain, a panoramic radiograph should 
be taken and/or other diagnostic investigations also carried out.

Only if the apical lesion involves the cortical bone, will this be 
visible on the radiograph, with the actual defect being more ex-
tensive (Seltzer et al., 1963). According to Goldmann et al. (1974a, 
b), the interpretation of radiographs is associated with inter-
observer reliability of 47% and an intraobserver reproducibility of 
72% after 6–8 months.

Radiographic Examination

Initial radiograph4.15 

This radiograph was taken before 
 attempting retreatment of a previous 
inadequate root canal fi lling. Note 
the apical lesion: the patient had ten-
derness to palpation and percussion.

Radiographic examination4.16 

Left: The radiograph revealed dens 
invaginatus. The young patient pre-
sented with a sinus tract in the region 
of the maxillary right lateral incisor 
with a positive pulp test of this tooth 
and the adjacent teeth.

Middle: Radiographic assessment of 
internal root resorption. This fre-
quently follows dental trauma and is 
often detected incidentally.

Right: An obvious horizontal root 
fracture on a radiograph.

Initial radiographic fi ndings4.17 

Radiograph of a mandibular right 
second molar before endodontic 
therapy. The retained and impacted 
wisdom tooth led to complete 
 resorption of the distal root of the 
second molar.
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5 Endodontic Radiology

Endodontic therapy without radiographic diagnosis is not possi-
ble. However, today, digital techniques are increasingly replacing 

traditional radiographic fi lm technology, and also offering op-
tions for three-dimensional reconstructions of teeth and bone.

5  Endodontic Radiology

Poor projection5.1 

The patient moved the fi lm packet 
against the alveolar process, so that 
the angle of projection was too 
steep. The teeth appear foreshort-
ened, and the occlusal parts of the 
crowns are not visible. As a result the 
dental caries on tooth 26 was under-
estimated and tooth 27 was mistak-
enly treated.

Left: This example of a dissected 
specimen shows that if the palatal 
root of a maxillary molar appears 
considerably longer than the buccal 
roots, then the angle of projection of 
the x-ray beam was too steep in the 
vertical plane.

Poor development5.2 

Inadequate fi xation had rendered this 
otherwise satisfactory fi lm useless.

Using fi lm holders5.3 

With the use of a fi lm holder, the 
 situation in the previous fi gure is 
 better depicted on the radiograph, 
which now shows all relevant dental 
and other anatomic details.

Left: The less the palatal root is 
 superimposed on the buccal roots, 
the better the right-angle projection 
to the long axis of the tooth 
(shown on dissected specimen). 

Radiographic Dose and Quality
Patient exposure to x-rays has been reduced considerably in re-
cent years. In comparison with exposure from natural sources, 
the intraoral exposure has decreased to between 7.6 hours (Kodak 
Insight fi lm, 6-cm exposure fi eld) and 1.4 hours (with use of a 
semiconductor sensor). Whether or not this low exposure can be 
justifi ed depends on the quality of the technical performance of 

the procedure. Only through the use of sensors or fi lm holders, 
which provide the ability to take standardized radiographs, is it 
possible to accurately capture the anatomic relationships and 
compare sequential images. Errors in fi lm processing are gener-
ally responsible for reduced image quality.
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A Basic Principles

The “European Guidelines on Radiation Protection in Dental Ra-
diology” (and similar guidelines in the United States and other 
countries) provide for the fi rst time an evidence-based guide to 
indications for radiographic examinations in dental practice. 
With regard to endodontics, the following regulations specifi cal-
ly apply: Diagnostic and fi nal follow-up radiographs are an abso-

lute necessity. A fi lm for estimating the working length is neces-
sary when electronic methods of estimation do not give a clear 
indication of the working length. In patients who are free of 
symptoms during the fi rst year, a single follow-up radiograph 
1 year after the treatment is adequate.

Indications for Radiographs

Cone beam CT image 5.4 
 (Accuitomo)

Cone beam CT image (Accuitomo) 
image of a root canal fi lling in tooth 
14.

Left: Buccal view.

Right: Distal eccentric projection.

Cone beam CT image 5.5 
 (Accuitomo)

Left: Distal projection

Right: Palatal exposure, 
distal-eccentric 
(courtesy of Dr. Hubert  Amschler).

Digital sensor technology and modern traditional radiographic 
fi lms are equally suitable for endodontics. However, in endodon-
tics, digital technology is preferable when it is readily available 
because the patient will be exposed to a lower total dose of radi-
ation, increasing the likelihood of them consenting to additional 
images being taken.

Disadvantages with regard to image quality of digital systems 
in comparison with “wet fi lm” techniques today no longer merit 
discussion. The relatively low resolution of sensor storage devices 
is of no consequence. The advantage of digital radiography is that 
the PC represents a much higher quality “developing” machine. 
The conventional radiographic fi lm, because of its considerably 
reduced dynamics and the unpredictable infl uence of processing 
in the practice, much less frequently produces an optimum re-
sult. Over- or underexposed fi lms, as well as over- or underdevel-

opment and poor fi xation considerably reduce the relevant and 
clinically important information that can be gleaned from the 
image.

However, the increased versatility of digital systems is associ-
ated with some disadvantages when exposure times are too long. 
The digital image may still be useful, but the radiation exposure 
to the patient is nevertheless higher than necessary. To date, only 
one manufacturer offers automatic exposure control.
The “gold standard” for endodontology is the intraoral periapical 
radiograph. In individual cases, panoramic radiographs may offer 
a reasonable overview, but because of the lower resolution and 
the blurring of the image layer, they generally provide a poorer 
image quality. The third dimension is completely absent in both 
types of fi lm, and as a result computed tomography (CT) and 
cone beam tomography are being considered.

Digital or Analog?
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5 Endodontic Radiology

The use of a fi lm holder greatly improves the quality of radio-
graphs taken. Standardized radiographs can be taken without 
cone shadowing. With the use of a collimator, radiation exposure 
is greatly decreased. At the same time, the reduced radiation 
scatter improves the fi lm contrast. For over 30 years now, the 
Rinn XCP (Extension Cone Paralleling) system (Dentsply, Elgin, 
Illinois, USA) has proved its value in endodontology.

The fi lm holder is inserted with the patient’s mouth wide 
open; for mandibular radiographs the fi lm or sensor is positioned 
between the tongue and the alveolar process and for maxillary 
radiographs it is positioned high in the middle of the palate. For 
the maxillary teeth the fi lm/sensor is initially positioned parallel 
to the long axis of the tooth. If the fi lm/sensor extends far beyond 
the incisal edge or occlusal surface of the tooth in question, the 
fi lm should be tipped in the direction of the tooth crown. If the 

patient continues to bite reliably on the block, the fi lm holder 
will not move from the predetermined position. If the patient 
cannot bite, cotton rolls can be placed between the fi lm holder 
and the teeth. The collimator window is then oriented toward the 
tooth and the cone positioned vertically.

A specialized endodontic bite plate can be used for fi le and root 
canal length measurements, thus preventing contact with the fi le 
handle when the patient bites. Such plates do not permit jaw clo-
sure beyond what is necessary. If proper positioning in the distal 
segments of the oral cavity is not possible, the bisected angle 
technique without a fi lm holder may have to be used. Sensors or 
appropriate radiographic fi lms are then usually bent. However, 
owing to the artifacts caused by bending the fi lm, the accuracy of 
fi le or canal length measurement becomes questionable.

Film Holder Technique

Semiconductor sensor5.6 

Left: Semiconductor sensor with the 
XCP holder and collimator (RWT Win-
dow x-ray, Kentzler-Kaschner Dental, 
Ellwangen, Germany). The use of a 
collimator reduces radiation expo-
sure while improving image contrast.

Right: Clinical view of the device 
being used on the right side of the 
lower jaw.

Endodontic bite plate5.7 

Left: The endodontic bite plate.

Right: Endodontic bite plate in situ.

Cone beam CT, with its large fi eld of irradiation (NewTom, Aperio 
Inc., Sarasota, Florida, USA; MercuRay, Hitachi Medico Technology, 
Tokyo, Japan), is not indicated for use in endodontology because the 
doses involved are similar to those of dental spiral CT. Small-fi eld 
cone beam CT (e.g., Accuitomo, J Morita Europe GmbH, Dietzenbach, 
Germany) may be used for special indications, for example root 
fractures, complex canal geometry or overfi lling of canals.

Depending on the size of the radiographic fi eld (3 × 4 cm, 
6 × 6 cm), both the radiation exposure and the resolution is simi-
lar to that of a digital panoramic radiograph (2.1 line pairs per 
millimeter only permit recognition of the tip of an endodontic 
fi le greater than ISO 25).
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6 Anatomy

6  Anatomy
The basic anatomic characteristics of the teeth have been known 
for many years. However, because of the wide variations in di-
mensions and clinical presentations, it is necessary to understand 
the dental anatomy for each patient and for each tooth before 
endodontic therapy is attempted, with particular consideration 
of the anatomy of the root canal(s)—the “endodontium”—and the 
surrounding tissues.

The fi rst comprehensive and systematic description of root ca-
nal anatomy was published by Carabelli in 1844. His publication 
showed vertical and horizontal sections of teeth depicting in de-
tail the root canal system and structure of the teeth. Since then, 
various methods have been developed to better depict and de-
scribe the root canal systems within the teeth. The current com-
puted tomography (CT) techniques permit highly detailed three-
dimensional (3D) images of root canal systems. These technical 
advances show promise of bringing fresh perspectives for endo-
dontology in the coming years.

The earliest depictions of the highly variable, 3D nature of the 
dental pulp with lateral canals and arborization were published 
by Hess (1917; Zurich, Switzerland). He injected the root canals 
with a natural rubber and then removed the hard dental tissues 
using hydrochloric (muriatic) acid. These research preparations 
are still, even today, highly impressive and provide valuable de-
scriptive material for all generations of students. Other research 
techniques (Adloff, 1913; Vertucci, 1974, 1984) rendered the ena-
mel and dentin transparent, therefore allowing direct view of the 
internal tooth components and the fi ne tissue structure of the 
dental pulp.

It was in the 1950s that W. Meyer (Göttingen) helped provide 
the basis for a complete understanding of the apical third of the 
tooth root: serial sections 50 μm thick provided the basis for wax 

models of the distal 6 mm of a large number of teeth. Meyer de-
monstrated that the apical “delta” of the roots exhibits numerous 
lateral canals and arborization. The goal of endodontic techniques 
employing heat and chemical agents is to open and disinfect the 
“portals of exit” (POE) and then close those POEs using appropri-
ate sealers. In the case of surgical root tip resection (apicectomy), 
it is desirable to remove the apical 3 mm of the tooth root and 
then to retrogradely instrument an additional 3 mm into the root 
canal system. Subsequently, the retrograde cavity is sealed with 
an appropriate material. On the whole, this procedure either re-
moves or completely seals the apical 6 mm of the canal, thus eli-
minating the majority of lateral canals or isthmus structures 
(Weller et al., 1995).

Numerous studies have attempted to delineate the average 
number of roots and root canals, or to defi ne ethnic differences. 
Such studies have provided some indications, but they remain 
only vague descriptions.

The radiographic depiction of the tooth and its root canal 
system remains the most important component of endodontic 
therapy. Many scientifi c investigations have dealt with this com-
ponent; among these, the most extensive study involved 4183 
extracted teeth with 7275 root canals (Pineda and Kuttler, 1972). 
It is somewhat unfortunate that the noninvasive, radiation-free 
technique of magnetic resonance imaging (MRI) has not yet con-
tributed signifi cantly to a better understanding of the micro-
structure of the endodontium. On the other hand, CT, micro-CT, 
spiral-CT or 3D CT techniques have provided unexpected 
advancements in the visual depiction of the fi ne anatomy and 
anatomic structure of the endodontium, a feat that was long con-
sidered impossible.
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CT has been used in the fi eld of dental implantology and preoper-
ative planning for apicectomy for a long time (Velvart et al., 
2001). The extreme precision and detailed resolution of micro-CT 
is clinically desirable, but due to technical limitations it is not yet 
a reality in routine endodontic practice.

The fl at-panel, detector volume-CT provides very impressive 
images with high resolution, and in one in vitro study has de-
monstrated the capacity for 3D representation of vertical root 
fracture with a resolution of up to 140 μm (Hannig et al., 2005).

Clinical application of digital volume tomography (DVT) has 
already begun. With devices such as Accuitomo (J Morita) and 

 Galileo (Siemens) it is possible to create images that use radiation 
dosages similar to those for panoramic radiographs but require 
less exposure time. Depending on the image area, a resolution of 
125–300 μm is possible. In addition, instruments are now availa-
ble with predetermined apertures (TACT = tuned aperture CT) 
that take numerous conventional 2D CT images and then mathe-
matically compute a 3D image (Nair, 2003; Farman and Farman, 
2005). The advantages include a low dosage of radiation, simpli-
fi ed image construction, and good resolution (Nair and Nair, 
2007).

Computed Tomography—Clinical and 3D

Conventional radiography6.1 

A periapical radiograph of teeth 
45–47: This is a 2D depiction from 
the buccal aspect with a standard 
 level of resolution. Tooth 46 has an 
inadequate root canal fi lling and 
 large periapical lesions both mesially 
and distally. The crown of tooth 47 
has been virtually destroyed by 
 dental caries.

Volume tomography6.2 

A comparable CT view of teeth 46 
and 47 clearly demonstrates the 
 differences in image quality between 
traditional radiography and 3D CT 
(here, Accuitomo, J. Morita). With CT, 
the resolution is somewhat lower, 
but the infl ammatory foci are more 
clearly discernible and actually ap-
pear to be larger; this picture more 
clearly depicts the reality of the 
 situation.

Right: The mesial view illustrates the 
relationship between the root canal 
fi llings and the apical lesions.

Sagittal sections6.3 

Left: The technique of volume tomo-
graphy permits the depiction of any 
desired sectional plane. This image 
shows the four root canals of a maxil-
lary fi rst molar.

Right: Another image clearly showing 
the massive osseous destruction 
 below the root tips of a maxillary 
 second molar (courtesy of Dr. Hubert 
Amschler).
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CT was developed by Godfrey Hounsfi eld, and by 1971 had ma-
tured enough to be used in practice. The problems of the original 
high radiation dosage and the low resolution in the millimeter 
region have long been overcome by a series of technological ad-
vancements. Today, laboratory experiments demonstrate a reso-
lution of about 10 μm using axial high-resolution micro-CT (Jung 
et al., 2005). This level of precision makes micro-CT data compa-
rable with histology (Balto et al., 2000), and permits morpho-
metric analysis of bone, teeth, root canals, and the surrounding 
tissues (von Stechow et al., 2003).

In addition to the initial representation of root canal geometry 
(Peters et al., 2000) additional work with CT has depicted the ef-
fi ciency of root canal instrumentation using nickel titanium (NiTi) 
fi les (Bergmans et al., 2001; Peters et al., 2001, 2003). These stu-
dies demonstrated for the fi rst time that only about 70% of all 
root canal areas were successfully instrumented mechanically, 
and that the remainder were only reached with irrigation solu-
tions (Peters et al., 2003).

A systematic micro-CT examination of all tooth groups provid-
ed the basis for a fascinating interactive CD-ROM (Brown and 
Herbranson, 2005).

Computed Tomography—Research

3D reconstruction6.4 

A 3D reconstruction of a maxillary 
molar scanned with micro-CT. The 
external surfaces of the tooth are 
seen as transparent and the root 
 canals are colored. Following instru-
mentation using FlexMaster (left) or 
ProTaper (right), the various areas 
that remained noninstrumented by 
the fi les are clearly seen (green: non-
instrumented; red: instrumented).

2D images6.5 

Micro-CT data can also be used to 
portray a 2D image. Using this tech-
nology, it is possible to identify in va-
rious sectional planes, the continually 
changing cross section as well as the 
root contours and the root canals.

3D depiction of root canals6.6 

Following computer calculation and 
3D reconstruction from the raw data, 
it is possible to visually eliminate the 
external parts of a tooth and display 
the root canals alone. 

Left: Canal width before instrumenta-
tion

Right: Canal width following root 
 canal instrumentation using the Pro-
Taper. Note that one root canal (the 
mb2) was not instrumented (the nar-
row structure in the middle of the 
fi eld).
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MRI was developed in 1973 (Lauterbur) and has been in routine 
clinical use for over a quarter of a century. In contrast to standard 
radiographic techniques, MRI does not require the use of ionizing 
radiation, and has the capacity to accurately depict water and/or 
fat-containing tissues with high hydrogen–proton components. 
Traditionally, teeth and bone could not be depicted at all on MRI, 
or only poorly. Research in recent years has provided ways to 
overcome these limitations (Baumann, 1995).

Using special high-resolution spectrometers and a suffi ciently 
high fi eld intensity of 7 Tesla, the fi rst magnetic resonance micro-
scopy (MRM) images were produced (Baumann, 1995; Baumann 

and Doll, 1997). Improved measurement sequences (constant 
time imaging, CTI) provided more detailed images (Appel and 
Baumann, 2002). Clinical imaging of teeth remains diffi cult be-
cause of the small component of hydrogen protons. One measure 
that has proven effective is to have the patient hold water or an 
MR-contrast substance in the mouth, to allow use of a higher MR 
signal (Olt and Jakob, 2004).

Magnetic Resonance Imaging—Clinical and 3D

MRM of a mandibular molar6.7 

Left: A mandibular molar.

Middle: Conventional radiograph of 
the molar.

Right: With 3D reconstruction, the 
external tissues of the tooth can be 
eliminated electronically, thus per-
mitting a clear view of the internal 
surfaces of the tooth and the contour 
of the pulp.

CTI of a mandibular molar6.8 

Constant time imaging (CIT) uses 
three phase-coded straight lines to 
rapidly create a sharply depicted 
image.

Left: The 2D images perpendicular to 
each other reveal the anatomic de-
tails of a particular level of the mesial 
root (above, right) and the root 
 canals (below, left).

Right: Four views from the 3D re-
construction illustrate the dimen-
sions of the pulp horns and the ex-
panse of the root canal system.

MRM of an incisor6.9 

Left: An incisor.

Middle: 2D reconstruction from the 
MRM data set. The cross section 
 (upper left) through the root permits 
assessment of the primary canal 
 centrally and a white spot. A cross-
section parallel to the horizontal (be-
low left) shows the course of a lateral 
canal.

Right: This selected view from the 3D 
reconstruction clearly reveals the 
course of the lateral from the main 
root canal to the labial surface of the 
root.
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Maxilla

Distance from 
the root apex

I1 I2 C PM1 PM2 Molar 

mb db pal

1 mm #30–45 #20–60 #20–45 #15–70 #35–70 #10–40 #10–40 #15–340

5 mm #45–90 #30–100 #30–70 #45–300 #300 #30–300 #20–120 #20–520

Mandible

Distance from 
the root apex

I1 oder I2 C PM1 PM2 Molar

mes dis

1 mm #15–70 #10–80 #35 #40 #15–220 #20–60

5 mm #30–130 #130 #220 #150 #30–500 #40–240
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6 Anatomy

With the widespread use of the clinical microscope, more and 
more dentists are becoming aware of the huge anatomic varia-
tions within the root canal systems. This reiterates the importance 
of classifi cation systems, for instance the systems according to 
Weine, Ingle, or Vertucci (1984). A myriad of features—accessory 
canals, lateral canals, pulpo-desmodontal canals, C-shaped canals, 
multiple foramina, arborization, deltas, connections between and 
among canals—are now recognized, and must always be consi-
dered during root canal instrumentation and fi lling.

The classifi cation of the degrees of diffi culty of endodontic 
treatment according to Ingle (1996) is as follows:

• Type I: Insignifi cant curvature of the root canal
• Type II: Anatomic problems such as severe dilaceration, a com-

plex apical region with divergence or arborization of the canal, 
with numerous foramina

• Type III: Open foramen, incomplete root formation
• Type IV: Deciduous teeth, resorption of the root tip

Important Variations in Dental Anatomy

Root canals and the apex6.10 

The classifi cation of root canals 
 according to Vertucci (1984) into 
eight types is helpful in clinical 
 practice.

Left: The schematic depiction of the 
apical region by Kuttler (1955) is still 
today the “classical” picture, even 
though numerous variations exist 
(1 radiographic apex [RA], 2 anatomi-
cal apex [AA], 3 physiologic foramen 
[PF], 4 distance AA-RA, 5 distance 
AA-PF; approx. 0.5–1 mm).

In addition to the macroscopic anatomy of a root canal, the fi ne 
microscopic features of the apical root canal that can include ini-
tial dimension of 60–100 μm play an increasingly important role. 
The microscope permits searching for, and visualization of, the 
smallest fi les (size 6).

In simple terms, the root canal is a structure resembling a ta-
pered tube. It is widest at the coronal end (pulpal orifi ce) and 
narrowest at its apical end, which is formed by a constriction 
about 1 mm proximal to the apical foramen, the physiologic fora-
men (Kuttler, 1955).

Research studies and practical clinical experience have shown, 
however, that the pulp canal orifi ce is often narrowed due to the 
deposition of tertiary dentin and an apical constriction is present 

in only about 50% of teeth. In addition, in the apical region of the 
root, the canal walls are parallel, not tapered, and many root ca-
nals, as well as the physiologic foramen, are oval and not round 
(Wu et al., 2000; Briseño-Marroquin et al., 2004). Briseño-Marro-
quin et al. (2004) demonstrated that the frequency of occurrence 
of accessory foramina in the mesial roots of maxillary molars was 
33% and in the mandibular molars 26%.

More than 30 years ago, Kerekes and Tronstad (1977) demon-
strated that there were signifi cant differences in the width of the 
apical portions of root canals, with variations from 0.3–0.4 mm to 
0.7–0.8 mm within 1 mm of the apical opening of the root tip.

Average diameter of root 6.11 
 canals

In a series of three publications, 
Kerekes and Tronstad (1977) des-
cribed the physiologic diameter of 
the root canals of all tooth groups. 
Their data demonstrated a large 
range of variation. One of the most 
important observations was that 
even 1 mm from the root tip con-
siderable variation in canal widths 
can be expected and must be given 
consideration  during canal instru-
mentation and  fi lling.

3

2

1

5

4

Type I Type II Type III

Type IV Type V Type VI Type VII Type VIII

a  One canal at the apex

b  Two canals c Three canals
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All maxillary anterior teeth have one root and one canal. There-
fore, these teeth are type 1 according to the Vertucci system. Ex-
ceptions to this rule are extremely rare. For endodontic treat-
ment, the direction of approach to the root canals in these teeth 
is parallel to the long axis of the tooth; the root canal normally 
courses obliquely toward the distal.

The pulp chamber is signifi cantly wider in the buccolingual di-
rection than in the mesiodistal (md) direction. This must be con-
sidered during canal instrumentation.

The coronal pulp in a young tooth is close to the incisal edge 
and has three pulp horns in the maxillary central incisor and two 

pulp horns in the maxillary lateral incisors. Any existing over-
hang of the pulpal roof must be removed to avoid subsequent 
tooth discoloration.

In older patients, the roof of the pulp chamber is often fi rst 
encountered in the region of the tooth cervix. For this reason, the 
access cavity must often be made near to the incisal edge to 
achieve the necessary straight-line access to the root canal.

The lateral incisors generally have an oval canal and the root is 
frequently bent either buccally or distally. Therefore on the radio-
graph the canal can appear shorter than it actually is.

Maxillary Anterior Teeth

Maxillary incisor6.12 

For endodontic treatment, the open-
ing in the maxillary incisors is made 
on the palatal aspect. The coronal 
pulp chamber is large and wide. 
Therefore, during access cavity prep-
aration, it is important to make 
sure that all soft-tissue remnants 
are removed.

Maxillary incisor6.13 

In addition to a large coronal pulp, 
maxillary incisors may have a wide or 
narrow root canal, depending on the 
age of the patient.

In the apical portion, the canal 
 divides into branches in a deltalike 
 fashion, which can be successfully 
fi lled using the thermoplastic tech-
nique.

Maxillary canine6.14 

In contrast to the incisors, the root 
canal in canines is quite voluminous 
even in the middle third of the root, 
becoming much narrower only in the 
fi nal third near the apex. This anato-
mic feature must be given due consi-
deration during root canal instru-
mentation and fi lling.
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The mandibular anterior segment can be diffi cult to treat be-
cause most mandibular incisors and canines have only one root 
and one canal (type I; 60%; Rankine-Wilson and Henry, 1965). 
However, according to Benjamin and Dowson (1974), 25%–41.4% 
of cases have two root canals that merge in the middle third of 
the root (type II), or continue as separate root canals to the apex 
(type IV: up to 5.5%).

Mandibular incisors are delicate. In addition, the teeth are very 
narrow mesiodistally and can show areas of indentation. The sin-
gle root canal is straight, but located more labially and may curve 
distally or, less frequently, labially.

If a second root canal exists it will be positioned further lingual-
ly and is generally clearly curved. For this reason, it may be neces-
sary to include the incisal edge in the preparation or completely 
remove the crown (Hülsmann, 1992). According to Peters (1992a), 
there are several clues as to the existence of a second canal:
• The pulp chamber is not positioned centrally.
• An instrument within a located canal will be bent and directed 

laterally without touching the incisal edge.
• In an eccentric radiograph taken from the mesial or distal 

aspect (20–30°), the instrument will not appear to be centrally 
positioned within the tooth.

Mandibular Anterior Teeth

Mandibular incisor6.15 

Left: From the orthograde direction, 
the mandibular incisor appears quite 
thin, with a single, almost straight, 
root canal system (from Reuver, 
2005a).

Right: The proximal view of the tooth 
(which is not possible to see clinical-
ly) clearly reveals the wide root canal 
system with extensive branching that 
is virtually inaccessible using stan-
dard mechanical methods (from 
 Reuver, 2005a).

Mandibular incisor6.16 

Left: The mandibular anterior teeth 
present particular challenges for en-
dodontic treatment because of their 
small size.

Middle: The pulp chamber is usually 
opened in the center from the lingual 
aspect. About 20% of all mandibular 
teeth have a second root canal. The 
clinician should carefully search for a 
possible second canal orifi ce at the 
lingual aspect.

Right: On this extracted tooth, the 
two canals fi lled with gutta-percha 
are clearly evident. The canals have 
merged the apical region.

Mandibular canine6.17 

In every endodontic laboratory 
 exercise, anatomic variations of root 
canal size and shape are identifi ed 
and successfully “treated.”

Left: The radiograph shows two 
 divergent root canals in a mandibular 
canine.

Right: Radiographic appearance 
 following root canal fi lling.
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All maxillary premolars have two prominent pulp horns beneath 
the cusp tips; during access cavity preparation these pulp horns 
may be confused with the actual canal orifi ces. The mesial conca-
vity results in the danger of a lateral perforation during instru-
mentation. All the typical features of the fi rst premolars are rare 
in second premolars and vice versa. A preoperative radiograph is 
often helpful because in a single-rooted tooth with only one ca-
nal, the pulp space will be clearly visible. In premolars with two 
canals—within one or two roots—a defi nitive radiographic pic-
ture of the canal is limited to the cervical area (Peters, 1992b).

The fi rst premolar typically possesses two well-formed roots 
(56%). The root usually splits into two in the middle third either 
buccally or palatally. About 40% have only one root but with two 
root canals (type IV), which end together at a single apical fora-
men. Three-rooted fi rst premolars are rare (4%) and often have 
three root canals and three separate apical foramina (type VIII, 
Vertucci and Gegauff, 1979). These are similar to maxillary mo-
lars, whereby in two canal teeth the canals are located buccally 
and palatally.

Besides the above-mentioned number of roots, the number of 
canals per root is more relevant for endodontic treatment: Types I 

Maxillary Premolars

Maxillary premolars6.18 

Left: Maxillary premolars usually have 
two separate roots containing two 
separate root canals. The pulp horns 
are often quite pronounced (courte-
sy of Dr. F. Paqué).

Right: If the usual two canals exist 
within two fused roots, one may 
 expect intercommunicating canal 
 systems with arborization (clearing 
technique) (Reuver, 2005b).

Maxillary premolars6.19 

Left: The pulp horns of the premolars 
are often located high within the 
crown.

Middle: The dentin layer between the 
two roots must be removed in order 
to expose the subjacent coronal pulp.

Right: The actual canal orifi ces will 
often be found several millimeters 
deeper.

and II at 8% or 18% are rare. Most frequently, the clinician fi nds 
two completely separate canals (69%), and rarely three. With an 
average length of 21 mm, the fi rst maxillary premolar is some-
what shorter than the second premolar.

The second premolar typically has a single root with a single 
canal. Less frequently, one encounters second premolars with 
two roots, each with a separate root canal. With regard to canal 
confi guration, type I is dominant (48%). Types II and IV–VII, ac-
cording to Vertucci, are encountered with equal frequency. With 
age, the height of the coronal pulp decreases in the area of the 
pulpal horns and the pulpal roof (secondary dentin). The fl oor of 
the pulp chamber, however, remains at the level of the tooth cer-
vix.

The roots of maxillary premolars may be curved in all possible 
directions, and often exhibit two bends. Even in premolars with 
two canals of the same endodontic working length, the variation 
in position and therewith the canal length can present clinical 
problems. In such cases the clinician has two options.
• Take eccentric radiographs: If the cone of the x-ray machine is 

shifted horizontally (eccentric exposure), according to the 
“buccal object rule” the objects nearest to the fi lm (palatal ca-
nal) will move less compared with those structures distant 
from the fi lm (buccal canal).

• Place fi les of two different types (e.g., K and Hedström (H) 
fi les) in the canals. These can be clearly differentiated on a 
radiograph due to their different surface texture.
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In comparison with mandibular anterior teeth, mandibular pre-
molars have a cantilevered crown, suggesting that these teeth 
have a much larger root. However, the roots of the mandibular 
premolars are actually quite delicate and small, with a mesial de-
pression and a profi le that is primarily oval; the broadest width is 
in the buccolingual direction.

Because of the normal lingual tipping of mandibular teeth and 
the small lingual cusp of the premolars, access cavity preparation 
should be carried out from the buccal aspect toward the central 
fi ssure. The opening into the pulp chamber should be oval in shape, 

following the shape of the respective canal. The coronal pulp is 
wide, with a larger buccal and a smaller lingual pulp horn.

The canals of both mandibular premolars are similar in shape 
and quite wide in the buccal direction up to the region of the 
middle third of the canal. The apical one-third of the root canal, 
however, is quite narrow. Both mandibular premolars have, in 
most cases, a single root and a single canal. Nevertheless, with 
mandibular fi rst premolars the clinician must be prepared to fi nd 
two separate root canal orifi ces in about 25% of cases.

An acute exacerbation in a case of apical periodontitis may 
lead to transitory paresthesia of the mental nerve.

Mandibular Premolars

Mandibular premolars6.20 

Left: Mandibular premolars normally 
have one root and one root canal, but 
variations may include teeth with 
two roots and two root canals (clea-
ring techniques) (Reuver, 2005b).

Right: The buccal pulp horn is much 
larger and more pronounced, and 
 extends further coronally.

Radiographic depictions6.21 

Left: Lateral radiographic view of 
an extracted mandibular premolar 
showing the wide pulp cavity. The 
buccal pulp horn is particularly 
pronounced with respect to the 
lingual horn.

Middle: Pronounced periapical 
 lesions in teeth 43 and 44.

Right: Following endodontic treat-
ment of the two teeth, there was 
marked bone fi ll after only 6 months.

The mandibular fi rst premolar can present diffi culties during 
endodontic instrumentation, because the single canal in almost 
25% of cases splits in the apical third of the root into two separate 
canals (Pineda and Kuttler 1972; Vertucci, 1978), according to the 
canal confi gurations as described by Vertucci (types IV and V). 

From a practical point of view, this means that the access cavi-
ty preparation should be extended lingually to achieve ideal ac-
cess to the root canal.

The single canal, which is straight in the coronal half of the 
canal, is often considerably curved distally, either in the lingual 
or buccal direction. For this reason, the fi les for instrumenting 
the buccal portion of the canal should be inserted from a lingual 
approach, and for the lingual aspect from a buccal approach. Care 

must also be taken to avoid the danger of artifi cially straighten-
ing the canal or excessive widening of the delicate apical third of 
the canal. A small number of fi rst premolars will be of type II/III 
(< 5%). Less than 2% have three canals (Hülsmann, 1994).

The second mandibular premolar shows very few variations 
(2.5%) of types II, IV, and V. Almost always (97.5%) one encounters 
a single root with a single root canal. Less than 1% have three ca-
nals, and such presentations are extremely diffi cult to instru-
ment.
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A Basic Principles

Maxillary Molars
Maxillary molars present the greatest clinical challenge for endo-
dontic treatment. This is because the complexity of the root canal 
system surpasses that of all other teeth within the human denti-
tion (Peters, 1992c).

The maxillary molars usually have three roots, which contain 
four root canals, as described as early as 1915 by Moral (Rostock): 
“A fourth canal or a separation of the pulp chamber in the sense 
of the existence of a fourth canal will be observed in 63% of ma-
xillary molars.”

The two canals of the mesiobuccal root are oriented in the buc-
colingual direction, so that it is often necessary to use a distal 

eccentric radiographic projection to depict the individual canals. 
The distobuccal root is the shortest, usually exhibiting a single 
canal in the middle of the root. This canal is often fi rst curved 
distally and then mesially in the apical third of the root. The ori-
fi ce is usually located centrally rather than distally within the 
pulp chamber.

The palatal root is the longest, has the largest lumen, and is 
often buccally dilacerated in the apical third. The root canal often 
opens into the periodontal ligament space on the palatal surface 
of the palatal root. This fact contributes to the frequent misinter-
pretation of root canal length on traditional radiographs.

Complexity of maxillary 6.22 
 molars

Left: This palatal view of an extracted 
maxillary molar shows the standard 
image of a single massive root. The 
root tip is bent distally, giving the 
 impression that the entire root canal 
system is curved.

Right: In this distal view, the two buc-
cal roots and the palatal root appear 
widely separated. Note that all of the 
root tips are bent buccally.

Geometric lines6.23 

Left: A primary aid is line 1 between 
the mesiobuccal and palatal cusps 
with correspondingly named canals. 
A perpendicular to line 1 (line 2) 
drawn at one-third the width of the 
crown from the distal surface passes 
through the distobuccal canal.

Middle: The distobuccal canal can lie 
along line 2. In M1 the canal is furth-
er from line 1, at M2 signifi cantly 
further mesially.

Right: The frequently encountered 
fourth mesiopalatal canal lies mesial 
to the intersection of lines 1 and 2, 
about 10° from line 3.

Complexity of maxillary 6.24 
 molars

Left: This buccal view shows the stan-
dard image of two individual buccal 
roots, whose tips are curved distally. 
Mesially, a larger radius of curvature 
extends equally over the root tips, 
while distally only the fi nal 2 mm of 
the root tip appears bent.

Right: The mesial view shows the me-
sial and palatal roots fused together.

1 1 1

2 2 2

3
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6 Anatomy

Peculiarities of Maxillary Molars
Access cavity preparation in maxillary molars should begin in the 
central fossa and extend in the palatal direction (the pulp cavity 
is wide in this region, and easy to detect). Formerly, it was re-
commended that the access opening should be trapezoidal in 
shape, but today it is recommended that the access opening is 
more like a rounded triangle or even a complex shape to save as 
much hard tooth substance as possible (see Fig. 6.23).

In older individuals, or in patients with considerable tertiary 
dentin, the pulp chamber is reduced in size, which makes access 
cavity preparation and detection of the individual canal orifi ces 
more diffi cult. Developmental depressions and discoloration of 

the pulpal fl oor should be used as clinical guides. Seventy-fi ve 
percent of all maxillary molars have accessory canals, and these 
may serve as niches for bacterial colonization.

Because of the greater use of microscopes in endodontics, ad-
ditional canals (e.g., mb3, db2, or pal2) are increasingly being 
identifi ed and treated.

The second maxillary molar is very similar to the fi rst molar, 
but is smaller and exhibits less divergence of the roots. The disto-
buccal canal is usually detected more mesially, compared with 
the fi rst molar. The third molar exhibits an enormous variety of 
shapes, sizes, and root canal confi gurations.

Peculiarities of maxillary 6.25 
 molars

Left: An unconventional longitudinal 
section through the buccal roots of a 
maxillary molar reveals an instructive 
view of the shape of the canals.

Middle: In the orthoradial radiograph, 
mb1 and mb2 usually cannot be 
differentiated. In this vertical radio-
graphic projection, the wing of the 
rubber dam clamp is superimposed.

Right: A distal eccentric radiograph 
permits visual separation of all four 
root canals. The fi rst and  second me-
siobuccal canals are completely sepa-
rate.

Maxillary molars may typical-6.26 
ly have four root canals

The spatial relationships of the four 
root canal orifi ces are clearly depicted 
in this clinical photograph. The de-
pressions and dark color of connec-
ting lines on the fl oor of the pulp pro-
vide clues about the location of the 
individual orifi ces.

Step-by-step opening of the 6.27 
orifi ces

Left: Immediately after access cavity 
preparation, the canal orifi ces appear 
small, and are diffi cult to detect even 
microscopically.

Middle: Following initial opening 
using hand fi les, the orifi ces are easier 
to detect.

Right: Following successful instru-
mentation, mb1 and mb2 (left above) 
as well as db can easily be visualized 
(right). The palatal canal orifi ce lies 
below.
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A Basic Principles

The mesiobuccal root of the maxillary molars has a complex ar-
chitecture. Kidney-shaped and in some instances more volumi-
nous than the palatal root, the mesiobuccal root contains at least 
two root canals.

In the 1970s and 1980s, the frequency of a second mesiobuccal 
canal (mb2) was estimated at 18%–33%; subsequent in vitro stu-
dies revealed the rate of occurrence to be 52%–95.2%, and most 
recent in vitro work estimates 16%–78% (Görduysus et al., 2001).

More extensive use of the clinical microscope has contributed 
to the discovery that not only a fourth canal but other additional 
canals also exist. The reason lies in the knowledge of the fourth 

canal itself. According to Stropko, (1999), today’s endodontist can 
use ultrasonic devices as well as exploit the shadow-free resolu-
tion and magnifi cation of the clinical microscope for successful 
exposure of root canal orifi ces.

Even dental students will be able to locate the small mb2 canal 
orifi ce in almost half of all maxillary molars. It must be kept in 
mind, however, that about 16% of such canals cannot be effectively 
instrumented and sealed because the second mesiobuccal canal is 
often sharply curved, or highly calcifi ed compared with the fi rst 
mesiobuccal canal, and is diffi cult to access, particularly in older 
patients (Thomas et al., 1993; Baldassari-Cruz et al., 2002).

Maxillary Molars

Maxillary molar, 3D views6.28 

Left: Buccal aspect of a molar scanned 
using micro-CT at a resolution of 
10 μm, and then reconstructed 
three-dimensionally.

Right: The distal projection provides 
a view of the palatal root canal giving 
of branches in the middle third of the 
root (courtesy of Dr. F. Paqué).

Multiple foramina6.29 

After staining an extracted maxillary 
molar, the multiple apical foramina 
on the mesiobuccal and distobuccal 
roots are clearly visible.

Right: The transparent preparation of 
the same tooth clearly illustrates the 
four apical foramina and their rela-
tion to both of the primary canals 
within the mesiobuccal root (Reuver, 
2005b).

Complexity of the canal 6.30 
 system

Left: This mesiodistal projection pro-
vides a view of the fi rst and second 
mesiobuccal canals, which begin at 
two separate orifi ces.

Right: This mesiodistal view of an-
other maxillary molar shows the fi rst 
and second mesiobuccal canals initi-
ally following a common course be-
fore they divide into two separate 
canals.
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6 Anatomy

The distobuccal root of a maxillary molar normally has a single 
root canal. However, there are some case reports of a second canal 
—in some cases even with two separate foramina—in the disto-
buccal root (Martinez-Berna and Ruiz-Badanelli, 1983; Bond et al., 
1988; Hülsmann, 1997). Even the palatal root often has more than 
one canal. In addition to two separate canals with two separate 
foramina (Slowey 1979; Thews et al. 1979; Cecic et al., 1982; Ja-
cobsen and Nii, 1994), two confl uent canals have been described 
(Thews et al., 1979; Bond et al., 1988).

The maximum number of root canals so far reported in a maxil-
lary molar includes three palatal canals (Wong 1991; Maggiore et 

al., 2002) and three mesiobuccal canals (Martinez-Berna and 
Ruiz-Badanelli, 1983; Beatty, 1984) for a total of six canals. In this 
regard, it is important to note that many studies have limited 
themselves to teeth from Caucasians whereas other populations 
such as the Chinese or Africans also exhibit varying canal shapes 
and canal frequencies (Alavi et al., 2002). The increasing world-
wide migration of various populations between continents and 
the increasing multiracial populations in many countries may 
necessitate a new clinical approach to previous endodontic 
generalizations.

 

Molar with four canals6.31 

Maxillary molars almost always have 
four root canals.

Molar with fi ve canal orifi ces6.32 

This maxillary molar exhibits a rare 
characteristic: In addition to the 
usual four canals (mb1 and mb2 
[above and middle, right], db 
[middle, left], and palatal [pal, 
below, right]), a second palatal 
canal is visible (dpal,  below left).

Maxillary molar with six canal 6.33 
orifi ces

This maxillary molar in a southeast 
Asian patient has an extremely deep 
pulp chamber. In this mirror image, 
in addition to the  palatal canal (left), 
there are three mesiobuccal canals 
(below) and two distobuccal orifi ces 
(above).

mb1

mb2

db
pal

mb1

mb2
db

pal

mb1
mb2

db2
pal

dpal

mb3

db1
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A Basic Principles

The fi rst mandibular molar has two roots, and the mesial root 
usually has two canals which end at a single apical foramen in 
45% of cases. The mesiobuccal canal is the most diffi cult to in-
strument because it is directed fi rst mesially and then distally. 
The mesiolingual canal is broader and straighter, but may have a 
mesial curve in the apical region. Numerous anastomoses fre-
quently exist between the two mesial canals (Peters, 1992d).

The single distal canal is normally larger, oval in shape, and 
ends in 60% of cases shortly before the anatomical apex on the 
distal surface of the root (Tamse et al., 1988). However, more than 
25% of all fi rst mandibular molars exhibit two distal canals (Skid-

more and Bjorndal, 1971). According to Pineda and Kuttler (1972), 
type II (13%) and type IV (14%) are about equally represented.

The second mandibular molar is very similar to the fi rst molar. 
However, the roots are shorter, the root canals more curved, and 
the range of variation higher. In many cases (58%) the clinician 
will encounter only one or two mesial canals of type II or IV (Pineda 
and Kuttler, 1972: 21% for both types). In the distal root there is 
usually a single canal (>94%), and less frequently type II (2.1%) or 
type IV (3.5%; Pineda and Kuttler, 1972).

Mandibular Molars

Mandibular molar6.34 

In the majority of cases, mandibular 
molars have two roots (one mesial, 
one distal). The mesial root generally 
has two root canals, and the buccal 
canal is usually narrower and more 
curved. The distal root most often has 
one large, oval canal.

Right: The 3D reconstruction of a 
mandibular molar reveals, in this me-
sial image, the two canals coursing 
 separately. In the background, the co-
ronal canal system is wider, becoming 
narrower, and subsequently branch-
ing into two apical components which 
then fuse together.

Root canal fi lling, mandibular 6.35 
molar

Both mandibular molars show typical 
confi gurations: The fi rst mandibular 
molar often (up to 40%) has a second 
distal root canal; the second mandi-
bular molar usually has only one ca-
nal. Within the second molar, the 
communicating isthmus between 
the two canals, with otherwise sepa-
rate roots, is visible.

Right: The sectioned mandibular mo-
lar permits a view of the highly calci-
fi ed canal lumen. The left canal is 
severely bent and curving sharply 
near the apex. A large pulp stone (*) 
is visible on the fl oor of the pulp.

Isthmus and calcifi cations6.36 

An occlusal view of this mandibular 
molar reveals a wide isthmus be-
tween the two mesial roots (white 
 discoloration), as well as dumbbell 
confi guration of both distal canals.

Right: The 3D reconstruction of a 
mandibular molar with similar canal 
confi guration as in the clinical photo 
(left).

∗
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6 Anatomy

The access cavity preparation for mandibular molars should 
proceed from the center of the occlusal surface, and extend tra-
pezoidally with the broad base on the mesial margin, thus pro-
tecting the distal third of the tooth. As with maxillary molars, 
pulp stones are often encountered and must be removed before 
root canal preparation can begin. One may often encounter mesi-
al and distal root canal orifi ces; the distal orifi ce is usually more 
rounded and smaller.

Five pulp horns, which are longer and more pronounced lingu-
ally, are also often seen. The dentin overhang at the mesial orifi ce 
must be removed to lessen the danger of penetration.

A peculiarity is the so-called C-shaped canals. First described 
by Cooke and Cox (1979), with an incidence of 8%, they are most 
often encountered in second mandibular molars, but can also be 
found in fi rst mandibular molars, premolars, or even maxillary 
molars. In Chinese populations, the prevalence is 33%–52%.

Clinical signs of the presence of C-shaped canals include conti-
nuous pain, persistent bleeding from the root canal and confl uent 
canals. The roots appear tapered or fused on the radiograph 
(Peters, 1992d).

Transparent preparation of a 6.37 
mandibular molar

Left: This mesial view of the mesial 
root shows the confl uence of the two 
mesial canals in the apical third of the 
root, where a communicating system 
of root canals exists (Reuver, 2005a).

Right: Frequently, the distal root 
 canal (approximately 60%) exits on 
the distal surface of the distal root 
(Tamse et al., 1988).

Complexity of mandibular 6.38 
molars

Both the mesial root canals often 
have a number of intercommunica-
ting branches. With increasing age of 
the patient, internal calcifi cations will 
render access and instrumentation of 
the root canal diffi cult.
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A Basic Principles

In contemporary endodontology, the clinical microscope has 
greatly expanded the optical recognition of the fi nest anatomic 
structures within the teeth. The discovery, recognition, and defi -
nition of secondary root canals, which were previously rare or 
reconciled to the area of histologic studies, is today a common 
clinical experience.

It is important that clinicians practicing endodontology familiar-
ize themselves with the myriad of possible root canal orifi ces, 
shapes, paths, and branching patterns, as well as their locations, 
in order to identify each and every root canal and provide optimal 
therapy.

There are numerous keys to success. Diagnostic radiographs 
taken before the initiation of therapy will provide clues as to the 
existence of additional roots and/or root canals. In addition, it is 
necessary to take radiographs at various projection angles in or-
der to form a visual image of the 3D confi guration and position of 
the root canals. With time and experience, clinicians will develop 
a “feel” for the detection of hidden structures by following the 
fi ne depressions and indentations in the pulpal fl oor as well as 
the ability to recognize alterations in color. The “white line” is an 
example of this “feel.”

Special Cases

Diagnostic radiograph6.39 

Radiographs are the ultimate key to 
successful endodontic treatment. In 
this radiograph, one notes an addition-
al root in a mandibular molar: A true 
exception to normal mandibular mo-
lar anatomy (courtesy of D.  Jüsgen).

Unusual case I, mandibular 6.40 
molar

In this mandibular molar, the two 
mesial canal orifi ces are very close 
 together. A distal canal is located in 
the normal position (below). The 
dark line and a depression of the pul-
pal fl oor are leading to an atypically 
located fourth root canal (db).

Unusual case II, mandibular 6.41 
molar

During the revision of a prior inade-
quate root canal fi lling in this left 
mandibular fi rst molar, three inter-
communicating root canals were ob-
served mesially. This extremely wide 
eccentric radiograph also depicts the 
width of the distal canal rather well.

mb

db

dl

ml
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7 Local Anesthesia

In modern endodontic treatment, dental local anesthesia has a 
central role in treatment planning. Additional measures such as 
intravenous premedication, intravenous sedation, or general 
 anesthesia are necessary only in exceptional cases.

However, the various risk factors that may be present (e.g., the 
increasing number of older patients and those with pre-existing 
medical conditions or taking long-term medications for systemic 
conditions) demand an individualized approach that takes the 
risks into account. Available local anesthetics, vasoconstrictors, 
and application techniques should be optimally used for each in-
dividual patient. At approximately 4.5%, the rate of complication 
associated with the use of local anesthesia is low, and life-threat-
ening complications are extremely rare (Daubländer, 1997).

Local anesthesia in dentistry involves reversible blockade of 
stimulus propagation either from the peripheral nerve endings 
(e.g., infi ltration anesthesia, periodontal ligament injection) or at 
the level of the peripheral nerves (block anesthesia). In addition 
to their effect on vegetative and sensory functions, increasing 
concentrations of local anesthetics can cause inhibition or reduc-
tion of motor neuron functions and paralysis can occur. At the 
molecular level this happens through a specifi c, receptor-medi-
ated blockade of voltage-gated sodium channels of the neuronal 
axon. This leads to inhibition of formation and further transmis-
sion of action potentials. The sodium channels are present 
throughout the body and represent an important signal conduc-
tion system. Therefore, at a suffi ciently high systemic concentra-
tion, local anesthetics can elicit systemic nerve blockage. 
Possible consequences are disturbances of the central nervous 
system and the cardiovascular system.

All local anesthetic solutions have the same basic chemical 
structure, consisting of three components (Niesel, 2003):
• an aromatic residue that is responsible for the lipophilic 

 characteristics;
• a substituted amino-nitrogen compound, which is hydro-

philic;
• an intermediate chain, whose length is responsible for the 

 intensity of the anesthetic effect, and differentiation in esters 
and amides.

Ester-type solutions are metabolized and rendered nontoxic by 
cholinesterases in tissues and blood. The amides are primarily 
metabolized in the liver. For injectable solutions only amides 
should be used, whereas esters are still appropriate for super-
fi cial anesthesia (tetracaine or benzocaine) (Malamed, 2004).

Local anesthetic solutions must change their charge potential 
twice in order to reach the receptors on the inner surface of the 
nerve membrane. The local anesthetic molecules can only diffuse 
in their basic state. Local anesthetic solutions exist as hydrochlo-
ride compounds. Therefore they have to be neutralized by local 
tissue buffers to achieve a basic and diffusion-capable state. Fol-
lowing penetration of the multilayered neuronal membrane, the 
molecule releases the accumulated hydrogen ions, and then 
 remains nonprotonated and can interact with the receptors.

Depending upon the diameter of the nerve and the presence of 
a myelin layer, a sequence of nerve blockade occurs. Clinically, 
pain and temperature sensitivity (C- and Aδ fi bers) is blocked.

7  Local Anesthesia
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A Basic Principles

Lidocaine is a common local anesthetic and antiarrhythmic drug 
that is used worldwide; it is also the oldest amide preparation. 
Lidocaine is typically used as a 2% solution with epinephrine as 
vasoconstrictor (usually 1:100 000). It should be available as an 
alternative local anesthetic.

Articaine has potency similar to lidocaine, but is less toxic 
 because it is metabolized primarily in the tissues and blood. For 
dental use, it is available as a 4% solution with and/or without 
epinephrine. Because of its high protein-binding capacity, it is 
also indicated for use in pregnant women. An epinephrine 

 concentration of 1:200 000 or 1:400 000 is suffi cient for routine 
dental procedures.

Mepivacaine can be used without a vasoconstrictor because it 
possesses certain vasoconstrictor effects. It should be used as a 
3% solution, but has a relatively short period of effi cacy.

Bupivacaine, the most potent but most toxic local anesthetic 
drug, is effective up to 6 hours even without epinephrine. There-
fore it is indicated for long-term anesthesia and pain control.

Local Anesthetic Solutions (Amides)

Maxillary anesthesia

Block anesthesia of the 7.1 
 infraorbital nerve

Left: Extraoral injection site.

Middle: Intraoral technique (injec-
tion). It is important to palpate the 
infraorbital foramen as the needle is 
inserted. With this intraoral approach 
the canine is the primary landmark 
for both the choice of injection site 
and the direction of insertion of the 
needle.

Right: Infi ltration anesthesia in the 
 labial region.

Nerve block anesthesia7.2 

Left: Block anesthesia of the naso-
palatine nerve. The direction of entry 
of the needle is from the corner of 
the mouth on the opposite side and 
it is inserted until contact is made 
with the bone.

Right: Block anesthesia of the naso-
palatine nerve. Approaching from 
the opposite side of the mouth, the 
needle is inserted adjacent to the 
 papilla only a few millimeters deep.

Vasoconstrictors
Since virtually all local anesthetics lead to vasodilation, a vaso-
constrictor should be used along with them, as long as there are 
no contraindications. This improves the depth of anesthesia and 
lengthens the therapeutic period of effi cacy, while reducing 
 reabsorption and therefore limiting the systemic plasma levels. 
The agent of fi rst choice is the catecholamine epinephrine. 
 Octapressin has a delayed and weaker effect; epinephrine no 
longer used in this regard.

Additional Components
All solutions that contain a catecholamine as vasoconstrictor will 
also contain sodium disulfi de as an antioxidant. Allergic reac-
tions in patients with asthma can occur. The commercially avail-
able ampules do not contain any additional ingredients for pre-
servation or stabilization.

Clinical Choices
The individual components of a local anesthetic injection should 
be combined, keeping in mind the patient’s medical history, the 
anticipated treatment procedure, the anticipated technique, and 
the local anesthetic solution being used (Daubländer, 1999).
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7 Local Anesthesia

If superfi cial anesthesia is intended as the only form of anesthesia, 
it can be applied over a relatively large surface area. If the mu-
cosal injection is intended to eliminate pain and also act as a local 
disinfectant, it should be applied only in the immediate vicinity.

Infi ltration anesthesia is extremely effective (failure rate 
 approximately 5%). It is the most frequently used anesthetic tech-
nique, primarily in the maxilla. Infi ltration anesthesia may also 
provide suffi cient pain relief in the mandible for endodontic 
treatment mesial to the mental foramen. With the use of high 
concentration local anesthetic solution (3%–4%), infi ltration 

anesthesia can also provide suffi cient pain relief in the palatal 
alveolar process.

With nerve block anesthesia the entire peripheral nerve is 
 affected. With a relatively small amount of local anesthetic solu-
tion a large area can be anesthetized. Especially with a nerve 
block anesthetic injection near the mandibular foramen, one can 
achieve inhibition of sensory symptoms (lingual nerve and infe-
rior alveolar nerve). The needle itself should never be inserted 
directly into the foramen or the bony canal.

Technique

Inferior alveolar nerve block7.3 

If the needle is positioned properly, 
the local anesthetic solution will be 
deposited directly above the lingula 
and the foramen; this permits the 
 anesthetic to reach the inferior alveo-
lar nerve and the lingual nerve by 
 diffusion.

Left: If the lingula of the mandible is 
pronounced, this injection may be 
rendered more diffi cult clinically.

Failure to achieve anesthesia 7.4 
because of incorrect injection 
technique

If the tip of the needle is too far 
 anterior with respect to the foramen 
(left), insuffi cient anesthesia will be 
the result. If the needle is inserted 
parallel to the ascending ramus of the 
mandible and the tip goes beyond 
the foramen, not only will there be a 
failure of effective anesthesia, but 
some degree of partial facial paralysis 
can result.

Inferior alveolar nerve block7.5 

At the mandibular sulcus, above the 
foramen, 1–1.5 mL of anesthetic 
 solution is deposited. Approaching 
from the canine/premolar region of 
the opposite side, the needle is posi-
tioned approximately 1 cm above the 
occlusal surface, anterior to the 
pterygomandibular raphe and inser-
ted approximately 1.5–2 cm until 
bony contact is made.
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A Basic Principles

Periodontal ligament injection can be used for single-tooth 
treatment or for enhancing the anesthetic effect if previous anes-
thesia has not provided adequate pain reduction. Because of 
the raised reabsorption rates (cf. intravenous) the volume of the 
 injection and vasoconstrictor amounts should be limited.

In special cases (particularly infl ammatory pulpal conditions), 
intrapulpal and/or intraosseous injections may be required. High 
reabsorption rates must be taken into account in this case as well. 
Injection directly into infected tissues should be avoided, and in 
such cases extraoral anesthetic injections may be indicated.

Armamentarium7.6 

Left: Computer-assisted injection 
technique, which regulates the speed 
of injection depending upon the 
pressure within the tissue (The Wand 
plus).

Middle (from left to right): Injection 
syringe for use with passive aspiration, 
handpiece of the computer-guided 
injection device, intraligamentary 
 injection syringe.

Right: Plastic, single-use carpule 
holder with a cover that can be 
 removed with a single forward mo-
tion to prevent needle-stick injury 
(VarioSafe).

Anesthesia for endodontic 7.7 
 surgical procedures in the 
 maxilla

Left: Posterior segment. Buccal 
 infi ltration anesthesia and block 
 anesthesia at the palatal foramen.

Right: Anterior segment. Buccal 
 infi ltration anesthesia and nerve 
block anesthesia at the nasopalatine 
foramen.

Anesthesia for endodontic 7.8 
 surgical procedures in the 
 mandible

Left: Posterior area. In addition 
to block anesthesia of the inferior 
 alveolar nerve, one should also 
administer infi ltration anesthesia in 
the buccal vestibule to reduce any 
mucosal  discomfort and to prevent 
bleeding at the surgical site.

Right: Anterior segment. In most 
 cases block anesthesia of the inferior 
 alveolar nerve is not necessary; 
 lingual and buccal infi ltration anes-
thesia will usually be suffi cient to 
block the pain.

2.

1.

3.

4.

2.
1. 3.

4.

2.

1.

3.

5.

4.

2.

1.

3.

5.

4.

Side effects
In addition to specifi c side effects related to overdose of local 
 anesthetic agents or vasoconstrictors, nonspecifi c complications 
that may result from the patient’s feelings of fear, stress, or pain 
must also be considered. These are most often vasovagal syncope 
and the hyperventilation syndrome. Local complications are 
 usually of a transient nature; however patients must be informed 
that any nerve damage may be permanent. In any case, the entire 
dental treatment team must be well-trained in the event of 
 possible adverse effects.
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Substance Individual 
dose (mg)

Dose in-
terval (h)

Maximum 
daily dose 
(mg)

Special 
 characteristics

Acetamin-
ophen

500–1000 4–6 4000 Not anti-
 infl ammtory

Acetyl 
salicylic 
acid

500–1000 4–6 4000 Risk of hemor-
rhage, not 
a long-term 
therapy

Ibuprofen 400–800 6–8 2400 First choice

Diclofenac 50–100 8 150 Strongest 
 nonopioid

Metamizol 500–1000 4–6 4000 Relaxation of 
smooth muscles

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

7 Local Anesthesia

“Pain is defi ned as an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage, or de-
scribed in terms of such damage.” (Merskey, 1979).

This defi nition demonstrates that pain is related not only to 
nociception, but also to emotions and cognitive awareness. This 
clinical fact must be taken into consideration in every case of 
acute pain, and above all in cases of chronic pain. Only with a 
basic understanding of this biopsychosocial situation is appropri-
ate therapy possible.

The neuronal plasticity of the nervous system—peripherally as 
well as in the spinal and central planes—and the high number of 

patients with a psychological comorbidity may lead to a process 
of rethinking of traditional concepts. The following options are 
available to the dentist to prevent chronicity:
• effective reduction of acute pain during dental procedures;
• effective avoidance of repeated local irritation, such as  multiple 

surgical procedures or recurring infl ammation.

Chronic Pain and Analgesic Medications

Analgesic treatment7.9 

The gold standard is the World 
Health Organization (WHO) analge-
sic ladder. Nonopioid and opioid an-
algesics have both peripheral as well 
as central nervous system  effects. In 
general, each indicated substance 
should be administered primarily in 
an adequate dose and timespan, be-
fore any combinations are considered 
or changes are made.

Left: To avoid incorrect or indiscrimi-
nate self-treatment by a patient, the 
practitioner must provide precise 
 analgesic information, verbally as 
well as in written form.

Nonopioid therapy7.10 

For pain within the oral region, 
 nonopioids are usually suffi cient. 
They should be prescribed and used 
specifi cally for the particular pain. In 
some cases both an anti-infl ammatory 
and an antiphlogistic effect are desir-
able, here cyclo-oxygenase inhibitors 
 represent the drug of choice.

Left: Multiple splints and partial 
 dentures used as part of mono-
disciplinary and mechanical therapy 
of chronic facial pain. This patient 
had depression and, after appropri-
ate therapy, the pain symptoms sub-
sided.

Relationship between pain 7.11 
and stress

Pain and stress both activate the 
same area of the brain. In the medial 
pain system the affective portions 
are involved, while in the lateral pain 
system the discriminative and cogni-
tive functions are involved. Any irrita-
tion (pain or stress) is suffi cient to 
 activate both systems (Egle, 2003).

Central processing of pain and stress

Prefrontal cortexCingulate gyrus
anterior versus posterior

Lateral pain system

Amygdala Hippocampus

Medial pain system

Insula

PAG
Brainstem

Somatosensory cortex

Thalamus

Contralateral
spinothalamic

tract

A - δ - Fibers

C-Fibers

Descending
inhibition

Spinal
medulla

WHO analgesic ladder (1986)

Morphine
Oxycodone

L-Methadone Fentanyl 
Buprenorphine

WHO Step 3: Strong opioid analgesics
% 

Tramadol Tilidin (+ naloxone) Dihydrocodeine
WHO Step 2: Weak opioid analgesics

% 

Acetylsalicylic acid
Ibuprofen
Diclofenac

Piroxicam
Meloxicam

Acetaminophen
Metamizol

Coxib
WHO Step 1: Nonopioid analgesics

% 

Nonpharmacological therapy
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Low risk Moderate risk High risk

• Post pacemaker or defi brillator 
implantation

• Post bypass operation
• Mitral valve prolapse without 

mitral insuffi ciency
• Interauricular septal defect, 

secundum type

• Post pacemaker or defi brillator 
implantation

• Post bypass operation
• Mitral valve prolapse without 

mitral insuffi ciency
• Interauricular septal defect, 

secundum type

• Surgically treated heart valves
• Post bacterial endocarditis
• Cyanotic inherited heart defect 

(e.g., tetralogy of Fallot)

Initial situation Antibiotic Dosage Route of administration

No special considerations
(standard prophylaxis)

Amoxicillin 2.0 g Oral 1 h before 
procedure

Patients who cannot take oral 
 medications or who are already 
 receiving intravenous medications

Amoxicillin 2.0 g Intravenous 30 min before 
procedure

Penicillin allergy Clindamycin 600 mg Oral 1 h before 
procedure

Penicillin allergy in patients who 
cannot take oral medication or are 
already being treated intravenously

Clindamycin 600 mg Intravenous 30 min before 
procedure

Substance Generic name Trade name Dosage

Penicillin V Phenoxymethylpenicillin Isocillin
Megacillin

3 × 1.5 million I U

Propicillin Baycillin 3 × 1 million I U

Aminopenicillin Amoxicillin Amoxypen 3 × 1 g (750 g)

Aminopenicillin +
β-lactamase inhibitor

Amoxicillin + clavulanate Augmentin 3 × 625 mg,
2 × 825/125 mg

Clindamycin Clindamycin Sobelin 3 × 300 mg

Cephalosporin Cefadroxil Gruncef 2 × 1 g

Tetracycline Doxycycline Azudoxat 2 × 100 mg

Macrolide Roxithromycin Rulid 1 × 300 mg

Nitroimidazole Metronidazole Clont 3 × 400 mg

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

A Basic Principles

When using antibiotics in dental treatment, two basic regimens 
must be differentiated: First, prophylaxis (prevention), and 
 second, the treatment of infl ammatory diseases. In order to 
 reduce the development of resistant bacterial strains as well as 
the frequency of adverse effects, antibiotic therapy must be ad-
ministered in appropriate doses (based on body weight and 
 duration of effect) and over a limited period of time.

Also in immunocompromised patients, antibiotic prophylaxis 
should be given according to the guidelines for endocarditis pro-
phylaxis (“single shot” prophylaxis). In this regard, the most 
 important issue is the intraoperative drug level.

If antibiotic treatment is necessary, but no specifi c micro-
organisms have been identifi ed, use of a calculated antibiotic 
regimen is recommended (e.g., drugs selected according to the 
suspected microorganism).

In the case of extensive infections or treatment resistance, ap-
propriate tests should be carried out to determine the pathogen-
ic microorganisms and the appropriate antibiotic preparation 
administered (Al Nawas et al., 2002).

Antibiotics

Indications for endocarditis 7.12 
prophylaxis

The list of indications for endocarditis 
prophylaxis consists of conditions in 
which there is alteration of blood 
fl ow in the heart. Circulatory distur-
bances within the blood vessels can 
lead to accumulation of bacteria on 
any compromised surface and, 
 because of inadequate local host de-
fense response, lead to infl ammation 
of the heart valves or the internal 
 cardiac walls.

Endocarditis prophylaxis7.13 

Endocarditis prophylaxis is the gold 
standard and should be instituted for 
every oral procedure leading to hem-
orrhage—in particular, periodontal 
 injury. On the other hand, the use of 
such prophylaxis is controversial be-
cause of the possible adverse effects 
of the antibiotics (primarily allergic 
reactions).

Substances and preparations 7.14 
for use in dentistry/ 
endodontology

In clinical studies penicillin V, 
 amoxicillin plus clavulanic acid, as 
well as clindamycin and the newer 
macrolides have proved effective. 
 According to the guidelines of the 
Paul-Ehrlich Society, penicillin V is no 
longer the drug of choice, but instead 
an aminopenicillin + β-lactamase 
 inhibitor is preferred (Vogel et al., 
2002).

Note: The preparations listed are 
 examples only; this is not a complete 
list.
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8 Emergency Endodontics

The dentist in general practice is most often confronted with pain 
of endodontic origin. Carious lesions (also secondary caries) are 
the primary culprit in 88% of cases, followed by cusp fracture, 
hypersensitive cervical areas, and traumatic occlusion. If the 
 patient can identify the responsible tooth, or a radiograph reveals 
apical pathology, or there are additional clinical symptoms (e.g., 
sensitivity to percussion or a fi stula) that provide clues about the 
affected tooth and the overall pathophysiologic situation, a treat-
ment decision should be made quickly. If the patient reports 
 radiating pain not directly related to a specifi c tooth, symptom-
atic treatment should be initiated.

Clinical studies have reported varying rates of success follow-
ing direct pulp capping as an emergency treatment measure, 
ranging from 97.8% after 1.5 years to 61.4% 5 years later. In one 
clinical study, the success rate of 37% after 5 years dropped to 
only 13% after 10 years. Similar clinical studies following imme-
diate extirpation of the exposed vital pulp found signifi cantly 
higher success rates. For example, Rocke reported a 5-year  success 
rate of 93% for all endodontically treated teeth, and a 10-year 
 success rate of 81%. An exception to these excellent results were 
immature teeth with exposed pulps whose root growth was not 
yet complete.

8  Emergency Endodontics

Step one8.1 

Hemostasis should be attempted 
 immediately following a pulp 
 chamber exposure.

Left: The caries lesion has not yet 
 involved the pulp horn.

Step two8.2 

Apply a water-based calcium hydrox-
ide paste as a thin layer and press it 
lightly with a sterile cotton pellet. 
Wait a few minutes to determine 
whether any blood seepage occurs; 
if this is the case, the pulp capping 
material should be washed out and 
reapplied after bleeding has been 
completely stopped. An excavator is 
used to remove any excess  material 
so that only the root canal orifi ce is 
covered.

Left: Such pulp capping procedures 
may only be performed if the dentin 
is caries-free.

Step three8.3 

The calcium hydroxide capping 
 material is covered with zinc oxide 
eugenol cement, followed by glass 
ionomer cement, and a defi nitive 
restoration using composite resin.

Left: Against the regenerating, 
infl amed pulpal tissue with tempo-
rary damage is a zone of reparative 
dentin (2), diffuse mineralization (3) 
and osteoidlike dentin (4) and the 
zone of necrosis (5). The calcium 
 hydroxide paste (1) is covered with 
zinc oxide eugenol, and the cavity 
is then fi lled with glass ionomer 
cement and a composite restoration.

1

2

3

4

5
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A Basic Principles

Before attempting any management of pain of dental origin, the 
clinician must establish whether the patient has irreversible or 
reversible pulpitis or necrosis with or without apical involve-
ment.

The transition into irreversible pulpitis is gradual, making pre-
cise diagnosis very diffi cult. In the fi rst instance, the pulp chamber 
is not directly violated, but there may be a fractured restoration, 
exposed dentin, or an inadequate restoration. Pain can be elicited 
by stimuli such as cold, sweet, and sour and is of short duration.

The standard sensitivity test is positive, but there is no pain on 
percussion. A radiograph usually reveals deep caries or an old res-

toration with secondary caries; there are generally no radiographic 
signs of periapical involvement. Pulpal diagnosis has as its goal the 
maintenance of tooth vitality while simultaneously eliminating 
pain. This will usually involve complete removal of all old restora-
tions and caries; in no case should residual caries be left untreated. 
Only by these measures is it possible to eliminate the possibility of 
additional pulpal irritation. When the patient has been pain-free 
for 48 hours, the tooth can be restored. If pain persists or increases 
in intensity, it indicates that irreversible pulpitis is present. In such 
cases, the root canal must be appropriately instrumented endodon-
tically and later defi nitively restored.

Pulpal Diagnosis

Diagnosis8.4 

Approximately 4 months after place-
ment of a composite restoration, this 
patient presented with pain in the 
maxillary anterior region. The resto-
rations were removed using a dental 
explorer; carious dentin that had not 
been completely removed is clearly 
visible. The caries was fully excavated, 
and the cavities were lined with zinc 
oxide eugenol cement with a low 
proportion of eugenol.

Right: The teeth were not sensitive to 
percussion, but in the radiograph the 
lateral incisor shows a slight widening 
of the periodontal ligament space.

Treatment8.5 

The primary and secondary caries 
 beneath the inadequate restorations 
were removed as far as possible with-
out exposing the pulp. Subsequently 
the cavities were temporarily restored 
for 24–48 hours, using a temporary 
fi lling material.

Right: On the next day, a defi nitive 
swelling in the right infraorbital area 
was evidence of the failure to make 
the expected pulpal diagnosis. Main-
tenance of tooth vitality was no lon-
ger possible and a soft-tissue incision 
was made. The following day the 
 patient was free of symptoms.

Conclusion of treatment8.6 

After another 2 days, the root canals 
were  instrumented in all three teeth 
and a calcium  hydroxide dressing was 
applied loosely into the canals.

Right: Three weeks later, the patient 
was symptom-free and defi nitive 
root canal fi llings were placed.
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8 Emergency Endodontics

An important component of all devitalization pastes is paraform-
aldehyde. It leads to coagulation and denaturation of cell wall 
proteins, which, fi nally, results in the arrest of all vital cell func-
tions. The tissue becomes “fi xed,” and this state of fi xation is 
 irreversible.

Animal experiments have demonstrated cellular toxicity, 
 mutagenesis, carcinogenesis, and genotoxic changes. Using 
 radioactively labeled paraformaldehyde, 14 days following 
pulpectomy, accumulation of metabolites in the liver has been 
observed. Systemic dissemination has also been observed in 
blood plasma, as well as in the lungs and kidneys.

With root canal fi llings that are inadequately sealed, the result 
may be sequestrum formation in the adjacent bone, ultimately 
leading to tooth loss. Even with optimally sealed proximal resto-
rations it is not always possible to inhibit the penetration of 
formaldehyde into adjacent bone, where damage can occur.

At the time of writing, there are no indications for devitaliza-
tion of the pulpal tissues as “emergency” therapy. The numerous 
adverse effects far outweigh the potential benefi cial effects.

Devitalization of the Pulpal Tissues

Diagnosis8.7 

Left: Ten days after an emergency 
 visit, this patient presented to her 
dentist’s offi ce with continuing mild 
discomfort. Tooth 37 was  isolated 
using a rubber dam. Following 
removal of the temporary restoration, 
a dark-gray devitalization paste was 
visible near the incompletely  exposed 
root canals.

Right: The devitalization paste and 
residual carious dentin have been 
completely removed.

Treatment8.8 

Left: Following preparation of the 
 access cavity and the removal of the 
fi xed and non-bleeding coronal pulp 
tissue, the canal orifi ces became 
 visible.

Right: The root canals were instru-
mented using the crown-down 
 technique and thoroughly irrigated 
with sodium hypochlorite solution 
and EDTA.

Conclusion of treatment8.9 

Left: Following precise determination 
of root canal length, all the root 
 canals were completely instrumented 
and a temporary dressing applied to 
each canal.

Middle: Following a symptom-free 
period, defi nitive root canal fi llings 
were placed and the coronal aspect 
was defi nitively restored.

Right: A bony sequestrum, approxi-
mately 5 mm in size, was removed 
from the interdental area.
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A Basic Principles

Among emergency treatments of irreversible pulpitis, immediate 
endodontic treatment with extirpation and temporary fi lling 
provides the highest rate of success, with 99% freedom from pain. 
However, in the case of molars, this treatment is not possible as 
an unplanned treatment modality.

The goal in every case should be immediate relief of pain. This 
is also possible in multirooted teeth, without the use of toxic 
 medicaments, which reserves the option of subsequent (planned) 
defi nitive root canal treatment. The elimination of pain by means 
of amputation of the coronal pulp at the level of the root canal 
orifi ces is the treatment of choice (success rate 96%).

Following local anesthesia and application of a rubber dam, 
a high-speed handpiece is used to completely remove the carious 
tooth substance. Subsequently the coronal pulp is extirpated. 
Using a sterile, moist cotton pellet, the bleeding is stopped. 
A eugenol-soaked cotton pellet is placed in the pulp chamber and 
a temporary restoration carried out.

In one clinical study, 78% of patients who underwent amputa-
tion of the coronal pulp were free of pain. One day later all pa-
tients were free of pain  although 8/70 patients continued to ex-
perience minor discomfort. Thirty days later, all of the patients in 
the study were free of pain or discomfort.

Emergency Involving a Vital Pulp: Amputation of the Coronal Pulp

Diagnosis8.10 

Left: A bitewing radiograph of the left 
posterior segment in a 13-year-old girl 
showing a deep caries lesion on the 
proximal surface of tooth 36.

Right: During caries excavation, a 
large exposure of the pulpal tissues 
has occurred. As an interim solution, 
under local anesthesia, the a large 
 access cavity has been prepared, and 
the coronal pulp excavated using a 
stainless-steel bur.

Treatment8.11 

Left: The coronal pulp has been 
 removed and bleeding has been 
stopped by using a sterile cotton 
 pellet, or a pellet soaked in ferrous 
sulfate.

Middle: Subsequently a cotton pellet 
soaked in eugenol or sterile saline 
 solution is forced into the cavity and 
the cavity is temporarily restored.

Right: If the growth of the root is well 
advanced, the pulpotomy can repre-
sent a short-term solution, awaiting 
completion of root formation in this 
young individual.

Completion of treatment8.12 

Left: At a subsequent appointment, 
all the root canals were completely 
instrumented and irrigated.

Right: As the patient was symptom-
free, the root canals were defi nitively 
fi lled at the same sitting. 
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8 Emergency Endodontics

Pulpotomy is indicated in a symptom-free permanent tooth 
with incomplete root growth, a large pulp exposure, and with 
infl ammation or infl ammation limited to the coronal pulp. De-
fi nitive endodontic treatment should always be carried out with-
in 48 hours after pulp exposure (e.g., trauma). Pulpal amputation 
is considered as an interim measure. Under local anesthesia, the 
coronal pulp is removed using a diamond bur, the pulp chamber 
is irrigated with saline solution and a sterile cotton pellet 
is placed to stop any bleeding from the root canal orifi ces. The 
presence of a blood clot between the pulp capping material and 

the residual radicular pulp tissue in the canal delays or impedes 
the formation of a hard tissue bridge.

Following the formation of a hard tissue bridge, as early as 
 4 months after the initial procedure, deposits of reparative dentin 
lead to virtual obliteration of the root canals. Following comple-
tion of root growth, in spite of freedom from symptoms, complete 
endodontic treatment with extirpation of the residual radicular 
pulp should be carried out.

In summary, the goal of pulpotomy is temporary maintenance 
of vital root canal pulp to allow completion of root growth with 
formation of an apical constriction.

Diagnosis8.13 

Subsequent to a previous partial 
 pulpal amputation, granulation 
 tissue has grown and developed into 
open pulpitis (pulpitis aperta).

Treatment8.14 

Left: Under local anesthesia the 
 entire coronal pulp was removed and 
bleeding completely stopped.

Right: The radiograph shows the 
 results of the pulpal amputation; 
there is no further progression of the 
infl ammatory process into the 
 periapical region.

Treatment conclusion8.15 

At a later date, root canal treatment 
was completed in a single sitting.
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A Basic Principles

The goal of emergency therapy in cases of pulpal tissue necrosis 
is to eliminate pain without having to completely instrument the 
root canal. The diagnosis is usually helped by the presence of 
 initial periapical radiolucencies in the radiograph.

In contrast to cases of irreversible pulpitis, necrotic pulp tissue 
must be completely extirpated from the root canals. The best 
chance for successful treatment involves complete instrumenta-
tion of the root canal at the initial appointment, which is quite 
possible with single-rooted teeth. However, this can be consider-
ably more diffi cult in multirooted posterior teeth, due to the 
complex root canal anatomy. In such cases, the best result will be 

achieved if the largest and easiest-to-instrument canals can be 
completely instrumented.

The largest colonies of bacteria are generally found in the 
 necrotic coronal pulp, extending into the radicular pulp. The goal 
of emergency therapy is to completely remove the infl amed 
tissues. The instrumentation should be performed  using the 
crown-down technique, that is, proceeding from the coronal to 
the apical end. Important in this regard is adequate coronal 
access. The instrumented root canals are then thoroughly irri-
gated and the access cavity completely sealed.

Emergency Involving a Necrotic Pulp

Emergency treatment8.16 

Left: An additional option in emer-
gency treatment of multirooted 
teeth is the complete instrumenta-
tion of only the largest root canal. 
The other narrow and curved canals 
are not instrumented even if they 
contain necrotic material.

Middle: Following cavity preparation 
and complete removal of the coronal 
pulp, only the palatal canal is instru-
mented and fi lled with calcium 
 hydroxide.

Right: Five days later, the remaining 
root canals are also completely in-
strumented.

Root canal treatment8.17 

The planned root canal treatment is 
carried out at a second sitting.

Right: Following coronal widening, 
the working length is determined 
 radiographically and all root canals 
are instrumented.

Root canal fi lling8.18 

Left: If the patient is symptom-free, 
defi nitive root canal fi lling can be 
 carried out at the same sitting. 
However, the dentist may also elect 
to place an interim calcium hydroxide 
dressing. The gutta-percha points are 
placed with regard to the radiographic 
assessment of the master point.

Middle: Radiograph of the root canal 
fi llings.

Right: This distal eccentric radiograph 
revealing a pathology-free periapical 
region.
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8 Emergency Endodontics

If there is persistence of the bacterial infection within the root 
canal, a periapical abscess may develop. Acute apical periodonti-
tis is characterized clinically by sensitivity to percussion as well 
as pain on axial loading of the tooth. A periapical abscess may be 
acute or it may exist as an encapsulated chronic abscess. In its 
initial stages the abscess is not  visible in a radiograph. However, 
the massive infl ammatory cell infi ltration in the periapical re-
gion, and the subsequent osteoclastic activity lead to visible os-
seous destruction within 3–4 weeks.

If a chronic apical periodontitis becomes secondarily infected 
with bacteria, it is referred to as a “phoenix abscess,” that is, there 

is acute exacerbation of the chronic process. This is evidenced on 
the radiograph as a periapical radiolucency and clinically as 
marked sensitivity to percussion, apparent tooth “lengthening,” 
and severe pain.

Histologically, in teeth with pain, swelling, or fi stula formation, 
the periapical lesions do not have characteristics different from 
those associated with symptom-free teeth. However, in teeth 
with spontaneous pain or sensitivity to percussion, there is much 
greater bacterial infi ltration of the root canals compared with 
teeth with no clinical symptoms.

Diagnosis8.19 

Left: The radiograph shows periapical 
radiolucencies in relation to both 
maxillary central incisors.

Right: Following cavity preparation 
and complete removal of the coronal 
pulps, the root canals were widened 
coronally and apically to fi le size 15.

Root canal treatment8.20 

Left: The instrumented root canals 
were thoroughly irrigated with 
 sodium hypochlorite and EDTA, 
or  citric acid.

Right: Defi nitive endodontic therapy 
at the second sitting.

Instrumentation and fi lling8.21 

Left: After coronal widening the 
working length is determined 
 radiographically and the canals are 
instrumented.

Middle: In the absence of clinical 
symptoms, a calcium-hydroxide 
dressing is inserted into the canals.

Right: At the third sitting, the 
 defi nitive root canal fi llings are 
placed; after only 6 months one 
 notices a marked resolution of the 
periapical radiolucencies seen at 
baseline.
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A Basic Principles

The diagnosis of acute periapical periodontitis should be based 
on clinical fi ndings and interpretation of the radiograph. The 
 involved tooth is sensitive to pressure and percussion and usually 
somewhat mobile or slightly raised in its socket. In many cases, 
swelling of the adjacent soft tissue can be observed, although 
with an acute periapical infl ammation, fi stula formation is 
 unlikely. However, a pre-existing fi stula may close during this 
phase of the pathologic process, resulting in acute symptoms. 
The swelling may be fl uctuant, localized or diffuse and may be 
intra- and/or extraoral.

The goal of treatment is to achieve effi cient drainage of pus, 
and subsequent treatment stages are similar to the treatment of 
any necrotic pulp.

In a patient with a localized swelling, the affected tooth should 
be drilled to drain by way of the root canal. In most cases the pulp 
chamber is exposed coronally and the majority of infected tissue 
is removed. Thereafter, using a size 15 Hedström fi le the root 
 canal is instrumented down to the apex and the canal widened 
slightly.

Emergency Involving Acute Apical Periodontitis

Palatal swelling8.22 

A 2–3-cm fl uctuant swelling on the 
palate, extending posteriorly from 
the fi rst premolar.

Right: Following access cavity prepa-
ration and removal of the coronal 
pulp, there was spontaneous 
 discharge of pus via the root canal, 
which was left open for about 20 
minutes. Then the root canals were 
instrumented using the crown-down 
technique.

Instrumentation8.23 

At this initial sitting the  infected 
pulpal tissue was completely 
removed and the root canals were 
 irrigated and then fi lled loosely with 
a calcium-hydroxide dressing.

Right: Radiograph showing a 
 periapical radiolucency as well as 
 endodontic fi les in the two root 
 canals for  canal length estimation.

Completion of treatment8.24 

Three weeks later the palatal swelling 
is no longer discernible; at this visit, 
further instrumentation can be 
 carried out, including changing of 
the interim dressings.

Right: At the third sitting the root 
canals can be defi nitively fi lled, if 
no exudation via the canals is 
 discernible.
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8 Emergency Endodontics

If the patient presents with a relatively large and fl uctuant 
swelling that does not decrease in size after the root canal has 
been opened, a soft-tissue incision may be indicated (see also 
 below). Prior to this, however, the canal must be instrumented, 
irrigated, and loosely fi lled with chlorhexidine gel, then closed 
coronally.

If there is suffi cient pus discharge via the root canal, it should 
be left open for only 20 minutes—under the rubber dam—and 
enlarged one to two times its size, followed by application of 
chlorhexidine gel and sealing for 3–5 days. Only at the second 

endodontic sitting is the root canal completely  instrumen-
ted.

If the soft-tissue swelling is diffuse, there is no indication for an 
external incision. The patient should be prescribed a regimen of 
antibiotic therapy and the root canal completely instrumented. 
The canal is irrigated alternately with sodium hypochlorite and 
0.2% chlorhexidine and an EDTA-containing solution. Then, after 
complete drying of the canal, a mixture of  calcium hydroxide and 
chlorhexidine is inserted loosely into it, and the patient is given an 
appointment 24 hours later for a follow-up examination.

Diagnosis8.25 

Left: Tooth 22 fractured at the level 
of the gingival margin. The history 
revealed that the tooth had been in 
this condition for about 1 year; only 
the increasing pain led this patient to 
visit the dentist.

Middle: The palatal swelling was in-
cised as an emergency measure.

Right: The radiograph shows a peri-
apical radiolucency as well as signs of 
previous root canal treatment.

Treatment8.26 

The 41-year-old woman had suffered 
for 1 week with increasing discomfort 
as well as initial swelling in the infra-
orbital region.

Left: After application of the rubber 
dam, and using aseptic procedures, 
the carious dentin was excavated and 
the root canal orifi ce revealed.

Treatment conclusion8.27 

Left: Following instrumentation 
 during the initial sitting the tooth 
was prepared for a temporary post 
build-up restoration.

Middle: A calcium-hydroxide mixture 
was inserted within the root canal as 
a temporary dressing.

Right: The patient was free of pain, 
and at the next sitting, 3 months 
later, the defi nitive root  canal fi lling 
was carried out, as well as the 
defi nitive restorative treatment 
of the tooth.
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A Basic Principles

The incidence of postoperative pain varies between 1.4% and 45% 
among published studies. In most cases it requires an additional 
visit to the endodontist/dentist. The patient will undoubtedly 
experience pain following incomplete debridement (e.g., leaving 
behind remnants of necrotic tissues and pulp tissue with 
bacterial infi ltration). Bacteria and their by-products (endo-
toxins) can release pain mediators.

Medicated dressings may exert toxic effects directly, or indi-
rectly, and cause postoperative complications by suppressing 
host-specifi c defense mechanisms. Another cause is apical extru-
sion of necrotic-tissue remnants during canal instrumentation. 

 Despite precise root canal length estimation, the rasping move-
ment of the root canal instrument can cause extrusion of debris 
including microorganisms and necrotic-tissue remnants as well 
as the irrigating solution. This leads to periapical infl ammation 
and a foreign-body reaction.

Undoubtedly, the best method for prevention of postoperative 
pain is effective emergency treatment with complete cleansing of 
the root canal using the crown-down technique to achieve apical 
patency.

Pain Following Canal Instrumentation

Initial therapy8.28 

Left: At the initial, emergency, 
treatment sitting, the canal was 
 incompletely instrumented and 
a temporary dressing placed.

Middle: Seven days later the tooth 
was again opened, and after length 
determination the canal was slightly 
over-instrumented.

Right: Subsequently the canal was 
completely instrumented and a calci-
um-hydroxide dressing was placed.

Incision8.29 

Only 24 hours later the patient 
 returned with a noticeable swelling 
resulting from extrusion of necrotic 
and infi ltrated tissues.

Right: An incision was made to 
release pus, and this resulted in 
immediate improvement of the pain.

Conclusion of treatment8.30 

Left: Five days after the acute symp-
toms had subsided, the root canal 
was again instrumented and then 
fi lled 2 weeks later.

Middle: At the same appointment, 
the tooth was restored  using a 
composite build-up.

Right: Follow-up clinical image shows 
only slight scar formation at the soft- 
tissue incision site.
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76 B Instruments and Materials

9  Conventional Instruments and Advances in Design
All endodontic hand instruments are based on three basic forms: 
K drills (= K reamer), K fi les, and Hedström (H) fi les. Initially fab-
ricated from carbon steel, since the 1960s all endodontic hand 
instruments have been made from stainless steel, and are there-
fore less likely to corrode with frequent sterilization.  Smaller K-
type fi les are fabricated by twisting a fi le blank with a square 
(four-edged) cross section, whereas fi le sizes >30 are produced 
by twisting a triangular blank (see Figs. 9.1, 9.2).

The square cross section is more stable and stiff, with less chip 
space between the threads (36%) so a smaller amount of dentin is 
cut away from the canal walls. The triangular cross section is 

K fi les9.1 

Left: The K reamer or K drill (from 
left: VDW, Kerr, Maillefer) is one of 
the most basic types of endodontic 
 instruments.

Middle: Scanning electron photo-
micrograph (SEM; ×25 magnifi cation) 
showing the number and geometry 
of the fl utes in a reamer (0.5–1 
twists/mm).

Right: While the triangle is the sym-
bol for reamers, the square profi le is 
used for smaller sizes (chip space of 
36%) and the triangular profi le for 
larger sizes (chip space 60%).

K fi les9.2 

Left: In 1915, Kerr Manufacturing 
 Corporation received the patent for 
all subsequent K-type instruments 
(e.g., the K fi les).

Middle: SEM (×25 magnifi cation) 
showing the larger number of fl utes 
(1.5–2.5 twists/mm) in comparison 
with K reamers.

Right: Smaller K fi les also have a 
square cross section and larger ones 
a triangular cross section. The sym-
bol is, however, the square. The angle 
of the cutting edge is 25–40°, about 
twice as large as that of reamers.

H fi les (Hedström fi les)9.3 

Left: In contrast with the K-types, 
Hedström are milled from round 
steel stock.

Middle: SEM (×25 magnifi cation) 
clearly depicting the geometry with a 
helicoid cutting edge.

Right: The cross section of an H fi le is 
round with a milled spiral, permitting 
a chip space of 35%. The symbol is a 
circle. The cutting edge angle is 
 60–65°.

more fl exible, with wider chip spaces between the threads (60%), 
but is also more susceptible to fracture.

With cutting angles of <45°, use of a rotary fi ling technique is 
ideal. This is true for K reamers (with an angle of at least ~20°) 
and K fi les (~40°).

Hedström fi les are milled from round steel stock. They exhibit 
sharp edges with an angle of ~60° and are therefore highly effi -
cient for root canal instrumentation. They are signifi cantly more 
effi cient than K fi les, which are often recommended for pure fi l-
ing, although K fi les are more effective with a rotatory motion 
(Tepel et al., 1995).

90°

60°

64%

40%

20°

90°

60°

64%

40%

40%

60–65° 65%
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779 Conventional Instruments and Advances in Design

In order to overcome the disadvantages of conventional hand in-
struments, hybrid instruments were developed in an attempt to 
incorporate the advantages of K-type fi les with the aggressive 
cutting power of the H-type fi les. The combination provided in-
creased fl exibility by altering the fi le cross section (rhomboid: 
K-Flex; triangular: for greater than size 15 [Flexofi le, Flexoream-
er]; and special steels: Flexicut).

A new era began with the Flex-R-File (Roane et al., 1985), which 
was developed after it was recognized that sharp edges at the tip 
of a fi le could cause problems during instrumentation; so the 
edges were rounded off based on the principle of the noncutting 

tip. It was also possible to incorporate this principle into the de-
sign of the Flexofi le and reamers. In addition, although the Flex-
R-File is a modifi ed K-type fi le with a triangular cross section, it 
is produced by milling round steel stock, similar to H fi les. Simi-
larly, Unifi les and S fi les are manufactured as double helices. With 
the incorporation of a shorter working section (Canal-Master-U, 
Flexogates, Heliapical), the aim was to minimize shape changes.

To date, ISO numbers have increased linearly, in contrast to the 
erratic increase in the diameter of the fi les,, and intermediate 
sizes have been developed. A constant increase of 29% (profi le 
29) remains under discussion (Schilder and Tee, 1994).

Further Developments

Flexible instruments9.4 

Left: Most recent instruments, even 
the smaller diameter ones, have a tri-
angular profi le (a–c). The rhomboid 
shape (d) is also more fl exible, but 
has only two cutting edges.

Middle: The number of cutting edges 
in the Flexofi le (b) is signifi cantly 
higher. In the K-Flex (d) wider 
 segments alternate with narrower 
segments (rhomboid form).

Right: (a) Flexicut (VDW), (b) Flexo-
fi le (Maillefer), (c) Flexoreamer 
(Maillefer), (d) K-Flex (Kerr).

Blunt tip9.5 

The Flex-R-fi le designed by Roane 
(1985) was the fi rst to have a non-
cutting (“Batt”) tip, which made it 
possible to avoid step creation even 
in curved canals.

Left: Principle of the Flex-R-fi le → 
 removal of the sharp section of the 
instrument tip (blunt form).

Middle: This SEM photomicrograph 
clearly shows the tip geometry 
(×200 magnifi cation).

Right: Maillefer also offers intermedi-
ate fi le sizes 12–37 with blunt tips 
(Golden Mediums).

Additional modifi cations9.6 

Some manufacturers have signifi -
cantly reduced the working area of 
the fi le, so that a shorter cutting 
 section is attached to a longer shaft 
of rounded stainless steel.

Left: The simple helicoid cross section 
of the Hedström fi le was doubled in 
the S fi le (Sendoline) and increased 
threefold in the Helifi le (MICRO-
MEGA).

Middle: Flexogate (Maillefer) with a 
2-mm long working section.

Right: Heliapical (MICRO-MEGA) with 
a 5-mm long working section.

Square

Triangular

Rhomboid

H file

Double helix

Triple helix

a b c d a b c d
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B Instruments and Materials

About 20 years ago, the fi rst fabrication of endodontic instru-
ments from nickel-titanium alloys (NiTi) set in motion a develop-
ment that fundamentally changed root canal instrumentation 
forever (Walia et al., 1988). The 55-Nitinol (approximately 55% Ni 
and 45% Ti) still contained traces of iron (Fe) and cobalt (Co). It 
was characterized by pseudoelasticity. After loading and unload-
ing, it returns to its initial shape (“memory effect”); however, in 
the phase change, NiTi exhibits hysteresis with dissipation in 
contrast with the usual elasticity.

There are other “memory” alloys that undergo a diffusionless 
phase change (e.g., CuZnAl, AuCd). This phenomenon also occurs 

during the hardening process of steel: On rapid cooling from a 
high temperature, carbon (C) has insuffi cient time to undergo 
diffusion and atomic rearrangement of the cubic, surface-
centered austenitic form, and instead it assumes a body-centered 
tetragonal structure with volume change. This diffusionless 
change is referred to as “martensitic change,” named after its 
 discoverer, Adolf Martens (Director of the Materials Test Center, 
Berlin, 1850–1914).

10  Nickel-titanium: Materials Science

Pseudoelasticity10.1 

Alloys with memory effect (e.g., NiTi) 
do not show volume changes during 
phase change (courtesy of D. Helm).

One-way effect10.2 

On the basis of the principle of one-
way effect, the macroscopic similarity 
of the twin form of martensite (left) 
with the austenite form (right) has 
been exploited. Pseudoplastic defor-
mation occurs as the twin crystals of 
martensite are deformed in a predes-
tined direction without breaking 
(middle). Heating leads to conversion 
to austenite, and renewed cooling 
 results in transformation into marten-
site (adapted from D. Helm).

Mechanical loading

Austenite Martensite

Mechanical unloading

Tension

Austenite Expansion

De-twinned
martensite

Tension

Stretching

De-twinned, deformed martensite

Mechanical loading HeatingMechanical unloading

Martensite (twin structure) Martensite Austenite

Cooling

Pseudoplasticity

One-way effect

Twin martensite

Temperature
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10 Nickel-titanium: Materials Science

NiTi exhibits virtually no change in volume on cooling and 
heating, because the twinned martensite and austenite phases 
are virtually identical in macroscopic measurements. The bio-
compatibility of Nitinol is very good (Ryhanen et al., 1999), and it 
is used extensively in medicine and dentistry today. The high 
content of nickel is  apparently not problematic because it is 
bound to the titanium and therefore does not elicit any of the 
known nickel allergies (Schäfer, 2002a). However, the manufac-
turing process is diffi cult and expensive, and previously often led 
to inconsistencies.

The low hardness (HV 300–360) and the resultant low cutting 
effi ciency of NiTi in contrast with stainless steel (HV 520–540) 
are outweighed by the ability to use it with a rotatory motion. 
However, the lower cutting effi ciency of NiTi fi les also means re-
duced longevity. To counteract this disadvantage, various groups 
have attempted to improve the surface qualities of instruments, 
by  using nitrides, bromides, or nitrogen ions (Lee et al., 1996; 
Rapisarda et al., 2000, 2001). Using the technique of physical 
vapor deposition Schäfer (2002b, c) applied a titanium nitride 
layer, which led to improved cutting effi ciency.

Hysteresis curve: NiTi versus 10.3 
steel

Left: When a NiTi fi le is bent, it 
 returns to its original shape and 
 position (Schäfer, 2002a).

Right: In contrast, if a steel fi le is 
bent, the result is a permanent, 
 plastic deformation (Schäfer, 2002a, 
with permission).

Breaking strength of NiTi10.4 

Owing to the special property of 
 superelasticity, NiTi instruments can 
withstand twisting up to 8% without 
incurring any permanent deforma-
tion (left plateau). Furthermore, 
 deformations up to 12% do not nec-
essarily lead to instrument fracture, 
but ultimately lead to the point of 
 potential fracture (Thompson, 2000, 
with permission).

PVD coating10.5 

Attempts to enhance the surface sta-
bility have, to date, often only been 
of experimental nature. The few 
 instruments available to date include 
the Navifl ex TiN fi les. In the tech-
nique developed by Schäfer (Mün-
ster), the PVD coating with titanium 
nitride enhances the fi le hardness 
and resistance to abrasion. (Reamers, 
H fi les and—as depicted here—K fi les: 
Brasseler, Lemgo, Germany).

1400

St
re

ss
 (M

pa
)

1200

1000

800

600

400

200

0
0 1.4 2.8 4.2 5.6 7.0 8.4 9.8 11.2 12.6

Strain (%)

Deformation < 0.5%

Ultimate limit of
fracture resistance

Pseudoelastic behavior

Be
nd

in
g 

m
om

en
t (

gc
m

)

Angle of deflection (degrees)

Be
nd

in
g 

m
om

en
t (

gc
m

)

Angle of deflection (degrees)

Plastic deformation
Stainless steel instruments

Chapter10_s078_083.indd   79Chapter10_s078_083.indd   79 12.08.2010   13:16:43 Uhr12.08.2010   13:16:43 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



80

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

B Instruments and Materials

Permanently rotating instrumentation using NiTi fi les has been 
in vogue for almost two decades. But the period of  development 
of such fi les has a much longer timespan. Walia et al. (1988) in-
itiated the development by imitating the shape of a K fi le.

The fi rst commercially available systems—LightSpeed, Mity 
Roto, ProFile, and Power-R—had fl attened cutting edges (“radial 
lands”), and there was initially some fear that these edges would 
cut too quickly into dentin, leading to wedging and fi nally to 
 instrument fracture. In fact, this fear was substantiated by sub-
sequent studies of fracture rates (Baumann and Roth, 1999).

The fi le tip and the cutting edges were fi rst rounded to provide 
a non-cutting pilot tip or a “safety” tip. Over time, other, more 
active, shapes were developed. The aggressive cutting by the 
 earliest Quantec fi les (wedge-form, with 60° and 90°) led to obvi-
ous alterations in the internal root canal wall confi guration, with 
massive “elbow” formations (Thomspon and Dummer, 1998).

For the most part, today’s instruments have a rounded tip, and 
the cutting edges retain their sharpness right up to the tip.

Design of Nickel-titanium Files

File tip shape10.6 

Left: Many NiTi fi les have a rounded 
tip; this provides guidance without 
alteration of the canal wall (above: 
ProFile; below: LightSpeed).

Middle: The tip of the FlexMaster fi le 
(upper panel) ends in a point, and the 
cutting surfaces extend forward so 
that on the application of pressure 
the cutting edges engage the dentin. 
Mtwo fi les are less sharp (lower panel).

Right: Initially, Quantec fi les had a 90° 
angle and created rather severe canal 
alterations (upper panel), but this 
was reduced with the introduction of 
the safe-cutting tip (lower panel).

File tip detail10.7 

This direct view of the Introfi le (VDW, 
Munich) shows that the sharp cutting 
edges extend almost to the instru-
ment tip and therefore have the 
 capacity to cut dentin on application 
of pressure. The surface of the fi le as 
shown in this scanning electron 
 micrograph illustration is rough and 
does not cut in a uniform manner.

Confi guration of the cutting 10.8 
edges

Left: A basic principle is fl attening of 
the cutting edges (upper panel: Pro-
fi le; lower panel: Quantec).

Middle: Sharp cutting edges mean 
greater dentin removal (upper panel: 
FlexMaster), but run a risk of screw-
ing. For this reason other  designs like 
alternating cutting edges were devel-
oped (lower panel: RaCe).

Right: Contemporary instruments 
have delicate yet sharp cutting edges 
(upper panel: Rondo), and also exhibit 
an undulating form (below: Mtwo).
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10 Nickel-titanium: Materials Science

The chip space is an important characteristic, as it determines 
how much debris can be removed before the fi le becomes stuck 
in the canal. Endodontic instruments must therefore possess a 
blend of desirable characteristics that include fl exibility, fracture 
resistance, and stiffness.

While traditional instruments always had the same chip space, 
with the development of NiTi instruments, even early on—since 
1998 with GT—there was an attempt to increase the distance be-
tween the fl utes, which increased the chip space, reduced the 
tendency for fi le wedging during rotation, and permitted more 
rapid instrumentation. Particularly noteworthy is the alternation 

between straight and twisted areas in the RaCe line of fi les. Many 
instruments today have a progressive distance between cutting 
edges (e.g., ProTaper, Mtwo).

The taper of NiTi fi les is also an important characteristic; from 
0%—“no taper”—in the case of LightSpeed, to the now common 
2%, 4%, and 6% taper, up to even 19%. More recent is the “reverse 
taper” design, such as ProTaper or S-Apex instruments, which are 
thicker at the tip than throughout the body of the fi le. In addition, 
the same instrument has multiple tapers (f1: 7% up to 3 mm from 
the tip, then 5% e.g., the ProTaper and the later developed ProTa-
per Universal).

Amount of chip space10.9 

Left: Instruments with a convex 
 triangular cross section (FlexMaster 
or ProTaper) have a smaller chip 
space.

Middle: Quantec LX had greater chip 
space, which increases effi ciency of 
removal of dentin debris.

Right: The increased distance 
 between the cutting edges, in combi-
nation with a U-shaped cross section, 
provides a signifi cantly increased 
 cutting angle in the GT fi les.

Cutting edge distance10.10 

Left: ProFiles have a regular and con-
stant fl ute distance (upper panel), 
but with GT fi les (lower panel) there 
was an attempt to increase the dis-
tance between cutting edges.

Middle: Progressively increasing dis-
tance between the cutting edges is a 
common aspect of contemporary en-
dodontic instruments (upper panel: 
Introfi le; lower panel: ProTaper).

Right: A characteristic of the RaCe 
instrument (upper panel) is the alter-
nating straight and twisted regions. 
Mtwo exhibits extremely thin and 
wide cutting surfaces (lower panel).

File taper10.11 

Left: GT fi les were the fi rst NiTi fi les 
with a very high taper of up to 12%.

Middle: The S-Apex instrument 
 reversed the development and is 
 actually thicker at the tip compared 
with the shaft of the instrument. The 
fi le is almost parallel, and is commer-
cially available in sizes 15–40.

Right: Also in the ProTaper group, the 
fi nishing fi les (FF1–3) have a taper of 
7%, 8%, and 9%, higher at the tip than 
in the rest of the fi le shaft, which is 5%.
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The U-shape has been modifi ed many times, and only in 1999 
was it presented as a commercial entity in systems such as Hero 
642, FlexMaster, RaCe, etc., with sharp-cutting modifi ed K fi les.

Quantec and K3 looked at other options with more complex 
cross sections. The basic shape of the triangular cross section 
with a fl attened tip and a U-shape depression was varied in that 
the central area was enlarged for stabilization, while the cutting 
surfaces were made ever sharper, combined with more obliquely 
oriented surfaces to remove dentin chips and debris.

In subsequent modifi cations, the basic form was changed to 
that of an S fi le or Unifi le, and the transverse section modifi ed to 

resemble a pentagon (Alpha fi le). Above all, the triangular cross-
section permits numerous modifi cations, many of which are 
available commercially today. The square cross section—still 
common in steel—is found today only in RaCe instruments.

Most recent developments, such as Mtwo, capitalize on the 
sharpness of the Hedström (H) fi le design, using—as the name 
suggests—two cutting surfaces. The progressively increasing 
 distance (chip space) between the cutting surfaces from the 
proximal to the distal end permits a higher level of material 
transport.

Cross Section of Nickel-titanium Files

Cross section of NiTi fi les I 10.12 

(Diagrams courtesy of H. Walsch.) 
Left: The S-shaped cross section was 
fi rst seen in the NiTi Tee, and contin-
ues to fi nd successful application in 
the Mtwo instrument line. A larger 
chip space, softer surfaces, and in-
creased fl exibility are provided by the 
Tempo and Effi cients fi les.

Middle: Modern triangular and 
square cross-sectional instruments 
evolved from the original steel instru-
ments, and there are numerous varia-
tions available.

Right: The pentagonal cross section 
is the basis for the Alpha fi le.

Cross section of NiTi fi les II10.13 

Left: By rounding off the corners of 
a triangle to get a smooth profi le, 
the basic form of many NiTi fi les, 
the  U-form, is achieved (e.g., ProFile, 
GT fi les).

Middle: Instead of rounded-off 
cutting edges, they are smoothened 
so that the fi nal cross section of the 
inter-fl ute region is S-shaped. The 
result is a somewhat larger chip 
space, which allows improved 
removal of dentin.

Cross section of NiTi fi les III10.14 

Left: The expanded triangle resem-
bles the Wankel automotive engine, 
and is described as a convex triangle. 
This basic shape is typical for Flex-
Master and ProTaper.

Middle: If the convex sides of the tri-
angles are carved  U-shaped, the in-
strument will be more fl exible, a con-
cept that is utilized to advantage in 
the ProTaper fi les FF3–FF5.

Right: More complex shapes with a 
larger central diameter reduce the 
cutting edge distance and also re-
duce fi le fl exibility (Quantec, K3).
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In recent years, an increasing number of fi le systems have ap-
peared on the market with quite different geometries. During 
this rapid  period of development it has been diffi cult for the den-
tist/endodontist and also the various professional organizations 
to order or categorize the numerous and variable   endodontic in-
struments.

The success of any NiTi system depends not only on the cutting 
effi ciency of the fi le, but also to a great extent on the ease of use 
and the logic behind the fi le sequence. As early as 2002, Ehrmann 
called for standardization and simplifi cation of the endodontic 
fi le coding system.

Although the ISO color coding scheme is still determined by 
the diameter of the fi le tip, based on older regulations (which 
often today are no longer relevant or applicable), the taper of 
0–19%, which is often inverse and multiple, is not always easy to 
comprehend. Thus, the dentist/endodontist is left with an almost 
innumerable array of fi le geometries that are often diffi cult to 
categorize. The one helpful factor in this arena of confusion is the 
commercially available instrument organizers.

“Wash box” and Alutray10.15 

The LavEndo (VDW, Munich) repre-
sents an intelligent solution for clean-
ing instruments, providing ease of 
placement in a thermal disinfector, 
and subsequent transfer of the instru-
ments to the dustproof endodontic 
box. 

Left: The classic LightSpeed instru-
ments are available in 22 confi gura-
tions and provided in a foam contain-
er to achieve clinical standardization 
of  presentation.

ISO standardization10.16 

The dimensions of endodontic instru-
ments are determined according to 
ISO standards. A color-coded system 
permits rapid visual recognition of an 
instrument’s diameter.

The three smallest sizes (size 6 = pink; 
8 = gray; and 10 violet) are  followed 
by three sequences of white – yellow 
– red – blue – green – black.

Left: The cutting surface area extends 
over, according to ISO standards, 
16 mm (L1) of the total length, which 
is measured from the tip of the in-
strument to the point where it joins 
the handle (L2). Three different diam-
eters are recognized: d0 at the tip, d16 
at the end of the working length at 
16 mm, whereas d3 is 3 mm proximal 
to the tip.

3 mm

d0

d0

d16

d3

L1 L2

006

008

010

0.06

0.08

0.10

0.38

0.40

0.42

015

020

025

030

035

040

0.15

0.20

0.25

0.30

0.35

0.40

0.47

0.52

0.57

0.62

0.67

0.72

045

050

055

060

070

080

0.45

0.50

0.55

0.60

0.70

0.80

0.77

0.82

0.87

0.92

1.02

1.12

090

100

110

120

130

140

0.90

1.00

1.10

1.20

1.30

1.40

1.22

1.32

1.42

1.52

1.62

1.72

Color code ISO size d  ± 0.02 mm0 d    ± 0.02 mm16
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Sodium hypochlorite (0.5%–6%) remains today the most frequently 
used irrigating solution. Its primary advantage is its unique 
 tissue-dissolving effect, which is increased at higher concentra-
tions; at 5.25% it requires only about 30 minutes to completely 
dissolve pulpal tissues (Türkün and Cengiz, 1997). The antibacte-
rial effect appears to be only partially based on concentration 
(Byström and Sundqvist, 1983; Siqueira et al., 2000), whereas the 
fungicidal effect is better at higher concentrations (Sen et al., 
1999). Sodium hypochlorite is, however, not effective against 
 Enterococcus faecalis, and chlorhexidine (CHX) is the best alter-
native.

Chlorhexidine can be used as an irrigating solution or a root 
 canal dressing (in gel form) and has fungicidal as well as antibacte-
rial effects. Its low toxicity and depot effect (substantivity: 
 Komorowski et al., 2000) make it virtually indispensable today in 
cases of pulpal necrosis and endodontic retreatment.

Bacterial growth is enhanced in canals not treated with a medi-
cated dressing (Byström and Sundqvist, 1981, 1985). According to 
an evidence-based analysis (Law and Messer, 2004) calcium 
 hydroxide is the medicament of choice and should be left in situ for 
at least 7 days.

11  Irrigation, Drying, Medicated Dressings

Heating the irrigating 11.1 
 solution

Heating sodium hypochlorite 
 solution to 50–60°C enhances its 
 tissue-dissolving and disinfectant 
 effects. In addition to devices 
 designed in individual practices for 
heating the irrigating solution, there 
are several commercially available 
devices that provide precise temper-
ature control (Syringer warmer, ADS, 
Germany).

Medicated dressings11.2 

Even today, a watery paste of calcium 
hydroxide is the most important 
 material for use as an interim root 
 canal dressing. The most commonly 
used commercial agent is Pulpdent 
(Pulpdent Corp., Watertown, MA, 
USA).

Right: The lentulo spiral is the most 
reliable instrument for carrying the 
calcium hydroxide paste into the root 
canal. Instruments with a rigid shaft 
have an increased risk of fracture, 
whereas a spiral tip in front of the 
contra-angle shaft is safer. 

Drying11.3 

Left: In addition to alcohol, paper 
points remain the method of choice 
for drying the root canal. Many 
 commercially available tips come in 
various color-coded sizes that corre-
spond to ISO color codes.

Right: In keeping with the raised 
standards of hygiene within the 
 dental practice, the paper points are 
sterilized and packed in small num-
bers, either ISO color coded or in 
white.
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The term “sonic” refers to sound waves in the region of 16 Hz up 
to 20 kHz, whereas ultrasonic waves range from 20 kHz to 1 GHz. 
Over 50 years ago, Richman (1957) fi rst described the use of 
ultrasonic technology in endodontic treatment and root tip 
 resection. Almost 20 years elapsed before the use of ultrasonic 
technology was again pursued (Martin, 1976). Thereafter, 
 numerous scientifi c publications appeared (literature reviews: 
Hülsmann, 2000; Haapasalo et al., 2005) indicating the possibili-
ties and potential signifi cance of sonic and ultrasonic devices in 
endodontology. These are based on three mechanisms of action:
• cavitation;
• production of heat;
• acoustic microstreaming.

Most of the research of the past 30 years has been targeted 
 toward the use of sonic and ultrasonic devices as replacements 
for, or enhancement of, traditional, manual root canal instrumen-
tation, and synergistic action with irrigating solutions. The past 
decade brought a total paradigm shift: Today, the primary areas 
of use include disengaging and loosening of intracanal obstruc-
tions, endodontic retreatment, and retrograde treatment 
 approaches. The three mechanisms of action of ultrasonic devices 
have been evaluated time and again with varying results, but in 
principle they are generally recognized as being effective (van 
der Sluis, 2006).

An ultrasonic generator (usually piezoelectric) causes the fi les 
to oscillate with an undulating wave pattern with a series of 
nodes and antinodes along its length. The continuous waves help 
in the removal of dentin chips and debris; the action is strongest 
at the tip where the amplitude of the oscillations is the largest 
(Ahmad et al., 1992). Ultrasonic waves in the presence of liquids 
results in massive oscillation with regions of high and low pres-
sure. This phenomenon is known as cavitation. The result in-
cludes bubble formation within the liquid, as well as turbulent 
fl uid currents. The microbubbles created may be empty, or may 

contain gas or vapor. With the use of sodium hypochlorite, it is 
possible to achieve a warming effect above the boiling point of 
40°C, which leads to the formation of the Na+ cation, the hy-
pochlorite anion ClO, as well as the formation of NaOH, ClOH, 
C12, O, or NaCl (van der Sluis et al., 2006). These highly reactive 
elements may be the reason for the observation that the antibac-
terial effect of ultrasound in the presence of water is relatively 
weak (Ahmad et al., 1990), but is much stronger with typical en-
dodontic irrigating  solutions, providing a large antibacterial ef-
fect (Cameron, 1987; Huque et al., 1998).

With the application of high acoustic pressure, the microbub-
bles enlarge until they eventually implode, creating strong local 
pressure waves as well as a rise in temperature (heat). This 
 physical principle is also exploited in devices such as the 
 urolithotripter, which is used for the destruction of gallstones or 
kidney stones. In comparison, the instruments designed for use 
in the dental practice are too weak to create large cavitation 
 effects. For this reason, the effect has been considered by numer-
ous authors as too mild and thus ineffective (Ahmad et al., 1987b, 
1988; Walmsley 1987; Lumley et al., 1988).

Most important and effective is the third mechanism of action: 
acoustic microstreaming. Within the sonic fi eld, there is an 
 interaction between the sonic fi le oscillations and the irrigating 
solution, which leads to motion within the fl uid, the so-called 
“eddy current.” This current fl ows from the coronal end of the 
root canal toward the apical area and exhibits the typical nodes 
and antinodes; it is strongest at the tip (van der Sluis, 2006). Due 
to the higher level of energy, the eddy currents that are created 
elicit hydrodynamic shear stresses, which have been demon-
strated in many studies (Ahmad et al., 1987a, b, 1992; Lumley et 
al., 1991; Walmsley et al., 1992, Roy et al., 1994). Contact of the 
sonic or ultrasonic probe with the internal surface of the root 
 canal reduces acoustic microstreaming by interrupting the 
 continuous motion of the wave, but does not eliminate it 
 completely.

12  Sonic and Ultrasonic Treatment
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Sonic devices operate at 1500–6000 Hz. Included in this category, 
are, for example, Endostar (Syntex, USA), Megasonic 1400 (Mega-
sonic, USA), and Sonic Air MM 1500 (MICRO-MEGA, France). 
 Special instruments are required (e.g., heli-, rispi-, shaper-, or 
trio-sonic fi les), some of which resemble traditional rasps. The 
Shaper-Sonic fi les in particular permit rapid removal of dentin 
remnants and debris; this is due to the  design of the instruments, 
but also because sonic devices are much better at removing hard 
substances than ultrasonic devices (Miserendino et al., 1988). 

In general, fi les of smaller diameter are more effective. The 
higher amplitude of motion at the fi le tip is advantageous in com-

parison with ultrasonics, but is counteracted by the fact that the 
degree of dentin transport is more diffi cult to control and there is 
some loss of tactile sensitivity.

In addition, instrument fractures and complications such as 
step formation, loss of working length, etc., occur less frequently 
with sonic than with ultrasonic devices. There remains some 
controversy concerning effect on canal shaping and roughness 
due to the fi le design (Loushine et al., 1989). For these reasons, 
sonic systems have not been widely accepted for use in endodon-
tic practice.

Sonic Systems

Sonic instrumentation12.1 

Low amplitudes of up to 6000 Hz 
provide the activity frequency for 
sonic instruments.

Left: The MICRO-MEGA Sonic Air 
1500 handpiece with a sonic fi le.

Middle: Special instruments for sonic/
ultrasonic instrumentation. From left 
to right: Shaper, Rispisonic, Helisonic 
(S, MICRO-MEGA) and Endosonore 
fi les (Ultrasonic, Maillefer).

Right: Shaper and Rispisonic have a 
new design with spirally coursing 
projections, while the other commer-
cially available instruments have a 
 familiar appearance.

Ultrasonic instrumentation12.2 

Left: The Piezon Master 400 ultrasonic 
device (System 401, EMS) and Supras-
son (Satelec) resemble a conventional 
dental handpiece. The CaviEndo 
 (DeTrey) is a lamellated system and 
has a different appearance from that 
of the handpiece attachment of the 
sonic device (Meca Sonic 1400; 
 MICRO-MEGA, left).

Middle: The diamond-coated ultra-
sonic fi les (DeTrey) create signifi cant 
roughness.

Right: The ultrasonic K fi le lays bare 
the dentinal tubules. The canal wall is 
clean.

Ultrasonic devices operate between 20 000 Hz and 40 000 Hz. 
Included in this category of instruments are the Piezon Master 
400 (EMS, Switzerland), P5 or PMax (Satelec, Germany), Enac 
(Osada, Japan), and Ultrasonic Endo J15 (Spartan, USA). The 
 earlier electromagnetic devices have, today, for the most part 
been replaced by piezoelectric devices in which a quartz crystal 
is set into vibration by the application of an electric current. 
 Signifi cant advantages are lower heat development, so that the 
handpiece does not need extra cooling, and improved transfer of 
energy from the handpiece to the fi le (Ahmad et al., 1992).

Ultrasonic instruments are for the most part similar to conven-
tional K fi les. Thin fi les are more effective because they can 
 oscillate more freely within the delicate root canal, and the oscil-
lations are less susceptible to damping by contact with the root 
canal walls (Ahmad et al., 1992). There is, however, no direct 
 antibacterial effect (Ahmad et al., 1990). Ultrasonic activation of 
the irrigating solution does not in any way reduce the debris or 
smear layer (Mayer et al., 2002), except with EDTAC (Guerisoli et 
al., 2002). However, canal shaping is diffi cult to control. Perfora-
tions, steps, and ledges frequently occur, so that ultrasonic root 
canal preparation is no longer justifi ed (van der Sluis, 2006).

Ultrasonic Systems
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Passive Ultrasonic Irrigation
Since Sonic and/or ultrasonic devices proved unsuitable for 
 “active” instrumentation of the root canal, in recent years the 
 so-called “passive ultrasonic irrigation” (PUI) concept has 
emerged (van der Sluis, 2006).

Described as early as 1985 by Weller et al. the term “passive” 
described the sonic or ultrasonic activation of a root canal fi le 
that does not contribute to the actual instrumentation (dentin 
removal) within a fl uid-fi lled root canal. This procedure is in 
 accordance with the principle of fi rst shaping the root canal and 
only then performing cleaning and disinfection (Castelluci, 
2006).

As early as 1987, Ahmad et al. (1987a, b) demonstrated that 
cavitation and acoustic microstreaming in an already instru-
mented root canal were more effective. Recent research studies 
have again shown improved irrigation for instrumentation with 
10% taper compared with 4% (van der Sluis et al., 2005a).

Manual injection of irrigation fl uids removes less debris, bacte-
ria, and pulpal-tissue remnants than PUI (van der Sluis, 2006). 
Instead of using fi les, which also remove hard substance from the 
internal surface of the root canal, the trend today is to use a 
smooth wire, which does not affect the canal wall shape but re-
moves debris equally well (Mayer et al., 2002; van der Sluis et al., 
2006). In this regard it is possible to differentiate two types of 
cavitation (van der Sluis, 2006):

• Stable cavitation: This occurs primarily around the middle of 
the fi le and is characterized as “a linearly pulsating, gas-fi lled 
body within a sonic fi eld of low amplitude.”

• Transient cavitation: This is characterized by “bubbles and 
high-energy pulsations,” assuming there is free oscillation of 
the fi le within the canal. It also appears helpful to prebend the 
wire or the fi le for use in curved root canals (Ahmad et al., 
1992; Lumley 1992).

With PUI, use of sodium hypochlorite is of importance, because 
the smear layer, debris, and bacteria are more effectively  removed 
than with just water (Huque et al., 1998; van der Sluis et al., 
2006). The antibacterial effect is accounted for as follows:
• removal of planktonic bacteria;
• disruption of the biofi lm;
• killing of bacteria (van der Sluis, 2006).

Pulpal tissue and debris are also effectively removed from within 
niches or isthmus confi gurations, which are often inaccessible 
with traditional root canal instrumentation (Lee et al., 2004; van 
der Sluis et al., 2005a, b). PUI is a signifi cant development in the 
cleaning and disinfection of the root canal system.

Ultrasonic tips12.3 

In recent years, various sizes and 
shapes of ultrasonic tips have been 
developed. In contrast with earlier 
developments, the newest innova-
tions are not simply modifi ed K fi les, 
but rather they are often diamond-
coated or zirconium nitride-coated, 
extremely fi ne, pointed tips (seen 
here: ProUltra tips, Dentsply 
Maillefer). These tips are important 
and even indispensable for rein-
strumentation of previously treated 
 canals and removal of broken instru-
ments or points, and root canal 
 calcifi cations or obstructions.

Scanning electron 12.4 
 photomicrograph

An experimental brush fi tted on the 
head of a sonic toothbrush provided 
a good cleaning effect, with exposure 
of the dentinal tubules (courtesy of 
I. Salman).
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From early on, the focus was on the use of sonic and ultrasonic 
 devices primarily for mechanical root canal instrumentation and 
numerous research studies were carried out. In retrospect, this 
approach was not correct. Only passive ultrasonic irrigation (PUI) 
has stood the test of time. Today, the primary use for ultrasonics 
in endodontology is in the targeted search for and opening of 
canal orifi ces or in  retreatment of previous failed endodontic 
attempts (Ruddle, 2002; removal of fractured instruments, old root 
canal fi llings, pins/posts etc.), aspects also considered earlier by 
various  authors (Meidinger and Kabes, 1985; Stamos et al., 1985).

Today’s modern ultrasonic generators produce higher energy 
that can be better regulated, without frequency variation. The 
material and design of ultrasonic fi les have received considerable 
attention. In addition to steel instruments, today’s endodontic 
 armamentarium includes instruments made of titanium and zir-
conium nitride, and often also instruments with diamond-coated 
surfaces (Lin et al., 2006). A variety of tips are available for target-
oriented performance of various tasks (of appropriate thickness 
for  debris removal, pin/post removal, eliminating canal obstruc-
tions; or different angulations or retrograde instrumentation).

Paradigm Shift: New Uses for Ultrasonics

Initial situation12.5 

(Case courtesy of Professor Linden.) 
Left: The initial diagnostic radiograph 
reveals apical lesions in relation to 
both the roots of tooth 46, as well as 
a defi cient restoration on the distal 
aspect.

Right: This radiograph, taken for 
 canal length determination, shows 
three Hedström fi les, all of which are 
clearly too short of the correct work-
ing length.

Multiple instrument fracture12.6 

Subsequent radiograph showing fi ve 
separate instrument fragments and 
enlargement of the apical radiolucen-
cies.

Initial situation before 12.7 
 beginning treatment

Left: This digital radiograph shows six 
radio-opacities indicating broken 
 instruments. The apical radiolucency 
has again increased signifi cantly in 
size.

Right: High-contrast representation 
for improved visualization.
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The reinstrumentation of previous root canal treatment has long 
been a diffi cult task. Ultrasonics and the clinical microscope have 
opened completely new and unexpected possibilities. Early stud-
ies demonstrated that the success rate, for example for the re-
moval of fractured instruments, could be elevated from 68% 
 (Hülsman and Schinkel, 1999) to 87% (Suter et al., 2005).

In the interest of improved visibility, the use of water cooling 
was often avoided. The temperature increase during pin removal 
was measured at 21.1 ± 27.9˚C and on the root itself 10.9 ± 7.9˚C, 
but air cooling brought some relief (Budd et al., 2005).

The surgical apicoectomy procedure without the use of ultra-
sonics and the clinical microscope is no longer even imaginable. 
Authors and researchers such as Carr, Kim, Stropko and others 
established a completely new and tissue-friendly method (see 
Microsurgery chapter).

Various long-term investigations have demonstrated that 
 microsurgical procedures are signifi cantly better than the con-
ventional methods, with success rates above 90% (Rubinstein and 
Kim, 2002: 91.5%; Maddalone and Gagliani, 2003: 92.5%; Taschieri 
et al., 2006: 92.95%; Tsesis et al., 2006: 91.1%).

Intraoperative radiograph12.8 

Left: Following removal of fi ve of the 
six fractured instruments (using the 
technique as described by C. Ruddle), 
the single remaining fragment is 
 visible in the distal canal.

Right: Radiograph following removal 
of the sixth fragment and placement 
of a calcium-hydroxide dressing.

Canal length determination12.9 

Once all the apical foramina were 
 visible through the microscope, a 
new radiograph was taken for precise 
root canal length determination.

Radiograph follow-up12.10 

Left: Heated vertical obturation was 
carried out. It is possible to see the 
complete sealing of the mesial apical 
region, as well as the lateral distal 
expanse of the root canal fi lling 
material.

Right: At 7 months after treatment 
there is signifi cant healing.
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In dentistry, the use of lasers in endodontic treatment is of 
 increasing interest. Advances in laser technology and a better 
 understanding of the effects of lasers have widened the spectrum 
of possible uses of lasers in endodontology. Various commercial 
laser systems (e.g., argon ion diode, neodymium:yttrium alumi-
num garnet [Nd:YAG], erbium:yttrium aluminum garnet [Er:YAG], 
and carbon dioxide [CO2] lasers) are available for endodontic 
 diagnostic procedures, treatment of cervical hypersensitivity, 
 direct/indirect pulp capping, sterilization and/or instrumentation 
of the root canal, and for endodontic surgery. The development of 
newer delivery systems—using thinner and more fl exible optical 

fi bers—has resulted in an ever-increasing number of laser wave 
lengths, and the feasibility of many laser applications in endo-
dontic therapy has greatly improved. 

Despite the technical advances mentioned above, the use of la-
sers in endodontic practice in place of conventional procedures has 
not yet become widely accepted. This may be due in part to the 
relatively high initial investment costs, and also because in most 
clinical applications laser-assisted techniques are used, which 
complement conventional procedures but do not replace them.

13  Lasers

Sirona diode laser13.1 

Example of a laser system for use in 
endodontics (diode laser/980 nm). 
The fi bers have a diameter of 
 200–320 μm.

Possible adverse effects of 13.2 
 laser use

Left: A fractured fi ber within the root 
canal. The fi ber fragment (arrow) 
could not be removed (thin section, 
magnifi cation ×30).

Middle: Carbonization and dissolu-
tion on the root canal surface (inset) 
resulting from incorrect setting of 
 laser parameters.

Right: Magnifi ed image of the inset in 
the middle fi gure.

Indirect pulp capping using 13.3 
the CO2 laser

Left: Histologic preparation following 
sealing of the dentin cavity with a 
CO2 laser.

Right: Schematic of the sterilization 
and sealing of the surface of the 
 decayed cavity. Following prepara-
tion and removal of the carious 
 tissues, the dentin immediately 
 adjacent to the pulp is exposed to the 
laser. The laser-induced “sealing” of 
the dentin is intended to stimulate 
additional formation of secondary 
(reparative) dentin.

1

2

3

4

➤ ➤ ➤ ➤

1 CO2-laser
2 Water vapor
3 Sealed dentin layer
4  Formation of secondary 

(reparative) dentin

➤
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13 Lasers

Lasers can be used for disinfection of the root canal, especially 
for reduction of the microbiologic fl ora in the infected canal walls. 
Today, the most popular lasers for endodontic application are the 
Nd:YAG and the diode laser. With these laser systems, optical fi -
bers are available that can extend far into the apical regions fol-
lowing mechanical instrumentation of the root canal. The infra-
red laser beams can penetrate deep into dentin.

The biologic principle underlying the antimicrobial effect of 
lasers remains unclear. In addition to the active thermal-mediat-
ed destruction of microorganisms, there also seem to be photo-

dynamic and mechanical (disruptive) effects resulting from the 
use of short-pulsed laser energy.

Under controlled test conditions, use of the above-mentioned 
laser systems has been shown to reduce the number of micro-
organisms in the root canal. For every laser system, clinical 
applications should be carried out within certain defi ned para-
meters in order to prevent damage to the periodontium, for in-
stance. To enhance the antimicrobial effects, laser application can 
be combined with the use of conventional irrigating solutions 
(e.g., sodium hypochlorite).

Penetration of the laser beam 13.4 
into dentin

Infrared radiation penetrates more 
deeply into dentin (>200 μm) than 
sodium hypochlorite, resulting in 
greater destruction of bacteria.

Fibers within the root canal13.5 

Laser fi ber inserted in the root canal 
to disinfect the root canal dentin 
 layer. The fi ber is removed from the 
root canal in a circular fashion 
 (approximately four rotations at 1 W; 
insertion up to 1 mm from the apical 
constriction).

Post-laser treatment clean 13.6 
 canal wall

Through combined use of a Nd:YAG 
laser and sodium hypochlorite, the 
canal wall has been thoroughly 
cleaned.

a Before cleansing: visible tissue 
 residue (arrow). 

b After cleansing: the histologic 
 section (×100) does not show any 
soft-tissue remnants, the smear layer, 
or open dentinal tubules (scanning 
electron microscopy, ×1000).

Laser

Infected dentin

Microorganisms

NaOCL

Laser fiber
(200 μm)
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“Getah pertja” is a Malay term that means “fi bers from sticky 
plant juices.” The gutta-percha tree provides a raw substance (a 
gray, translucent mass with a reddish shine) for the dental mate-
rial of the same name. Chemically it is an all-trans form of poly-
isoprene which is harder, more brittle, and less elastic than natu-
ral rubber.

The addition of softeners (1%–4%), metal sulfates (1%–15%, ra-
diopaque), and zinc oxide as a main component (59%–76%) trans-
forms the raw material into the “endodontic” gutta-percha 
(Friedman et al., 1975; Gurgel-Filho et al., 2003); this composi-
tion has remain unchanged for decades.

Dental-percha exists in two forms:
• α (more linear molecule);
• β (stairlike molecule);

For endodontic practice, as would be expected, dental gutta-
percha is most often used in the β-form. The α-form is used only 
in combination with heating techniques (e.g., Obtura, Ultrafi l, 
Thermafi l). At raised temperatures, gutta-percha behaves like 
other plastic materials (Thermoplast): Softening above 65°C, 
melting at 100°C, and in the α-form beyond 160°C without de-
composing while remaining soft and fl uid.

14  Gutta-percha

Gutta-percha14.1 

The sap of the isonandra gutta-tree 
provides the raw material for dental 
gutta-percha. Chemically, the sub-
stance is a polymer of the trans-form 
of the isoprene molecule. Normally, 
gutta-percha exists in the β-form 
(the typical dental gutta-percha 
points at room temperature). If 
gutta-percha is heated to 65 °C, its 
softening temperature, and slowly 
cooled (0.5 °C/h), the α-form exists 
at 42–49 °C. This is sticky, with a ten-
dency toward becoming more fl uid 
and is too soft to condense properly.

Gutta-percha points14.2 

Left: The sizes and dimensions of 
gutta-percha points are defi ned by 
various norms. International point 
norms have been established (d1 at 
the tip, is d3 3 mm proximal to the 
tip), but nonuniform-sized tips (right) 
are also available and have been de-
scribed.

Right: Today, numerous gutta-percha 
points are commercially available and 
are color-coded to indicate the diam-
eter; the colors are similar to the ISO 
colors.

Determination of dimension14.3 

Left: For a long time, only about 50% 
of a given set of gutta-percha points 
corresponded to the norm, and there 
was immense variation, so it was 
helpful to develop a device with 
which the dentist could precisely 
measure the diameter of a gutta-
percha tip (Dentsply Maillefer, 
Switzerland).

Right: While many nonstandard 
gutta-percha points do not corres-
pond to the  different sizes of spread-
ers, the taper of the points A–D 
corresponds precisely to that of the 
spreaders A–D (Dentsply Maillefer, 
Switzerland).
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14 Gutta-percha

Gutta-percha has been used for many years for obturation of 
the root canal, and heating it—with the aim of fi lling more and 
fi ner canal areas—has been practiced for more than half a century. 
The past 10 years have seen modifi cations to the classic solid 
gutta-percha master point made of α gutta-percha because the 
increasing use of NiTi fi les of various geometries (4%, 6% taper, 
ProTaper, Mtwo form) required the root canal fi lling to adapt to 
the shape of the canal.

Furthermore, heated vertical compaction as well as other ther-
moplastic obturation techniques using gutta-percha continue to 
attract increasing attention from practitioners. There are several 

reasons for this, not the least of which is the development of not 
only new but also a larger array of devices (combination of 
spreader and backfi ll pistol, cordless devices, etc.) that are be-
coming increasingly easier and more reliable to use.

In addition, recently, more studies have questioned the long-
term gold standard of “lateral compaction” and have provided 
evidence of excellent results with the heated vertical compaction 
technique (Farzaneh et al., 2004).

Gutta-percha variants14.4 

During the past decade, the form and 
composition of gutta-percha have 
been altered.

Left: Because of the popularity of NiTi 
fi les with higher taper, gutta-percha 
points are now commercially avail-
able with 4% (upper panel) and 6% 
(lower panel) taper.

Right: Gutta-percha points with calci-
um hydroxide (upper panel) make in-
sertion  easier. Similarly, the addition 
of  chlorhexidine (lower panel) is of 
therapeutic interest and the gutta-
percha is easy to use in most clinical 
situations.

Heated gutta-percha 14.5 
compaction

In the Schilder technique, gutta-
percha points were heated over a 
fl ame. This was cumbersome and the 
temperature was poorly controlled. 
System B and Obtura were the fi rst 
heat-producing devices that could be 
regulated.  

Left: Cordless heated endodontic 
spreader that also delivers vibrations 
(DownPak, Hu-Friedy).

Right: Modern technology combines 
a heated spreader and a fi lling sy-
ringe into a single device, with pre-
cise temperature control (Sybron-
Endo, Orange, CA, USA).

Heated compaction and 14.6 
 obturation

Heated vertical compaction of gutta-
percha points is today the gold stand-
ard for root canal obturation. While 
the “classic” Obtura device is current-
ly in its third generation, newer de-
velopments in the form of cordless 
systems predominate, permitting 
greater freedom of movement 
(Meta E&A, ADS, Germany).
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Optimized endodontic re-treatment of a previous failed endo-
dontic attempt by means of orthograde removal of the fi lling ma-
terial and fresh endodontic therapy is, according to the literature, 
a more predictable and more successful treatment compared 
with a retrograde surgical approach in the form of apicectomy 
(Allen et al., 1989; Molven et al., 1991). This is even more clini-
cally relevant and important now, as new technical aids, particu-
larly the clinical microscope, have made orthograde endodontic 
revision carried out under direct vision simpler, more precise, 
and ultimately more successful.

In the past, use of the Hedström (H) fi le, often in combination 
with dissolving/irrigating solutions, was the method of choice 
(Hunter et al., 1991; Hansen, 1998). In addition to the clearly most 
effective (but also most dangerous) chloroform solutions, numer-
ous other agents such as halothane, xylol, or orange oil were also 
available. Nevertheless, all of these chemical agents are to some 
extent toxic, they do not signifi cantly improve root canal cleaning 
or shorten treatment time. They are a limited treatment adjunct 
in cases of an over-compacted root canal fi lling, or in severely 
curved canals, but such solutions are today, for the most part, of 
historical interest only (Schirrmeister, 2006).

15  Retreatment

Dissolving solutions15.1 

For many years now, scientists have 
been researching agents for dissolving 
previously placed root canal fi llings. 
The most recent studies indicate that 
root canal fi lling material can be dis-
solved, but the effi ciency is quite low 
while the toxicity of the solutions may 
be quite high (depicted: Endosolve R 
and E, Septodont, Saint-Maure-des 
Fossés, France).

Hand and ultrasonic fi les15.2 

Hand instruments, in particular, the 
H fi les shown here, have been used 
for many years for reinstrumentation 
of previously treated root canals and 
are quite effective (H fi les with plas-
ma vapor deposition [PVD] coating; 
Komet Brasseler,  Lemgo, Germany).

Ultrasonics15.3 

In today’s contemporary practice, 
 retreatment of root canals is un-
imaginable without the use of 
ultrasonic devices.

Right: In recent years, various shapes 
and forms of ultrasonic tips have 
found an important place in the 
 retreatment of endodontic failures; 
with the use of the clinical micro-
scope, the excellent vision permits 
the removal of the correct material, 
and by using very fi ne ultrasonic tips 
the revised preparation can be ex-
tended further apically.
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15 Retreatment

Within the endodontic triad of “illumination, enlargement, and 
instrumentation” (see Microscopy, p. 123), several contemporary 
developments in instrument design have led to considerable sim-
plifi cation of, and faster, treatment. Nickel titanium (NiTi) fi les, 
special reinstrumentation fi les, as well as special handpieces and 
programs for this purpose in endodontic motors, represent major 
technologic advances. Initially, the NiTi fi les exhibited a higher ta-
per (.04 [size 30] or .06 [size 30]), but over time special NiTi re-
instrumentation fi les have been developed with cutting rather 
than rounded tips, which are easier to insert into and remove pre-
viously placed gutta-percha.

A special handpiece with an extremely small head by virtue of 
integrating the head of the revision fi le with the pinion gear of the 
handpiece refl ects today’s clinicians’ desire for instruments aiding 
more rapid root canal retreatment.

In addition to the heated end in system-B (Sybron-Endo, 
Orange, CA, USA) and similar devices, ultrasonic fi les have a fi rm 
place in the retreatment of root canals. The variety of ultrasonic 
tips available has grown in recent years, from extremely fi ne K 
fi les for the removal of broken instruments to special tips for the 
removal of gutta-percha and cement.

Post removal using ultrasonics15.4 

In this case, a screw pin was loosened 
preoperatively using an ultrasonic 
 device and subsequently successfully 
removed by counterclockwise rota-
tion.

Handpiece for retreatment15.5 

The R-Endo-System (MICRO-MEGA, 
France) has a distinct design—InGeT 
(integrated gear technology)—in 
which the pinion gear of the hand-
piece has been integrated with the 
engaging head of the fi le. This ap-
proach required a fi le head of only 
7.5 mm (regular height is 14.5 mm), 
which means the handpiece head is 
extremely small. The reinstrumenta-
tion fi les have a tip diameter of size 
25 and a taper of 12%, 8%, 6%, or 4%.

Endomotor and NiTi fi les15.6 

The very fi rst endodontic motor with 
a special program for use with NiTi 
fi les for reinstrumentation of root 
canal fi llings was the Endostepper 
(S.E.T., Munich, Germany).

Left: Specially shaped NiTi fi les for 
reinstrumentation (ProTaper Uni-
versal D1-D3, Dentsply Maillefer, 
Switzerland).
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9916 Rubber Dam

The legacy of the dentist Sanford C. Barnum was founded on 
March 15, 1864, when he punched a hole in a sheet of rubber and 
stretched it over a mandibular molar. That day represented the 
beginning of the dental rubber dam—a term long used in the 
construction and shipbuilding industry for the isolation of a cav-
ity from moisture. Decades later, with the development of im-
proved suction techniques, the rubber dam became less impor-
tant in the fi eld of dentistry. However, the isolation of a tooth 
with a rubber dam to achieve a totally dry fi eld of work remains 
an absolute clinical requirement for endodontic treatment. The 
European Society of Endodontics (ESE) guidelines (2006) give the 
following reasons for use of the rubber dam:
• prevention of salivary and bacterial contamination;
• elimination of the risk of aspiration and swallowing of instru-

ments;
• prevention of spillage of irrigating solutions into the oral cavi-

ty.

There are a few exceptions to these basic requirements, but they 
seldom occur in daily practice.

Unfortunately, even today there is debate about the purpose 
and clinical rationale behind the preparation of a dry fi eld using a 
rubber dam. The arguments against using a rubber dam are many: 
It takes too long to apply; patients do not readily accept it; pa-
tients become nervous and are irritated by it; it is no longer a 
“contemporary” dental device; endodontic treatment can be per-
formed quite well without the rubber dam; etc. However, all the 
reasons for not using the rubber dam are not able to withstand 
critical evaluation. Studies such as those by Stewardson and 
McHugh (2002) clearly demonstrate that the vast majority of pa-
tients readily accept the use of a rubber dam, independent of age, 
gender, type of dental treatment, time of application, length of the 
appointment, or position of the dam.

In 1908, the veritable “grandfather” of dentistry, Dr. G. V. Black, 
wrote in his book Operative Dentistry: “probably no other tech-
nique, instrument or treatment in dentistry had been more uni-
versally accepted and advocated, and yet is so universally ignored 
by practicing dentists. Many reasons can be given but in most 
cases the fundamental cause is inadequate explanation and train-
ing in the dental schools. If any operative technique is not clearly 
taught and seen to be effi ciently executed by the teachers, the 
new members of the dental profession will not use it willingly.”

European universities have accepted this tenet, and reports in-
dicate, for example, that 91.6% of all German dental schools rou-
tinely use rubber dam for dental treatment (Baumgartner, 2003). 
However, 15 years ago, only 5% of surveyed dentists in Germany 
used the rubber dam, and 65% never used it (Winkler, 1991). In a 
1997 study by Maier, 17.5% of German dentists regularly used the 
rubber dam. Most recent studies in Germany indicate that 8.2% of 
dental practitioners routinely use rubber dam, and an additional 
25.3% use it in more than half of cases (Baumgartner, 2003).

From an international perspective, the USA is at the top: 59% of 
general dentists and 92% of endodontists reported that they al-
ways use rubber dam (Whitten et al., 1996). In contrast, 31% of 
Swiss dentists reported regular use of rubber dam, but 69% never 
used it (Barbakow et al., 1995). In Great Britain, 60% of dentists 
never used the rubber dam (Whitworth et al., 2000), and in Bel-
gium 64.5% never used it (Hommez et al., 2003).

It has long been acknowledged that root canal treatment must 
be carried out under sterile conditions, because bacteria are al-
ways the cause of endodontic disease or its progression (Kake-
hashi et al., 1965; Sjögren et al., 1997). Keeping in mind these sci-
entifi c facts and clinical practicalities, the rubber dam remains a 
simple, quickly applicable, and effective tool in endodontics.

16  Rubber Dam
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100 C Root Canal Treatment

The Rubber Dam 
A 15 × 15 cm (6 × 6 in) sheet of rubber is the most frequently used 
rubber dam for clinical use. The raw material—as with latex 
gloves—is the sap of the native rubber tree. Chemically, the sub-
stance is a cis-1.4 polyisoprene. The material is available in fi ve 
different thicknesses; in endodontics the medium, strong, and 
extra strong sheets are most commonly used.

Because latex allergies are quite commonly encountered, and 
have been observed during endodontic procedures (Chin et al., 
2004), various manufacturers do provide either artifi cial latex 
(Isodam Non-latex) or latex-free rubber dam material (Flexidam 
Non-latex).

Basic rubber dam 16.1 
 armamentarium

Latex rubber is available in various 
thicknesses and colors. The size is 
 usually approx. 13 x13 cm (5 × 5 in) 
(green) or approx. 15 x 15 cm (6 × 6 in) 
(blue, cream). The cloth napkin 
 prevents direct contact between the 
rubber sheet and the skin. Most 
 recently, silicone rubber dam sheets 
(light green, Roeko) have become 
available for patients with latex allergy.

Use of lubricating agents (Denta-
glide, Sigma Dental) or Vaseline 
makes application of the rubber dam 
easier. Templates simplify positioning 
of the hole punch in the sheet.

Rubber dam punches16.2 

The Ainsworth punch (left), with a 
hinge located behind the punch 
plate, has remained unchanged for 
almost 100 years, and offers the 
 ability to make perforations in fi ve 
different sizes.

The Ivory punch (right) is the best 
 instrument for punching the rubber 
dam. Because of its design it is pos-
sible to punch a hole much further 
 toward the center of the rubber dam 
sheet. The hinge is positioned in 
front of the punch plate, which 
 permits almost perpendicular and 
therefore exact punching.

Punching16.3 

Left: Close-up view of the Ivory rub-
ber dam punch showing the movable 
punch plate with six hole sizes rang-
ing from 1mm to 2 mm.

Right: Making a single hole off center 
in one of the four quadrants (approxi-
mately 4–5 cm from the edge) sim-
plifi es placement of the rubber dam 
in all four quadrants: The material is 
turned to the left or to the right to 
use the hole for a maxillary or man-
dibular tooth. This also permits the 
assistant to dispense with a template 
and punch the holes identically for all 
regions.

During endodontic treatment procedures, usually only a single 
tooth at a time is isolated, and so just one hole, positioned slight-
ly off-center in the rubber dam sheet, is often all that is required. 
If additional teeth or groups of teeth need to be isolated, tem-
plates are available for orientation of the holes. The Ivory rubber 
dam punch is the instrument of choice for making appropriate 
holes in the rubber dam for clinical application. Although the use 
of special lubricants, Vaseline, or even shaving soap has been pro-
posed, patient comfort is most easily ensured by using lip balm 
or placing a soft cloth barrier between the rubber dam sheet and 
the face/lips.
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10116 Rubber Dam

In the earliest confi gurations of the rubber dam, the sheet was 
held in place with wooden wedges or dental fl oss. Soon a myriad 
of clamps became available designed for use on individual teeth 
or groups of teeth. Today, stainless-steel clamps are the most 
commonly used, but plastic is also available.

The rubber dam clamp needs to engage the tooth at certain 
critical contact points. The clamp is meant primarily for retention 
of the rubber dam, which it does through its spring action below 
the height of contour of a tooth. It may also help to slightly retract 
the gingiva. Currently, the following rubber clamp types are uni-
versally recognized:

• normal clamp (with wings);
• wingless clamp;
• distal clamp;
• anterior tooth, premolar, and molar clamps;
• cervical or labial clamps;
• retention clamps (for retention of the rubber dam sheet);
• retraction clamps (for gingival retraction, e.g., Brinker tissue 

retractor, Schultz clamps).
An exception is clamp size 212, which provides both retention 
and retraction.

Rubber Dam Clamps

Parts of a rubber dam clamp16.4 

1  Clamp wings
(lingual and buccal) with:
1.1 Central arm
1.2 Anterior arm

2 Clamp bow (distal)

3 Clamp beaks

4 Contact points

5 Notch

6 Clamp holes

Clamp selection16.5 

As there are numerous manufactur-
ers providing many different types of 
rubber dam clamp, the selection pro-
cess is not always easy. Clamp sets 
can help in orientation. The selection 
portrayed here, from Ivory, consists 
of eight types:
8A  Molar (also for broken down 

crowns)
14A Molar, partially erupted
8 Maxillary molars
7 Mandibular molars
212 Anterior teeth
0 Premolars (high bow)
1 Premolars
2 Mandibular premolars

“Tiger clamp”16.6 

Recently, Ivory has developed rubber 
dam clamps with serrated beaks. 
These are called tiger clamps and 
provide excellent retention. In gener-
al, rubber dam clamps should have a 
matte fi nish, especially when per-
forming endodontics with a clinical 
microscope, because the light refl ec-
tion may make intraoral photography 
more diffi cult.

2

4

6

4
5

1.1

1.2

1
3
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102 C Root Canal Treatment

Once the practitioner has selected the appropriate rubber dam 
and clamp, the clamp forceps helps in placement of the dam. The 
Ivory forceps are associated with the least amount of gingival 
trauma.

The extraoral rubber dam frame is available in a variety of 
shapes and sizes. Some dentists prefer plastic frames because 
they are radiolucent and the rubber dam does not have to be re-
moved while taking intraoperative radiographs. However, plastic 
rubber dam frames are damaged by the autoclave process over 
time, resulting in eventual fracture and an unesthetic appear-
ance.

If metal frames are used, the patient’s eyes and skin should be 
protected by having plastic caps on both ends of the frame. For 
ease of application, it is benefi cial if the dental assistant routinely 
prepares a complete rubber dam tray. For retention, Wedjets 
(Naturlatex [Collène Whaledent, Ohio, USA]) and dental fl oss, 
and also composite resins, dental cements, or impression com-
pound (e.g., Kerr [Orange, CA, USA]) should be available. For com-
plete sealing of the properly positioned rubber dam apparatus, it 
may be necessary to use Cavit (ESPE, Seefeld, Germany) or a peri-
odontal dressing.

Pretreatment Preparation

Rubber dam forceps16.7 

The Ivory rubber dam clamp forceps 
have withstood the test of time. A 
steel spring behind the hinge and a 
steel clasp permit solid and secure 
positioning at any given degree of 
opening. The working end has a 
double bend, which simplifi es 
insertion into the oral cavity.

Right: Only the Ivory forceps have re-
tention teeth that keep fi rm hold of 
the clamp even when the clinician ex-
erts a gingivally directed force on the 
clamp; because of the teeth, the tips 
of the forceps do not slip through the 
clamp holes, thus preventing gingival 
damage.

Rubber dam frames16.8 

Many frames for rubber dam applica-
tion are U-shaped, with the bottom of 
the “U” resting on the patient’s chin 
and the open ends oriented toward 
the nose. Included in the fi gure are 
plastic frames (upper left) and 
 radiographically visible metal frames, 
e.g., Young (below right), in sizes of 
5 and 6 in (12.7 and 15.24 cm resp.). 
A more recent development is the 
folding frame (Sauveur; below left), 
which incorporates a hinge for open-
ing and closing the frame to permit 
introduction of intraoral radiographic 
fi lm packets in the patient’s mouth.

Assembled rubber dam tray16.9 

The assembly by a dental assistant of 
a prepared tray simplifi es and accel-
erates the placement of a rubber dam. 
A prepunched rubber dam, frame, 
clamp forceps, and the appropriate 
clamp, as well as a hemostat, are 
placed on the tray, ready for use.

Right: Additional aids for the stabili-
zation of the rubber dam include 
Wedjets (rubber bands in various 
thicknesses dispensed from a com-
mercially available device), dental 
fl oss, wooden wedges, or Kerr 
 impression compound.
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10316 Rubber Dam

There are various methods of applying the rubber dam. Four 
common application techniques are presented here. In general, it 
is wise to consider various factors before attempting the applica-
tion procedure.
• If the clamp is placed in the rubber dam sheet before insertion 

into the mouth, there is no need to use a dental fl oss sling to 
prevent inadvertent swallowing of the clamp.

• Application of the rubber dam sheet after it is affi xed to the 
frame helps to achieve symmetric mounting more easily and 
also reduces application time.

Applying the Rubber Dam

The “bow technique”16.10 

Left: Using the index fi nger, the rub-
ber dam is forced onto the rubber 
dam forceps at the level of the hinge. 
The rubber is then stretched with the 
other hand over the bow; using the 
retention teeth of the forceps the 
rubber is also stretched over the 
clamp.

Right: The punch through the rubber 
dam is completely stretched over the 
clamp bow of the clamp and the rub-
ber is folded over to permit easier 
handling.

Application: step 116.11 

Left: The rubber dam, clamp, and 
 forceps are inserted into the oral 
 cavity.

Middle: The clamp is secured on the 
tooth. This application technique 
provides excellent visual access, 
 making it easy to locate the tooth to 
be treated.

Right: The rubber dam is stretched 
buccally over the central wing.

Application: step 216.12 

Left: The buccal wing is completely 
exposed.

Right: The rubber dam will have 
achieved its fi nal position when the 
material is stretched over the lingual 
wing.

Rubber Dam Application: I (Bow Technique)
The bow technique of rubber dam application can easily be car-
ried out by one person if the instructions detailed below are fol-
lowed. In addition, it is advantageous to have excellent vision of 
the oral cavity when placing the rubber dam clamp. A disadvan-
tage of this method is that the rubber dam sheet must be subse-
quently stretched over the clamp wings, which can result in tear-
ing. To prevent this happening, it is wise to use the largest punch 
diameter. The rubber dam frame is positioned and affi xed only 
after the dam and the clamp are secure.
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104 C Root Canal Treatment

Rubber Dam Application: II (Wing Technique)
A widely practiced method of applying the rubber dam is to in-
sert the central arms of both the lingual and the buccal wings of 
the clamp into the punched hole in the rubber dam, hence the 
name “wing technique.” It is regarded as the simplest method 
(Winkler, 1991), and permits unilateral application.

The procedure has two steps:
1. Preparation of the complete assembly by the dental assistant 

before the treatment begins.
2. Application of the fully prepared rubber dam assembly into 

the patient’s mouth.

Tray assembly for the wing 16.13 
technique

A prepunched rubber dam, clamp 
size 7 (Ivory) for mandibular molars, 
a Young frame (approx. 15 x 15 cm 
[6 × 6 in]) and the Ivory rubber dam 
clamp forceps ready for application.

Preparation: step 116.14 

Left: The clamp is held with the 
 forceps. The index fi nger rests upon 
the forceps hinge.

Middle: The punched rubber dam 
sheet is stretched over both wings of 
the clamp.

Right: The sheet is then stretched 
 diagonally from one of the upper 
ends of the Young frame to the 
 opposite lower end of the frame.

Preparation: step 216.15 

Left: The rubber dam is stretched 
across all ends of the frame and 
should extend somewhat beyond the 
base of the frame.

Middle: The lower overhang is used 
to create left and right pockets, that 
is, the sheet is turned inward from 
both sides and the lower portion is 
pulled over the upper edge.

Right: The patient holding the pre-
formed cloth napkin.

In anticipation of the procedure, it is necessary to have a tray set 
out with all necessary instruments. The dental assistant should 
place the selected clamp into the rubber dam sheet at an angle of 
45°, with the bow positioned distally with regard to the dental 
arch in which the tooth to be treated is located. Then the rubber 
dam frame is attached; diagonal stretching is helpful and practi-
cable. In addition, the subsequent positioning of the dam should 
be done in such a way as to create two pockets at the lower bor-
der to catch the overfl ow of fl uids during the instrumentation 
procedure.
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10516 Rubber Dam

If the unit consisting of the rubber dam clamp, clamp forceps, 
rubber dam sheet, and rubber dam frame is preassembled, the 
time of application in the patient’s mouth is reduced to a mini-
mum.

Disadvantages of the wing technique include reduced vision 
when placing the assembly in the mouth and the necessity for 
force application against the resistance offered by the rubber 
dam sheet when the clamp has to be placed in the posterior seg-
ment of the dental arch. It is also necessary to avoid injury 
(“pinching”) to the soft tissues in the vicinity, such as the tongue, 
lips, or cheek. While the clamp is being placed below the height 

of contour of the tooth, the patient should report any pinching of 
the gingival tissues. The application is completed by stretching 
the rubber dam sheet over the clamp wings using a spatula, fol-
lowed by proximal adaptation with dental fl oss.

With the help of the technique described here, many clinical 
situations can be mastered. This rubber dam application tech-
nique should become part of the standard repertoire of every 
dental practice.

Application: step 116.16 

The preassembled rubber dam sheet, 
frame, clamp forceps, and the clamp 
are inserted into the patient’s mouth. 
By spreading the beaks of the clamp, 
the tooth to be treated can be visual-
ized and localized.

Application: step 216.17 

Left: The clamp has been positioned 
on tooth 36 and the forceps re-
moved.

Middle: A spatula is useful for stretch-
ing the rubber over the lingual wing 
of the clamp.

Right: The spatula is also used to 
stretch the rubber over the buccal 
wing. 

Application: step 316.18 

Using dental fl oss, the rubber dam is 
forced gingivally both mesially and 
distally into the proximal undercuts, 
thus completing the circular adapta-
tion of the dam to the tooth.

Middle: The rubber dam is fully in 
place. The beaks of the clamp con-
tact the tooth in the cervical region 
on both the buccal and lingual sides.

Right: Extraoral view of the rubber 
dam with the cloth napkin in place 
and the pouch for placement of the 
saliva ejector.
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106 C Root Canal Treatment

Rubber Dam Application: III (Rubber Dam Sheet 
First)
As with other methods of rubber dam application described here, 
this technique can also be enhanced by preassembly by the den-
tal assistant, providing a tray with forceps, clamp, and rubber 
dam in the appropriate confi guration. In the case depicted below, 
the foldable frame (Sauveur) provides a space at its left and right 
lower borders to accommodate the saliva ejector.

The fi rst step is a try-in of the selected clamp. Once it sits well 
and is positioned appropriately, the rubber dam material is 
stretched onto the frame and then placed in the mouth; the fi n-
gers are used to force the rubber dam around the tooth to be 

Tray assembly for the 16.19 
 “rubber technique”

Left: The rubber dam has been 
punched in the region of tooth 36 
and mounted on the hinged Sauveur 
frame, including the suction napkin. 
Molar clamp size 7 is already posi-
tioned in the forceps.

Right: The components consisting of 
the rubber dam and frame are shown 
in place in front of the patient. The 
saliva ejector (below left) has been 
inserted from the right side.

Application: step 116.20 

Left: The rubber dam sheet is 
 positioned over tooth 36. The 
punched hole is stretched open using 
the fi ngers of the left and right hands 
and stretched over the tooth crown.

Right: The forceps with the clamp is 
inserted into the mouth and the 
clamp is carefully placed at the cervi-
cal region of the molar. The clamp 
should always contact the tooth and 
not the rubber dam.

Application: step 216.21 

Left: Using dental fl oss, the rubber 
dam is forced beneath the contact 
points proximally.

Right: The rubber dam and rubber 
dam clamp in their defi nitive posi-
tions.

treated and which is just under the punched hole in the sheet. 
This procedure has several advantages.
• The rubber dam immediately inhibits any aspiration or swal-

lowing of instruments or materials.
• Although some clamps—such as the double bow 212—only 

permit positioning of the rubber dam after clamp placement, 
most other clamp types can be used with this technique.

A potential disadvantage is the impingement on soft tissues, 
which can be very diffi cult with molar teeth and uncomfortable 
for the patient if the rubber dam sheet has to be forced in the di-
rection of the fl oor of the mouth or against the cheek.
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10716 Rubber Dam

Rubber Dam Application: IV (Clamp First)
In this last technique, fi rst the rubber dam clamp is placed on the 
tooth and appropriately adjusted. Similar to application III, all of 
the elements—clamp, clamp forceps, rubber dam material, and 
rubber dam frame—should be preassembled. Only the sequence 
of placement is reversed.

A key point in this procedure is to make sure that the clamp 
will not be “lost” into the oropharynx. This can be done by loop-
ing a suffi cient length of dental fl oss around the bow of the clamp 
and letting it hang outside the mouth within easy reach, thus en-
suring that the clamp can be quickly removed if necessary.

Clamp technique16.22 

A wingless clamp (Hygenic B1) has 
been placed directly on tooth 36. 
Note the dental fl oss looped on the 
clamp to protect against possible 
 aspiration. The clamp is placed using 
forceps to carefully position the beaks 
at the cervical margins of the tooth at 
the level of the gingival margin; fi nally 
the forceps are slowly released to 
 reduce the tension in the clamp for 
defi nitive placement.

Rubber dam frame 16.23 
 placement

Left: The rubber dam sheet has been 
placed on the hinged Sauveur frame. 
The sheet is stretched across the left 
and right sides at the bottom edge of 
the frame to form a pocket that is 
completely sealed against fl uids. The 
depicted hinged frame has a groove 
for guiding and retaining the saliva 
ejector.

Right: The rubber dam is then 
stretched over the clamp bow.

Securing the rubber dam16.24 

Left: The fi ngers are used to stretch 
the rubber dam over the lingual 
wing.

Right: Finally the rubber dam is 
 inserted into the proximal undercuts 
using dental fl oss.

One diffi culty that may be encountered with this technique is 
that when placing the rubber dam the hole in the sheet must be 
stretched widely to position it over the appropriate clamp. The 
use of wingless clamps is recommended, as their smaller dimen-
sions will reduce the risk of tearing of the dam. A particular ad-
vantage of the clamp fi rst technique is ease of visibility while 
placing the clamp on the tooth.

Regardless of the technique used, the next step is always disin-
fection of the operative fi eld, and in the dental situation chlor-
hexidine is the agent of choice.
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108 C Root Canal Treatment

In some cases it may be necessary to modify the selected tech-
nique to ensure a well-placed and impervious rubber dam. The 
usual aids in this regard include dental fl oss, Wedjets, Kerr com-
pound, or even the use of a second clamp. In addition, several 
materials have been specially designed for this purpose, includ-
ing composite materials such as LC Block-out resin and OraSeal 
(Ultradent, South Jordan, UT, USA); these provide rapid and se-
cure sealing to prevent leakage around the tooth to be treated.

Pretreatment planning and preparation will simplify the pro-
cedure. Even in patients with fi xed orthodontic appliances, ap-
plication of the rubber dam is possible.

Prosthetically treated teeth also often require endodontic 
treatment. For single teeth, it is often prudent to remove the 
crown to achieve better vision. Because the tooth requiring endo-
dontic treatment is often broken down, the rubber dam may need 
to be fi xed on an adjacent tooth; in the case of severely broken 
down teeth the use of a second clamp may be required.

When taking radiographs during endodontic treatment, it is 
often necessary to detach part of the dam from the rubber dam 
frame. The hinged design of the Sauveur folding frame presents 
an elegant solution to this problem.

Special Cases

Application of the rubber 16.25 
dam in a patient with 
 orthodontic braces

Despite brackets, wires, tooth crowd-
ing and multiple rotations the rubber 
dam was placed and secured by a 
clamp on the canine and a dental 
fl oss ligature on the  premolar.

Sealing: I16.26 

A seal was prepared around a severe-
ly carious mandibular molar using LC 
Block-out (blue) and a rubber dam 
clamp.

Sealing: II16.27 

OraSeal provides a quick and effective 
means to prevent leakage following 
placement of the rubber dam.
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17 Access Cavity Preparation

17  Access Cavity Preparation
Root canal treatment begins with preparation of the access cavi-
ty, which should always be carried out with the rubber dam in 
situ. Diffi culties encountered during instrumentation of a root 
canal can usually be traced to insuffi cient access cavity prepara-
tion and the lack of straight-line access to the root canals.

The entrance (orifi ce) of the root canal must be directly visible. 
This can often be facilitated by the use of loupes or a dental mi-
croscope. It is important to remove as much enamel and dentin 
as necessary. On the one hand, the access cavity must never be 
that small so as to inhibit visual detection of the root canal ori-
fi ces. On the other hand, excessive preparation will reduce the 
structural strength of the remaining tooth tissues and hence the 
resistance to fracture (Reeh et al. 1983).

Errors made during the preparation of the access cavity usually 
result in a series of problems during the rest of the endodontic 
procedure. Such errors include insuffi cient excavation of caries as 
well as insuffi cient removal of the softened and unsupported 
hard tissues of the tooth. Incomplete removal of inadequate or 

poorly sealed restorations or crowns will lead to salivary and bac-
terial contamination of the instrumented root canal, which fur-
ther leads to postoperative infl ammation and other clinical con-
sequences and ultimately failure. A lack of straight-line access to 
the root canals from within the pulp chamber can lead to ledge 
formation within a curved root canal and lateral perforation.

Therefore, a thorough knowledge of dental and root canal 
anatomy is of paramount importance when planning the shape 
and extent of the access cavity, because it must provide a com-
plete view of the pulp chamber without compromising the tooth 
structure. 

If previous restorations appear to be intact and do not show 
any inadequate areas on the radiographs, they can be left undis-
turbed. On the other hand, one must keep in mind that only after 
compete removal of an old restoration or a crown can the extent 
of carious penetration as well as poorly sealed areas be deter-
mined, the root canal orifi ces more easily detected, and straight-
line access for root canal instrumentation guaranteed.
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C Root Canal Treatment

Inadequate temporary 17.1 
 restoration

Left: Tooth 26 was treated 6 months 
previously. Beneath the temporary 
restoration is an inadequately 
opened pulp chamber with dentin 
overhangs as well as considerably 
large areas with caries in place.

Right: The inside surface of the tem-
porary, prefabricated crown contains 
some cement as well as impacted 
food remnants. The margins of the 
crown were not adapted to the tooth, 
and where thus being exposed to the 
oral environment.

Initial opening17.2 

Left: This maxillary molar with four 
 silver cones had to be re-treated. On 
re-opening the pulp cavity there were 
large areas of caries.

Right: Following successful removal of 
all four silver cones, the extent of the 
secondary caries became apparent.

Build-up restoration17.3 

Left: Following complete removal of all 
carious dentin, the mesial cavity wall 
was etched with phosphoric acid.

Right: Using a fl owable composite 
 resin material, the mesial wall was re-
stored, providing protection against 
salivary contamination.

Build-up Restorations
Within a comprehensive treatment plan, only teeth with a favor-
able prognosis and which can be successfully restored should be 
included. Once the old restorations have been removed it is nec-
essary to provide interim restorations, so that there is a stable 
coronal reference point for determination of endodontic working 
length and also to protect the tooth from overloading and possi-
ble fracture between endodontic appointments (Gutmann et al., 
1991). In addition, it is necessary to ensure a seal against the oral 
milieu to prevent salivary contamination of the root canal.

The extent of the enamel or dentin defect and the amount of 
time the interim restoration has to be in place, as well as the ex-

pected masticatory loads on the tooth, will determine the type of 
interim restoration. Glass ionomer cements show very good mar-
ginal adaptation early on, but continued occlusal forces soon lead 
to substance loss, compromising the restoration margins (Krejci 
et al., 1986).

Today, a resin composite adhesive build-up restoration is often 
the interim restoration of choice. The long-term marginal seal, 
resistance to masticatory forces, and color stability of modern 
composites are so good that the preendodontic build-up can 
 often serve as the postendodontic defi nitive restoration or as a 
secure base for defi nitive prosthetic reconstruction.
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17 Access Cavity Preparation

Temporary Restoration
If the endodontic treatment procedure cannot be completed at a 
single sitting, an interim temporary restoration of the tooth will 
be required.

Cavit (3M Espe; zinc oxide, zinc, and calcium sulfate, glycol, etc.) 
is the most frequently used temporary fi lling material (Vail and 
Steffel, 2006) for both anterior teeth (54%) and posterior teeth 
(48%). Other agents commonly employed are IRM ([intermediate 
restoration material] 20% vs. 27%) and Cavit G (13% vs. 11%), which 
is usually used for inlays and is softer than Cavit.

It is interesting that about 80% of all surveyed endodontic spe-
cialists reported that they placed a cotton pellet under the tempo-

rary cavity seal (Dillard et al., 2002; Vail and Steffel, 2006). Sixteen 
percent placed no other material beneath the temporary fi lling, 
while 1% reported using foam/sponge (Vail and Steffel, 2006).

However, research has clearly demonstrated that the presence 
of even a few (one to fi ve) cotton fi bers leads to a marked reduc-
tion in closure/seal afforded by the temporary restoration (New-
comb et al., 2001). Furthermore, the minimum layer thickness of 
3.5 mm required for adequate sealing (Webber et al., 1978) will not 
be achieved.

Leaving the pulp chamber 17.4 
open

Left: Tooth 36 had been treated over 
a period of several months and most-
ly closed with a temporary restora-
tion between sittings, but also left 
open if the patient experienced pain. 
At the initial sitting, a large amount 
of food debris was present in the pulp 
chamber.

Right: After cleaning up the pulp 
chamber and initial preparatory mea-
sures to have an adequate access 
cavity it became apparent that the 
pulpal roof was still partially intact. 
The distobuccal cusp was under-
mined by caries and had collapsed.

Preparation17.5 —Ledermix— 
Cotton—Cavit

Left: The almost universally accepted 
standard method for temporary en-
dodontic restorations often leads to 
failure of the temporary cavity resto-
ration because the minimal thickness 
for a temporary restoration of 4 mm 
cannot be achieved and Cavit can 
only withstand occlusal forces for 
2–3 weeks.

Right: Placing paper points within the 
root canal and cotton pellets in the 
pulp chamber before placing the 
temporary restoration are for the 
most part counterproductive.

Failure of a temporary 17.6 
 restoration

Left: In this molar, shortly after the 
initial treatment sitting including 
access cavity preparation as well as 
caries excavation and temporary 
closure with Cavit, a longitudinal 
fracture occurred. The cause was 
probably an initially existing in-line 
fracture and the preparation of the 
endodontic access cavity.

Right: Glass ionomer cement is often 
the material of choice for temporary 
closure of an access cavity. In the long 
term, however, this often leads to 
marginal imperfections and leakage.
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A potential major problem during opening of the pulp chamber, 
in addition to insuffi cient access preparation, is an incorrect esti-
mation of the angle between the crown and the root. This error 
makes it much more diffi cult to locate the root canal orifi ces, and 
this can often be avoided with the use of a diagnostic radiograph. 
In teeth with large restorations, a bitewing radiograph should 
also be taken. To prevent excessive preparation at or perforation 
of the fl oor of the pulp chamber, the required length of the dia-
mond bur can be assessed on a radiograph.

In addition to the classic diamond burs (round or cylindrical), 
combination shapes have been introduced, such as the Endo 

Access Bur (Dentsply, Maillefer) or the stainless-steel EndoZ. 
Because in many cases metal or porcelain/ceramic restorations 
must be drilled through during access cavity preparation, special 
burs may be required. Within a comprehensive endodontic instru-
ment set, the practitioner should readily fi nd the ideal instruments 
for a variety of approaches. With the increasing use of the clinical 
microscope, special designs such as the pulp bur “Müller” (Komet 
Brasseler, Savannah, GA, USA) incorporating a long delicate shaft 
are particularly useful.

Opening the Pulp Chamber

Access cavity preparation and 17.7 
removal of old restorations

Left: Round burs as well as cylindrical 
burs, such as the EndoZ or the Endo 
Access Bur (Entsply Maillefer), are 
available worldwide for use in access 
cavity preparation.

Right: Special burs for the removal of 
amalgam (Komet Brasseler, Savan-
nah, GA, USA). Metal and ceramic 
and composite burs (from left to 
right respectively) are available for 
extending the cavity opening.

Instrument sets for access 17.8 
cavity preparation

As in other areas of dentistry, instru-
ment sets for endodontics are com-
mercially available. This makes the 
clinician’s selection easier, combining 
well-known instruments with addi-
tional aids within a well-organized 
tray (here: Sybron Endo, Orange, CA, 
USA).

Right: The Endo Access Kit (Komet 
Brasseler) has diamond burs, round 
burs, Müller burs, and Gates-Glidden 
burs.

Aids for pulp chamber access17.9 

Left: The pulpal burs (Müller) com-
bine a working end similar to a round 
bur with an especially long and ele-
gant shaft. This provides excellent 
 vision, even when working under the 
clinical microscope.

Right: The Gates-Glidden drills 
 continue to be used effectively for 
drilling of the root canal orifi ces even 
after 100 years. The sizes start from 
50 (= 0.5 mm) to 70, 90, and 110, 
and up to 130 and 150 (1.5 mm).

Chapter17_s109_122.indd   112Chapter17_s109_122.indd   112 12.08.2010   15:17:59 Uhr12.08.2010   15:17:59 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



113

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

17 Access Cavity Preparation

The shape of the endodontic access cavity should correspond 
to the shape of the roof of the pulp chamber. For maxillary inci-
sors the shape is triangular and the cavity is positioned in the 
center of the palatal surface. The access cavity must be suffi cient-
ly extended to completely expose the pulp horns and permit re-
moval of all pulpal tissue remnants to avoid subsequent staining 
or discoloration of the clinical crown.

Traditionally, the pulp chamber is opened at a 45° angle to the 
long axis of the tooth. This procedure, however, can easily lead to 
perforation at the cervical margin on the labial side. Mandibular 
incisors often show an anatomic variation that requires locating 

the pulp chamber opening almost at the incisal edge to achieve 
straight-line access to the root canal (Sonntag et al., 2006). Be-
cause of the small size of these teeth, this procedure can lead to 
perforation, or even to failure to identify the root canal orifi ce.

Access cavities in premolars should have an oval shape with 
the long axis directed buccolingually. In maxillary molars, the 
cavity is located in the central fossa with the bur inclined toward 
the mesiopalatal cusp because here the chamber is the widest. In 
the mandibular molars, the access cavity should have a trapezoi-
dal shape and the bur should be directed somewhat distally, thus 
preserving the distal third of the occlusal surface.

Access cavity preparation in 17.10 
maxillary teeth

Left: In anterior teeth the usually 
 single root canal lies within the cen-
ter of the tooth. Thus these teeth 
should be opened from the palatal 
aspect and the access cavity should 
be triangular in shape.

Middle: The opening for premolars is 
oval in shape in the buccolingual 
 direction.

Right: The access cavity for maxillary 
molars is rhomboid or trapezoidal in 
shape. Note that several molars have 
a fourth root canal—the mesiopalatal 
root canal—in the mesiobuccal root.

Access cavities17.11 

Left: In most situations, anterior 
teeth, including the mandibular 
 incisors, are opened for endodontic 
treatment in the middle of the lingual 
surface. Because of the inclination of 
these teeth, there is always a danger 
of perforation at the tooth cervix. 
The coronal pulp is also often not 
completely exposed.

Right: Straight-line access to the root 
canal is easier by drilling perpendicu-
lar to the lingual surface, but this of-
ten entails sacrifi ce of enamel at the 
incisal edge (courtesy of D. Sonntag).

Access cavity preparation in 17.12 
mandibular teeth

Left: Twenty-fi ve percent of mandib-
ular incisors and canines have two 
root canals. The access cavity from 
the lingual aspect is triangular in 
shape.

Middle: The access cavity in mandib-
ular premolars is oval in the bucco-
lingual direction.

Right: Mandibular molars should 
have a trapezoid-shaped access 
 cavity, which should be somewhat 
wider mesially than distally.
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C Root Canal Treatment

The preparation of an optimal access cavity is of great impor-
tance for successful endodontic treatment. Clinical failures such 
as perforations reduce the prognosis substantially; more obvious 
problems with canal preparation, such as ledge formation and 
perforation, are often the result of an inadequate access cavity.

To use rotary NiTi instruments effectively, a straight-line ac-
cess to the middle third of the root is important to avoid curving 
of these instruments in the coronal aspect of the canal, which can 
lead to cyclic metal fatigue.

Current research clearly demonstrates that the structural 
weakening of the tooth during access cavity preparation is the 

most important factor in the increased susceptibility of endodon-
tically treated teeth to fracture. For this reason, when creating 
the access cavity, dentin should be carefully and only selectively 
cut. Preoperative periapical and bitewing radiographs provide a 
quantitative assessment of the size of the pulp chamber and per-
mit an appropriate selection of diamond or carbide steel burs.

The fi rst stage in access cavity preparation involves the use of 
high-speed diamond burs with concomitant water cooling to 
penetrate the enamel and dentin in the direction of the largest 
dimension of the pulp chamber.

Access Cavities

Diagnosis17.13 

Before preparation of the access cavi-
ty, orthoradial and bitewing radio-
graphs can assist in the selection of 
the appropriately sized diamond and 
carbide burs. Clinically, the position of 
the rubber dam clamp often provides 
a good indication of the location of 
the pulp chamber.

Right: Rounded edge cylindrical dia-
mond and EndoZ burs are frequently 
used to create the access cavity.

Location of the pulp 17.14 
 chamber

A view from the lateral aspect per-
mits assessment of the location and 
size of the pulp chamber; on the 
 radiograph the hard tissues on the 
pulpal fl oor indicate the extent of the 
depth of the chamber.

Preparation17.15 

Using a cylindrical diamond bur, 
the pulp chamber is opened in the 
 direction of the greatest pulpal 
 dimension, then a carbide bur 
(EndoZ, Dentsply Maillefer) is used to 
create a slightly diverging cavity 
while protecting the hard tissues of 
the tooth as much as possible. Note 
the staining of soft tissues with 
methylene blue.
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17 Access Cavity Preparation

Following the exposure of all the root canal orifi ces, the coronal 
third of each canal is widened. Following copious irrigation with 
sodium hypochlorite, the canal orifi ce is fi rst engaged with an en-
dodontic probe and then with a fi ne K fi le. However, this instru-
ment should not at this stage be inserted into the canal to the ex-
pected working length. In this way, calcifi cations are removed and 
canal curvatures smoothened, and the apical penetration of smaller 
instruments is simplifi ed.

This procedure permits a larger volume of the disinfecting solu-
tion to penetrate toward the apical region and ensures that the sub-
sequent determination of actual working length is correct.

It is not uncommon to encounter pulp stones (ectopic dentinlike 
deposits) in the pulp chamber of a molar. Sometimes several pulp 
stones occur together, and they may be either loose within the con-
nective tissue or attached to the pulpal fl oor; these must be re-
moved to assure direct access to the root canals and prevent forma-
tion of niches for bacterial colonization. Often, pulp stones can be 
removed using a small excavator. Use of loupes and the clinical mi-
croscope, and also of ultrasonic tips, is recommended because these 
will protect the pulpal fl oor and reduce the risk of perforations.

Disinfection17.16 

An aseptic procedure is an important 
aspect of endodontic therapy. In 
 addition, irrigating the pulp chamber 
with sodium hypochlorite provides 
the opportunity to remove residual 
soft-tissue debris.

Root canal orifi ces17.17 

Using an appropriate instrument, a 
pulp stone is removed from the fl oor 
of the cavity and washed out. After-
wards, the canal orifi ces can be 
probed and then the coronal third of 
the root canal can be instrumented 
with increasing sizes of Gates-Glidden 
drills.

Straight-line access17.18 

Rotary NiTi fi les, because of their fl exi-
bility, permit extensive instrumenta-
tion down to the middle third of the 
root canal. In most cases, the work-
ing length can be determined and 
achieved using K fi les of ISO sizes 10 
and 15.
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C Root Canal Treatment

Following access cavity preparation, one must identify all the 
root canal orifi ces. Because of the hindrance to access caused by 
pulp stones, root canal obliteration, or previous endodontic treat-
ment, this is often diffi cult. The spectrum of instruments has 
been signifi cantly broadened in recent years: rotary NiTi fi les, ul-
trasonic fi les of various designs, hand fi les of sizes 6, 8, and 10 
(also with handles for use with the clinical microscope), and NiTi 
fi les such as Mtwo (#10 .04) or the PathFiles (Dentsply Maillefer) 
with +13, #16 or #19 .02, which permit initial rotary instrumen-
tation with fi le sizes from 15, even through the smallest canal 
orifi ces.

As important as these clinical aids, and adequate instrumenta-
tion, are, it is still the knowledge and clinical experience of the 
clinician that determines the correct identifi cation and location 
of the usual number of canal orifi ces. One of the most frequent 
causes for endodontic failure is that a canal orifi ce and the canal 
itself were never even identifi ed. In this regard, the clinical mi-
croscope has greatly broadened the scope of the previously ac-
cepted parameters. Ledges, narrowing, staining/discoloration, 
deepening and the fi nest structural/anatomic abnormalities can 
today be reliably detected, identifi ed by means of color tests or 
the “bubble test,” and subsequently successfully eliminated.

Detection and Identifi cation of Root Canal Orifi ces

Widening the canal orifi ce17.19 

Left: Orifi ce shapers (Dentsply 
Maillefer) are NiTi fi les of sizes 20 
( taper .05) to 80 (taper .08), which 
are used with a rotary motion to 
 widen the canal orifi ce.

Right: Contemporary commercially 
available instruments include ultra-
sonic tips such as these two models 
with a zirconium nitride coating; 
these can be important aids in locat-
ing the canal orifi ces and removing 
calcifi ed deposits.

Identifying the root canal 17.20 
orifi ces

After opening the pulp chamber of a 
maxillary molar, the orifi ce of the 
 palatal canal is located using Gates-
Glidden burs. At the bottom left of 
the image is the distobuccal canal and 
at the bottom right is the fi rst mesio-
buccal canal, both of which are fi lled 
with fl uid. In the center note the red 
(blood) pinpoint—the entrance to the 
second mesiobuccal canal. The dark 
lines and grooves indicate the 
 direction.

Right: Following irrigation with 
 sodium hypochlorite, pus is oozing 
from one canal (arrow).

Probing and widening17.21 

Left: When using the clinical micro-
scope and conventional hand instru-
ments diffi culties may arise because 
the fi eld of vision is obstructed by the 
clinician’s fi ngers. In this situation, 
use of instruments that are  attached 
to a handpiece can be of benefi t (MC 
fi les, VDW).

Right: Instruments with sizes 15, 16, 
or 19.02 can be used to advantage 
even in the tiniest of root canal orifi ces 
(courtesy of Dentsply Maillefer).

➤
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17 Access Cavity Preparation

The access cavity should provide direct access to all root canals 
without signifi cantly weakening the tooth crown. This is often 
extremely diffi cult in molars. In the maxillary molars, the me-
siobuccal canals are often hard to fi nd because their initial course 
is slightly mesial and then distinctly distal. In addition, the mb2 
is often obscured by a dentin ledge that must be removed using 
rotary instruments or special ultrasonic tips. In the mandibular 
molars, the mesial root canals are usually more easily  accessible 
but also often have a dentin ledge apically.

Straight-line access to the root canals can be achieved using 
rotary instruments such as a sequence of Gates-Glidden burs or 

special NiTi fi les. The use of Hedström (H) fi les has also been 
 recommended, but this can result in over-preparation. It is also 
important to note that the improper use of Gates-Glidden burs 
can result in so-called strip perforations. For these reasons, these 
instruments should not be inserted deeper than 3–4 mm into the 
root canal. An actively cutting NiTi fi le can be introduced into the 
middle third of the root canal without the excessive removal of 
dentin near the furcation.

Straight-line Access

Maxillary molars17.22 

Both mesiobuccal canals in the maxil-
lary molars course fi rst mesially and 
then distally. In addition, the second, 
more palatally located canal, is often 
covered by a ledge of dentin. 

Dentin ledge17.23 

Following identifi cation of the root 
 canal orifi ce, the dentin ledge is re-
moved using an ultrasonic instrument 
in order to permit the introduction of 
a small K fi le a few millimeters into the 
root canal. Suffi ciently large canal ori-
fi ces permit the use of Gates-Glidden 
burs for enlargement.

Straight-line access17.24 

Using an actively cutting NiTi instru-
ment, the canal orifi ce is widened 
and directed mesially. This permits 
the widening of the second mesio-
buccal canal to an adequate size and 
determination of working length.

Note the straight-line canal course 
during the introduction of master 
points.
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C Root Canal Treatment

Following penetration of the pulp chamber roof and preparation 
of the access cavity, obliterated root canal orifi ces are often en-
countered. This can be the result of formation of tertiary dentin 
or a host defense reaction to progressive caries, or it may repre-
sent the presence of a pulp stone. In such cases, careful study of a 
preoperative radiograph is often helpful and will lead to a suc-
cessful clinical conclusion.

In addition, excess cement or build-up restorations as well as 
previously inadequate root canal fi llings or post-and-core build-
ups may render the detection of root canal orifi ces more diffi cult. 
Naturally occurring dentin overhangs or ledges must be removed 

beforehand. The anticipated root canal orifi ces are fi rst entered 
using a stiff endodontic probe (e.g., the VA3 from Deppeler, Rolle, 
Switzerland), and then the guiding lines between the canal ori-
fi ces are followed. In this regard, a visual aid is the use of methy-
lene blue, which will also stain any fracture lines. The introduc-
tion of sodium hypochlorite or hydrogen peroxide will result in 
the release of oxygen bubbles, which is a sensitive indicator for 
closed or not yet discovered pulp canals.

Visual aids such as clinical loupes are also certainly useful, but 
it is the coaxial illumination and magnifi cation with the clinical 
microscope that leads the way to clinical success.

Obliterated Root Canal Orifi ces

Initial situation17.25 

Left: Following removal of the tem-
porary restoration obvious extensive 
caries is visible on the mesial aspect 
of this molar. In the center a pulp 
stone is evident above the entrance 
of mb2. At the right margin of the 
photograph, the palatal canal  orifi ce 
is visible.

Right: The preoperative radiograph 
reveals a large mesio-occlusal resto-
ration, and wide coronal pulp and 
 severely curved buccal root canals.

Identifying the orifi ce of 17.26 
mb2

Left: Following removal of the pulp 
stone using an ultrasonic device, the 
very discreet orifi ce of mb2 can be 
 located with a size 8 K fi le.

Right: Using a NiTi fi le, the canal 
 orifi ce is widened.

Widening the mb2 canal17.27 

Left: The mb1 and db canals have 
been widened using Gates-Glidden 
burs sizes 1–4, but the mb2 canal 
 remains quite narrow.

Right: Additional rotary instrumenta-
tion of mb2 using NiTi fi les resulted 
in an obvious widening of the canal 
diameter.

pal

mb1

db
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17 Access Cavity Preparation

Using the clinical microscope, even very fi ne structures and 
root canal orifi ces become apparent. The commonly used size 15 
fi le has a diameter of 150 μm at its tip and is obviously too large. 
The three other sizes, 6, 8, and 10, with diameters of 60–100 μm, 
are today an absolute must, whereby the MC fi le (VDW) or the 
Micro Opener (Dentsply Maillefer) allow adequate vision even 
with the microscope because of the confi guration of their han-
dles.

H fi les have a propensity to fracture and easily become stuck in 
the canal, therefore, K fi les are preferred in endodontics today. If 
there is binding of a K fi le in a root canal, it can usually be re-

moved by the “watch-winding” method of instrumentation. 
Through slight forward–backward rotation, the K fi le removes 
dentin. The root canal is accessible for a few millimeters. Up and 
down movements will continue to widen the canal. If the clini-
cian encounters resistance the procedure is reinitiated.

Conventional root canal fi les increase in diameter by 0.02 mm 
per millimeter. This results in frequent binding within the course 
of the canal while the tip of the fi le remains free. This is the rea-
son for the classic millimeter-by-millimeter advance, supported 
by EDTA. Once a certain width is achieved it is possible today to 
proceed to NiTi fi les or the time-tested Gates-Glidden burs.

Finalizing the initial 17.28 
 widening of the canal orifi ce

Left: The root canal length determina-
tion radiograph shows the four insert-
ed fi les and very good length estima-
tion following the principles of 
electronic apex location.

Right: The palatal canal was initially 
broad and open and was aligned us-
ing a Gates-Glidden size 5 bur within 
the fi rst few millimeters (right). The 
mb2 (above left) became accessible 
for Gates-Glidden burs and was in-
strumented up to size 3 bur.

Conclusion of 17.29 
 instrumentation

Left: Following precise electronic 
 estimation of working length and 
 radiographic determination, canal 
 instrumentation is concluded. This 
clinical view depicts the fully instru-
mented three buccal canals. Between 
mb1 and mb2 is a fi ne line connect-
ing the two canals (like an isthmus), 
which was not completely broached.

Right: Clinical view following inser-
tion and cutting off the extra por-
tions of the Thermafi l obturator 
cones at the level of the root canal 
 orifi ces.

Follow-up radiograph and 17.30 
defi nitive restoration

Left: The periapical radiograph shows 
the homogeneous and tapered 
shaped root canal fi llings. The rather 
severe curves in the canals were 
 excellently traversed and the root 
 canal fi llings terminated precisely at 
the apices of the canals.

Right: Following etching and applica-
tion of bonding material to prevent 
coronal leakage, the fl oor of the pulp 
cavity was covered with a layer of 
fl owable composite resin. It is 
 important that this composite has a 
different color to permit any future 
detection of the root canal orifi ce.
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C Root Canal Treatment

The capacity of pulp tissue to calcify is not limited to the odonto-
blastic layer. Fibrodentin deposits in the form of pulp stones can 
also be observed centrally within the pulp tissue, in both erupted 
as well as not yet erupted teeth, and in both the deciduous and 
permanent teeth in young or older individuals (James et al., 
1959).

With increasing age, there is an evident increase in the forma-
tion of intrapulpal dentin, which causes the root canal to become 
ever narrower. This deposition of hard tissue within the pulp is 
usually the result of infl ammatory processes.

With the exception of pulp stones with well-organized tubular 
dentin, which are secreted and formed by odontoblasts, atubular 
osteoid or lamellated dentinoid hard-tissue formations consist of 
fi brodentin. These structures are formed by distant pulpoblasts 
that are identical to the mesenchymal cells of the dental papilla 
(Baume, 1980). With regard to the genesis and classifi cation of 
pulp stones, there are several different hypotheses. One is that as 
a result of external factors/stimulations, pulpal cells die and con-
centric calcifi ed deposits form around these dead cells. Some 
have speculated that thermal irritation may also play a role (Ger-
stner, 1971).

Obliterated Root Canals

Diagnostic radiograph17.31 

The distal bridge abutment, tooth 
37, has an obvious periodontal– 
 endodontic lesion. This preoperative 
radiograph shows signifi cant periapi-
cal bone destruction, a vertical peri-
odontal lesion, as well as horizontal 
bone loss of about 50%.

Within the mesial root, there is only a 
fi ne line representing the original 
root canal and this disappears com-
pletely for about 3–4 mm about 
2 mm below the crown margin.

Initial cavity access17.32 

During the initial access preparation 
procedure one must proceed careful-
ly into the pulp chamber in order to 
prevent perforation.

Left: Note the slivers of gold created 
by the drilling, which are visible on 
the pulpal chamber roof. On the 
 lower right side of the photograph, 
a small root canal orifi ce is visible.

Middle: A dental probe is successful 
in exploring for and detecting a root 
canal orifi ce.

Right: Following removal of the entire 
pulp chamber roof, the fl oor of the 
pulp chamber becomes visible.

Detection of the root canal 17.33 
orifi ces

The initial size of the canals was so 
small that only the smallest size of K 
fi le (size 6) could penetrate into the 
canal orifi ce and identify its course.

Right: Initially, the size 6 K fi le could 
only penetrate a few millimeters into 
the mesiobuccal root canal.
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17 Access Cavity Preparation

Diffuse mineral deposits within the root canal consist of amor-
phous calcium phosphate. These deposits are usually found along 
blood vessels or collagen fi bers and can be observed even in clin-
ically intact teeth. In carious teeth, however, there is a signifi cant 
increase in intrapulpal mineralization (Seltzer et al., 1963). As a 
result of chronic infl ammation, pulp stones and mineralized tis-
sue deposits within the endodontium are the rule. With progres-
sive caries, the extent of intrapulpal mineralization increases, 
and may lead to complete obliteration of the root canal (Beer et 
al., 1986).

In their study of teeth with crown fractures, Cvek and Lund-
berg (1983) observed mineralization in 50% of cases, including 
both lamellated pulp stones as well as diffuse deposits of hard 
tissue. In 25% of the cases, infl ammatory cells were demon-
strated. In the age group of 10–20 years, pulpal mineral deposits 
were noted in only 8% of cases; however, in the carious teeth in 
the same age group the prevalence was 36%. In the age group 
45–63 years, 90% of teeth showed calcifi ed deposits. However, in 
radiographs, mineral deposits only greater than 200 μm can be 
clearly discerned (Tamse et al., 1982).

Radiograph for working 17.34 
length estimation

Following careful instrumentation 
and widening, all three root canals 
could be accessed to their full length. 
The defi nitive working length was 
 determined by using an electronic 
apex locator, and fi nally an eccentric 
radiograph was taken.

Filling the root canal17.35 

Left: Following root canal instrumen-
tation, the three small root canals are 
widened and cleaned.

Middle: The root canal fi lling was 
 carried out using Resilon, a synthetic 
replacement for gutta-percha. This 
photograph depicts the master point 
surrounded by the sealer.

Right: In this case, the heated vertical 
compaction method was used with 
the master point and a heated 
spreader was used for apical compac-
tion. Apical seal was achieved using 
the down-pack technique.

Completed root canal fi lling17.36 

The thermoplastic root canal fi lling is 
depicted in the radiograph, which 
shows successful fi lling of even the 
smallest curves in the canals as well 
as the lateral canals. Both the mesial 
canals illustrate a complex system of 
intercommunicating canals.

Left: The excess Resilon root canal 
 fi lling material is carefully severed off 
at the root canal orifi ce. The dentin is 
then etched in preparation for the 
application of a bonding material to 
prevent any coronal leakage.

Chapter17_s109_122.indd   121Chapter17_s109_122.indd   121 12.08.2010   15:18:52 Uhr12.08.2010   15:18:52 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



123

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

18 The Dental Microscope in Endodontics

18  The Dental Microscope in Endodontics
Owing to the very small size and complex nature of the tooth 
root canal system, the naked eye cannot discern in suffi cient de-
tail several factors that infl uence the outcome of endodontic 
treatment. Problems arising during primary root canal treatment, 
such as narrow root canal orifi ces, detection and dealing with ob-
structions or obliterated canals, and recognizing root canals type 
III or V–VII (Vertucci, 1984), can severely limit the chances for 
treatment success.

In addition, endodontic retreatment is usually associated with 
a myriad of problems that can be effectively overcome only with 
combined application of the underpinning clinical knowledge 
and state-of-the-art technology.

The introduction of the clinical dental microscope provided a 
new dimension in diagnosis and therapy in dentistry. The combi-
nation of additional light, magnifi cation, and ergonomic design 
makes the dental microscope one of the most signifi cant techno-
logical developments in endodontology. It permits the effective 
use of both time-tested techniques and newer therapeutic proce-
dures, and has thus expanded the boundaries of endodontology to 
include successful maintenance of previously questionable teeth.

As early as 1921, Carl Olof Nylen used a monocular microscope 
during surgical therapy. In 1975, Baumann described the fi rst use 
of a microscope in dental practice. He recommended it as a diag-
nostic and therapeutic aid during caries removal, root canal treat-
ment, during the preparation of dental restorations, and calculus 
removal. He drew attention to its ergonomic construction, which 
allows the dentist to adopt an upright seated position during 
treatment. Following additional technical improvements during 
the early 1990s, the dental microscope is increasingly used in 
specialist dental practices.

The dental microscope provides for an optimal clinical diagno-
sis (Zaugg, 2004). The clinical detection of even the smallest root 
canal orifi ces is signifi cantly improved using the dental micro-
scope (Schwarze, 2003). The newest minimally invasive thera-
peutic procedures for the removal of endodontic pins/posts, root 
canal fi lling material, foreign bodies, and fragments in complex 
retreatment cases can be carried out successfully. In addition, 
new frontiers in endodontology have been opened up by the abil-
ity to deal with intracanalicular obstructions and ledges, and to 
close perforations successfully (Arnold, 2009).
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The dental microscope18.1 

ProErgo, Zeiss (Oberkochen, Germa-
ny and Thornwood, NY, USA)

1 Floor stand
2  Swing arm with integrated com-

puter controls and display monitor
3  Swing arm with integrated light 

source
4  Connection with electromagnetic 

brake
5 Optical head including:
 – Eyepiece
 – Tiltable tube
 – Varioscope
 – Video camera
6 Hand grips for:
 – Light with brightness control
 – Zoom, brake
 – Documentation

Construction and Functions

Support Stands
There are three ways in which a dental microscope can be inte-
grated into a dental operatory. In addition to the classic fl oor 
mount, wall-mounted or bench-mounted supports are available. 
Besides the need for an adequately strong supporting wall or 
countertop to support the device, key criteria for selection of the 
appropriate support include the space available and the desired 
degree of mobility. An absolute requirement is a vibration-free area 
when working at larger magnifi cations. Before fi nally purchasing, a 
technical inspection of the space by an expert is recommended.

Balance
Of special importance for the day-to-day, continuous use of the 
dental microscope is ease of mobility combined with a solid and 
stable support. The use of simpler, apparently cost-saving sup-
ports can lead to vibration/oscillation, delaying clinical treatment. 
It must be possible to manipulate the device with one hand in all 
planes of space, and so the mechanical or electromagnetic brakes 
must securely hold the microscope in the desired position.

Optics and Magnifi cation
The optics of the dental microscope consist essentially of the 
 Kepler tube (eyepiece and tube), the magnifi cation changer, and 
the objective itself. The binocular optics permit spatial percep-
tion. The range of the focusing lens system varies according to 
manufacturer, especially at higher magnifi cations.
Formula to calculate magnifi cation (M):

Mtotal =
f tube

× γ × Mocularf objective lens
 f  Focal length
γ  Factor of magnifi cation
M  Magnifi cation

Light
The light originates from a separate source and travels through 
a fi beroptic to the optical parts of the device, and via a prism, 
coaxial to the optical axis. The light source may be a halogen or 
xenon lamp. These lamps are signifi cantly different in terms of 
heat development, color of the light, temperature, and lifespan.

For endodontic practice, the xenon light source is used, with a 
daylight-like color, temperature of about 5800 K and a signifi -
cantly higher light intensity of 420 klx in contrast with halogen 
lighting (which is about 100 klx).

1

3
4

5

6

2
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Four-handed technique: I18.2 

Left: Lower jaw treatment: operator at 
the 9 o’clock position. The clinician 
has supports at four points (arrows). 
Co-observation by the dental assistant 
is made possible by computer moni-
tors in the operatory. To prevent visual 
distraction related to the xenon light-
ing, wearing of protective glasses is 
recommended.

Right: Continuous irrigation and 
 microsuction during root canal 
 instrumentation.

Ergonomics
The use of a dental microscope permits the clinician to assume 
an upright posture that is less prone to cause fatigue, at a dis-
tance of more than 50 cm from the patient. For the treatment of 
maxillary teeth, the operator should be in the 12-o’clock position 
and for the mandible at the 8–9-o’clock position with respect to 
the reclining patient. With the patient’s mouth wide open, treat-
ment can proceed under indirect vision using a rhodium-plated 
mirror. For lengthy procedures, the patient’s head should be sta-
bilized using adjustable or infl atable airline-type pillows.

For vibration-free clinical work at higher magnifi cations, use of 
an operator chair with arm supports is absolutely necessary. Ex-
tended arm rests and a back support will guarantee a comfort-
able and relaxed position for the back muscles of the clinician. At 
the same time the dental assistant can keep a check on the stage 
of the clinical procedure on the monitor, and therefore provide 
optimum assistance. Other aids include microprobes, microabra-
sive ultrasonic instruments, and microsuction. Procedures of 
more than 2 hours’ duration can be easily carried out while con-
tinuing to maintain a high level of concentration.

Four-handed technique: II18.3 

Left: Without changing working 
 position, the dental assistant can 
 directly inspect the treatment area 
and follow the progress of intracanal 
procedures.

Right: Six-handed technique.
The distribution of tasks permits an 
 uninterrupted view through the 
 microscope and proceeding with the 
treatment without any loss of time, 
compared with the time-consuming 
instrument changes required with 
the hybrid techniques.

In order to achieve focused clinical work during endodontic 
treatment, visualization through the dental microscope should 
be interrupted as little as possible. Changes of instruments should 
occur according to well-practiced hand gestures between the 
assistant and the clinician, adhering to an established procedural 
sequence. The assistant should ensure that the required instru-
ments are placed into the clinician’s hand in the correct position. 
Endodontic procedures in the mandible are best carried out 
using the four-handed technique.

For maxillary endodontic treatment the six-handed technique 
has proven effective; the clinician should be at the 12-o’clock 
position with respect to the patient. An effi cient distribution of 
tasks between two dental assistants permits a very focused and 
time-effective clinical sitting. Documentation, maximizing opti-
mal visual access, suction, irrigation, and control of the overall 
fi eld of operation should be the responsibility of the fi rst dental 
assistant. The second dental assistant should maintain responsi-
bility for rapid and secure instrument changes without the clini-
cian having to take their eyes away from the microscope.

➤➤

➤➤

➤➤

➤➤
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Apical correction18.4 

Tooth 12 has a lateral canal in the 
 apical region and a buccally oriented 
perforation.

Left: The radiograph shows the 
 adequate apical seal with MTA and 
gutta-percha.

Middle: Clinical view ×30 magnifi ca-
tion.

Right: Radiographic view 6 months 
post operatively.

Complicated anatomy of a 18.5 
maxillary molar

Tooth 16 following failure of direct 
pulp capping.

Left: ×20 magnifi cation: control of the 
correct apical seal.
mb1: Pain on probing, hemorrhage
mb2: Obliterated
db: Necrotic pulp

Middle: The palatal root canal has 
been obliterated by tertiary dentin 
formation into the middle third of the 
root canal.

Right: Initial radiograph.

Down-pack18.6 

×20 magnifi cation: Note the apically 
compacted gutta-percha.

Right: Radiographic view. The arrow 
indicates the level of the clinical 
 photograph.

Backfi ll18.7 

The root canal fi lling in canal mb2 at 
×20 magnifi cation. Because of the 
thermoplastic compaction, a lateral 
canal was also fi lled with gutta-per-
cha in the region of the adjacent mb1 
(arrow).

Right: Radiographic view.

➤

➤
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18 The Dental Microscope in Endodontics

Complex mandibular molar18.8 

Radiograph of tooth 37 shows an 
 extensive restoration with a deep 
carious defect on the mesial aspect.

Left: Following initial opening of the 
pulp chamber, a C-shaped canal con-
fi guration is evident (×16 magnifi ca-
tion).

Instrumentation under direct 18.9 
view

At ×30 magnifi cation, inspection of 
the apical region reveals an oval and 
wide open canal on the distal aspect 
(>ISO 60).

Left: Barrier of the mesial C-shaped 
canal with a paper point before appli-
cation of MTA in the distal canal.

Down-pack18.10 

Clinical view of the apical seal (×30 
magnifi cation).

Left: Interim radiograph to assess the 
quality of the apical seal.

Backfi ll18.11 

View of the backfi ll before the adhe-
sive build-up (×30 magnifi cation).

Left: Radiographic view.
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It is impossible to imagine modern endodontology without the 
use of a microscope. Currently about 500 dentists/endodontists 
in Germany and many thousands worldwide represent a large 
group of enthusiastic and by now well-experienced dentists who 
have adopted the triad “magnifi cation, illumination, instrumen-
tation.”

Magnifi cation is usually at a maximum of ×20–25; higher mag-
nifi cation reduces the resolution and limits the fi eld of vision.

Illumination is usually with a xenon lamp, which provides 
 excellent visibility with color characteristics similar to daylight. 

The special feature of the microscope is the coaxial illumination 
of the fi eld of operation, i.e., the light is in the same axis as the 
line of sight of the clinician. This permits shadow-free illumina-
tion, which is not possible even when using binocular loupes 
with a miniaturized light source affi xed between the eyes at the 
height of the glabella.

Canal instrumentation plays an ever increasingly important 
role because the working fi eld is often obscured by conventional 
instruments.

Advantages of the Dental Microscope

Illumination18.12 

American endodontists—above all Dr. 
Syngcuk Kim from Philadelphia— 
have advocated the use of the clinical 
microscope in dentistry and point out 
the advantages of the triad: Magnifi -
cation—illumination—instrumentation.

Left: The fi eld of view of the OPMI 
ProMagis (Carl Zeiss, Oberkochen, 
Germany) clearly demonstrates the 
coaxial capability of the microscope.

Right: Clinical photograph of a molar 
that is clearly darker and more poorly 
detailed compared with the image in 
Fig. 18.13.

Magnifi cation18.13 

Two important advantages of the 
 clinical microscope are the variable 
and (in comparison to loupes) higher 
magnifi cation and the excellent, 
 shadow-free vision of the working 
fi eld. At ×24 magnifi cation, the infrac-
tion lines are clearly visible, as well as 
signs of the use of a diamond bur.

Instrumentation18.14 

When working with a dental micro-
scope, special instruments such as 
the handpiece-operated K fi les de-
picted here (Micro Opener, Dentsply 
Maillefer, Switzerland) are extremely 
important; the working fi eld remains 
free of visual obstruction, and the 
clinician can detect and treat even 
the smallest root canal orifi ces.
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Magnifi cation is a major advantage of the dental microscope in 
endodontics. However, this advantage can only be utilized if the 
view is not obstructed, which is indeed the case with many of the 
conventional endodontic instruments. For this reason, dentists 
using a dental microscope must learn to position the intraoral 
mirror appropriately and also to select endodontic instruments 
that are suitably delicate or used with a handpiece. In recent 
years, numerous specially designed instruments have become 
commercially available.

The early ultrasonic tips led the way and were initially de-
signed for retrograde application, but then as more designs were 
developed, additional tips became available for the orthograde 
exploration of canal orifi ces and for dealing with calcifi cations 
and root canal obliteration.

In addition, extremely fi ne probes are now available with hand 
grips, ultrathin irrigating tips, pluggers and spreaders with hand 
grips, also made of titanium (because of its fl exibility), as well as 
special instruments for the application of MTA (mineral trioxide 
aggregate) or heated gutta-percha.

Magnifi cation and Instrumentation

Visual obstructions18.15 

Left: While using traditional hand 
 instruments, the operator’s fi nger 
 often obscures a large portion of the 
microscopic fi eld.

Middle: The mirror must be posi-
tioned far enough away to prevent 
obstructing direct vision (right: 
 below the rubber dam).

Right: The head of the handpiece is 
so large that it often completely 
 obstructs direct vision.

Use of the dental 18.16 
 microscope

Left: A student during her fi rst clinical 
endodontic treatment procedure in 
the initial endodontics course at the 
University Clinic of Dresden. Prepara-
tion of the access cavity and detec-
tion and widening of the root canal 
orifi ces up to the middle third of the 
root are carried out following exer-
cise work under direct vision using 
the dental microscope.

Right: Rhodium-plated mirror for 
working under indirect vision with 
minimal loss of light and without 
double-vision (courtesy of 
www.eie2.com).

Special instruments18.17 

Left: Fine handpiece-operated K fi les 
such as the MC fi les (VDW, Germany) 
or the Micro opener (Dentsply 
Maillefer, Switzerland) permit 
 excellent instrumentation and 
 visualization.

Middle: The modern ultrasonic tips 
are also so delicate that the clinician 
has an excellent view beyond the 
 instrument.

Right: Thin injection cannulas such as 
the Navitips (Ultradent, USA) also 
permit direct vision.
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The transition from general medical microscope to dental micro-
scope is not yet complete. The specifi c needs of the dental situation, 
with regard to the use of a microscope in a dental or endodontic 
practice, are gradually being taken into consideration in newer 
models.

The main reasons for the routine use of a dental microscope in-
clude ease of handling and mobility. For integration of a microscope 
in daily dental practice, factors such as heat absorption and vibra-
tion in relation to the device’s light source are of signifi cance.

While sterile clinical/operative use of the microscope can be 
achieved using plastic covers, there are currently no practical pro-
cedures for the necessary disinfection of the handpieces and the 
switches and gauges in use in general dental practice.

In purely economic terms, one must consider not only the initial 
cost of the apparatus, but also subsequent maintenance and repair 
costs. Maintenance contracts are especially important for high-
value microscopes to maintain their function and guarantee quick 
delivery of a replacement device if “something goes wrong.”

Selection of a Dental Microscope

Comparison of dental microscopes18.18 

Manufacturer Zeiss Leica Kaps Möller Wedel Sigma Dental Systems

Product ProErgo M525 F40 SOM 62 MOT Universa 300 Global 6DX

Eyepiece 10× or 12.5× 10× or 12.5× 6.3×, 10×, 12.5×, 16×, 
20×

10× or 12.5× 10×

Working distance 200–415 mm 207–470 mm 100–400 mm 185–285 mm
235–425 mm

250 mm

Magnifi cation Continuously variable Continuously variable 5 steps or 
1: 6 zoom 
continuously variable

2.5–24×
5 steps

2.1–19.2×
6 steps

Focusing Manual/motorized Manual/motorized Manual Manual Manual

Braking Magnetic Magnetic Magnetic Mechanical Mechanical

Illumination 180 W xenon internal 
with replacement xenon 
180 W

300 W xenon internal
150 W halogen 

150 W halogen internal
180 W xenon external

150 W halogen internal
300 W xenon external

100 W xenon, Nova 
Lux, metal fume short 
arc lamp 500–1 000 h, 
external

Swivel tube 180° 180° 210° 160° 220°

Angled optics Yes Yes Yes No Yes

Handgrips and 
function

Brightness
Magnifi cation
Documentation

Brightness
Magnifi cation
Documentation

None Focusing None

Filter Orange
Green

Orange
Green

Green Orange
Green

Orange

Ray distributor 50/50
70/30

50/50
70/30

50/50 50/50 50/50
95/5

Photography External External External External External

Video Integrated or external Integrated or external Integrated or external External Integrated or external

Programmable By user By user No No No

Objective lens 
protection

Yes Yes – – –

Before making a decision about purchasing a microscope, its 
planned use within the dental practice should be well considered 
and tested. Important initial factors are variable working distance 
and continuously variable magnifi cation changes. Magnetic brakes 
and switches near the handpiece are important in daily clinical 
use.

With special regard to endodontology, over and above the needs 
of general dental practice, the microscope should have a capacity of 
up to ×30 magnifi cation. The removal of fragments or dealing with 
ledges within the root canal beyond the middle third requires a 

high degree of magnifi cation for minimally invasive sonoabrasive 
techniques.

The illumination required for such procedures can only be 
achieved with a 180-W xenon light source. The light has daylight 
color and a higher light intensity. Using Xenon lamps integrated in 
dental/clinical microscopes is preferable to using ventilator sys-
tems because they are less noisy and better protected from dust. 
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Precise determination of working length is of critical importance 
for a successful endodontic outcome. Without knowledge of the 
exact working length, no root canal should be instrumented and/
or fi lled. Nevertheless, determination of working length can pre-
sent considerable problems for the clinician. The problems may 
derive from the defi nition of working length itself, and may also 
relate to the broad variation in root canal anatomy. In this regard 
it is important to consider all of the methods for determining 
working length (e.g., radiographic, electronic, and tactile deter-
mination), which can be applied either singly or combined. Prob-
lems and special situations must be recognized and effectively 
dealt with to ensure that the working length determination is 
precise for each root canal of each tooth undergoing endodontic 
treatment.

The endodontic working length is defi ned as the distance be-
tween a fi xed coronal reference point (e.g., a cusp tip) and an api-
cal reference point (the apical constriction). The dentist can arbi-
trarily determine the coronal reference point, but it must be 
clearly defi ned and reproducible (by another clinician and by the 
same clinician at a subsequent sitting). Clinical experience has 
shown that the best coronal reference point is a cusp tip. The 
defi ned reference point for each individual root canal must be 
recorded in the patient’s chart.

The working length is marked on an endodontic fi le/instru-
ment using a silicone rubber stopper. The apical reference point 
must also be defi ned, as described in detail below. Although the 
exact position of the apical end reference point is still controver-
sial, it appears to be advantageous in virtually all cases to end 
root canal instrumentation in the area of the apical constriction 
and not to exceed this point (Tronstad, 1991).

The instrumentation and obturation of root canals should end 
at the apical constriction (physiologic foramen) for the following 
reasons:

• no apical injury;
• no injury to the periodontal ligament;
• maintenance of accessory lateral canals;
• no extrusion of root canal fi lling material;
• no apical transport of infected pulpal tissues;
• adequate compaction of the root canal fi lling against the canal 

walls;
• no infected tissue remnants within the canal.

The determination of working length should also take into con-
sideration the condition of the pulp in each individual case. In 
the case of a vital tooth, the clinician’s primary concern is to keep 
the apical wound as small as possible, while with a necrotic pulp 
the main concern is removal of all bacteria. Both of these objec-
tives can be met by terminating the apical extent of root canal 
instrumentation in the region of the apical constriction. Consid-
ering that the apical constriction in many cases is a line and not a 
point, one can argue whether root canal fi lling in cases of pulpal 
necrosis should extend closer to the anatomic apex while with 
vital teeth it should end at the apical constriction.

While the coronal reference point can be determined arbitrari-
ly, the position of the apical constriction must be determined us-
ing a measurement device. Because of the enormous anatomic 
variations in the region of the root tip (Hess, 1917; Meyer, 1961), 
this determination presents a considerable challenge to the clini-
cian and his or her method(s) of measurement. Various studies 
have demonstrated that the average distance between the apical 
constriction and the anatomic apex is 1 mm. However, this value 
varies with a range of 0–4 mm (Kuttler, 1955; Green, 1956; Dum-
mer et al., 1984). For these reasons, the use of “average values” for 
the determination of the apical endpoint for instrumentation is 
clinically unacceptable.

19  Determination of Working Length
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Stopper19.2 

Root canal instruments are used with 
metal or silicone stoppers to mark 
the working length. The stopper 
must clearly correspond to a cusp tip 
and rest fi rmly on it. For electronic 
determination of working length, the 
silicone stopper (left) is better than a 
metal stopper (right) because the 
metal stopper can cause a short 
 circuit.

Clinical Methods for Working Length Determination
The following methods can be used for determination of the po-
sition of the apical constriction:
• radiographic measurement;
• electronic method;
• tactile length determination.

Radiographic measurement
This technique has also been referred to as an “instrument con-
trast radiograph” and is the most widely used method for the de-
termination of working length. If the fi lm packet is positioned for 
the parallel radiographic technique, held in a fi lm holder, the an-
atomic apex of the tooth can be determined and directly observed 
(in this case it is congruent with the radiographic apex). On aver-
age, the distance from the anatomic apex to the apical constric-
tion is 1 mm. For this reason, the radiograpically determined 
working length should be 1 mm shorter than the distance be-
tween the coronal reference point and the anatomic apex. How-
ever, because of the range of anatomic variation described above, 
even this measurement determination may be somewhat less 
than precise.

Numerous research studies on extracted teeth have demon-
strated that the apical constriction resides between 0 and 4 mm 
from the apex (Kuttler, 1955; Dummer et al., 1984). This could 

Root canal anatomy19.1 

Structural anatomy of root canals: 
there are numerous patterns of 
 ramifi cation and the position of the 
apical constriction is variable.

Right: Schematic depiction of the 
root tip. A linearly shaped constric-
tion will terminate apical to the 
 physiologic foramen.

lead to over-instrumentation or under-instrumentation in cases 
in which the clinical apical endpoint is established (e.g., radio-
graphically) 1 mm from the anatomic apex.

With these facts in mind, it becomes clear that radiographic 
determination of working length is not an exact science but rath-
er a potentially arbitrary method. On the other hand, radiograph-
ic determination provides many additional details and informa-
tion (canal curvatures, accessory canals, obliterated canals, 
obstructions), which the other two methods for working length 
determination cannot provide.

Even when using eccentric radiographic projections, there still 
may be uncertainty about the arrangement of the individual ca-
nals lingually or buccally in the case of root canals that overlap in 
a radiographic projection (mesial root canals of mandibular and 
maxillary molars and maxillary premolars). For this reason, dur-
ing the preparation of radiographic images, only one root canal 
system should be instrumented at a time or different types of 
instrument types should be used in the various canals (K fi les, 
Hedström fi les). It is also prudent to always use the same instru-
ment in the same canal (e.g., buccal). This will simplify examina-
tion and evaluation of the radiographs even at a later date.

Physiologic
foramen

Coronal
end of 
the apical
constriction

Anatomic/
radiographic
apex

Apical
foramen

Apical
constriction
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19 Determination of Working Length

In addition to the well-established advantages of digital radio-
graphic systems (e.g., reduction of radiation load, rapid availabil-
ity of image, no need for developing chemicals, etc.), in endodon-
tics, digital systems offer further specifi c advantages: The minimal 
size of the root canal instruments used for working length deter-
mination must be ISO size 15 to be certain that the tip of the in-
strument will be visible on the resultant image, and that the im-
age can be enhanced using computer software at a later date. 
Nevertheless, the use of a radiographic system involving a digital 
sensor may present some clinical problems during the taking of 
length determination images. This depends on the thickness of 
the sensor and the necessity of using a connecting cable. Both of 
these can render the taking of radiographic images more diffi cult 
under a rubber dam. Digital systems using foil sensors do not 
have this disadvantage.

Radiographs taken using the bisecting angle technique and 
panoramic radiographs are not indicated for determination of 
working length in endodontics. The image of the tooth that re-
sults in these techniques is not true to scale. Therefore it is virtu-
ally impossible to determine the root length precisely when the 

distance between the instrument tip and the root apex is exces-
sive. When there is a distance of more than 3 mm between the 
instrument tip and the tip of the root on the radiographic image, 
another image must be taken, because the calculated working 
length in such a case will be inaccurate.

To monitor changes in existing apical lesions, follow-up radio-
graphs should be taken in the same position and in the same pro-
jection to allow comparison with the baseline radiograph. For 
this purpose, plastic bite plates can be prepared and attached to 
the fi lm holder device using “building blocks” from toy stores.

As an alternative to actual root canal instruments, silver points 
are also used for the radiographic measurement of working 
length, because of their higher radiopacity. Use of silver points 
permits a reduction in the minimal size of the instrument tip that 
is clearly visible on the radiograph from size 15 for steel instru-
ments (size 20 for NiTi) to size 8. In addition, if using silver points, 
the tooth can be temporarily sealed and the rubber dam removed 
during the radiographic exposure, which signifi cantly simplifi es 
the procedure.

Radiograph for working 19.3 
length determination

Film holder in parallel technique for 
diagnosis, length determination, and 
follow-up. For length determination 
the rubber dam should be wholly or 
partially removed. Use silver points in 
temporarily restored teeth to avoid 
contamination.

Left: Superimposition of the clamp 
on the tooth infl uences image qual-
ity. Although in both mesial root 
canals of the maxillary molar 
different types of instrument were 
inserted, root canals cannot be 
defi nitively identifi ed as mesio-
lingual or mesiobuccal.

Overlapping of structures19.4 

Left: This radiograph of an extracted 
maxillary molar shows the tip of the 
instrument to be within the root 
 canal.

Right: The corresponding photograph 
clearly shows that the  instrument has 
exited the root tip. However, owing to 
the overlap of the tip by the root 
structure, it appears to be within the 
canal in the radiograph.
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C Root Canal Treatment

Tactile Determination of Working Length
In the tactile method for determining canal length (working 
length), a root canal instrument of small ISO size is used to “feel” 
the apical constriction. While this method can be helpful for an 
experienced endodontist, it is not indicated as the single method 
for determining working length, and not just for forensic reasons. 
In the case of constrictions over a certain length of the root, only 
the coronal aspect can be determined with this method, and in 
roots with multiple constrictions only the fi rst constriction will 
be determined.

To check working length, it is helpful to place a paper point into 
the root canal before defi nitive obturation. The condition of the 
paper point (dry, moist, blood-stained) gives information about 
what the paper point made contact with in the apical region.

Electronic Method
The electronic method of determination of endodontic working 
length is based on the principle of measurement of electric resis-
tance. This is currently the most accurate way to determine work-
ing length. As early as 1942, Suzuki demonstrated in a canine 
model that there is a constant electrical resistance of 6 kΩ between 
the oral mucosa and the periodontal fi bers (Ushiyama, 1983).

Sunada based the construction of his fi rst electronic apex loca-
tion system in 1962 on the fact that the periodontal ligament 

First-generation apex locators: 19.5 
circuit diagram

Direct current fl ow diagram for a 
fi rst-generation apex locator showing 
the electrical source, the measure-
ment device, and tissue resistance. 
The use of direct current led to 
 polarization of the instrument tip. 
The  current fl ow became unstable 
and accurate measurement was not 
 possible. A=Ampère

Second-generation 19.6 apex loca-
tors: circuit diagram

A second-generation apex locator for 
a dry root canal. Because of the use 
of alternating current, the tissue re-
sistance has a capacitive (RCT) and an 
ohmic (RΩC) component. The original 
direct current in fi rst-generation de-
vices was replaced with alternating 
current. This prevented any polariza-
tion of the instrument tip. Problems 
of electrode impedance persisted in 
root canals that were not completely 
dry. (A=Ampère, T=tissue)

Tissue resistance

Cathode

Anode

=

μA

fi bers are in direct contact with the apical constriction. He pro-
posed that a resistance-measuring device with one electrode at 
the angle of the mouth and a second electrode attached to a root 
canal instrument should measure precisely 6 kΩ when the apical 
end of the root canal constriction was contacted by the root canal 
instrument. The direct current used with these fi rst-generation 
apex locators, however, led to polarization of the instrument tip, 
and this made precise measurement impossible.

For this reason, subsequent generations of apex locators used 
alternating current. However, if there was fl uid in the root canal, 
problems often occurred with the use of these devices. This is be-
cause the fl uid caused a short circuit before the tip of the instru-
ment reached the apex. In addition, measurements in a wet/moist 
root canal were rendered invalid owing to electrode impedance 
(alternating current resistance between the instrument tip and 
the surrounding fl uid). This made it impossible to accurately mea-
sure the 6 kΩ tissue impedance. In addition, accurate measure-
ments could not be made in the presence of apical periodontitis or 
incomplete root formation because the apical periodontal tissues 
in such cases were either destroyed or not yet formed (this was 
also a problem with fi rst-generation apex locators).

μA

R ΩT

CTR

~
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19 Determination of Working Length

In the early 1990s, Kobayashi (1991) investigated these prob-
lems through the use of varying measurement frequencies. While 
using alternating current of varying frequencies, the ohmic resis-
tance RΩC in the measurement cycle remains constant (if one al-
ters the frequency of the alternating current); a change, however, 
can be noted in the capacitive resistance RCT. Thus the tissue resis-
tance can be measured despite the presence of fl uid in the root 
canal. A microprocessor in the device provides relative values 
(difference or quotient). A measurement that is independent of 
the condition of the apical periodontal tissues can therefore be 
made by electrode impedance (alternating current resistance be-
tween the instrument tip and fl uid in the canal). Apical and peri-
odontal alterations/pathology and incomplete root growth are no 
longer of signifi cance; even in these teeth, the working length 
can be accurately measured with an electronic apex locator.

In summary, modern apex locators provide information about 
the alternating current resistance between the instrument tip 
and the surrounding fl uid. This electrode impedance is highest at 

the apical constriction and lowest at the apical foramen, because 
once the instrument tip traverses the narrowest region, it is no 
longer insulated by the dentin of the root canal wall and the cur-
rent can fl ow abruptly in different directions toward the apex.

The position of the tip of the fi le between the apical constric-
tion and the apical foramen will vary depending upon the con-
ductivity of the dentin. Therefore the best estimate will be a de-
scription of the position of the fi le tip in the region between the 
“apical constriction and apical foramen” (Hör and Attin, 2001).

More accurate measurements can be achieved by means of 
calibrating the measurement device on extracted human teeth. 
Apex locators that have been calibrated on natural root canals 
(e.g., Raypex 4 and Raypex 5, VDW, Munich; Justy II, Hager and 
Werken, Duisburg, Germany) are capable of determining the lo-
cation of the apical constriction precisely (95% positive for Ray-
pex 4, 96.5% for Raypex 5).

Electrode impedance19.7 

Measurement circuit in a wet root ca-
nal. Because of the electrode imped-
ance (RΩE + RCE), the tissue resistance 
(RΩT + RCT) reading is distorted and 
cannot be directly read. In the third 
generation of apex locators, this 
problem has been solved by use of 
various measurement frequencies. 
Using this technology, tissue resis-
tance can be calculated (A = Ampère, 
E = electrode, R = resistance,
T = tissue).

Alteration of electrode 19.8 
 impedance

Alteration of the electrode imped-
ance within the root canal. The 
 electrode impedance is high within 
the root canal and constant, and 
achieves its maximum value at the 
apical constriction.
Beyond the apical constriction, the 
current fl ow can change abruptly in 
any direction. The active surface of 
the instrument becomes larger, and 
the electrode impedance reaches a 
minimum.

μA

RΩE CER

~~

R ΩT

CTR

Large constant values

Maximum value

Minimum

Electrode impedance

Root canal Apical constriction Apical foramen
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C Root Canal Treatment

The devices described in this chapter require fl uid within the 
root canal for measuring the working length. Therefore the canal 
should be irrigated before making the measurement and the ac-
cess cavity dried with a cotton pellet. It is important to avoid any 
short circuit of the measurement circuit over the gingiva (metal 
restorations, crowns, perforations etc.). The measurement itself 
is carried out following the placement of a lip clip at the corner of 
the mouth and insertion of the apex locator into the root canal.

During the measurement phase so-called “false-positive” read-
ings (apex locator tip not at the apex, while the device indicates 
the apex) and “false-negative” readings (instrument tip at the 
apex, device indicates that the instrument is not at the apex) may 
occur. The cause of a false-positive measurement is a short cir-
cuit. This can be caused by the presence of metal restorations, 
gingival overgrowth into the cavity, parapulpal pins, root frac-
tures, lateral canals or false canals (perforation).

In the case of false-negative measurements, the cause is hin-
drance of the current fl ow. This can be due to presence of calci-
fi ed root canals, remnants of old root canal fi llings, canal block-
age with secondary/tertiary dentin or insuffi cient irrigation 
during the procedure, or it can occur during retreatment.

Tip: During the differential diagnosis stage, apex locators can 
be used to defi nitively confi rm the presence of tooth fracture, 
perforations, or obliteration of root canals. They can also be used 
to test for apical patency.

Clinical Use of Apex Locators

Transferring of the Measured Values
The values obtained with an apex locator should be transferred 

to the root canal instrumentation fi les with great care because 
otherwise the precision of the entire measurement process will 
be lost. The importance of using silicone stoppers and the repro-
ducibility of the coronal reference points has already been dis-
cussed.

It is also important to keep in mind that on teeth with build-up 
restorations there can be changes in the occlusal dimensions be-
tween two endodontic sessions. In such cases another electronic 
measurement should be carried out before canal obturation. Such 
measurements can help to avoid clinical errors, which are espe-
cially prone to occur in curved canals and are caused by some 
“straightening” of the root canal during instrumentation and a re-
sultant shortening of the working length. In addition, extreme 
care should be taken when transferring the working length to the 
gutta-percha master point.

To avoid errors caused by a parallax view, all gutta-percha 
points should be cut to the working length with a scalpel. Nicking 
or marking the gutta-percha points using the beaks of the forceps 
can lead to inaccuracies and cast doubt on the entire determina-
tion of working length.
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140 D Root Canal Instrumentation

Engine-driven Systems for Root Canal Instrumentation Using Stainless-steel 

Instruments
In the literature, engine-driven systems for root canal instrumen-
tation are basically considered inadequate or insuffi cient with 
regard to the safety of the procedure and the fi nal shape/form of 
the prepared root canal. Because even the cleansing effect is not 
ideal, the conventional motor systems incorporating a rigid range 
of motion are no longer recommended.

More modern systems with a fl exible range of motion and par-
tially integrated irrigation systems provide markedly improved 
root canal cleaning and represent some progress in this fi eld. Nev-

Mechanism of action of 20.1 
 various engine-driven 
 endodontic handpieces

Left: The Racer handpiece: rigid 
 vertical movement.

Middle, left: Giromatic handpiece: 
rigid, reciprocal movement.

Middle, right: Endolift: rigid vertical 
movement plus simultaneous recip-
rocal rotation.

Right: Canal-Finder: fl exible vertical 
movement plus friction-dependent 
free reciprocal rotary motion.

Overview of conventional 20.2 
engine-driven endodontic 
 instrumentation systems

Left: Systems with rigid motion.

Right: Systems with fl exible motion.

ertheless, today’s modern NiTi instruments are a better prepara-
tion alternative, so that no conventional  system merits recom-
mendation.

Several recent publications do support the use of more fl exible sys-
tems such as Canal-Finder and Canal-Leader 2000 for use in narrow 
and/or curved root canals. In addition, foreign bodies such as frac-
tured instruments or previously placed root canal fi llings can be reli-
ably removed during retreatment using both systems. Today, the best 
alternative for retreatment includes engine-driven NiTi instruments.

Racer Giromatic Endolift Canal-Finder

1 mm

2 mm

Racer (Cardex) Vertical motion

Giromatic 
 (MICRO-MEGA)

Reciprocal rotation 
(90°)

Endo-Gripper (Moyco) Reciprocal rotation 
(90°)

Endolift (Kerr) Vertical motion and 
reciprocal rotation (90°)

Endolift M4 (Sybron) Reciprocal rotation 

ENDO Cursor (W&H) Rotation (360°)

Intra-Endo 3 LD (KaVo) Reciprocal rotation (90°)

Dynatrak (Dentsply) Reciprocal rotation (90°)

Excalibur (W&H) Lateral oscillation from about 2000 
Hz; vertical motion amplitude: 
1.4–2 mm

Endoplaner (Microna) Filing motion with tension and free 
rotation

Canal-Finder (SET) Vertical motion of 0.3–1 mm and 
free rotation with friction

Canal-Leader 2000 
(SET)

Vertical motion of 0.4–0.8 mm and 
rotation from 20° to 30°

Intra-Endo 3-LDSY 
(KaVo)

Vertical motion and free rotation 
with axial loading

IMD 9GX (HiTech) 360° rotation with variable, torque-
dependent rotation

ENDOfl ash (KaVo) Torque-limited rotation
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14120 Engine-driven Instrumentation Systems: History and Early Developments

Even today, the development of engine-driven handpieces for 
root canal instrumentation continues. The KaVo-ENDOfl ash 
 system uses steel instruments, and entered the commercial 
 market several years ago.

The Endo-Eze (AET) handpiece (Ultradent) with its clutch mech-
anism is designed for the instrumentation of oval root canals. The 
 removal of dentin from the canal wall is quite signifi cant, but 
 especially in curved canals straightening occurred (Paqué et al., 
2006).

A recently introduced system from Essential Dental Systems 
(EDS) provides for the use of steel and/or NiTi instruments in a 

special handpiece. The mechanism of action corresponds to the 
balanced-force technique as described by Roane  et al. (1985).

Sonic or ultrasonic instruments are no longer recommended 
today for root canal instrumentation because of the danger of 
 instrument fracture and root canal alterations. Rather, these tech-
nologies are ideally suited for removal of dentin overhangs, 
 cemented posts, cement or paste fi llings during retreatment, and 
especially for cleaning of the root canal (van der Sluis et al., 
2005).

Engine-driven handpieces20.3 

Left: Endolift (Kerr) with a K fi le in 
situ. Note the relatively large size of 
the handpiece, which can limit access 
in the molar segments.

Right: Canal-Finder handpiece (SET) 
with a K fi le from the Canal-Finder 
 sequence.

Electron microscopic 20.4 
 examination

Left: Apical blockage leading to 
shortening of the working length.

Middle: This section reveals 
 irregularities in the root canal wall.

Right: Massive blockage with 
 shortening of the working length 
 following engine-driven instrumenta-
tion of a curved canal using stainless- 
steel fi les.

Ultrasonic-driven instrumen-20.5 
tation of the root canal

Left: Sonically activated K fi le with 
active rinsing function.

Right: The electron photomicro-
scopic view of the root canal wall 
 reveals obvious roughening of the 
dentin surface caused by the cutting 
edges of the K fi le (courtesy of A. 
Petschelt).
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D Root Canal Instrumentation

Since the end of the nineteenth century, numerous attempts have 
been made to develop power-driven instrumentation systems 
that would provide an appropriate and effective alternative to 
conventional manual root canal instrumentation.

With the introduction of NiTi instruments for root canal in-
strumentation in 1988 by Walia et al., a new era began. The fully 
rotating (360°), power-driven instrumentation fi les made of NiTi 
alloys led to signifi cant improvements for  mechanical systems 

(Schäfer, 2001). The most signifi cant  advantage of this technique 
is the excellent instrumentation of severely curved canals, with 
signifi cant savings in clinical root canal preparation time (Bryant, 
1999).

A problem, however, in comparison to the purely manual use of 
stainless-steel instruments is the high risk of fracture, which 
 necessitates torque-limited power (Hülsmann, 2002). 

21   Power-driven Instrumentation Systems: 
Recent Advancements

Handpiece21.1 

Torque-limited handpiece (SIRONiTi). 
The clutch mechanism (right) allows 
selection of the desired torque inter-
val.

The motor21.2 

Torque-regulating motor (EndoStep-
per) with the appropriate handpiece 
(right). The torque is selected via a 
preprogrammed system.

To avoid the instrument becoming stuck and fracturing within 
the root canal, the instrumentation must be performed at a low 
constant speed (usually approximately 300 rpm) (Hülsmann, 
2002).

In addition to the experience of and careful instrumentation by 
the clinician, as well as the speed, torque also infl uences the risk 
of instrument fracture (Yared, 2001). For this reason, numerous 
technical solutions incorporating limitations on torque have been 

tried to reduce the fracture rate. Today’s instruments comprise 
torque-limited handpieces powered by torque-regulated electric 
motors.

The torque limitation controls the rotation of the instrument 
within the root canal, as this is interrupted the instant that 
 frictional resistance to the fi le exceeds the fracture limit of the 
instrument (Merte, 2003).
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21 Power-driven Instrumentation Systems: Recent Advancements

Torque-limited reducing handpieces work by means of multi-
level control of maximum torque. This group of handpieces in-
cludes the Anthogyr NiTi control (Dentsply), which incorporates 
a friction clutch in the handpiece and four-step regulation. On 
the other hand, the SIRONiTi handpiece (Sirona) has a magnetic 
clutch with fi ve levels of regulation. Different torque step levels 
inevitably lead to the problem of how to classify instrument 
groups.

To overcome the above problem, root canal fi les of varying 
 mechanical capacity are grouped depending on the level of  clinical 
safety. The weakest instrument within a group provides the 
 maximum torque. The signifi cance of this fact is that not all fi les 
within a group will be taxed to the maximum, and their maxi-
mum dentin cutting effi ciency could be reduced by the somewhat 
lower torque.

Sliding clutch21.3 

Torque-limited handpiece with a 
 sliding clutch (Anthogyr NiTi Control, 
left), and a force-time diagram. If a 
predetermined level of torque is 
 exceeded, the device comes to a 
standstill.

Magnetic clutch21.4 

Torque-controlled handpiece with a 
magnetic clutch (SIRONiTi, left) and a 
force-time diagram. If the predeter-
mined torque level is exceeded, 
the related force is decreased until 
the device comes to a standstill. 
The resulting  effect is a reverse 
movement of the instrument 
(reverse rotation) to  “release” 
the instrument within the canal.

Evaluation of torque control21.5 

Evaluation of torque limitation using 
an electronic sensor. Measurement 
values for the fi ve adjustable torque 
intervals (in m Nm) of the SIRONiTi 
device were evaluated in four ran-
domly selected handpieces. The val-
ues were slightly below those provid-
ed by the manufacturer.
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Torque-control micromotors provide control of torque within 
the motor itself. Some of the commercially available devices are 
computer-controlled step-motors, which in contrast to conven-
tional micromotors do not work with a continuous 360° rotation, 
but rather move through 1600 identical steps of 0.225° 
 (EndoStepper, Phytron).

Torque-control motors are classifi ed according to their torque 
capacity and speed (rpm), and/or fi le-specifi c programming 
 capabilities. Torque-control motors with step-specifi c torque 

programming include ATR Technika (Dentsply), K3etcm (Kerr), 
TCM Endo (Nouvag), TriAuto ZX (Morita), and Quantec ETM (Syb-
ronEndo). In contrast, the EndoStepper (Phytron) and Endo IT 
Control (VDW) are torque-control motors in which torque is 
 programmed according to the fi le used (Merte, 2003). In addi-
tion, these motors provide various mechanisms for disengage-
ment and release of blocked instruments (auto-reverse function/
twisting).

Drive motor systems21.6 

Examples of various motor systems.

Left: TCM Nouvag:
•1000–30 000 rpm
•Controllable speed (10–55 Ncm)
•WS 1:1–20:1

Right: ATR Tecnika
•Program
•Auto-reverse
•WS 16:1

Micromotor versus 21.7 
step-motor

Left: EndoStepper:
•Step-motor
•Program
•“Endo-twisting”
•WS 1:1

Right: In contrast to the micromotor, 
the step-motor achieves 360° rota-
tion through numerous individual 
steps (e.g., 1600).

Torque control21.8 

Force-time diagram from an elec-
tronic, torque-limited motor. When 
a preprogramed torque limit is 
achieved, the endodontic instrument 
stops its motion and the direction of 
the  motor is altered in order to re-
lease the endodontic instrument 
from its blocked position in the canal.

Electronic regulation

Time (s)

7
6
5
4
3
2
1
0

–1
–2
–3
–4
–5
–6

To
rq

ue
 (N

cm
)

0.1 0.2 0.3

Chapter21_s142_145.indd   144Chapter21_s142_145.indd   144 12.08.2010   14:08:01 Uhr12.08.2010   14:08:01 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



145

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

21 Power-driven Instrumentation Systems: Recent Advancements

Power-driven root canal instrumentation using NiTi fi les is 
generally done according to the principle of the crown-down 
technique. It is important not to impinge on the apical constric-
tion while performing this procedure.

In addition to traditional radiographic measurement techniques, 
today’s endodontist has an effective alternative for checking the 
working length. For truly ergonomic work and continuous pro-
cess control it is therefore prudent to integrate electronic apex 
localization throughout the power-driven canal instrumentation 

process. To this end, modifi ed endodontic handpieces have been 
developed (e.g. SIRONiTi APEX) which, through specially con-
structed mechanisms, do not impact the electronic working 
length determination during instrumentation. In addition, 
power-driven devices must be  usable with new fi le systems, for 
example through modifi cation of torque (the handpiece) or 
electronic stepped controls (the  motor).

Torque-limited handpiece21.9 

Torque-limited handpiece with 
 attachment for an electronic apex 
 locator (SIRONiTi APEX). Various con-
ventional and commercially available 
apex locators can be attached.

Torque-limited motor 21.10 
 system

Torque-limited motor system with 
 integrated electronic apex locator. 
During instrumentation of the root 
canal, the estimated length is 
 electronically and continuously 
 displayed.

Automatic identifi cation of 21.11 
the fi le parameters

Clinical working system providing 
 automatic identifi cation of the spe-
cifi c fi le parameters. After removal 
from the “smart box” (right) of the 
SET miniStepper system (left), the 
motor parameters are automatically 
adjusted for individual fi les.
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D Root Canal Instrumentation

One of the complications of endodontic treatment most dreaded 
by clinicians is the fracture of an instrument within the root 
 canal. Even though instrument fractures per se are not regarded 
as a professional error, the patient must be informed. Inadequate 
disinfection of the root canal system before instrument fracture 
can affect the prognosis of the treatment (Spili et al., 2005).

Endodontic hand instruments fabricated from stainless steel 
are less susceptible to fracture, and when this occurs it is usually 
due to improper technical use. The rotary movement of Hedström 
(H) fi les and the use of excessive force with small diameter fi les 
are usually the primary culprits.

Stainless-steel instruments undergo a clearly discernible 
 plastic deformation before fracture. With rotary NiTi instruments, 
plastic deformation occurs less often; in certain situations these 
instruments can fracture without any warning. Overall, fracture 
of rotary NiTi instruments is somewhat more common than of K 
fi les made of stainless steel (5.1% vs. 3.3%,  respectively; Spili et al., 
2005). Thus for effective clinical use of rotary instruments, a 
thorough understanding of fracture mechanisms is very im-
portant.

22  Fracture of Endodontic Instruments: Torque and Fatigue

Cyclic fatigue22.1 

Scanning electron photomicrograph 
showing a fragment of a Flex-Master 
instrument (VDW) of size 25 and 
 taper 0.6. The cutting edges do not 
exhibit any plastic deformation.

Right: This cross-sectional view 
 reveals a somewhat “lumpy” but 
 nevertheless homogeneous surface.

Torsion loading22.2 

Scanning electron photomicrograph 
of a fragment of a Flex-Master instru-
ment of size 25 and taper 0.6. Plastic 
deformation of the cutting edges is 
clearly visible toward the break 
 surface.

Right: This cross section of the in-
strument shows a netlike pattern in 
the middle of the instrument, which 
is typical after torque loading.

Sattapan et al. (2000) described two different mechanisms for 
the fracture of NiTi instruments: cyclic fatigue and torsional over-
loading. Cyclic fatigue of instruments is the result of local work 
hardening (which makes the fi le brittle) and eventually leads to 
fracture. As there is no plastic deformation before this occurs, 
there are no warning signs of cyclic fatigue.

In contrast, with torsional loading one may note deformation 
of stainless-steel instruments and occasionally also of instru-
ments made of NiTi alloy. For this reason, all rotary  instruments 
should be visually inspected before reuse after  sterilization.

Recent analyses and evaluations demonstrate that both factors 
are present together clinically and infl uence each other recipro-
cally: Fatigue reduces torsional resistance, and vice versa (Fife et 
al., 2003, Ullmann and Peters, 2005). Additional factors include 
possible corrosion and the quality of the instrument material, as 
score marks left on the surface of the instrument during the 
manufacturing process can be the starting point for cracks and 
subsequent fracture.
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22 Fracture of Endodontic Instruments: Torque and Fatigue

In contrast to stainless steel, NiTi alloys exist as two different 
crystal structures (Thompson, 2000): austenite and martensite. 
At room temperature NiTi assumes its austenitic confi guration; 
with the application of force/tension or with temperature change, 
the alloy can change its conformation into the stable martensite 
form. This process permits a reversible deformation of about 7%. 
To prevent instrument fracture, the  degree of deformation must 
remain below this percentage, because further deformation will 
weaken the instrument irreversibly, but without any clinically 
obvious signs.

Instruments within a root canal are loaded rotationally, not 
 linearly. Of importance in this regard is the process of “relaxation” 
in addition to cyclic fatigue. If the tip of the instrument becomes 
lodged within the canal, the coronal end of the instrument can 
often be rotated another two full rotations with reduced torque. 
Immediately thereafter a torsional overload will occur, leading 
inevitably to instrument fracture. Clinically, the torsional over-
load is simpler to avoid than fatigue breakage but requires special 
attention to, and analysis of, the root canal anatomy.

Crystal Structure of Nickel-Titanium and Steel

Pseudoelasticity22.3 

The special crystal structure that 
 permits phase transition from the 
austenite to martensite allows the 
NiTi alloy to undergo a  linear defor-
mation of about 7% with increasing 
tension (size of the arrow), without 
the occurrence of any permanent 
deformation.
This characteristic is described as 
pseudoelasticity (PE).

Elasticity22.4 

In contrast to NiTi, stainless steel has 
a signifi cantly lower  potential for 
elastic deformation. This means that 
such instruments experience cyclic 
fatigue earlier because each individu-
al microcycle reaches the range of 
plastic permanent  deformation more 
quickly. The elastic deformation (E) 
is signifi cantly smaller than the pseu-
doelasticity (PE) of NiTi.

To protect rotating NiTi fi les from fracture, use of torque-con-
trolled motors and special instrument handling are recom-
mended. The establishment of a patent canal (“glide path”) be-
fore the use of rotary fi les with thin tips permits the subsequent 
use of tapered instruments with reduced danger of fracture in 
curved canals. This initial instrumentation should be carried out 
with non–pre-bent hand instruments of ISO sizes 10, 15, and 20.

If the taper of the canal is smaller than that of the instrument 
(fi le), an increased crown-down instrumentation is recom-
mended. Appropriately shaped NiTi instruments can also be used 
in the stepback technique. Prerequisites for this procedure 
 include smaller instrument taper and a root canal course without 
abrupt curves or ledges. Continuous progression (e.g., GT fi les) or 

an intermittent hand movement is recommended. These tech-
niques spread material fatigue over a larger area and protect the 
instrument tip from taper lock.

Stiffer instruments with sharp cutting edges can be used to 
 advantage with lateral pressure brushing. This procedure will 
avoid “threading” the fi le into the canal, and permits shaping of 
the canal away from thin areas of the root canal walls (e.g., the 
furcation area of mandibular molars), especially during instru-
mentation of the mesial root canals.

NiTi PE

Steel E
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D Root Canal Instrumentation

Force applied to any material will set the material in motion; but 
if the material is held constant at a fi xed point, application of 
force results in a twisting or rotational movement. This move-
ment is the product of the force and the direction of application 
of the force. A clinician can control friction within the root canal 
by the application of appropriate force.

The friction itself is infl uenced by the shape/form of the cut-
ting edges of the endodontic instruments and the structure of the 
dentin. That means that the torque necessary for rotation within 
the canal must increase in accordance with the diameter of the 
instrument used, and the extent of the contact surface between 

the dentin and the instrument. Experiments (Blum et al., 1999) 
and clinical experience have demonstrated that “crown-down” 
(coronoapical) instrumentation reduces the extent of the contact 
surface, thus leading to less torque. The breakage torque of the 
instrument tip is measured according to ISO norms 3 mm from 
the tip and can be correlated with the working torque of each 
individual instrument. Motors with torque limitation can be pro-
grammed from such data. The use of such motors leads to less 
loading of the nickel-titanium fi les, and therefore improved 
 longevity (Gambarini, 2000).

Torque

Torque22.5 

The rotation of an object around its 
axis A creates a force (F) that exerts a 
lever effect at point K. This force 
overcomes friction and product 
mass. By multiplying the force, mea-
sured in newtons (N) by the length 
(L) of the lever arm, measured in 
 centimeters (cm), one can calculate 
the torque in “N cm” (SI unit).

Clinical example22.6 

Instrument fracture is less common 
in straight root canals. If a long 
 fragment of an instrument is stuck in 
the canal and a torsion fracture is 
suspected (left), surgery may be 
 required to remove the fractured in-
strument fragment. The same is true 
for a left-rotating lentulo spiral frac-
ture in the apical third of the root 
(right).

Torsion resistance22.7 

The schematic representation 
 displays the fracture torque 3 mm 
from the  instrument tip (left) in 
 comparison to working torque 
(right). The values for the smallest 
and largest instruments within an 
 endodontic set are displayed with the 
references. It is noteworthy that in 
many cases the working torque ex-
ceeds the fracture limit at D3.
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22 Fracture of Endodontic Instruments: Torque and Fatigue

Rotation around an axis or undulation, combined with lateral 
 application of force, leads to bending forces and premature ma-
terial fatigue. One can differentiate between high-cycle fatigue 
(number of cycles to fatigue: >10 000) and low-cycle fatigue 
(number of cycles to fatigue: <10 000). This phenomenon is 
 described as “cyclic fatigue.”

When used in curved root canals, rotary instruments will break 
after time; experiments show that breakage will occur after 300–
600 rotations or a usage time of 1–2 minutes in a severe curve. In 
addition, manufacturing defects or microcracks play a role in the 
occurrence of fatigue-induced fracture.

In the clinical situation it is important to minimize the time 
the instrument is actually in the canal. After about 10–15 seconds 
of use, the instrument should be removed from the canal. Thus 
the usage time or lifespan is limited. There has been speculation 
that microscopically small plastic deformations remain, thus 
leading to reduced fatigue resistance (Gambarini, 2000). In addi-
tion, a relationship  exists between cyclic fatigue and lower tor-
sion  resistance (Ullmann and Peters, 2005). This applies more to 
instruments with larger  diameters and/or higher taper than to 
instruments with smaller dimensions.

Fatigue

Cyclic fatigue22.8 

If a metal cylinder is bent, opposite 
sides will experience areas of tension 
and pressure, as represented here by 
the red arrows on the inside and 
 outside of the bend. In rotation of the 
 cylinder, or of the root canal instru-
ment, this phenomenon is repro-
duced once per rotation. With time 
and material fatigue, fracture can 
 occur.

Clinical example22.9 

Cyclic fatigue as the cause of instru-
ment fractures is usually seen in 
curved root canals. Both in maxillary 
and mandibular molars, the middle 
third of the root canal is often 
curved, and this can pose problems 
for instruments of larger taper. In this 
example, it was not possible to re-
move the instrument fragment.

In vitro data22.10 

The left graph illustrates instrument 
lifespan as measured on a steel model 
with a 5-mm radius and 90% curva-
ture. The right graph displays the 
 effect of oscillating movement 
(recalculated from Li et al., 2002). 
For the ProFile 25/.04, there is a 
linear increase in the lifespan. 
This relationship could not be dem-
onstrated for instruments of larger 
diameter (Peters and Barbakow, 
2002).
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152 D Root Canal Instrumentation

Alpha System
The Alpha system, developed in 2005, consists of NiTi instru-
ments with tapers of 2%, 4%, 6%, and 10%. The ISO sizes range 
from 20 to 50. The Alpha fi les are commercially available in two 
different cross-sectional conformations.

The fi les for coronal widening are kite-shaped in cross section 
with 10% taper. Their large chip space makes them a good choice 
as the fi rst instrument to work with. This “pre-enlargement” pro-
vides improved tactile control and makes possible an improved 
insertion path with the prebent size 10 K fi le. This makes the 
 introduction of other fi les into the canal less complicated by 
 reducing the chances of coronal sticking of the fi les and permits 

Principles of manufacture23.1 

Design principles of the Alpha fi le. 
The 19-mm long orifi ce widener ex-
hibits a taper of 10% (.06), making 
the entire instrument length 22 mm; 
all other fi les are 25 mm long with a 
working portion of 13 mm.

Right: The color coding corresponds 
to ISO recommendations. The taper 
is indicated by notches on the instru-
ment shaft: 2% taper fi le has three 
notches, 4% taper fi le has two, and 
6% taper fi le has one notch.

Working end and  23.2 
cross section

Left: Working end of the orifi ce 
 widener with a large chip space for 
necessary dentin removal from the 
canal.

Left above: Kite-shaped cross section 
of the orifi ce-opening fi le.

Right: Working end of fi les with 
 tapers of 2%, 4%, and 6%.

Right above: Pentagonal cross sec-
tion of the Alpha fi le. This instrument 
cross section is designed for a high 
level of fracture resistance.

a larger quantity of irrigating fl uid to be used to improve the 
cleaning and antibacterial effect, thus reducing postoperative 
complications to a minimum.

For the apical fi nish, instruments with a pentagonal cross- 
section should be used. This design aims to prevent instrument 
fracture; the tested torque values are the highest in comparison 
to all other instruments. The negative cutting angle achieves 
 passive dentin removal and prevents excessive cutting into the 
root canal wall.
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Instruments23.3 

Instrument set with additional sizes 
indicated for larger root canals. Using 
the green sequence, canals are in-
strumented with an apical scouting 
fi le of size 20.

Right: Instruments for basic treat-
ment of small (yellow sequence), 
 medium (red sequence), and larger 
root canals (blue sequence).
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15323 File Systems

All instruments are coated with a layer of titanium nitride. This 
process guarantees the maintenance of sharpness even following 
repeated sterilization (Schäfer, 2002). The speed of rotation of 
the orifi ce-widening fi les should not exceed 800 rpm; all other 
instruments are used at a speed of 250 rpm. The instrumentation 
is carried out using the crown-down technique with increasing 
taper of the instruments. Following coronal widening of the canal 
orifi ce, the initial depth is prepared with a fi le with 6% taper. The 
4% fi le can be used up to 2 mm above the apex, and the 2% fi le is 
then used to the full working length.

Size selection is carried out with the apical “scouting” fi le: 
 Using the size 8 fi le, the canal is instrumented using the yellow 
sequence, increasing the fi le size by one number at a time until 
the fi nal apical opening corresponds to a size 25 fi le tip.

Crown-down technique23.4 

Alpha fi les for estimating the working 
length. The estimated working length 
is transferred to the various fi les, 
 resulting in a crown-down instrumen-
tation technique.

Left: Crown-down technique. Follow-
ing coronal widening of the canal 
 orifi ce, the initial depth is prepared 
with a fi le with 6% taper. The fi le with 
a taper of 4% can be used up to 2 mm 
above the apex; the 2% taper fi le is 
then used to the full working length.

Clinical procedure, 23.5 
 step-by-step

Left: The procedure is initiated using 
the orifi ce-widener and instrumenta-
tion to just short of the curvature of 
the canal.

Middle left: Instrumentation of the 
middle third of the canal using a fi le 
with 6% taper.

Middle right: Instrumentation to just 
short of the apical foramen.

Right: Instrumentation to full work-
ing length using a fi le with 2% taper.

Clinical case23.6 

Left: Master-point radiograph follow-
ing complete cleaning and shaping of 
tooth 46.

Right: Follow-up radiograph of the 
defi nitive root canal fi lling.
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154 D Root Canal Instrumentation

The FlexMaster system (VDW, Munich, 2000) is characterized by 
a large assortment of root canal instruments of various sizes 
 (15–70) and tapers (2%, 4%, 6%). The instruments are fabricated 
from a 55-nitinol alloy. The convex instruments exhibit an in-
creased resistance to torsion and therefore reduced danger of 
fracture within the canal.

FlexMaster instruments are used at a constant rotation speed 
of 150–300 rpm. The instrumentation of the root canal is carried 
out using the crown-down technique. As with all other nickel 
 titanium (NiTi) systems, the FlexMaster fi les should only be used 
in a torque-controlled handpiece to avoid the danger of the fi le 

getting stuck in the canal and possibly fracturing because of 
 torsion.

Depending on the size of the root canal, instrument manufac-
turers recommend a variety of fi le sequences for instrumentation 
as a guide for narrow, middle, and broad canals, which are repre-
sented by color coding in the instrument set. For example, the 
start of the sequence for a broad root canal involves the use of an 
Introfi le following exposure of the root canal orifi ce for instru-
mentation of the coronal segment of the canal with a .06/30 
 instrument.

FlexMaster

Instrument tip23.7 

Similar to the majority of current NiTi 
fi le systems, the FlexMaster instru-
ments also have a passive, noncutting 
tip with rounded transition  angles. In 
addition to tapers of .06 and .04, the 
FlexMaster system also includes fi les 
with .02 taper. Because of their low 
taper, these fi les make it possible to 
make the preparation signifi cantly 
wider at the apex, up to ISO size 70 
(scanning electron microscopy [SEM] 
×100).

Instrument cross section23.8 

The convex triangular cross section 
of the FlexMaster instruments is de-
signed to increase the resistance to 
torsion, therefore also reducing the 
risk of fracture. In contrast to 
 instruments exhibiting a U-shaped 
cross section, the chip space width is 
relatively small with the FlexMaster 
fi les. Despite the relatively broad fi le 
cross section, these instruments 
 possess suffi cient fl exibility to pre-
pare even severely curved canals 
(SEM ×100).

Cutting edges23.9 

All FlexMaster instruments have 
three cutting edges. These fi les do 
not have broad radial lands on the 
lateral aspect of the cutting edges to 
ensure the highest possible cutting 
effi ciency. Because the use of rotary 
instruments with sharp cutting edges 
is associated with the potential dan-
ger of “screwing” the instrument into 
the canal, such instruments should 
only be used with torque-controlled 
motor systems (SEM ×100).
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15523 File Systems

Following the principles of the crown-down technique, fi les of 
sizes .06/25, .06/20, and .04/30 are recommended. The apical 
preparation is subsequently carried out to the desired size using 
.02 taper fi les.

The cleaning effi ciency of FlexMaster fi les is universally viewed 
as positive (Hülsmann, 2003). However, in comparison to purely 
hand instrumentation, canals instrumented with the FlexMaster 
fi les exhibit a larger smear layer as well as residual debris (Schäfer, 
2002).

With regard to the shaping of the root canal and to the original 
root canal axis, the FlexMaster system is clearly superior to con-
ventional, manual instrumentation (Schäfer, 2002). Even narrow 
and severally dilacerated canals can be almost perfectly instru-
mented and prepared for root canal fi lling (Hübscher, 2003).

FlexMaster fi les23.10 

Left: These fi les are available in 
lengths of 21 mm, 25 mm, and 
31 mm.

Right: The taper of each fi le is indi-
cated by grooves in the shaft (1 ring 
= .02, 2 rings = .04, 3 rings = .06). The 
length of the working portion, incor-
porating the cutting edges, is 16 mm 
in all of the fi les.

Note the black circular markings 
above the cutting edges, which 
 permit reliable determination of 
working length.

Preparation23.11 

Instrumentation is carried out using 
the crown-down technique, with de-
creasing fi le size. For the mandibular 
molar depicted here, a sequence for 
the mesial root would proceed from 
.06/20 to .04/30, .04/25, and .04/20. 
After reaching the working length, 
apical preparation is carried out using 
.02/30 fi les.

Instrumentation up to ISO size 30 
should be the goal in every canal to 
ensure adequate irrigation of the 
 prepared canal.

Prepared canal wall23.12 

This SEM image depicts a section of 
the canal wall in the middle segment 
of a root, prepared using FlexMaster 
instruments. This section is free of 
debris, the dentin appears smooth 
and free of gross scratches or other 
evidence of instrumentation. The 
prepared dentin surface is coated by 
a thin and homogeneous smear layer 
(SEM ×100).
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156 D Root Canal Instrumentation

The rotary NiTi K3 fi le system (K3 RNT; Sybron-Endo, Orange, CA, 
USA) differs from other available systems because of its asym-
metric design, which gives it extraordinary fl exibility, cutting 
 effi ciency, tactile control, and fracture resistance. The K3 fi le sys-
tem should be used clinically based on the following prerequi-
sites:
• K3 fi les must be passively and gently inserted;
• each time the fi le is inserted only 1–2 mm of dentin should 

be  removed;
• irrigation and recapitulation should follow each K3 fi le 

 insertion.

After traversing the full length of the canal and manual widening 
with a K fi le of at least size 15, the K3 fi le system is used with the 
crown-down technique.

The variety of fi le types in the K3 fi le system is large: for coro-
nal enlargement, fi les with a taper of .08, .10, and .12 and a tip 
diameter of size 25 are available. For canal shaping, fi les of  taper 
.02 and sizes 15–45 as well as tapers of .04 and .06 in sizes 15–60 
are available. Corresponding gutta-percha points of  taper .04 and 
.06 in sizes 15–45 complete the K3 set-up.

K3

The K3 fi les23.13 

The NiTi fi les from Kerr (SybronEndo) 
are available in a broad range of 
 tapers and diameters for all root 
 canal confi gurations.

SEM images23.14 

The K3 fi les have a broad cutting 
area, which is also tapered. The 
 cutting edges merge smoothly at the 
precisely formed torpedo-shaped, 
round edge fi le tip.

Right: This cross-sectional SEM view 
reveals the complex cutting geome-
try with its U-shaped cut-outs.

File sequence23.15 

Depending on canal shape and 
length, instrumentation using NiTi 
fi les requires selection from a variety 
of fi le sequences. The manufacturer’s 
guidelines should be adhered to in 
this regard.

The Procedure Pack is used with the 
crown-down technique, .04 taper 
and 21 mm (left), .06 and 25 mm 
(middle, left). In the G-Pack only the 
taper varies (middle, right). In the 
VTVT Pack, tip diameter and taper 
vary alternately (right).

25 mm
TAPER TIP

21 mm
TAPER TIP

25 mm
TAPER TIP

21 mm
TAPER TIP

17 mm
TAPER TIP

17 mm
TAPER TIP

17 mm
TAPER TIP

40 40

.02

.10

.08

.10

.08

.10

.08

25

25

25

25

25

25

2525

25

25

25

25

25

25

25

.12

.04

.04

.04

.04

.04

.04 .04

35

30

35

30 35

30

.06

.06

.10

.08

.06

.06

.06

.06

.06

20
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15723 File Systems

The manufacturer recommends three fi le sequences:
• The Procedure Pack: .10/25 and .08/25 should be used for 

 enlarging the access cavity, and sizes 40–25 (taper .04/.06) for 
the crown-down preparation.

• With the G-Pack, the tip diameter remains constant at size 25, 
and the taper varies from .12 to .02.

• With the VTVT Pack there is a change in taper (variable taper) 
and tip diameter (variable tip), which is generally regarded 
 today as an adequate and fracture-reducing clinical model.

K3 has to date been reported in 33 publications. K3 fi les are much 
more resistant to cyclic fatigue than ProFile (Yao et al., 2006) in 
the 40/.04 and 40/.06 sizes , and also more resistant to fracture 
(Ankrum et al., 2004 [although not  statistically signifi cant], 
Troian et al., 2006). On the basis of its effectiveness in removal of 
gutta-percha, the K3 fi le system has been recommended for en-
dodontic retreatment (Masiero et al., 2005; de Oliveira et al., 
2006):

K3 fi les also help to precisely prepare the apical anatomy in 
complex root curvatures and minimize compression of the smear 
layer (Yoshimine et al., 2005; Kum et al., 2006).

Clinical case I23.16 

Left: Preoperative radiograph of a 
mandibular molar showing a broad 
coronal pulp and “normal” root 
 canals within a fused root situation.

Right: In the apical third, the three 
root canals are severely curved, and 
the distal canal has a double-S shape. 
However, a perfect root canal fi lling 
with preservation tooth substance 
was accomplished.

Clinical case II23.17 

Left: Preoperative radiograph of the 
maxillary second molar showing an 
 almost 90° dilaceration of the mesial 
root.

Right: In order to achieve straight-line 
access, considerable tooth substance 
had to be sacrifi ced. This radiographic 
view of the dense root canal fi lling is 
testament to the success of the clini-
cal procedure in the severely dilacer-
ated canal.

Clinical case III23.18 

Left: A previous endodontic  “attempt” 
resulted in an inadequate root canal 
fi lling. The radiograph shows persis-
tence of periapical infl ammation, and 
the patient continued to experience 
pain and discomfort.

Right: Following endodontic retreat-
ment of the tooth, with dense, warm 
vertical compaction of Resilon, a 
tight seal was obtained resulting in 
complete healing and resolution of 
the apical lesions.
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158 D Root Canal Instrumentation

LightSpeed instruments are made of NiTi indicated for root canal 
instrumentation. They were developed by Wiley and Senia and 
entered the commercial dental market in 1993. A classic Light-
Speed set consists of 22 instruments of ISO sizes 20–100.  Between 
sizes 20 and 70, half-sizes are also provided (22.5, 27.5–65). The 
root canal is instrumented at a speed of 2000 rpm.

In contrast to the conventional endodontic instruments, which 
have a 16-mm long working section, LightSpeed fi les have a long, 
thin shaft and a short working end with a blunt tip.

The length of the working section depends on the ISO size. For 
example, the size 20 fi le has a 0.25-mm long cutting section 

whereas the size 100 fi le has a cutting section that is 1.75 mm 
long.

During root canal preparation, the noncutting tip points away 
from the canal wall and the fi le is thus retained in a more central 
position. Because of the high fl exibility of the instrument shaft, 
the danger of “straightening” the canal is signifi cantly reduced 
(Glosson et al., 1995; Shadid et al., 1998; Hülsmann et al., 2003).

LightSpeed

LightSpeed instruments23.19 

The 22 LightSpeed fi les are color 
 coded according to the ISO norm. 
The half-sizes are marked with a point 
toward the head end of the handle. 
Each of the 12 instruments of an LSX 
instrument set has the appropriate 
ISO size on the handle. Special sizes 
up to 140 are available in LightSpeed 
and LSX fi les.

Right: Because of the very thin shaft, 
LS and LSX instruments are extremely 
fl exible.

Geometry of the working 23.20 
section

SEM of LS fi le size 35 and an LSX fi le 
size 35 seen from the front and the 
side. The working head of the LS has 
U-shaped grooves separated from 
each other by radial lands (left). The 
working end of the LSX (middle and 
right) is in contrast fl at and spade-
shaped and has only two radial lands 
(original magnifi cation ×60, 15 kV).

Initial radiograph23.21 

Tooth 26 was clinically symptomatic 
and the radiograph revealed apical 
periodontitis in relation to the palatal 
root. The canal orifi ces of the disto-
buccal and palatal root canals were 
completely obliterated.

Right: Mesiodistal and bucco-palatal 
views of an extracted maxillary fi rst 
premolar.
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15923 File Systems

The major advantage of the LightSpeed system is gentle coro-
nal instrumentation and minimal removal of hard tissue. Both of 
these are critical factors for posttreatment ability of the tooth to 
resist fracture (Lang et al., 2006). A disadvantage is the very large 
number of instruments required.

Since mid-2006 the LightSpeed eXtra (LSX) system has been 
available on the commercial market; it will eventually replace 
the LS system. LSX consists of only 12 instruments of sizes 20–80. 
The new instruments are not manufactured using the grinding 
process because this mechanical process can lead to imperfec-

tions of the surface (Eggert et al., 1999), which can later lead to 
instrument fracture.

LSX fi les are punched out of raw stock. The head of the instru-
ment has a short and fl at working area with two radial lands and 
a blunt tip. The long, thin instrument shaft of the LightSpeed fi les 
is unchanged in the LSX system. The recommendation is to utilize 
these instruments at 2500–3000 rpm and a higher level of torque. 
These modifi cations of the LightSpeed system have been  designed 
to simplify the technique and reduce the risk of instrument frac-
ture. The advantages of LS with regard to canal straightening and 
loss of working length remain unchanged (Iqbal et al., 2007).

Measurement radiograph23.22 

The working length was determined 
using size 15 K fi les. Thereafter, the 
canals were instrumented using LS 
fi les up to size 20, until the apical 
stop was prepared. Note that no size 
should be skipped during the prepa-
ration of the root canal. The stepback 
preparation technique was used, with 
shortening of the working length by 
1 mm with each subsequent fi le.

Left: Determination of working 
length using size 15 K fi les.

Master point radiograph23.23 

Master point radiograph following 
defi nitive canal instrumentation and 
placement of a calcium-hydroxide 
dressing.

Radiographic follow-up23.24 

Obturation of the root canals using 
lateral compaction.

Left: Lateral compaction of the root 
canals. Despite stepback prepara-
tion up to size 80 and 100, both the 
canals are still quite narrow in the 
coronal segments.
The preparation was carried out to 
save as much dentin as possible, to 
prevent subsequent fracture of the 
tooth.
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160 D Root Canal Instrumentation

The Mtwo system (VDW, Munich, Germany) has eight instru-
ments of ISO sizes 10–40 with taper ranging from 4% to 7%. A 
signifi cant characteristic of the instrument is the presence of two 
cutting edges with long and almost vertical spirals. Mtwo fi les, 
similar to FlexMaster fi les, are fabricated from 55-nitinol alloy. 
They are commercially available in lengths of 21, 25, and 31 mm.

In contrast to the FlexMaster fi les, the Mtwo system fi les have 
a relatively small instrument core and a larger chip space. The 
core size increases with growing fi le diameter, as the distance 
 between the two cutting edges increases from the instrument tip 
toward the shaft. This type of endodontic instrument geometry is 

designed to provide a higher level of debris transport out of the 
canal, while reducing the danger of “screw-in” tendency.

Root canal preparation using the Mtwo fi les is carried out  using 
the so-called “single-length” technique. Following enlargement 
of the root canal orifi ce and creation of a glide path using an ISO 
size 10 or 15 K fi le, the Mtwo fi les can be used for complete and 
thorough preparation of the root canal. The use of these fi les 
within the canal for instrumentation thus becomes a passive 
 procedure.

Mtwo

Instrument design23.25 

In contrast to most other NiTi instru-
ments, the Mtwo fi les have only two 
cutting edges, in the form of a double 
helix, starting from the instrument tip 
up to the shaft of the working seg-
ment. The distance between the 
 cutting edges increases from the fi le 
tip upward. The fi le has a passive, 
 noncutting tip (SEM ×30).

Cutting edges and instru-23.26 
ment cross section

The relatively small S-shaped cross-
sectional area (left) and the two 
 cutting edges (right) are designed to 
give the instrument higher fl exibility. 
With the increasing distance between 
the cutting edges upward to the 
shaft, the chip space also grows in ac-
cordance with increasing instrument 
diameter; this ensures good purchase 
of and consistent removal of dentin 
in the coronal direction (SEM ×100).

Prepared root canal wall23.27 

This canal was prepared using Mtwo 
fi les and the single-length technique; 
in this large segment of the root  canal 
note that the surface is relatively 
smooth and clean with a thin and 
 homogeneous smear layer. These 
 images are of the middle third of the 
canal. The highest level of cleaning 
effi ciency achieved with Mtwo fi les is 
in the coronal and middle thirds of 
the canal (SEM left ×500, right 
×1000).
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16123 File Systems

Mtwo instruments23.28 

Left: Files of 25 and 31 mm overall 
length are available with the choice of 
16- or 21-mm long working sections. 
Files with the shorter working sec-
tions are marked at 18, 19, 20, and 
22 mm.

Right: The taper of the instruments is 
indicated by engraved rings on the in-
strument shaft. The 11-mm shaft of 
the Mtwo fi le (right) is signifi cantly 
shorter than that of a FlexMaster fi le 
(left).

Instrument sequence23.29 

The basic sequence consists of: 
10/.04, 15/.05, 20/.06, and 25/.06. 
All instruments are used to the full 
working length (single-length tech-
nique). Apical expansion to the 
 desired size is accomplished using in-
struments 30/.05, 35/.04 and 40/.04.

A special signifi cance of  instrument 
25/.07: it can be used to create an in-
creased taper for thermoplastic root 
canal fi llings.

Canal preparation23.30 

Both teeth were prepared using the 
single-length technique, in which 
each instrument is used to the full 
working length. The mandibular 
molar (right) was instrumented to size 
30/.05, with the maxillary molar (left). 
Following completion of the apical 
preparation to 35/.04 to 40/.04, the 
25/.07 instrument was then used to 
create greater taper.

Through the use of lateral movements, it is possible to widen 
the coronal third of the root canal to a larger taper, and this 
 simplifi es canal fi lling with a thermoplastic material. The recom-
mended speed of rotation is between 280 rpm and 350 rpm. 
Mtwo fi les should be used with a torque-controlled handpiece on 
the dental unit or an endodontic motor drive.

The cleaning effi ciency of the Mtwo system is comparable with 
other NiTi systems (Foschi, 2004). While the coronal and middle 
thirds of the canal are free of debris, the apical third has obvious 
smear layer debris as well as noninstrumented regions. The 

 shaping of prepared root canals with regard to taper and reduced 
transportion of the original canal axis have been described as 
very good (Sonntag, 2005).
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162 D Root Canal Instrumentation

The ProFile system (Maillefer, Ballaigues, Switzerland) was intro-
duced in 1992 by Ben Johnson (Lloyd, 2005). The original concept 
paved the way for numerous rotary NiTi instruments. In retro-
spect, this system can be viewed as the “break-through” engine-
driven NiTi endodontic system, which led to the development of 
a large number and variety of such instruments and their world-
wide popularization. Up until that time, due to the high level of 
sensitivity required, only a few experienced clinicians were able 
to master the techniques of shaping of root canal  systems based 
on the postulates of Schilder (1967) using  ISO-norm hand instru-
ments.

Engine-driven rotary NiTi instruments made it possible for a 
much larger number of clinicians to shape the canals in a more 
consistent and predictable manner, even in challenging endo-
dontic situations. The ProFile system initiated a remarkable 
change in the discipline of endodontology in a way that had not 
occurred for many decades.

Due to its early introduction into the marketplace, and its 
 current signifi cant position, ProFile is, until now, the most 
studied rotary NiTi system and it remains the gold standard 
against which all other systems are analyzed (Lloyd, 2005).

ProFile

Taper23.31 

The ProFile system is available with 
different fi le tapers. A 4% taper is 
indicated by a one-color ring, a 6% 
 taper with two-color rings. The ori-
fi ce-shaping instruments (three-color 
rings) are used for initial coronal 
 widening.

Cutting edges and tips23.32 

The instruments have a noncutting 
tip. The U-shaped cross section pro-
vides high fl exibility and a large chip 
space to aid the removal of dentin 
debris from the root canal.

Right: The fl attened widening of the 
cutting edges (called radial lands) are 
designed to ensure that the fi le re-
mains centered within the root canal 
without being screwed in.

Step-down technique23.33 

When using the ProFile instruments 
in the step-down technique, even 
 severely curved root canals can be in-
strumented to the apical diameter of 
size 40 distally and size 35 mesially 
with a 6% taper.
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16323 File Systems

The Series 29 system was the fi rst commercially marketed 
 rotary NiTi system. In these fi les, the tip diameter increases by 
29.4%, which does not conform with ISO specifi cations,  resulting 
in a more gradual increase in diameter of the smaller instruments 
and a more pronounced increase in the diameter of the larger 
instruments. This reduces the number of instruments necessary 
in an endodontic “kit.”

Subsequently, instruments with conventional ISO diameters 
were introduced. The product line has been continuously 
 enhanced with fi les with a 2% and 6% taper as well as instruments 
for initial coronal enlargement (orifi ce shapers).

The recommended clinical procedure is a basic crown-down 
technique. As an alternative, especially in diffi cult and severely 
curved canals, a step-down technique is recommended. The fi les 
should be used with picking movements within the root canal at 
the recommended speed of 150–300 rpm.

Clinical case I23.34 

Left: Deep caries on tooth 26 necessi-
tated endodontic therapy.

Right: ProFile instruments of size 
35/.06 in the three buccal canals and 
60/.04 in the palatal canal were used 
for maximal apical instrumentation.

Clinical case II23.35 

Left: Only an extremely eccentric ra-
diographic projection revealed the fi ve 
root canals in the nonvital tooth 36.

Right: ProFile instruments up to size 
35/.06 were used to instrument the 
canal using a step-down technique.

Clinical case III23.36 

Left: Radiograph of tooth 46 showing 
an inadequate ceramic restoration and 
the necessity for endodontic therapy.

Right: The use of ProFile instruments 
in a hybrid concept for fi nal shaping of 
the apical third of the root canals 
 allowed a continuously tapered prepa-
ration utilizing up to 35./06 and 
40./06 instruments.
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164 D Root Canal Instrumentation

GT rotary fi les (Dentsply Maillefer, Ballaigues, Switzerland) have 
been commercially available since 1999. The goal of inventor 
Stephen Buchanan was a reduction in the number of fi les re-
quired in a typical clinical set. So initially the  ProSystem GT set 
contained only one tip diameter of size 20, with tapers of 6%, 8%, 
10%, and 12%, and three GT accessory fi les (size 35, 50, and 70), 
each with12% taper. The maximum diameter corresponds to size 
100, so that the length of the cutting edges is progressively 
reduced.

Following debate concerning the excessively small apical in-
strumentation, fi les of sizes 30 and 40 were added and the 12% 

taper was limited to the accessory sizes. The complete ProSystem 
GT system now contains hand fi les, paper points, gutta-percha 
points, Thermafi l points, and glass fi ber points.

The ProSystem GT today has a special status in that the indi-
vidual instruments vary less with regard to tip diameter but 
much more with regard to taper. The tip is passive and rounded, 
while the cutting edges are somewhat fl attened with progressive 
increase in chip space, so that the movement of the fi le within 
the canal is protected, with infrequent transportation, and the 
screwing effect is reduced. The radial lands in the GT fi les make it 
a passive cutting system.

ProSystem GT

ProSystem GT23.37 

Left: The original GT fi les had four 
 basic types with tip diameter of size 
20. Today these fi les are available 
with tapers of 4%, 6%, 8%, and 10%.

Middle: The GT fi les of Series 30 have 
a tip diameter of size 30.

Right: The GT fi les of Series 40 have a 
tip diameter of size 40.

SEM of a GT fi le23.38 

The design characteristics of GT fi les 
on SEM: The tip is very elegant and 
precisely rounded. The radial lands 
become progressively wider. The chip 
space is quite generous.

Clinical case23.39 

Left: The diagnostic radiograph 
shows calcifi cation of the mesial 
 canal orifi ce, and even greater calcifi -
cation distally (Suter, 1999).

Right: After localization of the canal 
orifi ces using the clinical microscope 
and stepwise widening of the orifi ces, 
it was possible to take a radiographic 
image in which three GT fi les size 
20/.06, .08, and .10 were inserted 
precisely up to the apical end point 
(Suter, 1999).
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16523 File Systems

In the now 70 studies of the GT system, numerous aspects of 
the system have been investigated. The original form and 
 arrangement of cutting edges resulted in a very low level of canal 
straightening, and reduced clinical working time because of the 
high taper (Gülzow et al., 2005). GT fi les resist deformation dur-
ing canal instrumentation better than ProFile or ProTaper fi les, 
exhibiting signs of deformation before instrument fracture (Guil-
ford et al., 2005). The introduction of the larger diameter was 
deemed favorable in one study, which demonstrated improved 
cleaning with the use of size 30 and size 40 fi les (Albrecht et al., 
2004).

The high taper of the ProSystem GT fi les can certainly lead to 
weakening of the root, which cannot be completely compensated 
through use of a sealer (e.g., AH Plus) (Zandbiglari et al., 2006). 
Because of the passive cutting mechanism, root canal retreat-
ment requires more time clinically than with use of FlexMaster or 
ProTaper, which have sharp cutting edges (Hülsmann and Bluhm, 
2004). While ProTaper and eucalyptol provide the most rapid 
 retreatment method, GT fi les even in combination with eucalyp-
tol provide the least effi cient and most time-consuming clinical 
technique for retreatment (Hülsmann and Bluhm, 2004).

Canal obturation post23.40 

Left and middle: Eccentric and ortho-
radial projections following root 
 canal fi lling with lateral compaction 
and AH Plus sealer show a homoge-
nous fi lling in very well shaped root 
canals with adequate dimensions.

Right: Because of the extensive de-
struction of the tooth crown, a metal 
post was inserted into the distal canal 
(Unimetric screw).

Large apical lesion and 23.41 
 perforation

Left: Preoperatively, tooth 46 has a 
prosthetic crown restoration as well 
as large periapical lesions of endo-
dontic origin in relation to both roots.

Right: After removal of the crown, a 
perforation was observed in the 
 furcation area, created during a pre-
vious endodontic attempt to locate 
the canal orifi ces. This perforation 
was closed using MTA, under the 
 microscope.

Root canal fi lling23.42 

Left: The radiograph reveals good 
 positioning of the master point.

Right: Following warm vertical com-
paction, the radiograph depicts a 
 homogeneous fi lling as well as obtu-
ration of a large lateral canal in the 
mesial root.
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166 D Root Canal Instrumentation

The ProTaper fi les (PT; Dentsply Maillefer, Ballaigues, Switzer-
land) have been available since 2001. The inventors/developers 
Machtou (Paris, France), Ruddle (Santa Barbara, CA, USA), and 
West (Tacoma, WA, USA) strived for a reduction to only six fi les 
in a set and an entirely new design. The fi le system was designed 
to enable the clinician to create uniformly tapered shapes in ana-
tomically diffi cult or severely curved canals. Additional mobility 
within the oral cavity was achieved by a 15% reduction in the 
shaft length (13 mm instead of 15.34 mm). With working lengths 
of 21 mm, 25 mm, and 31 mm, the ProTaper fi les are appropriate 
for endodontic treatment of teeth with variable root lengths.

Built on a convex triangular profi le with sharp cutting edges, 
the three shaping fi les SX, S1, and S2 have multiple taper (SX: 
3.5%–19%, S1: 2%–11%, S2: 4%–11.5%). The shape vaguely resem-
bles the Eiffel Tower and permits rapid and effi cient progress 
during the root canal preparation.

The three fi nishing fi les (F1–F3) correspond to the ISO stan-
dard with regard to tip diameters of size 20, 25, and 30, and 
 exhibit reverse taper: The fi rst 3 mm has a taper of 7%, 8%, and 9% 
and thereafter the taper is 5.5% (F1 and F2) and 5% (F3).

ProTaper

ProTaper23.43 

The original ProTaper system con-
sisted of a set of six fi les (SX, S1, S2, 
F1, F2, and F3). SX (size 19) is some-
what shorter and has no color coding 
on the shaft. The other fi ve fi les are in 
accord with the ISO color coding, be-
ginning with violet (size 17) through 
white (size 20), yellow (size 20), and 
red (size 25), to blue (size 30). Thus, 
only the three F fi les correspond in 
tip diameter to the ISO color coding 
and attendant ISO sizes.

SEM image23.44 

In this high-magnifi cation image, the 
sharp cutting edges, increasing taper, 
and rounded tip of a ProTaper fi le are 
clearly seen. The fi rst fi ve fi les have a 
convex triangular cross section. To 
improve fl exibility F3 has a reduced 
core.

Dimension of the ProTaper23.45 

The tip diameter and the overall ap-
pearance and shape of the ProTaper 
fi les are depicted here graphically to 
provide an overview of the canal 
shapes achievable with this system.
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16723 File Systems

The unconventional design encouraged investigators to carry 
out over 50 individual studies of these instruments. In a mathe-
matical model, ProFile exhibited more elasticity but ProTaper 
fi les showed improved stress distribution (Berruti et al., 2003). 
ProTaper instruments were highly effective in narrow root canals 
(Peters et al., 2003). The progressive tapering proved to be less 
infl uenced by curvatures in the mid-root area in comparison to 
the constant taper of K3, thus allowing a well-centered apical 
preparation with, however, a tendency for coronal transportation 
in the direction of the furcation (Bergmanns et al., 2003).

SEM studies revealed that smear layer removal using ProTaper 
fi les was comparable with that with RaCe instruments, but debris 
removal was poorer. The clinical time required for root canal 
preparation using the ProTaper system was either similar or 
clearly less than that with RaCe (Schäfer and Vlassis, 2004; Paqué 
et al., 2005).

The removal of gutta-percha fi llings proved effi cient and time-
effective using ProTaper fi les (Hülsmann and Blum, 2004). Some 
authors are of the opinion that use of the ProTaper system by an 
experienced clinician reduces the danger of instrument fracture in 
comparison with use of an endodontic motor (Yared et al., 2003).

Clinical case I23.46 

Left: Preoperative radiograph of a 
mandibular molar. The mesial root 
has an S-shaped dilaceration.

Right: Following preparation with 
ProTaper fi les, the root canal fi lling 
was accomplished using warm verti-
cal compaction. The S-shaped curve 
has been extremely well obturated.

Clinical case II23.47 

Left: Preoperative radiograph of a 
maxillary molar. Severely curved 
and calcifi ed root canals suggest 
diffi culties during preparation.

Right: On the mesial aspect, the root 
canal exhibits extreme curvature. 
Warm vertical compaction will result 
in a homogeneous root canal fi lling 
after careful and complete prepara-
tion.

Clinical case III23.48 

Left: The mandibular molar has a 
large apical radiolucency. The root 
canals are confl uent in the apical 
third of the root.

Right: While maintaining the original 
canal shape and form, a tapered and 
harmonious canal shape was created 
and subsequently fi lled using the 
warm vertical compaction technique
(courtesy of T. Clauder).
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168 D Root Canal Instrumentation

ProTaper: Clinical Application
The fi rst instrument to be used after scouting the root canal to a 
maximum two-thirds of the estimated working length is S1. 
 During the insertion of S1, a “brushing” motion should be used to 
reposition the canal access away from “danger zones” in furcal 
regions.

The next fi le used for coronal shaping is SX. SX serves as a 
 replacement for Gates-Glidden drills, and allows perfect prepara-
tion of the coronal segment of the root canal. The repeated use of 
SX permits deeper penetration of the instrument and the  removal 
of overhanging dentin walls.

ProTaper, step I23.49 

The fi rst step following careful prepa-
ration of the access cavity is probing 
and scouting of the canal using a size 
10 K fi le up to about two-thirds of the 
anticipated working length.

ProTaper, step II23.50 

After insertion of S2 to two-thirds of 
the working length, the SX fi le is used 
for coronal shaping in a brushing 
motion against the canal walls. The 
instrument is inserted less deeply 
than the previous hand instrument 
and is used to reposition the canal 
access away from the “danger zones” 
in the furcation  regions.

ProTaper, step III23.51 

The SX fi le is rotated into the canal. If 
mild resistance is encountered, the 
fi le should be removed, using the 
“brushing” technique.
The next insertion permits deeper 
penetration of the instrument as well 
as the removal of any overhanging 
dentin walls.

Following the initial use of the crown-down technique, the 
working length is determined and apical patency established by 
inserting a size 10 K fi le passively into the root canal system. The 
working length must always be determined electronically and 
confi rmed with properly adjusted radiographic exposure.

In most cases it is prudent to establish a reproducible glide 
path using hand instruments up to ISO sizes 15 or 20 to reduce 
the risk of instrument fracture. Once the glide path has been 
 prepared by K fi les, S1 and S2 are used with a “brushing” motion 
to the full canal length.
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16923 File Systems

The apical preparation is completed using the fi nishing fi les. 
F1, which has an instrument tip diameter that is identical to S2, 
can now be used to full working length. The apical diameter is 
 measured using a 20 K fi le, which must passively fi t to the full 
working length, to confi rm that the diameter of the foramen is 
equivalent to size 20 or is larger.

When the fi le binds snugly at the apical end, this is an indica-
tion that canal preparation is complete. If the fi le is loose within 
the canal, F2 can be used and the apical diameter should then be 
measured using a size 25 K fi le. It is important that the working 
length is not altered during the measurement.

If the size 25 K fi le adjusted to working length fi ts snugly in the 
canal, the preparation is completed. If the fi le sits loosely at the 
apex, F3 should be used to the working length, and the apical 
 diameter should be measured using a size 30 K fi le. If the size 
30 K fi le remains loose in the canal, F4 or even an F5 (ProTaper 
Universal; see p. 170) can be used in the previously described 
 manner to achieve the ideal apical preparation. If some other 
concepts for apical preparation are preferred by the clinician, the 
apical size can be measured using hand fi les following the F1 fi le 
and the defi nitive instrumentation size determined using appro-
priate clinical concepts.

ProTaper, step IV23.52 

The working length is determined 
 using a size 10 K fi le. Patency is of 
great importance and must be kept 
in mind throughout the entire 
 preparation procedure.
If the canal diameter is narrow, initial 
apical preparation with hand instru-
ments up to ISO size 20 is necessary 
to provide a smooth glide path for 
the rotary instruments.

ProTaper, step V23.53 

Left: S1 is inserted apically with a 
“brushing” motion.

Right: S1 and S2 are also used with a 
“brushing” motion to working 
length. The coronal two-thirds of the 
root canal system should now be 
 ideally shaped.

ProTaper, step VI23.54 

Left: The apical diameter is measured 
using a K fi le to determine the size of 
the master apical fi le.

Right: When working with the Pro- 
Taper system, it is important to re-
move the instrument immediately 
as soon as the working length is 
achieved to avoid unnecessary 
transportation of the canal.

20

30

25
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170 D Root Canal Instrumentation

The wide distribution of ProTaper and numerous early studies of 
torsion, debris elimination, and its fracture characteristics have 
demonstrated that F2 and F3, when used in curved root canals, 
cause excessive dentin removal from the inner curvature of the 
canal, and that the F3 had a tendency to deform and fracture 
(Calberson et al., 2004). In addition, there has been much discus-
sion about the fact that the largest diameter canal the F3  ProTaper 
could reach was only 0.30 mm, too small for many root canal in-
strumentation applications. For this reason the ProTaper Univer-
sal was introduced in 2006, with the following  characteristics:

• More rounded tips on all fi nishing fi les to reduce transporta-
tion. The shaping fi le S2 was given a new form to smoothen 
the transition from S2 to F1. The F3 has U-shaped grooves to 
improve fl exibility and limit stiffness, and increase the chip 
space.

• F4 and F5 correspond in transverse section to F3, but have 
larger tips and different tapers: F4 with size 40 and 6%, F5 with 
size 50 and 5%, respectively. All ProTaper fi les are supplied 
with silicone grips and can therefore also be used by hand.

ProTaper Universal

ProTaper Universal23.55 

In continuation of the initial ProTaper 
fi le development program, the design 
was modifi ed and two additional 
 fi nishing fi les (F4 and F5) were intro-
duced. Thereafter the complete 
 ProTaper product was supplied with 
 appropriate paper points, gutta-
percha points, and Thermafi l obtura-
tors.

SEM images23.56 

Left: The ProTaper cutting edges 
were originally sharp all the way to 
the tip (top). In the fi nishing fi les of 
the ProTaper Universal set, the fi le tip 
is much more rounded to preserve 
the natural canal shape (bottom).

Right: Because the original F3 was 
very stiff (top), the cross section was 
changed to a U-shape (bottom). This 
increased fl exibility and led to im-
proved centralization within the 
 canal (courtesy of Dentsply 
Maillefer).

Initial radiograph23.57 

Note the pronounced lesion of endo-
dontic origin around the roots of 
tooth 46.
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17123 File Systems

• With ProTaper Universal, the concept was expanded to include 
three fi les with a very short handpiece shaft of only 11 mm 
(normal: 15.34 mm) for use in re-treatment:
−  D1: sharp, active tip (size 30) to penetrate into the obtura-

tion material, 9% taper;
− D2: rounded tip (size 25), 8% taper;
− D3: rounded tip (size 20), 7% taper.

• The recommended working speed is 500–700 rpm for gutta-
percha or Thermafi l, and 250–300 rpm for zinc oxide eugenol-
based obturation material.

• To complete the ProTaper Universal system, paper points, 
 gutta-percha points, and Thermafi l obturators in sizes F1–F5 
are commercially available.

A study of the causes of fracture of ProTaper instruments in 
 routine clinical use provided some basic information (Spanaki-
Voreadi et al., 2006): 17.4% of ProTaper fi les were only plastically 
deformed, in 8.7% this led to instrument fracture, whereas 73.9% 
exhibited no plastic deformation prior to fracture. The con clusion 
from these clinical observations indicated that a single overload-
ing could lead to a subsequent ductile fracture.

Treatment progress23.58 

Left: After establishing the primary 
access cavity, bright red blood has 
 entered the opened pulp cavity. The 
radicular pulp is highly infl amed.

Right: The radiographic image reveals 
two confl uent mesial canals and also 
two lumens distally.

Instrumentation and fi lling23.59 

Left: On the mesial aspect are the 
 usual two, widely separated, mesial 
canal orifi ces connected by an 
 isthmus. Distally, a broad lumen is 
also seen.

Right: The root canals are fi lled up to 
the level of the canal orifi ce. Distally, 
two Thermafi l points have been used 
to fi ll the large canal.

Defi nitive closure and 23.60 
 follow-up

Left: To prevent coronal leakage, the 
fl oor of the pulp chamber is etched 
with phosphoric acid and a dentin 
bonding agent is applied.

Right: Follow-up radiograph at 1 year 
postoperatively shows the initiation 
of reossifi cation of the original exten-
sive periapical lesion, with complete 
regeneration of the periodontal 
 ligament space.
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172 D Root Canal Instrumentation

The RaCe fi les (“reamer with alternating cutting edges”; FKG 
Dentaire, La Chaux-de-Fonds, Switzerland) have been commer-
cially available since 1999. Even today, their unique feature is the 
presence of alternate twisted and straight cutting segments, 
which reduces the screwing effect.

There are, in addition, two stainless-steel instruments with 
very high taper (40/.10 and 35/.08), and a special coated surface 
that permits working at speeds of 300–600 rpm. These instru-
ments can be used with both the crown-down and the stepback 
techniques.

The S-Apex fi les (FKG) were fi rst introduced in 2004. They 
 exhibit inverse taper (e.g., the tip is thicker than the remaining 
16 mm of the cutting edges). This permits the use of rotary 
instruments at the start of root canal preparation of even very 
narrow canal systems, and enables the preparation of a defi ned 
apical stop both in length and in breadth.

With sizes ranging from 15 to 60, the system provides a broad 
choice of fi les for clinical application. The relatively high speed of 
500–600 rpm guarantees rapid dentin removal from the root 
 canal. If fracture occurs it is almost always near the shaft, and this 
permits easier removal.

RaCe And S-Apex

RaCe fi le23.61 

In addition to the usual stop for canal 
length determination, the RaCe fi le 
also has a “fl oral” stop with eight 
“petals.” Following each use of the 
fi le, depending on the clinical situa-
tion, one to three of the “petals” 
should be grasped with a forceps and 
twisted. This provides clinical control 
of the use and lifespan of the fi le.

SEM image23.62 

The SEM image shows the extraordi-
nary geometry of the RaCe fi le. Note 
the pattern of straight and then 
twisted areas along the course of the 
cutting surfaces from the tip all the 
way to the handle. This prevents 
sticking within the root canal, and 
also provides larger chip spaces.

Right: The S-Apex fi les have a thicker 
tip, resulting in an actual inverse 
 taper.

Initial radiograph23.63 

Tooth 36 had been opened. The 
 patient complained of persisting pain, 
which led to endodontic referral. The 
diagnostic radiograph reveals an ex-
tensive restoration extending into the 
pulpal cavity and evidence of calcium 
hydroxide dressings at the root canal 
orifi ces. The lumen of the canal and 
the mesial root are clearly diminished 
as revealed by the radiograph.
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17323 File Systems

Over 40 research studies have illuminated many aspects of 
these fi le systems. On extracted teeth, RaCe instrumentation pro-
vided relatively good cleaning and maintained the original curva-
ture signifi cantly better than ProTaper (Schäfer and Vlassis, 2004). 
In another study, both systems were highly rated for respecting 
the original curvature of the root canal and being safe to use 
 (Paqué et al., 2005). In comparison to other well-known systems 
such as FlexMaster, GT, ProFile, and ProTaper, RaCe was rated as 
safe and more effective (Schirrmeister et al., 2006b).

In an SEM study of all areas of the root canal, the cleaning  effect 
and shaping with RaCe was clearly better than with hand instru-

mentation (Baumann et al., 2003). The removal of a previously 
placed gutta-percha fi lling was faster with RaCe and ProTaper 
than with  Hedström (H) fi les or FlexMaster fi les (Schirrmeister, 
2006c). Vertically condensed Epiphany with its companion sealer 
was easier to remove with H fi les as well as with RaCe, better 
than gutta-percha with AH Plus (Schirrmeister, 2006a).

Master point radiograph23.64 

Left: Following detection and expo-
sure as well as initial widening of the 
four canals, a radiograph was taken to 
determine canal length.

Right: The radiograph shows two 
completely separately coursing 
 mesial canals and two additional 
 canals distally, which are confl uent in 
the apical region.

Completion of the 23.65 
 instrumentation

Following root canal instrumentation 
the clinical view shows the two mesial 
canals connected by an isthmus, as 
well as two distal canals close togeth-
er whose lumens are communicating 
over a broad area.

Root canal fi lling23.66 

The follow-up radiograph shows a 
homogeneous root canal fi lling up to 
the root apex as well as minor extru-
sion of sealer at the root apex.

Left: The clinical view shows the 
Thermafi l pins, which have been 
cleanly severed at the canal orifi ces.
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174 D Root Canal Instrumentation

In vitro experiments
In laboratory studies, different root canal instruments have been 
subjected to varying procedures designed to test the behavior of 
those instruments in root canal models or extracted teeth. Highly 
informative results have been obtained through an analysis of 
high-resolution computed tomography data sets. In these studies, 
teeth were scanned before canal instrumentation and three-
dimensional data were used to create reconstructed images. 
Following instrumentation, the test procedure was repeated and 

Summary and Conclusions

3D root canal models23.67 

Root canals before preparation (left) 
and following preparation (middle), 
as well as the superimposition of 
both data sets (right). The external 
contour of the root is shown as trans-
parent. Noninstrumented sections of 
the root canals appear as a result of 
the summation effect as red (follow-
ing preparation) and green (before 
preparation), while fully instrumented 
sections of the canal appear as red. 
The clearly green colored areas repre-
sent dentin debris-fi lled areas that per-
sisted even after canal preparation.

Canal cross sections23.68 

Horizontal sections of root canals 
based on high-resolution computed 
tomography (same experiment as in 
Fig. 23.67). The illustrations demon-
strate data from the coronal, middle, 
and apical thirds of the roots with 
 superimposition of horizontal root 
canal sections before and after in-
strumentation. Orange sections rep-
resent the anatomic situation follow-
ing instrumentation, while those in 
red represent superimpositions of 
pre- and postoperative canal sections.

Comparative studies of root 23.69 
surface instrumentation

Middle section of a noninstrumented 
canal surface (± standard deviation) 
in the entire canal system for NiTi 
 systems GT fi les, K fi les, LightSpeed, 
ProFile, ProTaper, and FlexMaster 
(left), as well as for distobuccal (db), 
mesiobuccal (mb), and palatal (p) 
root canals (right). The data are de-
rived from 45 root canals in maxillary 
molars.
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the before and after canal models were superimposed. Canal 
shape changes were then able to be evaluated mathematically.

The results of most interest included, primarily, alteration of the 
root canal axis, as well as changes in the internal surface of the root 
canal. The experiments included evaluation of instrumentation 
 errors, such as hourglass-shaped canal form (zipping and elbowing) 
and perforations on virtual root canal models or horizontal sections. 
The same canal models can be superimposed and the prepared 
 canal surfaces examined using appropriate color coding. With 
 adequate spatial resolution (<40 μm) it is possible to objectively 
compare root canal preparation techniques and instruments.
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17523 File Systems

Clinical Relevance
Not every rotary NiTi instrument is appropriate for every clini-
cian and/or for every type of variation in root canal anatomy. 
 According to the arrangement of the cutting edges, currently 
available instruments are classifi ed into three groups:
• instruments with passive cutting behavior (radial lands, 

Group I);
• actively cutting instruments (Group II);
• special cases such as LightSpeed or the Liberator (Group III).

In vitro investigations have demonstrated that with regard to 
maintenance of the natural root canal access, as well as in rela-
tion to instrumentation errors, no instrument or instrument set 
is superior to any other set.

For the novice clinician, instruments with built-in security 
measures (fracture characteristics, instrumentation errors) may 
be more suitable. For an experienced clinician, on the other hand, 
the new generation of more active cutting instruments may be 
more attractive because they reduce clinical working time and 
enable the creation of desired canal shapes.

The shape and design of the instrument determines other 
 effects such as the amount and quality of the smear layer pro-
duced. The cross-sectional design of the instrument as well as the 
 arrangement of cutting surfaces along the instrument shaft 

Categorization of 23.70 
 instruments

Classifi cation of currently available 
NiTi instruments based on their 
 cutting effi ciency and in vitro criteria.

Clinical cases23.71 

Endodontic procedures carried out in 
the same patient on maxillary molars 
using stainless-steel instruments 
(left) and rotary NiTi  instruments 
(right). The preparation error (apical 
perforation) is clearly discernible 
(left).
The error did not occur with use of 
power-driven rotary instruments for 
the preparation (right).

Instrument Possible instru-
mentation

Instrumentation 
errors

Fractures Clinical results 

I ProFile
GT
Quantec
Pow-R
Guidance

• +
• Dependent on 

size
• Time-consuming

• ++
• Seldom, usually 

below 150 μm

• +/− Fatigue
• + Torsion
• Dependent upon 

system

• ++
• Dependent on 

preoperative 
diagnosis

• To date, no differ-
ence between in-
struments, except 
for beginners

II K3
RaCe
Hero
ProTaper
Mtwo

• +/−
• Use of hybrid 

technique 
 possible

• +/−
• Seldom, but 

 technique intensive

• + Fatigue
• +/− Torsion
• Dependent on 

taper and shape

III Special 
cases

• Varies
• + LightSpeed

• +++ LightSpeed
• −− Other systems

• Varies • Varies

 infl uence fracture resistance. The determining parameters, how-
ever, are always the clinician and the proper and appropriate use 
of the instrument.

Even without defi nitive proof of better clinical results, one can 
state today with certainty that the use of NiTi rotary instruments 
signifi cantly improves root canal instrumentation. Clinical stud-
ies by Pettiette et al. (1999, 2001), Peters et al. (2004), and Cheung 
and Liu 2009 provide evidence in this direction.

All endodontic instruments today have a noncutting tip, an 
 important criterion for maintaining the natural root canal access 
and therefore clinical safety. Newer power-driven systems offer-
ing torque limitation provide the inexperienced clinician with an 
easy introduction to the clinical technique, but cannot completely 
prevent instrument fracture.

The greatest potential problem with NiTi instruments is the 
feared, occasional instrument fracture. However, recent com-
prehensive follow-up studies (Spili et al., 2005) did not document 
any serious problems related to instrument fragments left within 
the canal, if all other phases of the clinical procedure were 
 executed optimally.

Single-use (disposable, “throw away”) NiTi instruments  present 
one way to eliminate problems such as fracture or corrosion 
 following repeated use, and may also provide improved clinical 
results.
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Rotary Instrumentation

For any given root canal, use of a specifi c instrument X or a certain 
technique Y will not necessarily be successful. This is because the 
various endodontic systems on the market have quite different 
characteristics that may or may not deliver as expected in a given 
situation depending on the root canal confi guration. Within these 
facts is embedded the idea of the hybrid concept: Depending on 
the individual root  canal anatomy and the associated, special dif-
fi culties, the root canal preparation must be carried out with a 
logical and reasonable instrument sequence, which ideally has 
been selected for the individual clinical situation.

The hybrid concept has previously been published in parts 
(Walsch, 2004). The illustrations within this chapter provide ex-
amples in increasing levels of diffi culty, as well as a description of 
the hybrid sequence used in each case. 

The ultimate clinical goal is a predictable treatment outcome 
with ideal preparation and without procedural errors. In this 
 regard, various types of instrument of varying sizes and various 
techniques are used together in order to combine their advan-
tages and to eliminate as many disadvantages as possible. This 
demands knowledge about the cutting characteristics of the vari-
ous instruments (where does it cut and how does it cut within 
the course of the root canal).

To understand a hybrid sequence, the clinician must be aware 
of the most important characteristics of the various instrument 
systems (see Instruments and Materials: Design of Nickel-titani-
um Files, p. 80). In this chapter we will describe the most impor-
tant basic rules regarding the use of Nickel-titanium (NiTi) rotary 
instruments, and the three fundamental concepts of root canal 
instrumentation.

24   The Hybrid Concept of Nickel-titanium 

In order to enhance the safety of all NiTi rotary instrumentation 
techniques, several rules must be observed:
• The slowest recommended speed appears to be the safest 

(Gabel et al., 1999; Dietz et al., 2000).
• Always lubricate NiTi rotary instruments (RC-Prep, Premier 

Dental, PA, USA).
• Ensure there is support for the clinician’s hand (to compensate 

for patient movement and for better control of the instrument, 
and also to reduce the “screwing in” effect).

• Ensure continuous irrigation/fl ooding of the root canals with 
sodium hypochlorite (or EDTA) during root canal preparation.

• Minimize apically directed pressure on the instrument.
• Permit the instrument to continuously rotate (from introduc-

tion into the canal until removal).
• Minimize the cutting time ( immediately withdraw the instru-

ment on reaching the desired length).

• Each new introduction of the same instrument should pene-
trate more deeply into the canal.

• Following the removal of each instrument it should be cleaned 
and inspected, and replaced as necessary/appropriate.

• Following the use of each instrument, the canal must be thor-
oughly irrigated, recapitulated, and re-irrigated.

• Apical patency must be regulary confi rmed/checked.

These rules are more critical for actively cutting instruments than 
for passive ones. Use of active as opposed to passive instruments 
leads more readily to procedural errors, especially in inexperi-
enced hands. Before clinical use, every new instrument system 
must be tested by practicing on extracted teeth. It has been 
shown that the frequency of fracture and deformation of instru-
ments is reduced with increased clinical experience (Baumann 
and Roth, 1999).

Nickel-titanium Rotary Instrumentation Rules
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A series of instruments of decreasing size or taper are used in the 
crown-down technique; each fi le reaches deeper into the canal. 
In this way, the next smaller or less-tapered instrument cuts 
deeper apically than the previous one. The repetition of such a 
sequence results in deeper access within the canal and/or further 
enlargement of the canal diameter.

The particular problem of taper lock occurs if within the crown-
down sequence only the instrument size is varied while main-
taining the same taper. For this reason, the latter should also be 
varied more often. The variable taper of ProTaper instruments 
helps avoids this risk.

The crown-down technique minimizes coronal interference, 
simplifi es instrument penetration, increases apical tactile sensi-
tivity, reduces canal curvature, minimizes working length changes 
during preparation, and allows penetration of irrigating solutions 
down to the full depth of the preparation, which reduces bacterial 
accumulation before apical instrumentation.

Thus the crown-down technique minimizes iatrogenic apical 
contamination, reduces the area of contact between the instru-
ment and the canal wall, so reducing torque, increases cutting 
effi ciency and safety, and reduces the frequency of procedural 
error.

Crown-down Technique

Crown-down technique24.1 

Use of the crown-down instrumenta-
tion sequence with decreasing taper 
produces a “fl are form” (upside-
down Eiffel Tower) within the canal 
with more coronal taper and less 
 apical taper. This is illustrated by the 
overlapping of the variously tapered 
instruments in the fi gure. The arrows 
indicate those sections of the canal 
wall where the corresponding instru-
ments actually cut.

Straight-line access, 24.2 
 radiographic views

Left: The arrows indicate the direc-
tion of insertion of the root canal in-
struments before any straightening.

Right: Orifi ce widening in the out-
lined areas leads to removal of dentin 
overhangs in the outer aspect of the 
curvature without risking a perfora-
tion or excessively compromising 
tooth structure; the result is a 
straightening of the path of insertion 
(arrows) with a signifi cant reduction 
of the angle of the canal curvature.
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In this technique, a series of instruments of increasing sizes are 
used with the fi rst instrument reaching furthest apically; each 
subsequent instrument is inserted less deeply than the previous 
instrument. Thus, each instrument creates a small step coronal to 
the depth reached by the previous (smaller) instrument. This 
creates a “pseudo-tapered” root canal, whose taper is determined 
by the size difference between any two instruments and the dis-
tance between their respective penetration depths. If, instead of 
selecting an instrument of bigger size, increased taper size is 
 selected, the result will be a fl are form, similar to that shown in 
Fig. 24.1.

A comparison between the crown-down and the stepback 
techniques revealed that the crown-down technique is associated 
with less contact of the instrument tip with the canal wall as well 
as lower force application and torque load on the instrument. The 
conclusion is that the crown-down technique is safer than the 
stepback method (Blum et al., 1999).

The single-length technique involves the use of a series of in-
struments with increasing size or increasing taper, with all in-
struments used to the same length or even to the estimated 
working length. This technique is important for the fi nal stages of 
apical preparation.

Stepback Technique

Straight-line access, initial24.3 

Left: Access cavity before straight-
line access preparation.

Right: Access cavity fl ooded with irri-
gating solution following preparation 
of straight-line access into the root 
canals and preparation of the coronal 
third of the root canal using Gates-
Glidden drills.

Straight-line access, fi nal24.4 

Left: Buccal canals following 
 complete instrumentation.

Right: Buccal canals after root canal 
fi lling.

Overview of the hybrid 24.5 
 concept

Left, simple cases; right, complex 
cases. Body shaping and apical pre-
enlargement: Usually ProTaper, but in 
complex cases usually passive instru-
ments.

Apical enlargement: Depending on 
diffi culty, active or passive and Light-
Speed instruments with stepback as 
necessary for determination of the 
master apical fi le (MAF) size.

Apical fi nish: With LightSpeed MAF 
size or another passive instrument, 
which can easily and passively be 
 inserted to the working length.

Simple cases Complex cases

ProTaper
Passive

instruments

Passive
instruments

Active
instruments LightSpeed

LightSpeed or passive
hand instruments
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The ideal preparation shape is summarized in Schilder’s defi ni-
tion (1974): “A three-dimensional, continuously tapering cone in 
multiple planes [with suffi cient apical enlargement] preserving 
 foramen position and size.”

Prerequisites: Ideal access cavity, straight-line access to the 
root canals, radicular access with Gates-Glidden drills or orifi ce-
shaping instruments (see Chapter 17), and a glide path to fi le size 
15, using the hand instrumentation technique “watch winding 
and pull” for small instruments and the balanced-force technique 
(Roane et al., 1985) for larger instruments.

With regard to the size of the apical preparation, the literature 
states that:
• The optimal enlargement of each canal should be calculated 

based on the size of the initial fi le that binds at the apical por-
tion of the canal (Weine, 1996); the apex should be enlarged at 
least three fi le sizes greater than its original diameter (Gross-
man, 1974).

• Because of their special shape, LightSpeed Classic instruments 
are more suitable than K fi les for estimating the original apical 
diameter (Levin, 1999; Wu, 2002); in general, measurement 
values tend to be too small, therefore underestimating the 
original canal diameter (Levin, 1999; Wu, 2002).

• In addition, root canals are usually not round apically (Green, 
1958; Wu, 2000), and only the smallest canal diameter can be 
measured. Anatomic investigations have demonstrated that 
the apical canal diameter in many cases corresponds to an in-
strument size 30–40, or even larger (Kuttler, 1955; Kerekes 
and Tronstad, 1977a, b, c). During canal enlargement, pub-
lished “average” values (Ingle and Taintor, 1985; Kasahara, 
1988) cannot always be adhered to (Kasahara, 1991). In each 
individual case, clinical observation is necessary to defi ne the 
MAF (“master apical fi le”) size, and all available information 
concerning root canal anatomy and the potential technical dif-
fi culty of the case must be included in the fi nal determina-
tion.

• A fi nal round cross section of the apical preparation would be 
ideal, because this would provide improved cleaning of the 
canal wall and a better apical seal during the root canal fi lling 
(Luks, 1965; Hwang, 1998). This is often impossible, however, 
particularly with ribbon-shaped canals; nevertheless the clini-
cian should strive to achieve the goal of a rounded apical prep-
aration as closely as possible, and this usually means instru-
menting to a larger size than originally planned. Based on 
these points the decision is made up to which size the instru-
mentation should be performed.

Extent of Root Canal Preparation

Clinical case I24.6 

Mild root canal curvature. Straight-
line and radicular access: Gates- 
Glidden drills, sizes 1–3, 4–1. Body 
shaping and apical pre-enlargement: 
ProTaper up to F3.
Apical enlargement: FlexMaster 
35/.04, 35/.06, 40/.04, 40/.06. Taper 
lock was avoided. Active instruments 
chosen due to low  degree of diffi culty.

Left: Preoperative radiograph.

Middle: Radiograph for working 
length determination.

Right: Postoperative radiograph 
 (orthoradial projection).

Clinical case I24.7 

Left: Access cavity.

Middle: Access cavity following root 
canal fi lling; mb1, mb2, and db are 
visible.

Right: Postoperative radiograph, 
 distal eccentric projection. The mb 
canal confi guration is Vertucci type II.
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24 The Hybrid Concept of Nickel-titanium Rotary Instrumentation

The fi rst step is to quickly and effectively remove material from 
the coronal and middle thirds of the canal. The classic GT fi le set 
has proven to be ideal for this procedure, and is used with de-
creasing taper in the crown-down technique. The sequence can 
be repeated as necessary until the working length has been 
reached.

The end result should be a fl are form with an apical diameter 
of at least size 20. Active instruments such as ProTaper SX, S1, and 
S2 are even more effective for this procedure. Use of these instru-

ments results in a fl are form with the highest amount of taper in 
the coronal portion of the root canal.

Subsequently, the taper is increased deeper and deeper into 
the root canal: The taper “wanders” from the coronal into the 
middle third of the canal. This can also be considered a crown-
down procedure in that the taper is reduced in a crown-down 
manner. The resulting canal shape permits ideal access for the 
apical preparation.

Shaping the Body of the Root Canal

Clinical case II24.8 

Slight curvature with a distal apical 
bend.
Straight-line and radicular access: 
Gates-Glidden 4–1. Body shaping and 
apical pre-enlargement: ProTaper up to 
F3, distally to above bend, F2 to full 
working length. Apical enlargement: 
ProFile mesially 35/.04, 35/.06, 40/.04, 
40/.06, 45/.04; distally 35/.04, 35/.06, 
40/.04, 40/.06, 45/.04, 45/.06, 50/.04, 
55/.04 up to bend 30/.02, 30/.04, 
35/.02 to full working length. Mesial 
isthmus was opened using ultrasonic 
and Hedström (H) fi les manually.

Right: Orthoradial postoperative 
 radiograph.

Clinical case II24.9 

Left: Access cavity with opened 
 mesial isthmus.

Right: Access cavity following root 
canal fi lling.

Clinical case II24.10 

Left: Mesial eccentric postoperative 
radiograph.

Right: Distal eccentric postoperative 
radiograph.
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There are four steps, all of which may not be necessary in each 
individual case:
• Apical pre-enlargement.
• Apical enlargement.
• Apical LightSpeed preparation.
• Apical fi nish.

Apical Pre-enlargement
The apical third of the canal can be quickly and effectively en-
larged to a size that can be reached safely. In simpler cases, this 

can be carried out with aggressive, active instruments such as 
ProTaper, RaCe, etc.

ProTaper F1–F3 will provide an ideal apical preparation shape, 
provided that F3 reaches the working length. This instrument se-
quence will move the taper even further apically (crown-down).

ProTaper can play an important role in the hybrid concept: Use 
of a complete sequence of these instruments can provide both 
body shaping and pre-enlargement with ease.

Apical Preparation

Clinical case III24.11 

Moderate, coronally located curva-
ture with an S component mb. Gates-
Glidden drills 1–3, 4–1. ProTaper up 
to F3, mesially by hand. M  central and 
ml confl uence during instrumenta-
tion. Apical enlargement: ProFile in 
alternating tapers up to 35/.06 or 
40/.04 in all canals, as well as distal 
using LightSpeed to size 60 and step-
back to size 100. Apical  fi nish: ProFile 
60/.04 in a clockwise motion, by 
hand. Distal isthmus opened using 
 ultrasound and H fi les by hand.

Middle: Working length  radiograph.

Right: Access cavity before obturation.

Clinical case III24.12 

Left: Postoperative radiograph, 
 mesially eccentric projection.

Middle: Postoperative radiograph, 
distal eccentric projection.

Right: Access cavity following root 
canal fi lling.

Apical Enlargement
If a larger MAF appears to be necessary, an apical enlargement of 
2–3 mm is usually suffi cient. Either active or passive tapered in-
struments can be used. Increasing diffi culty of the case (canal 
curvature, curvature radius, extensive coronal curvature) may 
dictate the use of passive and/or fl exible instruments. In very dif-
fi cult cases, NiTi instruments can be used manually.

Figure 24.13 presents a comparison of fi le diameters of the 
variably tapered instrument ProTaper F3 (multitapered) and oth-
er constant tapered NiTi instruments with tapers of .06, .04, and 
.02 and sizes 35–50 at a distance of 0–5 mm from the instrument 
tip. Areas in which instruments with constant taper are larger 
than ProTaper F3 are indicated with an asterisk (Fig. 24.13).

With fi le size 35, for example, following instrumentation with 
ProTaper F3 to a predetermined length, the subsequent use to the 
same length of an instrument with constant taper and size 35 
cuts only at the tip: in cases of .02 and .04 taper at less than 1 mm 
distance and with .06 taper less than 2 mm because the size of a 
ProTaper F3 1 mm from the tip corresponds to a size 39 (0.39 mm) 
and 2 mm from the tip to a size 48.
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24 The Hybrid Concept of Nickel-titanium Rotary Instrumentation

An instrument of size 50 with a .04 taper applied after using 
ProTaper F3 cuts 4 mm apically; with a .02 taper it only cuts 
2 mm.

The basis for this comparison becomes obvious: After reaching 
the working length with ProTaper F3 it is not diffi cult to enlarge 
the fi nal apical portion of the canal. Following use of the ProTaper 
F3, other active NiTi rotary instruments can be used (e.g., Flex-
Master) or passive ones (e.g., ProFile) in sizes of 40 and taper of 
.06 or .04, and even in sizes up to 50 with a .02 taper, with mini-
mal coronal interference, minimal contact and cutting surface, 
and therefore minimal torque load. If in a clinical case the desired 

MAF size was 50 with a taper of .04, following the use of ProTaper 
F3 apical enlargement of approximately 4 mm would be re-
quired.

To reduce the torque load for each subsequent instrument, the 
following instrument sequence could be applied: 35/.04, 35/.06, 
40/.04, 40/.06, 45/.02, 45/.04, 50/.02, and 50/.04. In the majority 
of cases, all instruments in this sequence can reach the working 
length without excessive resistance (single-length concept).

Parts of the instrument sequence described can be repeated 
until the working length is achieved (step-down). The number of 
individual instruments may appear to be quite large, but each 

Size comparisons24.13 

Comparison of the fi le diameter of 
ProTaper F3 fi les with variable tapers 
and other NiTi rotary instruments 
with constant tapers of .06 (6%), .04 
(4%) and .02 (2%) in sizes 35, 40, 45 
and 50 at a distance of 0–5 mm from 
the instrument tip. All values are 
 given in millimeters.
Areas in which instruments with 
 constant tapers larger than ProTaper 
F3 are found are indicated by an 
 asterisk.

Distance to 
tip (mm)

Diameter (mm) of  
ProTaper F3 (taper in %)

Diameter (mm) of constant tapered  
NiTi instruments

Si
ze

 3
5

0 0.30 (9%)

6%
 ta

pe
r 

0.35*

4%
 ta

pe
r

0.35*

2%
 ta

pe
r

0.35*

1 0.39 (9%) 0.41* 0.39 0.37

2 0.48 (9%) 0.47 0.43 0.39

3 0.57 (9%) 0.53 0.47 0.41

4 0.64 (7%) 0.59 0.51 0.43

5 0.71 (7%) 0.65 0.55 0.45

Si
ze

 4
0

0 0.30 (9%)

6%
 ta

pe
r

0.40*

4%
 ta

pe
r

0.40*
2%

 ta
pe

r
0.40*

1 0.39 (9%) 0.46* 0.44* 0.42*

2 0.48 (9%) 0.52* 0.48 0.44

3 0.57 (9%) 0.58* 0.52 0.46

4 0.64 (7%) 0.64 0.56 0.48

5 0.71 (7%) 0.70 0.60 0.50

Si
ze

 4
5

0 0.30 (9%)

6%
 ta

pe
r

0.45*

4%
 ta

pe
r

0.45*

2%
 ta

pe
r

0.45*

1 0.39 (9%) 0.51* 0.49* 0.47*

2 0.48 (9%) 0.57* 0.53* 0.49*

3 0.57 (9%) 0.63* 0.57 0.51

4 0.64 (7%) 0.69* 0.61 0.53

5 0.71 (7%) 0.75* 0.65 0.55

Si
ze

 5
0

0 0.30 (9%)

6%
 ta

pe
r

0.50*

4%
 ta

pe
r

0.50*

2%
 ta

pe
r

0.50*

1 0.39 (9%) 0.56* 0.54* 0.52*

2 0.48 (9%) 0.62* 0.58* 0.54*

3 0.57 (9%) 0.68* 0.62* 0.56

4 0.64 (7%) 0.74* 0.66* 0.58

5 0.71 (7%) 0.80* 0.70 0.60

instrument has only a minimal cutting job to do, which is achieved 
after only one to three rotations. At this point, the instruments 
can be used by hand, which will be quicker than changing fi les in 
the handpiece, as well as safer, with less intracanal transporta-
tion.

The more severe the canal curvature, the smaller the taper 
selected for apical preparation should be and the more often 
passive and/or fl exible instruments should be used. At a distance 
of several millimeters from the working length the difference 
between the existing ProTaper F3 preparation form and the size 

of the instrument used for apical widening is so large that the 
instrument assumes a straighter confi guration within the canal 
curvature and does not need to be as severely bent in order to 
follow the course of the root canal. In some cases, the same in-
strument would not have been able to follow the same kind of 
curvature without previously carrying out the above-described 
apical pre-enlargement.
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Apical LightSpeed Preparation
This step is necessary whenever the desired MAF or apical taper 
cannot be achieved with tapered NiTi rotary instruments in a 
curved canal (Hülsmann, 2002), since they are too stiff beyond 
size 60. To date, LightSpeed fi les can prepare the apical portion of 
a severely curved canal to the widest degree with the least devia-
tion (Knowles et al., 1996; Thomson and Dummer, 1997). 

Continuing on from the previously achieved size, the apical 
portion of the root canal is now widened with LightSpeed in 
increasing steps, beginning with the next size beyond the previ-
ously achieved apical size. All instruments should be used to the 

Clinical case IV24.14 

Apical curvature with a narrow radius. 
Straight-line and radicular access: 
Gates-Glidden drill 4–1. Body shaping 
and apical pre-enlargement: ProTaper 
up to F3, distal and mb to full working 
length, mesial and ml up to F2 by hand, 
and only up to point of confl uence with 
mb canal. Apical enlargement distally 
with ProFile instruments, alternating 
taper up to 45/.06, mesio-buccal up to 
40/.06, mesial/mesiolingual up to 
35/.04; subsequent use of ProTaper F3 
by hand. Distal isthmus opened with 
ultrasound, H fi les by hand.

Right: Postoperative radiograph, 
 orthoradial projection.

Clinical case IV24.15 

Left: Postoperative radiograph, 
 mesial eccentric projection.

Right: Access cavity.

Clinical case IV24.16 

Left: Access cavity following root 
 canal fi lling, mesial aspect.

Right: Distal aspect.

estimated working length, and no instrument in the sequence 
should be omitted.

Because the apical preparation shape now achieved is cylindri-
cal, a stepback procedure must be carried out with LightSpeed 
instruments to achieve apical taper. Steps of .05 mm with Light-
Speed fi les of up to size 60, 1 mm for sizes 60 and 70, and 2 mm 
for 70–100 will provide a “pseudo-taper” of .05. The resulting 
steps on the side of the greater (outer) curvature can inhibit or 
limit penetration of an irrigation needle or a gutta-percha point, 
especially with sizes beyond 60.
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24 The Hybrid Concept of Nickel-titanium Rotary Instrumentation

Clinical case V24.17 

Working length 25.5 mm, severe 
 curvature up to 90°, and a moderate 
radius of curvature. Straight-line and 
radicular access: Gates-Glidden drills 
1–3, 4–1. Body shaping: ProTaper in 
several sequences (crown-down), 
with the fi nal sequence at the work-
ing length for apical pre-enlargement 
using ProTaper up to F3 by hand. 
 Apical enlargement: ProFile, buccal 
35/.04 and 40/.04, palatal up to 
60/.04.

Left: Preoperative radiograph.

Right: Radiograph for working length 
determination.

Clinical case V24.18 

Left: Postoperative radiograph, 
 orthoradial projection.

Right: Postoperative radiograph, 
 distal eccentric projection, showing 
mb canal confi guration of Vertucci 
type IV.

Clinical case V24.19 

Left: Access cavity.

Right: Access cavity following root 
canal fi lling.

Apical Finish
The previously mentioned steps created on the outer aspect of 
the curve of the canal can be reduced by apical fi nishing: The 
LightSpeed MAF or another passive instrument with a small ta-
per and a size that can easily and passively be moved to the 
working length can be used in a rotary motion, or wound clock-
wise one or two times by hand to the working length.

In this way, the steps are smoothened and the stepback (pseu-
do) taper regains continuity with the coronal crown-down taper 
preparation. The entire hybrid concept can be condensed to the 

overview shown on page 179, and newly developed instruments 
can be included easily into this concept.
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• Severe curvatures in the coronal part of the root canal, espe-
cially with long canal lengths apical to the curvature, cannot 
be instrumented using tapered NiTi rotary instruments. Light-
Speed or NiTi hand fi les are indicated in such cases.

• Curvatures of extremely small radii (<2 mm) should not be 
 instrumented using power-driven instruments. Use of NiTi 
K hand instruments with a .02 taper with the modifi ed 
balanced-force technique (Roane et al., 1985), and manual use 
of LightSpeed, pre-bent K-FlexoFiles, or similar instruments is 
recommended.

• In S-shaped curvatures, power-driven fi le systems should only 
be used up to the point where the curvature changes its direc-
tion; beyond that level, only hand instruments should be 
used.

• Ribbon-shaped canals are best treated using the “circumferen-
tial fi ling” technique. NiTi rotary systems may be defl ected in 
such circumstances by canal unevenness or narrowing, or may 
become stuck and pulled in a different lateral direction within 
the canal, with ensuing danger of instrument fracture.

• C-shaped canal structures should in general be instrumented 
by hand due to the unpredictable anatomy.

• Apically bifurcated canals often cannot be instrumented using 
straight instruments. Pre-bent steel or NiTi instruments can be 
used under microscopic control in tip-limited fi ling move-

ments. Pre-bent NiTi rotary instruments should never be ro-
tated!

• Confl uence of root canals, which is quite common in the me-
sial roots of mandibular molars, often occurs not at the apex 
but rather further coronally. One of the root canals often runs 
directly from the pulp chamber orifi ce to the apex without any 
extreme curvature or bend (main canal), whereas the other 
canal (accessory canal) may join the main canal at an extreme 
angle. 

Following the course of the accessory canal all the way to the 
apex would mean forcing the instrument around a sharp bend 
(or a severe curvature with an extremely small radius). In the 
early stages of root canal preparation, the clinician should at-
tempt to identify the main canal and localize the point of confl u-
ence with the accessory canal using small hand fi les and tactile 
sense. The next step would be to prepare the main canal to the 
working length. Only then should the accessory canal be instru-
mented to its point of confl uence with the main canal. Finally, 
the main canal should be recapitulated and irrigated to get rid of 
residual debris.

Limitations of the Hybrid Concept

Clinical case VI24.20 

S-shaped curvature.
Straight-line access: Gates-Glidden 
drills 4–1. Radicular access and body 
shaping: ProTaper, sequentially and 
by hand, with F1 to the full working 
length. Apical pre-enlargement: 
RaCe up to 25/.04.
Apical enlargement: LightSpeed up 
to size 35, stepback up to 50 in 1-mm 
increments. Apical fi nish using Light-
Speed size 35 fi le.

Left: Preoperative radiograph.

Middle: Working length radiograph.

Right: Postoperative radiograph.

Clinical case VI24.21 

Left: Postoperative radiograph, 
 mesial eccentric projection.

Middle: Access cavity following root 
canal fi lling.

Right: Follow-up radiograph after 
12 months.
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18925 Root Canal Disinfection

Disinfection of the root canal system using solutions and sub-
stances with antibacterial and tissue-dissolving properties — the 
so-called “chemical debridement” — is a critical component of 
root canal preparation and instrumentation. This procedure is 
therefore often also referred to as “chemo-mechanical” prepara-
tion. Adequate disinfection is critical for successful completion of 
any endodontic therapy.

In cases of pulpal necrosis, in which there is bacterially induced 
tissue destruction, 106–108 microorganisms per milliliter of canal 
content have been observed; these are primarily anaerobic organ-
isms. In cases of endodontic failure, mainly Gram-positive, faculta-
tive anaerobic bacteria, in particular Enterococcus faecalis, and vari-
ous fungi have been identifi ed (Siqueira and Rôças, 2006).

A proportion of the bacteria occupy the endodontium in the 
planktonic form; the other portion is incorporated into a biofi lm 
attached to the root canal wall. (A biofi lm is a single- or multi-
cellular layer of microbes embedded in an extracellular matrix.) 
The microorganisms within the biofi lm can be quite resistant to the 
host immune response as well as to antibiotic therapy. Individual 
microorganisms can be released from the biofi lm and maintain the 
level of infection (Svensäter and Bergenholtz, 2004).

In cases of pulpitis with irreversibly infl amed but still vital and 
vascularized tissue, which is in transition to necrosis, microorgan-
isms are seldom observed within the root canal system. Irrigation 

of the canal during instrumentation dissolves and removes both 
tissue remnants and dentinal debris.

The primary goal of chemo-mechanical preparation of the root 
canal system is the elimination of intracanal microfl ora as well as 
necrotic and/or infected canal contents, and in the case of residual 
vital pulp the removal of all soft tissues. It has been demonstrated 
time and again that mechanical root canal instrumentation alone 
does not eliminate all microfl ora (Peters, 2004; Haapasalo et al., 
2005; Hülsmann et al., 2005). In other words, purely mechanical 
instrumentation of the root canal cannot suffi ciently reduce the 
bacterial “load” to permit healing and/or prevent apical periodonti-
tis. Additional chemical disinfection measures are required, which 
are included under the umbrella term “root canal irrigation.”

Any discussion of, or debate about, particular disinfection 
 strategies is directly dependent on contemporary microbiologic 
knowledge. Improved methods for the identifi cation of specifi c
microorganisms have recently enhanced our knowledge of the
microbiology of an infected root canal system. A direct consequence 
of this new knowledge is the onus on the profession to seek new 
strategies for combating the complex microfl ora. For this reason, it 
is to be expected that the currently recommended disinfection pro-
tocol will (have to) be amended in the near future.

Disinfection
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190 D Root Canal Instrumentation

Possibilities and Limitations of Root Canal 
 Disinfection
Numerous in vitro studies have demonstrated that a stringent an-
tiseptic treatment protocol will lead to signifi cant reduction of 
microbiologic contamination of the root canal. Through mechani-
cal instrumentation and saline irrigation alone, the number of 
microorganisms within the canal can be reduced from approxi-
mately 106–108 microorganisms per milliliter of canal content by 
a factor of 100–1000 (Bystroem and Sundqvist, 1983). In addition 
to the removal of necrotic tissue, root canal preparation must also 
include the introduction of a suffi cient volume of irrigating solu-
tion into the apical portions of the root canal system. The use of 

Complexity of the endodontic 25.1 
system

Left: Three-dimensional reconstruc-
tions of the root canal systems of a 
maxillary canine and premolar.

Middle: This histologic specimen 
clearly demonstrates that some areas 
of the complex root canal system can 
only be cleaned chemically and not 
mechanically.

Right: Following dissolution of soft 
tissues by means of irrigants, even 
the areas that could not be instru-
mented (e.g., lateral canals) were 
partly  successfully obturated.

Dentin structure and infection25.2 

Left: From this dentin specimen it is 
evident that the dentinal tubules are 
an integral component of the endo-
dontic system, and are clearly suscep-
tible to bacterial colonization.

Middle: This dentin specimen clearly 
shows the large numbers of open 
 lacunae within dentin, all of which are 
vulnerable to microbial colonization 
(magnifi cation ×2000).

Right: Depth of dentin infection as 
shown in numerous research studies.

Biofi lm25.3 

The growth of a bacterial biofi lm can 
be divided into various phases: Fol-
lowing attachment of planktonic 
bacteria onto the canal wall dentin 
and the formation of an extracellular 
matrix, a multilayered, 3D biofi lm de-
velops. With detachment of microor-
ganisms from the superfi cial layers, 
the cycle of  biofi lm growth is repeat-
ed.

                                 Fluid flow 

Canal wall dentin

Adhesion Colonization by 
various

microorganisms

Development of a biofilm

Maturation Dissolution

Microcolonies

Planktonic
microorganisms

Attached
micro-
organisms

even the thinnest irrigation needle requires preparation to ap-
proximately ISO size 35. When sodium hypochlorite is used as an 
irrigant, approximately 33% of all root canals have been shown to 
exhibit no residual microorganisms. Increasing the concentration 
to 5% did not signifi cantly reduce the bacterial count. With the 
addition of calcium hydroxide the number of bacteria-free root 
canals increased to 97% (Bystroem et al., 1985). However, consis-
tently reproducible and predictable elimination of microbial 
contamination has not yet been achieved with any disinfection 
technique or solution. If a root canal is instrumented and thor-
oughly irrigated, and then left unfi lled but covered with a  coronal 
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19125 Root Canal Disinfection

fi lling that aims to provide a bacteria-tight seal, within a week the 
microorganisms will recolonize to re-establish the initial levels 
within the root canal.

Given the practical impossibility of “sterilizing” the complete 
root canal system, endodontic treatment is based on the concept 
of a continuous reduction of the bacterial “load” below a patho-
logically relevant level that can be controlled by the host immune 
system, as suffi cient for endodontic treatment success. A pre-
requisite, however, is that any reinfection or availability of micro-
biologic substrate must be prevented by a root canal fi lling and a 
coronal restoration, which provide complete sealing.

Adequate disinfection of the root canal leading to successful 
endodontic treatment can only be achieved by a carefully deter-
mined series of individual clinical procedures: Application of 
rubber dam – disinfection of the clinical working fi eld – sterile 
instruments – adequate size of the access cavities – adequate ir-
rigating solutions, irrigating technique, irrigating time, irrigating 
depth – antimicrobial intracanal dressing – impermeable root ca-
nal obturation – impermeable temporary and defi nitive restora-
tions, as well as prevention of coronal leakage.

Clinical effects25.4 

The two root canals were not able 
to be completely instrumented 
 mechanically. 

Right: With intensive chemical disin-
fection, the microbiologic load was 
suffi ciently reduced, leading to com-
plete healing of the periradicular le-
sion. 

Tissue remnants25.5 

Left: After accessing the tooth with a 
necrotic pulp, magnifi cation ×25 un-
der the clinical microscope revealed 
tissue remnants within the root canal 
orifi ces. 

Right: The superimposition of pre- 
and postoperative structures of the 
endodontic system clearly reveal that 
 areas of the root canal wall have 
 either not been instrumented or have 
been only partially instrumented 
(courtesy of Dr. F. Paqué).

Failure25.6 

Left: The radiograph reveals a 
 homogeneous root canal fi lling. The 
periapical tissues radiographically 
 appear free of infl ammation.

Right: Loss of the defi nitive restora-
tion led to bacterial recolonization of 
the root canal and development of 
apical periodontitis (5 months follow-
ing root canal obturation).
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192 D Root Canal Instrumentation

Disinfection Protocol
Optimum disinfection of the endodontic system will be deter-
mined by the initial clinical fi ndings as well as by the suspected 
extent of microbial contamination. The most important clinical 
point is to differentiate between infected and noninfected root 
canals.

A disinfection protocol for a noninfected endodontic system 
must consider the following clinical observations:

Noninstrumented root canal 25.7 
wall region

Horizontal sections before and after 
instrumentation: a smooth and 
 complete preparation of the lateral 
extensions of the root canal was not 
achieved.

Debris25.8 

Left: Virtually every canal has non-
instrumented sections (arrow), even 
 after intensive root canal prepara-
tion.

Right: Following instrumentation 
there is clear evidence of remaining 
debris, underneath which a smear 
layer can be observed (magnifi cation 
×200).

Debris25.9 

Massive accumulation of debris fol-
lowing mechanical instrumentation 
with insuffi cient removal of dentin 
and soft tissues.

• There are no microorganisms in the deeper levels of the in-
fl amed pulpal tissue. The primary purpose of initial chemical 
disinfection is to eliminate and remove any soft tissue that was 
not mechanically removed.

• Irrigation of the root canal assists in removal of dentinal debris 
created by the instrumentation.

• Irrigation of the root canal should remove any smear layer cre-
ated by the mechanical instrumentation of the root canal 
walls.

➤➤

➤➤
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19325 Root Canal Disinfection

The disinfection protocol for an infected endodontic system must 
consider the following clinical observations:
• A deep bacterial infection is present in the endodontium, in-

cluding the dentinal tubules. The precise depth of infection 
cannot be determined clinically. Mechanical instrumentation 
of the root canal will only remove a portion of the infected tis-
sues and the infected dentin on the root canal wall. The bacte-
rial “load” can thus be reduced by a factor of 1000–10 000 
(Bystroem and Sundqvist, 1981).

• The irrigant must be capable of neutralizing bacterial meta-
bolic products (lipopolysaccharides) within the dentin.

• A smear layer will remain following mechanical instrumenta-
tion of the root canal walls. The selected irrigant must be ef-
fective against the organic as well as the inorganic components 
of the smear layer.

The disinfection protocol for retreatment must consider that the 
bacterial spectrum is most probably different from that of pri-
mary endodontic disease and in some cases will consist of micro-
organisms that are resistant to “traditional” disinfection strate-
gies (e.g., Candida species, Actinomyces, E. faecalis).

Retreatment25.10 

Healing of the periradicular lesion 
1 year following disinfection of the 
endodontic system.

Retreatment25.11 

Removal of the root canal fi lling 
 material, disinfection, and complete 
reobturation of the root canal sys-
tem.

Apical periodontitis25.12 

Complete healing of the lesion within 
1 year demonstrating suffi cient disin-
fection of the root canals.
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194 D Root Canal Instrumentation

Debris and Smear Layer
Debris is defi ned as loose accumulations of dentinal chips and 
remnants of vital or necrotic soft tissues on the root canal wall. 
Mechanical instrumentation results in the formation of a smear 
layer on the root canal wall, which can penetrate deeply into the 
dentinal tubules. The smear layer consists of tissue remnants, 
cellular debris, dentinal chips, bacteria and bacterial remnants 
(Koçkapan, 1995; Sen et al., 1995).

The smear layer not only reduces the permeability of the den-
tin but also prevents secure adaptation of the root canal fi lling to 
the root dentin.

Smear layer25.13 

Left: Following mechanical instru-
mentation, the root canal wall is 
 covered by a smear layer; no open 
dentinal tubules are seen (magnifi ca-
tion ×1000).

Right: The root canal wall is covered 
by a smear layer on which additional 
debris is loosely distributed (magnifi -
cation ×200).

Smear layer25.14 

Left: The smear layer (arrow) appears 
attached to the root canal wall, and 
has been forced into the dentinal 
 tubules (magnifi cation ×3000).

Middle: A dentinal tubule clearly 
blocked by components of the smear 
layer (magnifi cation ×10 000).

Right: If dentinal debris is not regu-
larly removed by irrigation, the endo-
dontic instrumentation will tend to 
force such debris apically, leading to 
irreversible blockage of the root 
 canal (magnifi cation ×100).

Apical blockade25.15 

Left: Maxillary premolar with a ledge 
on the outer curvature of the root 
 canal, as well as apical blockade of 
the root canal. The ledge is probably 
the result of an attempt to eliminate 
the blockade by using rigid instru-
ments.

Middle: By means of careful instru-
mentation and intensive irrigation, 
it was possible to re-establish the 
 patency of the root canal.

Right: Debris forced through the 
 apical foramen, which can lead to 
postoperative pain.

If irrigation of the root canal during the process of mechanical 
instrumentation is inadequate, a complete blockage of the root 
canal system can occur, with associated loss of actual working 
length because of the apical accumulation of dentinal chips and 
tissue remnants; also, debris from previous coronal restorations 
can be inadvertently transported towards the apex.

➤➤
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19525 Root Canal Disinfection

The goals of irrigation of the root canal system are as follows:
• Antibacterial action with disinfection of the endodontic sys-

tem.
• Dissolution and removal of all organic and inorganic canal 

contents, even from those areas of the complex endodontic 
system that are not accessible to mechanical instrumentation. 
This procedure leads to the removal of any substrate on which 
the remaining bacterial might survive.

• Inactivation of bacterial lipopolysaccharides and dissolution of 
the biofi lm.

• Removal of dentinal chips and debris, therefore preventing any 
blockade of the root canal, and removal of the smear layer.

• Highest possible tissue compatibility, lowest possible cytotox-
icity

• There should be no neutralization of the substances used, no 
alteration of the characteristics of the hard tissues of the tooth, 
and no adverse impact on postendodontic restoration (Ørsta-
vik, 2003; Hapasaalo et al., 2005; Hülsmann, 2006).

Sodium hypochlorite 25.16 
 (NaOCl)

Left: Profuse pulpal hemorrhage after 
opening of the coronal pulp chamber 
in a case of irreversible pulpitis.

Middle: Using a NaOCl-soaked cotton 
pellet the bleeding has been stopped.

Right: Following cessation of bleed-
ing, a thorough inspection of the 
pulp cavity is possible.

Irrigation with sodium 25.17 
 hypochlorite

Left: Well-cleaned dentin that is free 
of soft-tissue remnants (magnifi ca-
tion ×250).

Right: Clearly visible root canal wall 
completely cleared of soft-tissue 
remnants in a root canal that was not 
mechanically instrumented (magnifi -
cation ×500).

Chlorhexidine digluconate 25.18 
(CHX)

The combination of NaOCl and CHX 
leads to a brownish discoloration due 
to formation of parachloraniline.
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196 D Root Canal Instrumentation

Irrigants
The most commonly used irrigants are:
• Sodium hypochlorite: This has an effective antimicrobial ac-

tion against a large variety of endodontically relevant microor-
ganisms. It does not, however, in every case achieve a predict-
able and/or reproducible elimination of microbiologic infection. 
With regard to tissue compatibility, concentrations of 1–3% are 
recommended (Dammaschke, 2003; Ørstavik, 2003).

• Hydrogen peroxide: This dissolves only vital tissue and has 
less of an antibacterial effect than sodium hypochlorite. No 
synergistic effect has been demonstrated, so this solution has 
been eliminated from endodontic irrigation protocols.

Chelators25.19 

Left: EDTA preparations in the form 
of a paste are recommended for use 
during instrumentation.

Right: Dentin surface following appli-
cation of a chelator paste. The smear 
layer has been removed and the 
openings of the dentinal tubules 
 reveal an early stage of demineraliza-
tion (magnifi cation ×1000).

Dentinal erosion with use of 25.20 
EDTA

Left: Surface of the root canal wall 
following irrigation with EDTA. The 
smear layer has been completely 
 removed and the dentinal tubules are 
clearly open (magnifi cation ×1000).

Right: With extended exposure to 
EDTA, erosion of the intracanal 
 dentin can be observed (arrow) 
(magnifi cation ×1000).

MTAD25.21 

MTAD irrigating solution consists of 
citric acid, doxycycline, and a deter-
gent, and is recommended for the 
 fi nal irrigation following mechanical 
instrumentation.

• EDTA: Chelators are capable of removing the smear layer and 
therefore opening the dentinal tubules. Irrigation with EDTA 
(15–17%) is recommended following instrumentation to en-
hance the effect of sodium hypochlorite and calcium hydrox-
ide (Heckendorff and Hülsmann, 2002).

• Chlorhexidine: The 2% concentration is recommended for root 
canal irrigation when problematic microorganisms such as
E. faecalis are suspected to be present within the root canal 
(e.g., retreatment procedures). Chlorhexidine does not have 
any tissue-dissolving properties, and can therefore not replace 
sodium hypochlorite (Safavi and Spångberg, 2006).

➤➤
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19725 Root Canal Disinfection

• MTAD (Biopure, Dentsply, Tulsa, OK, USA): MTAD contains an 
antibiotic, citric acid, and a detergent. A defi nitive evaluation 
of this solution is still lacking. Since there is insuffi cient evi-
dence about the tissue-dissolving capacity of MTAD, it can only 
be recommended as a supplement to other irrigating solutions 
(Torabinejad et al., 2003).

Irrigation Technique
The temperature, the amount of the irrigant used, and the irriga-
tion technique are important factors that infl uence the effi cacy of 
disinfection. Use of large volumes of the irrigation solution (10–

20 mL per root canal) and continuous replacement with fresh so-
lution leads to an improved reduction of bacteria. Heated sodium 
hypochlorite (45–60°C) dissolves the tissue slightly better and 
has an improved antibacterial effect, but heating also causes a 
more rapid decline of the solution’s effectiveness.

In addition, it is important to consider the depth of penetration 
of the irrigation needle (working length minus 2–3 mm, without 
binding) and the effective contact time of the irrigant with the 
biofi lm (minimum 30 minutes is required) (Kahn et al., 1995; 
Hülsmann 2006).

Irrigation technique25.22 

Extremely small-diameter irrigation 
needles (middle: NaviTip, right: US-
needle) can be inserted much deeper 
than conventional injection needles 
(left). It is clear from these radio-
graphs that the acute tip prohibits 
deeper penetration of the injection 
needle.

Irrigation technique25.23 

As the root canal preparation proce-
dure enlarges the canal, the depth of 
penetration of the irrigation needle 
increases with increasing instrument 
sizes.

Irrigation technique25.24 

Small-diameter irrigation needles.

Left: Maxi-Probe tip (Hawe-Neos, 
Bioggio, Switzerland) and NaviTip 
(Ultradent, South Jordan, UT, USA), 
marked with a rubber stopper to 
 control the insertion depth. The ex-
ternal diameter corresponds to ISO 
size 30 and ensures deep penetration 
of the irrigating solution.

Right: The Maxi-Probe needle has a 
blunt tip and lateral opening.
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198 D Root Canal Instrumentation

With the so-called “passive,” ultrasonically activated irrigation  
system (Van der Sluis, 2006), a fi le is oscillated at high frequency 
(approximately 25–30 kHz). This creates vibrations in the irrigat-
ing solution (1–3% sodium hypochlorite), warms it, and increases 
its antibacterial effi ciency.

A series of microbiologic investigations on reduction of bacte-
rial load (Sjögren and Sundqvist, 1987; Spoleti et al., 2003) and 
scanning electron microscopic studies of the instrumented root 
canal walls (Stamos et al., 1987; Cheung and Stock, 1992; Hüls-
mann et al., 1997; Sabins et al., 2003) have demonstrated a clear 

superiority of sonic or ultrasonically activated irrigation in com-
parison with conventional manual irrigation techniques.

The antibacterial effect of ultrasonically activated irrigation 
can be attributed to the following factors (Van der Sluis, 2006):
• removal of planktonic bacteria by purely mechanical effect;
• killing of bacteria;
• destruction of the biofi lm.

Ultrasonically Activated Irrigation

Ultrasonic device25.25 

Ultrasonic devices with interchange-
able irrigant containers. Most of 
these devices are also used for 
 periodontal therapy.

Ultrasonic oscillations25.26 

The ultrasonically activated fi les 
transfer the oscillations to the fl uid.

Right: Mechanism of ultrasonic 
 oscillation.

Effect of ultrasonic irrigation25.27 

Left: Preoperative radiograph of a 
tooth with internal root resorption.

Right: Follow-up radiograph following 
ultrasonic irrigation and root canal 
 fi lling with thermoplastic gutta-percha 
and mineral trioxide aggregate (MTA).
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19925 Root Canal Disinfection

Ultrasonically activated irrigation has proven to be extremely 
effective, especially in narrow root canals (ISO sizes 20–25), 
(Kahn et al., 1995) and its success can be attributed to the initial 
deep penetration of thin ultrasonic needles and the positive ef-
fects of the acoustic streaming phenomenon as well as the high 
volume of fl uid fl ow. These positive effects also extend beyond 
those areas of the root canal system that cannot be physically in-
strumented (lateral canals, isthmus, internal resorption lacunae, 
lateral accessory canals or oval or slit-shaped root canals, etc.)

In order to avoid ledge formation on the root canal wall, dentin 
removal, and any damping of the ultrasonic oscillations, a passive 

sonic or ultrasonic irrigation procedure is recommended, i.e., the 
ultrasonic fi le should oscillate freely within the irrigant without 
any contact to the root canal walls (Jensen et al., 1999; Sabins et 
al., 2003; Spoleti et al., 2003; Van der Sluis, 2006). For this reason, 
in curved root canals it may be necessary to prebend the instru-
ment to achieve effective cleansing without ledge formation (Ah-
mad et al., 1992; Lumley and Walmsley, 1992).

The irrigation time should be 20–30 seconds for each root 
 canal.

Effect of ultrasonic irrigation25.28 

Left: Root canal wall following ultra-
sonic irrigation with water as the 
 irrigant. The root canal wall appears 
clean, with open dentinal tubules 
(magnifi cation ×1000).

Right: Noninstrumented area of the 
root canal wall. Following ultrasonic 
irrigation, all tissue remnants have 
been removed (magnifi cation 
×1000).

Effect of ultrasonic irrigation25.29 

By means of intensive ultrasonic irri-
gation with 1% sodium hypochlorite, 
it was possible to achieve healing of 
the lateral infl ammatory lesion by
adequately reducing the number of 
microorganisms.

Effect of ultrasonic irrigation25.30 

Left: Note the grooves in the root 
 canal wall following active use of 
 ultrasonic fi les (magnifi cation ×250).

Right: Grooves in root canal dentin 
following ultrasonic irrigation 
 (magnifi cation ×250).
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200 D Root Canal Instrumentation

In the past few years, attempts have been made to increase the 
effectiveness of root canal disinfection using innovative applica-
tion systems. Included in this have been attempts to treat the 
root canal system with hydrodynamic techniques (RinsEndo) 
(Braun et al., 2005; Muselmani et al., 2005, 2006), vacuum pumps 
(noninstrumentation technique [NIT] as proposed by Lussi [Lussi 
et al., 1995]), use of brushes, alternating current (Endox), ozone, 
or laser energy.

For most of the relatively new systems and techniques it is not 
yet possible to reach defi nitive conclusions or make recommen-
dations because the effectiveness and safety aspects have not yet 

been suffi ciently tested, and because some systems are not yet 
commercially available.
• RinsEndo: This relatively new application system is designed 

to clean the endodontic system using hydrodynamically acti-
vated sodium hypochlorite. To date, this new system has not 
proved superior to ultrasonically activated techniques, but has 
demonstrated a higher risk of apical extrusion of the irrigant 
(Hauser et al., 2006).

• Endox: This device uses high-frequency alternating current to 
vaporize the soft tissues within the root canal system.

New Irrigation and Disinfection Systems

Depot-phoresis25.31 

Left: The depot-phoresis device has 
two electrodes that conduct the 
 current through the tooth.

Right: Schematic illustration of the 
operating mode of the depot phore-
sis device, based on data from the 
manufacturer.

Depot-phoresis25.32 

Left: A maxillary second premolar 
with extensive apical periodontitis.

Right: Following root canal instru-
mentation and irrigation, depot- 
phoresis treatment was also carried 
out. The follow-up radiograph shows 
a signifi cant reduction in the size of 
the periapical lesion.

Depot-phoresis25.33 

Left: One year following depot- 
phoresis treatment a periradicular 
 lesion is clearly visible, and the pa-
tient  complained of severe pain.

Right: On opening the pulp chamber, 
pus drained from the massively in-
fected root canal, despite previous 
depot-phoresis treatment.

Copper
calcium
hydroxide
serves as
a depot

Proteins with the
apical delta are cleaved 
by alkaline proteolysis 
into peptones (negative 
charge), which are
purged by 
electrophoresis

Hand electrode
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20125 Root Canal Disinfection

• NIT (noninstrumentation technique): Opinions vary as to the 
cleaning effect of the vacuum technique developed by Lussi, 
questioning its suitability for clinical use. Because of still unre-
solved technical problems, the device is not yet commercially 
available.

• Laser: Dental lasers have been shown to cause a reduction of 
the bacterial load, but dentinal cracks, periapical necrosis, and 
ankylosis have also been described. The extremely thin fi ber 
systems do not usually allow uniform instrumentation of the 
lateral root canal wall, and also fracture easily. Superiority over 
conventional rinsing techniques has not been demonstrated.

• Ozone: Although an antibacterial effect on planktonic micro-
organisms (E. faecalis) has been reported, even after 3 minutes 
of application, ozone has been shown to have no effect against 
bacteria within a biofi lm. A 5% sodium hypochlorite solution, 
on the other hand, was signifi cantly more effective (Hems et 
al., 2005).

Other disinfection techniques (e.g., depot-phoresis) have not 
been shown to be applicable for endodontic therapy (Hülsmann 
et al., 2006).

NIT (according to Lussi)25.34 

Left: Schematic illustration of the 
Lussi technique.

Middle: Within a tightly fi tting core 
build-up, an access cavity has been 
prepared to create a vacuum within 
the endodontic system (courtesy of 
T. Attin).

Right: Connection between the 
 vacuum pump and the connector 
 element.

NIT25.35 

The longitudinal sections reveal the 
massive collection of debris and 
 tissue remnants following NIT treat-
ment (courtesy of T. Attin).

RinsEndo25.36 

The RinsEndo system works through 
variations in oscillating pressure that 
pump sodium hypochlorite into the 
root canal system.

Left: Root canal wall following 
RinsEndo treatment (courtesy of 
Dr. Muselmani, Jena).

Mechanical connections

Electrical connections

Central control

Pressure
control

Treatment
control

Mano-
meter

Vacuum
control

Pressure
pump

Vacuum
pump

Selec-
tion

Selection
control

Irrigation solution

Hydraulic connections

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter25_s187_217.indd   201Chapter25_s187_217.indd   201 12.08.2010   14:01:15 Uhr12.08.2010   14:01:15 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



202 D Root Canal Instrumentation

Owing to their tissue-dissolving effects, irrigants used for endo-
dontic disinfection may also elicit a variety of, and in some in-
stances serious, adverse effects:
• Sodium hypochlorite: The extent of an injury increases with 

the concentration of the solution (5.25% sodium hypochlorite 
is a common household bleach!). Droplets of the irrigant or 
concentrated aerosol spray which may splash onto the pa-
tient’s clothes during the use of ultrasonic devices often cause 
small areas of discoloration of the fi bers due to its corrosive 
effect. Minor irritation will occur following contact of sodium 
hypochlorite solution with the facial skin or oral mucosa. De-

pending on the extent of the contact, this will cause temporary 
itching of a more or less severe nature, which will usually dis-
appear after a short time. The unintentional injection of sodi-
um hypochlorite solution into the periapical tissues due to 
wedging of the irrigation needle or excessively high pressure 
in teeth with a wide open foramen or root resorption, will re-
sult in: immediate severe pain, which may persist for an ex-
tended period edema; and swelling of the adjacent facial re-
gion, possibly extending over the entire half of the face, 
nasolabial angle, eyelid, and upper lip; profuse interstitial 
hemorrhage with hemorrhagic edema of the facial skin (ec-

Possible Adverse Effects of Root Canal Irrigation

Adverse effect following 25.37 
 irrigation with sodium 
 hypochlorite

Left: Extraoral view following irriga-
tion with 3% sodium hypochlorite. 
The left infraorbital region is clearly 
swollen as well as the entire left cheek 
down to the mandible.

Middle: In the intraoral view, the 
 ecchymosis of the buccal mucosa is 
clearly visible.

Right: Extraoral view following im-
provement of clinical symptoms.

Adverse effect following 25.38 
 irrigation with sodium 
 hypochlorite

Left: Massive swelling of the lower 
lip following sodium hypochlorite 
 injection through a root perforation 
to tooth 41.

Middle: Ulcer on the right lower lip 
1 week postoperatively.

Right: Extraoral view following reduc-
tion of the swelling and ulceration. 
One year later, the patient still com-
plained of paresthesia in the lower lip 
area.
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20325 Root Canal Disinfection

Adverse effect during irriga-25.39 
tion with hydrogen peroxide 
and use of compressed air

Left: Swelling of the right infraorbital 
region following transapical injection 
of hydrogen peroxide (3%) during 
root canal instrumentation of tooth 
14. The swelling occurred immedi-
ately after the injection and the solu-
tion exited above the right internal 
angle of the eye. Typical tissue crepi-
tus occurred during the following 
days (courtesy of Prof. Löst).

Right: Emphysema after drying the 
root canal with compressed air 
 (courtesy of Dr. Schönbach).

chymosis); limited tissue necrosis; and even anesthesia or par-
esthesia (Hahn and Hülsmann, 2000).

• Hydrogen peroxide: Transapical injection of hydrogen perox-
ide will cause painful tissue expansion due to gas formation 
and with an increase in pressure (tissue emphysema). Typi-
cally a light crepitus is elicited in the affected tissue.

• Chlorhexidine: This is regarded as exceptionally biocompati-
ble.

• EDTA: There are no reports of adverse effects using EDTA.

• Allergies: There have been isolated reports of allergic reactions 
to endodontic irrigants, especially sodium hypochlorite, as 
well as to hydrogen peroxide, chlorhexidine, formalin, and io-
dine-containing irrigating solutions such as EDTA.

•  Compressed air: While drying the root canal using pressurized 
air, subcutaneous emphysema can occur. It remains unclear 
how new systems such as NIT or RinsEndo should be evaluated 
concerning this issue.

Discoloration of clothes 25.40 
 following splashing with 
 sodium hypochlorite

Unintentional splashing on the 
 patient’s shirt with sodium hypochlo-
rite solution during endodontic 
 therapy caused this staining.
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204 D Root Canal Instrumentation

Simultaneous mechanical irrigation and evacuation of fl uids 
from the root canal was suggested as early as in the 1930s by 
Seidner (Koçkapan, 2003). However, histologic examinations 
have shown that the periapical tissues can be damaged by high-
suction evacuation mechanisms (Seidner, 1935).

Further development in the area of mechanical root canal irri-
gation was the creation of a low pressure area within the canal to 
remove irrigating solutions. The identifi cation of serum in the 
apical third of the canal was evidence of periapical tissue irrita-
tion (Prader, 1947).

The newest hydrodynamic root canal rinsing system — RinsEndo 
— operates on the principle of a pressure-suction technique to ac-
tivate the irrigating solution for improved removal of microorgan-
isms and tissue debris. RinsEndo consists of a handpiece, a single-
use disposable cannula (0.45 × 28 mm) and a single-use syringe 
with a Luer Lock connection. The cannula with a specially shaped 
7-mm-long aperture is attached to the handpiece. The cannula has 
a plastic protective cover, which prevents splashing of the irrigat-
ing solution. The cover has a half-round notch for positioning the 
evacuation device. Within the handpiece itself there is a pneu-
matic oscillator, a mixing chamber, and a turbine connection.

Mechanical Irrigation with RinsEndo

RinsEndo system25.41 

Root canal irrigation system with a 
mounted irrigating tip and protective 
casing. For clinical use of the device, 
the turbine clutch must be engaged. 
The irrigating solution is introduced 
by attaching a single-use syringe 
 system.

Irrigating tip and protective 25.42 
covering

The irrigating tip of the system con-
sists of a specially shaped cannula for 
this purpose: the lower third of the 
cannula expels the fl uid in a lateral 
 direction (arrow). This design of the 
aperture avoids both excess pressure 
and blockage in the apical sections of 
the canal.

Use of the protective 25.43 
 covering

Left: After insertion of the irrigating 
cannula, the protective covering is 
adjusted for irrigating the canal 
through the coronal access cavity.

Right: The half-moon shaped cut-out 
of the protective cover permits con-
tinuous evacuation of irrigating fl uid 
and therefore continuous  renewal 
with fresh irrigating solution.

➤➤
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20525 Root Canal Disinfection

Via a special adaptor, the device can be connected to all con-
ventional handpiece couplings. Following attachment, all water 
lines and light circuits are automatically closed, thus permitting 
completely sterile intraoral use. The device is operated by a foot 
pedal.

The working principle is based on a pneumatically driven os-
cillator, which delivers 65μL of irrigating solution with a frequen-
cy of 1.6 Hz from the cannula into the root canal. Immediately 
following this step, the second function is the evacuation of part 
of the fl uid volume. For the subsequent fl uid exchange, this is re-
placed in the mixing chamber with fresh irrigating solution. The 

entire hydrodynamics of the irrigating procedure is enhanced by 
the simultaneous evacuation of fl uid via a suction device posi-
tioned in the notch in the protective stopper.

Evacuation and pressure cycles alternate at the rate of about 
100× per minute. With this sequence, the volume of fl uid ex-
change is about 6.2 mL/min. The device permits effective use of 
any solution typically used in endodontic therapy.

Preparing the RinsEndo 25.44 
 system

Using a disposable syringe that is 
 attached above the turbine coupling, 
the desired irrigating solution is 
 injected.

Cleansing effect in non-25.45 
mechanically instrumented 
sections of the root canal

Left: Histologic section of an acces-
sory root canal following use of the 
RinsEndo system. Even in non-
mechanically instrumented areas, 
there is virtually no tissue debris.

Right: In this section of a portion of a 
root canal that could not be mechani-
cally instrumented, use of conven-
tional irrigating techniques did not 
remove all the tissue debris and rem-
nants in the canal (magnifi cation 
×40).

Cleansing effect within the 25.46 
root canal lumen

Left: Histologic section of a root 
 canal following use of the RinsEndo 
system: the canal lumen is virtually 
free of debris.

Right: Root canal following use of a 
conventional 5-mL injection. Note 
the presence of canal tissue rem-
nants  attached to the canal wall in 
some  areas (magnifi cation ×40).
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206 D Root Canal Instrumentation

In the early days of dentistry, heated probes were used to elimi-
nate organic material from the root canal. Such untargeted heat 
has been replaced in the Endox system by a heat-development 
device targeted toward organic material.

Mechanism of Action
The Endox device creates an alternating current with a base fre-
quency of 312.5 kHz that is applied for 120 ms on the electrode 
within the root canal (voltage impulse). Depending on the set-
ting of the tooth selector switch and the boost switch, a maxi-
mum current of 1040 V and output up to 110 W can be achieved.

The electrical circuit is closed via a hand electrode and the 
 active, thin wire electrode in the handpiece. The heat created by 
the Endox system is different from, for example, a “soldering 
iron,” as it is limited to the area of intended effect and only when 
the presence of organic material leads to a higher level of electri-
cal conductivity.

An integrated apex locator blocks the impulse release in cases 
of over-instrumentation. The point at which the measurement is 
taken is intentionally about 1.5 mm shorter than the actual apex 
(Endox-Apex-Point).

Endox

The Endox instrument25.47 

Endox electrodes, green = apex 
 locator, diameter 0.15 mm, red = 
0.15 mm, black = 0.20 mm.

Temperature development25.48 

Thermographic investigations have 
demonstrated that in a radius of 
2.5 mm around the tip of the elec-
trode, electrical pulses of over 800 °C 
develop.

Right: With the Endox device, the 
electrical circuit is completed via a 
hand electrode and the active elec-
trode in the instrument’s handpiece. 
The electrical pulse is applied using a 
foot pedal.

Effect within the root canal25.49 

Scanning electron microscopic (SEM) 
image (magnifi cation ×360) of a root 
canal. Histologic investigations have 
demonstrated that organic tissues are 
vaporized within a 2.5-mm radius 
around the tip of the electrode. The 
only remnants are sterile ashes but 
the dentin remains unaltered. Beyond 
the area of effect (lower sections of 
the canal in this image) tissue viability 
is maintained.
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20725 Root Canal Disinfection

Pulpal symptoms25.50 

Left: Pulpal symptoms on tooth 15.

Right: The patient was free of pain 
following Endox treatment. Clinical 
studies have shown that this effect is 
a routine result, but it is possible that 
electrophysiologic processes are 
 responsible for such results.

Apical osteolysis25.51 

Left: Apical osteolysis in relation to 
tooth 35.

Right: Complete healing of the 
apical lesion 3 months after root 
 canal fi lling.

Clinical Application
Following access to the pulpal cavity and removal of the coronal 
pulp soft tissues, the largest electrode that can pass to the Endox-
Apex-Point is selected. For this procedure, it is often not necessary 
to perform canal instrumentation. The clinically tried and tested 
procedure is to deliver one impulse at one-third and one at two-
thirds of the canal length, and three impulses at the apex point.

If no electrical contact is established, as in cases of pulpal ne-
crosis or endodontic retreatment, the root canal should be fl ushed 
with physiologic saline solution and briefl y dried.

Scientifi c Data
Basically it is quite diffi cult to simulate the Endox function in a 
laboratory environment. In vitro studies in which the entire root 
was embedded in a gel substance, have found comparable micro-
bial reduction with the KEY-II-Laser and conventional sodium 
hypochlorite irrigation. Clinically, a similar effect was achieved 
by Endox but usually without any previous mechanical instru-
mentation.

In a study of Wistar rats, 21 vital maxillary molars were opened 
and treated with the Endox system without any additional in-

strumentation of the root canals. Histologic examination revealed 
that the root canals were completely free of soft tissue.

In a similar simulation, data evaluation by means of a thermo-
graphic camera demonstrated noncritical heat development in 
the periodontal region, which was comparable with that pro-
duced by the KEY-II-Laser. A study of the System-B concept re-
vealed that temperature pulses up to 360 °C elicited mild infl am-
mation in the periodontium, which disappeared, however, after 
12 hours. The Endox-pulse of 120 ms is considerably shorter.

In a study of the initial treatment of acute pulpitis in 60 pa-
tients, the use of the Endox device was compared with a regimen 
including instrumentation up to ISO size 35 and 20 minutes of 

irrigation with sodium hypochlorite. Immediately after the local 
anesthesia wore off, as well as 24 and 48 hours later, signifi cantly 
less discomfort was reported in the Endox group.

In a randomized clinical trial including 239 patients, a tradi-
tional endodontic regimen including stepback hand instrumen-
tation, sodium hypochlorite irrigation, and lateral compaction of 
gutta-percha was compared with a “short” treatment including 
ISO size 25 hand instrumentation, Endox treatment, and Therma-
fi l obturation. The Endox procedure shortened the clinical treat-
ment time by an average of 50%, however, 6 years after the study 
there were no clinical or radiographic differences between the 
two groups.
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208 D Root Canal Instrumentation

McDonnell et al. (1999) demonstrated that hypochlorous acid 
has a higher antimicrobial effect than sodium hypochlorite. ECA 
is produced via electrochemical energy change (electrolysis) of a 
weak saline solution. Hypochlorous acid is formed at the anode 
and sodium hydroxide at the cathode. At a pH value of about 6, 
the saline solution becomes a pure hypochlorous acid, which can 
be used for root canal disinfection.

Hypochlorous acid has considerably less cytotoxic effects than 
sodium hypochlorite. It has an oxidizing effect with a neutrophil-

like pattern of action, and is also disinfectant via the potential in-
activation of the polysaccharide protective layer of the biofi lm.

In general medicine, this method is routinely used for the treat-
ment of chronic wounds and for endoscope disinfection. 

In industrial production, lead is an undesirable byproduct of 
electrochemical activation. The dental Sterilox generator (Sterilox 
Dental, PuriCore, PA, USA) avoids this adverse effect by using tita-
nium electrodes and only using purifi ed salt in the process.

Electrochemically Activated Water (ECA)

The dental Sterilox 25.52 
 generator

To produce hypochlorous acid, the 
container is fi lled with a low-concen-
tration saline solution. The required 
amount of AquatineEC Endodontic 
Cleanser is produced directly by 
 activating the device. In comparison 
to the amount of hypochlorous acid, 
a signifi cantly smaller amount of 
 sodium hydroxide is produced at the 
same time and fed into the lower 
container. The solutions can be 
stored in tinted containers in a 
 refrigerator for up to 96 hours.

The Sterilox cell25.53 

The anode and the cathode of the 
dental Sterilox generator are made of 
titanium, as is the exterior casing. 
The membrane is of ceramic origin. Alkaline water

Sterilox

Ceramic semi-permeable 
membrane

Titanium external
cylinder

Metal 
casing

Titanium 
rod

Saline solution

–

+
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20925 Root Canal Disinfection

The solution produced at the anode (AquatineEC Endodontic 
Cleanser) has a pH value of approximately 6. This ensures the pro-
duction of an almost pure hypochlorous acid with maximal disin-
fection properties. Garcia et al. (2006) as well as Sampson et al. 
(2006) demonstrated that the AquatineEC Endodontic Cleanser 
combined with EDTA is successful in root canal disinfection and 
removal of any smear layer. AquatineEC has received approval 
from the US Food and Drug Administration (FDA) as an irrigating 
solution for the disinfection of root canals.

AquatineEC completely replaces sodium hypochlorite in clini-
cal application, and is used in the usual irrigating sequence with 
EDTA, citric acid, and chlorhexidine. Activation of the hypochlo-
rous acid via ultrasound appears to potentiate its antibacterial 
effect. Because of its detergent effect, the sodium hydroxide solu-
tion emanating from the cathode can be used alternately with 
AquatineEC to remove the smear layer. To increase the effi ciency 
of the process, additional ultrasonic activation has been recom-
mended.

Products of electrolysis of 25.54 
saline solution

Salt water electrolysis results in pro-
duction of primary substances such as 
chlorine, hypochlorous acid, and 
 hypochlorite. Various and varying pH 
values regulate the concentrations of 
the individual components in the end 
product. At a pH value of approxi-
mately 6, the substance produced 
most is hypochlorous acid (approxi-
mately 96%).

Clinical case25.55 

Left: The radiograph reveals periapi-
cal radiolucency around tooth 36.

Right: The tooth was treated endo-
dontically in a single visit. The canal 
was irrigated with AquatineEC Endo-
dontic Cleanser, activated ultrasoni-
cally. The defi nitive root canal fi lling 
was done using warm vertical com-
paction.

Clinical case25.56 

Left: Follow-up, 6 months later.

Right: Follow-up, 18 months later. 
The periapical radiolucency has com-
pletely resolved and the extruded 
sealer has been almost completely 
resorbed.
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210 D Root Canal Instrumentation

Photodynamic therapy has been in use for many years in general 
medicine. The treatment involves the use of photosensitive sub-
stances and light. 

Photosensitive substances are light-sensitive materials that are 
stimulated photochemically via appropriate light wavelengths 
and intensity and therefore react with other chemical substances. 
In dentistry, the concept has been used for many years to combat 
periodontal microfl ora (aPDT, Helbo, Grieskirchen, Austria). 
Among other compounds, dye pigments are used as photosensi-
tive compounds (e.g., tolonium chloride or methylene blue).

The targeted release of photosensitive solutions within the 
root canal leads to their accumulation within the intracanal
microorganisms. The dye has a concentration of less than 
20.0 μg/mL at a pH value of 5.25 (buffered by the addition of 
sodium phosphate).

Activation of the photosensitive substances is by means of a 
diode laser with 4 W/cm2, which leads to illumination with a spe-
cifi c wavelength 633 ± 2 nm. Following successful illumination, 
the integrity of bacterial membranes appears damaged by the 
dye (Williams et al., 2004, 2005).

Photo-activated Disinfection (PAD)

Clinical case I25.57 

Left: Preoperative radiograph of the 
mandibular second molar exhibiting 
signs of irreversible pulpitis.

Middle: Intraoperative radiograph of 
the completed root canal fi lling fol-
lowing canal disinfection using PAD.

Right: Radiographic appearance of 
the fi nal endodontic treatment and 
the coronal adhesive seal and resto-
ration.

The Aseptim-(SciCan) laser25.58 

Left: The endodontic attachment is a 
fl exible cylinder with a length of 
15 mm and a diameter of 400 nm. 
Seventy percent of the light is emit-
ted radially and 30% at the tip. The 
dye has a concentration of less than 
20.0 μg/mL, at a pH level of 5.25 
(buffered with the addition of sodium 
phosphate).

Right: Clinical tip with PAD solution 
and microbrush for application.

Clinical case II25.59 

Left: The radiograph depicts an 
 inadequate root canal treatment and 
a secondary periapical lesion.

Middle: Intraoperative radiographic 
check.

Right: Postoperative radiograph of 
the retreated root canal showing 
positive response at the periapical 
 region following effective disinfec-
tion with PAD.
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21125 Root Canal Disinfection

In a comparative study, Bonsor et al. (2006) demonstrated that 
the combined use of PAD and citric acid provided an effi cient al-
ternative to the more classic combination of sodium hypochlorite 
and citric acid. Another in vivo study demonstrated that PAD was 
also effective as an additional method of disinfection to eliminate 
positive cultures remaining after traditional irrigation protocols 
(Bonsor et al., 2006). The effi ciency of PAD in both laboratory and 
natural root canals was investigated by Williams et al. (2006). 
They demonstrated a species-specifi c bactericidal effect, irre-
spective of energy dose.

Soukos et al. (2006) investigated the effect of methylene blue 
(25 μg/mL) with a time of 5 minutes and illumination with red 
light (222 J/cm2). The procedure was effective in eliminating 97% 
of an E. faecalis biofi lm. The main conclusion was that PAD is 
 effective for endodontic disinfection.

Williams et al. (2006) worked with tolonium chloride (13 μg/
mL) as a photosensitive agent, resulting in a reduction in applica-
tion times.

Step I25.60 

Following purely mechanical instru-
mentation, the root canals were fi lled 
with Aseptim solution.

Step II25.61 

In each root canal, the light source 
was applied for 150 seconds.

Step III25.62 

Following successful photochemical 
disinfection, a slight discoloration 
 indicates that the solution is still 
present in the canals.
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212 D Root Canal Instrumentation

For decades, ozone has been successfully used for water condi-
tioning. With a pH value above 10, ozone-enhanced sodium
hypochlorite in contact with organic tissue elicits the following 
reactions:
• saponifi cation (reaction between fatty acids and sodium hy-

droxide to form soap and glycerol);
• neutralization of amino acids (reaction between amino acids 

and sodium hydroxide to form salt and water);
• chloramine reaction (reaction between amino acid and hypo-

chlorous acid to form chloramine and water).

The process is dependent on the availability of free oxygen radi-
cals (Spickett et al., 2000).

The effi cacy of sodium hypochlorite, even at low potency, is 
accelerated by ozone, signifi cantly reducing the required contact 
time.

Ozone

HealOzone generator25.63 

Left: The HealOzone generator (KaVo 
Dental, Biberach, Germany) in its 
 second generation was developed 
with particular attention for use in 
the disinfection of root canals.

Right: This cross-sectional view 
 demonstrates the positioning of the 
handpiece on the coronal section of 
the tooth, the cannula inserted into 
the canal, and the silicone cap that 
seals the coronal aspect.

HealOzone handpiece25.64 

HealOzone handpiece with the 
 vacuum caps (shown here are the 
elongated versions for endodontic 
therapy) and the various sterilizable 
cannulas.

Prerequisites25.65 

The ozonization of sodium hypochlo-
rite using the HealOzone generator 
and cannulas can only be successfully 
performed with well-shaped access 
cavities and adequate root canal 
 access.
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21325 Root Canal Disinfection

Clinical case I25.66 

Left: The radiograph clearly depicts a 
periapical radiolucency in relation to 
tooth 33. A single-visit retreatment 
was carried out, which included irri-
gation with multiple ozonized sodium 
 hypochlorite. The root canal fi llings 
were carried out with warm vertical 
compacted Resilon.

Middle: Follow-up radiograph 
6 months later.

Right: Twelve-month follow-up 
 radiograph showing almost complete 
healing of the periapical lesion.

Creating a vacuum25.67 

The silicone cap isolates the access 
cavity, thus creating the necessary 
vacuum.

Clinical case II25.68 

Left: Preoperative tooth 46: an 
 interradicular radiolucency is clearly 
visible.

Right: Irrigation with HealOzone. 
The canals were partially fi lled with 
sodium hypochlorite; the cannulas 
were inserted into each canal, the 
 silicone cap was positioned coronally 
and supported, and the generator was 
activated for 120 seconds.

Clinical case II25.69 

Left: Follow-up radiograph following 
a backfi ll endodontic procedure. All 
three canals were “patent,” and this 
led to some periapical extrusion of 
sealer following warm vertical com-
paction.

Right: Twelve months after endodon-
tic treatment, the interradicular
radiolucency appears completely 
healed and the periapically extruded 
sealer has been at least partially
resorbed.
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214 D Root Canal Instrumentation

Cleansing
NIT is a new, completely automated method, in which the entire 
root canal system can be accessed, instrumented, and fi lled with-
out the use of conventional instruments for mechanical instru-
mentation (Lussi et al., 1993; Portmann and Lussi, 1994; Lussi et 
al., 1995c). For root canal cleansing, the pulp chamber is opened 
coronally and connected tightly and securely to the apparatus. 
The process of cleansing occurs under alternating but always 
negative pressure, which causes the formation of bubbles that 
subsequently implode (cavitation). This process occurs up to 250 

Noninstrumentation Technique (NIT)

Mechanics of the fully auto-25.70 
mated cleansing system

Periodically alternating negative 
pressure leads to the formation of 
bubbles, which subsequently im-
plode. This process leads to hydro-
dynamic turbulences causing an ac-
tive fl uid exchange. The negative 
pressure prevents penetration of the 
 irrigating solution into the periapical 
tissues.

Right: A system of motor-driven pro-
cesses regulates pressure alterations 
within the endodontium.

Anatomy of the endodon-25.71 
tium with lateral canals 
(without NIT)

Left: Histologic section showing a 
 lateral accessory canal near the apex.

Middle: Magnifi ed histologic view of 
the lateral canal reveals granulation 
tissue, cementum, and root dentin.

Right: The incompletely instrument-
ed root canal treatment led to pain 
and fi nally to extraction of the tooth.

Vertical section of an 25.72 
 instrumented root canal 
(with NIT)

Left: Pulp stones do not impede or 
prevent instrumentation. The turbu-
lences allow fl uid exchange, even 
 beyond an obstruction.

Middle: Well-cleansed apical delta. 
However, tissue remnants still persist 
in the lateral accessory canal.

Right: SEM image revealing the calci-
fi cations and open dentinal tubules. 
There is no visual evidence of a smear 
layer.

(mbar)

1000

900
(s)

External pressure (   1000 mbar)~

times per second and elicits an intensive exchange of the cleans-
ing fl uid (sodium hypochlorite) within the entire endodontium. 
The sodium hypochlorite dissolves the pulpal soft tissues and 
disinfects the entire endodontic system within 10–15 minutes 
(Barnett et al., 1985; Baumgartner and Cuenin, 1992). The bub-
bles have a maximum diameter of 50 μm and lead to the distri-
bution of sodium hypochlorite within the entire root canal sys-
tem. The negative pressure prevents penetration into peripheral 
periapical tissue.
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21525 Root Canal Disinfection

Obturation
Using the NIT cleansing method as described by Lussi et al. 
(1993), no dentin is removed from the root canal walls so there is 
no weakening of the tooth structure. However, obturation using 
conventional endodontic techniques is not possible.

With the application of negative pressure of <10 mbar (= 7.5 
mmHg), perfect obturation in vitro and in vivo in routine endo-
dontic practice is possible (Lussi et al., 1995c, 1996, 1997, 2002). 
Once the tube is tightly sealed to the pulp chamber, it is con-

Vacuum obturation 25.73 
 mechanism

A multistage vacuum pump creates a 
negative pressure fi eld within the en-
dodontium of 10 mbar or less (0 mbar 
= absolute vacuum; right diagram).

Left: The lower conductor (4) leads to 
the vacuum pump. The reservoir 
(above, 1) contains the fi lling paste, 
which, after the necessary negative 
pressure is reached and the valve has 
been opened (3), is used to obturate 
the entire root canal system. The steel 
ball bearing (2) within the reservoir is 
necessary to prevent any incursion of 
air into the system.

Tooth preparation25.74 

Left: Tooth 16 following complete root 
canal instrumentation. The calcium 
hydroxide dressing has been removed 
and the canals have been dried.

Middle: Nylon threads have been in-
serted into the four root canal orifi ces.

Right: An adaptor casing providing a 
secure connection to the multistage 
vacuum pump is fi tted over the nylon 
threads.

Sealing and connecting the 25.75 
tooth to the machine

Left: A tight seal and connection be-
tween the tooth and the adaptor cas-
ing is created with the use of a 
 silicone material.

Right: After the silicone material has 
set, the vacuum pump tubing and 
the reservoir can be connected. Once 
the valves are opened, the root canal 
fi lling paste fl ows into the prepared 
endodontium. Note that the steel 
ball bearing above the reservoir has 
moved slightly to the right.

2
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3
40

10
0 5 min

m
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nected to a high-volume vacuum pump. The required negative 
pressure is achieved in about 10 minutes. 

Through the activation of a valve, the delivery device is con-
nected with the root canal system and the fi lling material is 
“sucked” into the root canal by virtue of the negative pressure. 
With due consideration of the possibility of retreatment, subse-
quent insertion of gutta-percha point is recommended.

Defi nitive canal obturation has to date only been carried out in 
patients with conventionally instrumented root canals.
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216 D Root Canal Instrumentation

Obturated root canal25.76 

The transverse histologic section 
through the root canals demon-
strates the penetration of the root 
canal fi lling paste into the dentinal 
tubules. This is possible because 
 during the cleansing/instrumenta-
tion procedure no smear layer was 
created (experimental fi lling paste, 
stained red).

Right: Dense obturation of two oval 
canals. The anatomy of the root ca-
nals was not altered by the cleansing 
procedure.

Endodontically fi lled teeth25.77 

Using confocal laser microscopy,
penetration into the dentinal tubules 
and into lateral accessory canals can 
be observed (experimental fi lling 
paste: AH-Plus [Dentsply, PA, USA], 
with  fl uorescing dye material) (cour-
tesy of D. Stojan).

Clinical case, tooth 3625.78 

Left: Incomplete root canal fi lling and 
an inadequate composite restora-
tion.

Middle: Apical periodontitis 2 years 
after crown reconstruction. For 
 fi nancial reasons, endodontic re-
treatment was not pursued following 
coronal reconstruction.

Right: Retreatment through the new 
coronal reconstruction. The screw 
post in the distal canal was left in 
situ.

Clinical case, tooth 3625.79 

Left: With the use of vacuum obtura-
tion, not only the root canals, but also 
an internal resorption lacuna was ob-
turated.

Middle: During the insertion of gutta-
percha points, some root canal fi lling 
paste (AH-Plus) was forced through 
an apical foramen communicating 
with the internal root resorption.

Right: Follow-up radiograph 
20 months later.
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21725 Root Canal Disinfection

Clinical case, tooth 4525.80 

Left: Two-rooted mandibular premo-
lar following emergency procedure 
(access cavity and crown-down 
preparation).

Middle: During NIT obturation, an ad-
ditional, third, root canal, which re-
mained  undetected during manual 
instrumentation despite the use of a 
clinical microscope, was also fi lled.

Right: Follow-up radiograph 1 year 
later.

Clinical case, tooth 2125.81 

Left: Internal resorption which allowed 
only limited instrumentation of the 
root canal assisted by irrigation.

Middle: NIT obturation was successful 
in optimally fi lling the  internal resorp-
tion lacuna.

Right: Follow-up radiograph after 
 conclusion of the obturation. Due to 
the insertion of the primary gutta- 
percha point, there is evidence of 
slight overfi lling.

Clinical case, tooth 1325.82 

Left: Tooth 13 before and during 
 endodontic instrumentation.

Middle: NIT obturation and follow-up 
radiograph 1 year later. 
 Unfortunately, the tooth had to be 
extracted at a later date for periodon-
tal and prosthetic reasons.

Right: Buccolingual and mesiodistal 
radiographic views of the extracted 
tooth.

Clinical case, tooth 1325.83 

Histologic sections of the extracted 
tooth.

Left: Coronal section of the root canal: 
well-fi lled canal lumen. The fi lling 
paste is well dispersed into the 
grooves and dentinal tubules.

Middle: Also in the middle sections of 
the root canal, the root canal paste is 
well dispersed into grooves, lateral 
(accessory) canals, and dentinal 
 tubules.

Right: Well-fi lled apical delta with 
fi lled accessory/lateral canals.
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218 D Root Canal Instrumentation

A temporary intracanal dressing is necessary when an endodon-
tic treatment cannot be completed in a single visit because an 
empty root canal system will be recolonized by bacteria within a 
short time. In infected cases with pulpal necrosis, the application 
of an intracanal medication in addition to chemo-mechanical 
preparation is recommended in order to reduce the number of 
remaining microorganisms.

However, the extent to which the application of calcium hy-
droxide might increase the rate of clinical success remains un-
clear (Sathorn et al., 2007). The current standard medication is an 
aqueous solution of calcium hydroxide (Rödig and Hülsmann, 

2005), but the use of chlorhexidine (CHX) gel or a combination of 
calcium hydroxide and CHX has been discussed (Rödig, 2006, 
Turk et al., 2009).

For patients with acute pain, the application of Ledermix
(Riemser, Greifswald, Germany) has been suggested, primarily in 
Europe (this combination of antibiotics and corticosteroids is not 
available worldwide). The use of chlorphenol-containing dress-
ings is not recommended because these substances have severe 
cytotoxic effects and exhibit questionable antimicrobial activity.

26  Intracanal Dressings

Drying the root canals26.1 

Left: The standard procedure for 
thoroughly drying the root canals 
comprises the repeated use of sterile 
paper points inserted to working 
length.

Middle: The dryness of the paper 
points is assessed by visual inspection 
and stroking the paper point against 
a mouth mirror or the rubber dam.

Right: If the withdrawn paper point 
exhibits any evidence of apical secre-
tions or hemorrhage, a defi nitive root 
canal obturation is not indicated at 
this time.

Application of the dressing26.2 

Left and middle: The placement of 
the dressing should be performed 
with a Lentulo spiral or a thin injec-
tion needle (Ultracal, Ultradent, 
South Jordan, UT, USA) which pro-
vides application to the apical part of 
the root canal system.

Right: Following initial application 
the dressing is compacted apically 
(courtesy of T. Attin).

Intracanal dressing26.3 

Left: Preoperative radiograph of a 
tooth with a wide open foramen and 
apical periodontitis.

Middle: The correct placement of a 
dressing can be checked radiographi-
cally. The radiopacity of calcium 
hydroxide is similar to dentin.

Right: Follow-up radiograph taken 
 after root canal obturation. After sev-
eral applications of calcium hydrox-
ide, a hard-tissue barrier has formed 
at the apex (apexifi cation) and the 
periapical  lesion has reduced consid-
erably in size.
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21926 Intracanal Dressings

Bacteria-tight temporary restoration of the access cavity is an 
important step of any root canal treatment requiring multiple 
visits.

The importance of a bacteria-tight restoration for successful 
endodontic therapy has been demonstrated in numerous studies 
(Ray and Trope, 1995; Tronstad et al., 2000; Hommez et al., 2002; 
Iqbal et al., 2003). In contrast, Abbott (1994) found that perme-
able temporary restorations were responsible for persistent post-
operative discomfort in 80% of cases. Such restorations also can 
negatively infl uence the prognosis of the root canal treatment 
(Torabinejad et al., 1990).

For a temporary coronal restoration, careful application of ad-
hesive restorative materials is recommended (Composite, Com-
pomer, GIC [glass ionomer cement]). For smaller occlusal cavities, 
Cavit (3M Espe, Seefeld, Germany) is indicated for short-term 
temporary restorations (1–2 weeks).

Care should be taken to ensure that the thickness of the tem-
porary fi lling (especially cavit) is adequate (4–5 mm) and that 
cotton fi bers do not penetrate the restoration.

Temporary Coronal Restoration

Covering the root canal 26.4 
 orifi ces

Following thorough drying of the 
root canals, and insertion of the 
dressing into the root  canal, the root 
canal orifi ces are  covered using small, 
individually  prepared cotton or foam 
pellets.

Cavit26.5 

Left: With large access cavities, a 
 layer of Cavit can be applied initially.

Middle and right: Cavit exhibits an 
excellent temporary seal, but is not 
strong enough to resist occlusal
forces. It is indicated only for short-
term restoration of small cavities or 
as a base layer in larger cavities, 
which are subsequently restored with 
an adhesive material that can resist 
the masticatory forces.

Cavit26.6 

Left: A minimal thickness of 3.5 mm 
of Cavit is necessary to ensure a bac-
teria-tight seal of the access cavity. 
The necessary space can be assessed 
by using a periodontal probe. 

Right: Note the cotton fi bers extend-
ing beyond the occlusal restoration; 
these represent a path for the pene-
tration of oral microorganisms into 
the access cavity.
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220 D Root Canal Instrumentation

Cavit26.7 

Left: Tooth 47 immediately after root 
canal obturation and temporary seal-
ing with Cavit.

Middle and right: On re-examination 
of the patient 2.5 years later, further 
carious destruction of the tooth was 
evident clinically and radiographi-
cally, as no defi nitive restoration had 
been performed in the intervening 
period.

Success of the disinfection 26.10 
procedure

Left: The radiograph shows extensive 
periodontal and interradicular bone 
loss.

Right: This radiograph taken 8 
months later shows almost complete 
osseous regeneration as a conse-
quence of intensive disinfection 
through the use of copious irrigation 
and intracanal dressings.

Removal of the dressing26.8 

For complete removal of the tempo-
rary dressing, copious root  canal irri-
gation and the use of ultrasonic sys-
tems and/or additional  mechanical 
instrumentation are  necessary.

Success of the disinfection 26.9 
procedure

Left: The tooth with a sinus tract on 
the buccal aspect.

Middle: The preoperative radiograph 
reveals large peri- and interradicular 
lesions.

Right: The 1-year follow-up radio-
graph shows complete osseous 
 regeneration following intensive 
 disinfection by the use of copious 
 irrigation and intracanal dressings.
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22327 Introduction

In endodontics, the root canal fi lling should not only provide an 
impermeable barrier to fl uid and bacterial ingress, the material 
must also be biologically compatible following insertion into a 
chemo-mechanically instrumented, cleansed, and shaped root 
canal system (Schäfer, 2000).

Usually, it is necessary to use two different fi lling materials. To 
date, no single material has been shown to fulfi ll all the above 
mentioned prerequisites. The root canal fi lling material most 
commonly used worldwide is gutta-percha. Regardless of the 
clinical technique used to compact gutta-percha within the root 
canal, use of this material without simultaneous application of a 
root canal “sealer” will inevitably result in some inadequately ob-
turated sections of the root canal (Tagger et al., 1994).

However, even today, most sealers cannot be relied on to main-
tain the treated root canal in a completely sealed state, because 
— and especially with larger paste volumes — almost all root ca-
nal sealers contract on setting, which can lead to less than satis-
factory adaptation against the root canal wall. For this reason, at 
least 90% of the fi lling in every obturated root canal should be 
gutta-percha, because in contrast with most commercially avail-
able sealers, gutta-percha does not shrink as it hardens.

The primary purpose of a root canal sealer is to fi ll any voids 
left in the root canal due to incongruence between the shape of 
the root canal wall and that of the central fi lling material (gutta-
percha) and to stabilize the volume (mass) of the fi lling. For this 
purpose, sealer pastes that remain soft are clearly not suitable. 
They will remain soluble and can be resorbed by any remaining 
vital soft tissue, which can lead to reinfection of the endodon-
tium (Ørstavik et al., 1987).

Over the years, many setting sealers with different chemical 
compositions have been developed (Schäfer, 2000). Today, there 
is international consensus that sealers with medicinal additives 
should be avoided. Such sealers usually contain mixtures of para-
formaldehyde or corticosteroids and therefore must be consid-
ered with regard to their biologic impact. The critical assessment 
of such preparations is based not only on their local effects but 
also on their potential systemic adverse effects.

Sealers containing paraformaldehyde (e.g., N2) release formal-
dehyde during and after the setting process. Such preparations 
are considered neurotoxic, cytotoxic, genotoxic and also have sig-
nifi cant allergenic potential. The healing of existing periapical 
infl ammation is inhibited by the use of these sealants (Tepel et 
al., 1994). On the other hand, corticosteroids elicit local immuno-
suppression via various biologic mechanisms. The use of corti-
costeroid-containing sealers (e.g., Endomethasone N) often leads 
to an uncontrolled local colonization of microorganisms, which 
further leads to enhancement of any pre-existing periapical in-
fl ammation (Tepel et al., 1994).

Today, the use of root canal fi lling pastes with paraformalde-
hyde and/or corticosteroid additives must be viewed as obsolete 
and stands in clear contradiction to the modern biologic basis 
and principles of endodontology.

According to the quality guidelines of the European Associa-
tion of Endodontology, all recommendations advise against the 
use of root canal sealers that contain paraformaldehyde or corti-
costeroids (European Society of Endodontology, 2006).

27  Introduction
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224 E Root Canal Filling

Sealers containing zinc oxide eugenol set via the formation of a 
comparatively highly soluble zinc-eugenolate complex, which 
also has poor compressive strength. Free eugenol is cytotoxic, but 
with proper mixing it is bound to the eugenolate as well as the 
zinc oxide.

Eugenol can act as an allergen, causing contact urticaria or 
even an anaphylactic reaction (Grade, 1995). In patients with a 
known allergy to eugenol or Peruvian balsam, the use of these 
sealers is contraindicated. During the setting procedure, these 
compounds exhibit shrinkage of about 0.3–1%.

Due to a condensation reaction, epoxy resin AH 26 releases very 
little formaldehyde during its rapid setting process (Spangberg et 
al., 1993). For this reason, AH 26 has low cytotoxicity initially 
(Leonardo et al., 1999), and is virtually undetectable after several 
weeks. AH Plus (Dentsply International, PA, USA), the improved 
version of the AH 26 sealer, releases virtually no formaldehyde, 
due to an addition reaction. For this reason it exhibits improved 
biocompatibility in comparison with the original AH 26 (Rödig et 
al., 2005a). AH Plus is identical to 2Seal paste (VDW, Munich, Ger-
many). Overall, sealers with an epoxy resin base have very good 

28  Root Canal Filling Pastes

Biocompatibility of root canal 28.1 
fi lling pastes/sealers

Left: Animal studies indicated that 
the epoxide resin 2Seal is associated 
with a good tissue reaction despite 
slight overfi lling of the canal.

Right: Extensive undesirable tissue 
reaction following subcutaneous 
 implantation of a sealer based on zinc 
oxide eugenol.

Root canal sealers based on 28.2 
epoxy resins

The original epoxide resin AH 26 
(Dentsply, DeTrey, PA, USA) in the 
form of a powder-liquid preparation 
(left). The successor to AH 26, the 
paste-paste material AH Plus 
(Dentsply, DeTrey) (above right). 
Identical to AH Plus is 2Seal (VDW 
Antaeos, Munich, Germany), which is 
also a paste-paste material (below 
right).

physical characteristics with regard to viscosity, solubility, and 
radiopacity. AH Plus, in particular, is virtually insoluble (Schäfer 
and Zandbiglari, 2003). In general, these types of sealers have ex-
cellent sealing ability and good volume stability.

Sealers containing calcium hydroxide have very good biocom-
patibility (Heil, 1996); however, Sealapex (SybronEndo, CA, USA) 
has been demonstrated to have high solubility, which can lead to 
the development of signifi cant marginal gaps in the root canal 
fi lling (Siqueira, 1999). Sealers based on glass ionomer cement are 
characterized as tissue-compatible and nonresorbable. One dis-
advantage of these preparations, however, is their comparatively 
high solubility.

Diaket (ESPE, Seefeld, Germany) a polyketone, hardens in ap-
proximately 7 minutes, which is often too quick for a complex 
root canal fi lling procedure. On the other hand, the biocompati-
bility, sealing characteristics, and solubility of Diaket have been 
favorably reviewed (Matsumoto, 1989). Sealers based on gutta-
percha consist of a gutta-percha solution within an organic sol-
vent (chloroform, eucalyptus oil, xylol). Because there is scien-
tifi c evidence of a possible carcinogenic potential for both 
chloroform as well as xylol, the use of such root canal fi lling 
pastes in endodontic treatment is biologically incompatible.
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22528 Root Canal Filling Pastes

One sealer based on silicone, RSA RoekoSeal Automix (Coltene 
Whaledent, OH, USA), exhibits good sealing characteristics (Wu, 
2002) and tissue compatibility (Dammaschke et al., 2006), as 
well as low solubility.

Also interesting is GuttaFlow (Coltene Whaledent, OH, USA), a 
mixture of RSA RoekoSeal with 30–45 μm particles of gutta-percha. 
With a working time of 10 minutes, the setting process occurs via a 
chain reaction process within the polydimethylsiloxane. Because of 
its good fl ow characteristics, GuttaFlow provides excellent adapta-
tion of the root canal fi lling to the canal walls (ElAyouti et al., 2005).

Newer fi lling materials are intended to provide better sealing 
of the root canal by means of an adhesive technique. Products such 
as Epiphany (RealSeal) from SybronEndo, CA, USA consist of a 
self-etching primer, a dual hardening sealer with a BisGMA base, 
as well as a polyester cone similar to gutta-percha (Rödig et al., 
2005b).

The results of initial in vitro studies are promising (Teixeira et 
al., 2004; Shipper et al., 2005). There is a need for long-term pro-
spective clinical studies to fully evaluate these acrylic-based fi ll-
ing materials.

Solubility28.3 

Solubility values for various sealers 
following storage in water for 28 
days. The sealers AH Plus and RSA 
RoekoSeal Automix exhibited very 
low solubility, while Sealapex and the 
zinc oxide eugenol based sealer 
 Aptal-Harz (Speiko, Münster,
Germany) exhibited extreme
solu bility.

Sealing characteristics28.4 

Apical dye penetration as a measure 
of the sealing characteristics of vari-
ous sealers after fi lling of curved root 
canals using the lateral compaction 
technique. The silicone- and epoxide 
resin-based sealers provided excel-
lent obturation, while sealers con-
taining calcium hydroxide did not 
seal the root canals reliably and 
 securely.

Adhesive root canal fi lling 28.5 
 materials

This SEM image showing composite 
tags (1) of the sealer (RealSeal [2]) 
penetrating into the dentinal tubules 
(3). Both the primer and sealer 
achieve an  adhesive bond with both 
dentin and the central fi lling material.

Left: RealSeal consists of BisGMA, 
UDMA, and difunctional methacry-
late; the cone (Resilon) consists of 
polyester-based polycaprolactone, 
bioactive glass, and bismuth oxide, 
with a fi ller content of about 65%.
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226 E Root Canal Filling

Cold lateral compaction of gutta-percha continues to be the gold 
standard root canal fi lling technique and is the method most 
often used in routine endodontic practice (Slaus and Bottenberg, 
2002). Because about 50% of gutta-percha points are thinner than 
the ISO norm (Schäfer and Göhring, 1993), the actual diameter of 
the master point should be checked with a measurement gauge 
(Fig. 29.1). Following mechanical root canal preparation using 
highly tapered instruments, a master point of corresponding 
taper should be used to simplify the root canal fi lling procedure 
and to increase the volume proportion of gutta-percha in the fi ll-
ing (Hembrough et al., 2002; Gordon et al., 2005).

A precisely fi tted master point should extend to the instru-
mented working length and exhibit slight friction in the apical 
portion of the canal; the latter can be clinically demonstrated by 
slight resistance (tug back) when removing the master point from 
the canal (Wesselink, 1995).

Finger spreaders instead of hand spreaders should be used for 
compaction, as this provides better sealing (Simons et al., 1991) 
and at the same time reduces the danger of vertical root fracture 
(Lertchirakarn et al., 1999).

29  Lateral Compaction of Gutta-percha

Gutta-percha master point29.1 

Left: The holes (2) in the measure-
ment gauge for gutta-percha points 
(1) are ISO standardized. If the tip 
of the gutta-percha point extrudes 
beyond the measurement gauge, 
this is an indication that the point is 
too thin and should be cut off using 
a scalpel. Following this, the tip 
 diameter will correspond to the 
 appropriate ISO size.

Right: A master point evenly coated 
with sealer.

Highly tapered gutta-percha 29.2 
points

Left: The fi nger spreader should cor-
respond to the taper of the selected 
master point.

Right: NiTi root canal instruments 
with 2%, 4%, and 6% taper displayed 
with gutta-percha points of identical 
taper.

Root canal fi lling29.3 

Left: Diagnostic radiograph of tooth 
46.

Middle: Working length determina-
tion radiograph.

Right: Clinical view following prepa-
ration of the four root canals.

➤

➤

1

2
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22729 Lateral Compaction of Gutta-percha

As a general rule, nickel-titanium (NiTi) fi nger spreaders are 
preferable to stainless-steel instruments because they produce 
less tension and can be inserted deeper into curved canals (Wil-
son and Baumgartner, 2003; Gharai et al., 2005). Only the tip of 
the master point is coated with a thin layer of sealer and then 
inserted slowly into the canal with a gentle pumping motion. The 
use of a Lentulo spiral is not generally recommended for root ca-
nal fi lling because of the increased danger of extrusion of sealer 
into the periapical tissues (Jeffrey, 1986; Hoen et al., 1988).

The accessory gutta-percha points should have the same taper 
as well as the same ISO size as the spreaders (Wesselink, 1995). 

The use of ISO-sized accessory points provides better sealing and 
compaction as compared with non-ISO-sized accessory points 
(Gound et al., 2001).

During the obturation procedure, only the tips of the fi rst few 
accessory points should be lightly coated with sealer to improve 
the homogeneity of the compacted gutta-percha fi lling and to 
prevent any unnecessary increase in the amount of sealer within 
the root canal fi lling.

Initiation of compaction29.4 

Left: The master point should have 
the same diameter as the last instru-
ment used and it should be inserted 
inside the root canal to the full work-
ing length.

Right: A fi nger spreader with a 
 silicone stopper is inserted to about 
1–2 mm from the instrumentation 
endpoint and should be left within 
the canal for a short period to avoid 
any pull back of the preformed gutta- 
percha master point.

Compacting the gutta-percha29.5 

Left: The fi rst accessory point should 
extend almost to the apical endpoint 
of the instrumented root canal. With 
each additional accessory point, the 
depth of insertion is reduced.

Right: Accessory points coated with a 
minimum amount of sealer are used 
to complete fi lling of the root canal.

Completion of lateral 29.6 
 compaction

Left: Fully obturated root canal. The 
master point assumes the most 
prominent position within the root 
canal. The sealer simply fi lls the small 
remaining spaces.

Middle: The spare lengths of the
gutta-percha points protruding from 
the coronal end of the root canals are 
removed using a heated instrument. 
Then the fi lling is compacted verti-
cally from the coronal aspect, and fi -
nally the access cavity is well cleansed.

Right: Follow-up radiograph of the 
root canal fi lling.

Masterpoint
Cement

Accessory point
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228 E Root Canal Filling

Lateral compaction should be continued until the spreader ex-
tends only 3–4 mm into the root canal, without increasing the 
apically directed force. No attempt should be made to increase 
the number of accessory points by the application of excessive 
compaction force.

In an attempt to rework cold, semisolid gutta-percha with a 
spreader, clinicians often apply an excessively high force. Force 
between 1.5 kg and 7.2 kg can lead to root fracture (vertical frac-
ture) (Pitts et al., 1983). Such fractures usually occur in the buc-
copalatal or lingual plane (Holcomb et al., 1987). In many in-
stances, the initial lesion is only a slight crack in the root dentin, 

which develops into a complete vertical root fracture as a result 
of masticatory forces. Subsequent clinical symptoms point to the 
correct diagnosis (Tamse et al., 1999). The incidence of such root 
fractures is about 3.7% (Morfi s, 1990).

With clinically appropriate lateral compaction, even in curved 
root canals, the proportion of gutta-percha in contact with the 
root canal exceeds 90% (Gordon et al., 2005).

After completion of the root canal fi lling procedure, the gutta-
percha points extruding from the root canal orifi ces are severed 
with a heated instrument (e.g., GuttaCut, VDW, Munich, Ger-
many) below the dentinoenamel junction. Immediately after-

Vertical root fracture29.7 

Left: Radiograph of an extensive root 
fracture of tooth 46.

Right: Following surgical exposure of 
the palatal root of the endodontically 
treated tooth 26, the clinical diagno-
sis of vertical root fracture was con-
fi rmed.

Results of lateral compaction29.8 

Left: Even accessory/lateral canals 
can be at least partially fi lled by using 
the technique of lateral compaction.

Right: A dye penetration test on this 
transparent preparation reveals 
 obvious staining of the root canal, 
 indicating unsatisfactory apical seal-
ing following incomplete lateral com-
paction.

ward, the gutta-percha in the region of the root canal orifi ces is 
vertically compacted using a heated plugger or stopper to achieve 
the maximum possible compression. Finally, the endodontic ac-
cess cavity is completely cleansed of any remnants of the fi lling 
materials because most such materials can lead to dentin discol-
oration.

Furthermore, before defi nitive coronal restoration, the fl oor of 
the pulp chamber should be sealed using an adhesive material in 
order to seal any accessory canals in the furcation area
(Wesselink, 1995); about 80% of multirooted teeth (Dammaschke, 
2004) have accessory canals in this region.

The prognosis for teeth treated endodontically with the lateral 
compaction technique is universally very good. One clinical study 

revealed that after 4–6 years the success rate was 93% in teeth 
without apical periodontitis, and for teeth with initial apical peri-
odontitis the success rate was 67% (Friedman, 2003). Another 
study revealed that after 1 year the success rate was 87% in teeth 
without periapical radiolucency and 80% in teeth with a preop-
erative radiolucency (Peak, 2001).
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22930 Vertical Compaction of Warmed Gutta-percha

An article written over 40 years ago by Herbert Schilder, “Filling 
Root Canals in Three Dimensions,” was the foundation stone for 
an endodontic treatment concept defi ning the universally recog-
nized principles of modern endodontic therapy. According to 
Schilder (1967), lesions of endodontic origin possess a healing 
capacity of 100% minus X!

In this equation, the factor X is determined by instrumentation 
and cleansing, mechanical sterilization and three-dimensional 
fi lling of the root canal system. Numerous clinical and histologic 
studies have demonstrated the occurrence of ramifi cations, anas-
tomoses, indentations, and the formation of deltas within the 
root canals (Hess, 1925). It follows that the rate of successful clin-
ical outcomes can be increased by improved treatment tech-
niques that lead to improved cleaning and sealing of the root
canal system in its entire complexity.

A prerequisite for successful outcome following vertical com-
paction of warm gutta-percha is thorough cleaning and shaping 
of the root canal system. In this regard, Schilder defi ned specifi c 
mechanical and biologic criteria (Fig. 30.1; Schilder 1974).

The goal of the cleaning procedure is to ensure the root canal 
system is cleared of all organic components (necrotic soft tissue, 

other remnants, bacteria) as well as antigenic substances and 
toxins. Because these substances are the primary cause of per-
iradicular lesions, their complete removal represents the very 
basis for successful treatment.

Shaping refers to the development of a logical cavity form to 
recieve a 3D hermetic fi lling of the entire root canal space Equal-
ly important, when properly accomplished, shaping facilitates 
cleaning. A properly shaped root canal prepared for the warm 
gutta-percha technique should have a continuously tapering fun-
nel (mechanical objective 1), with the narrowest diameter in the 
region of the apical foramen and the widest at the coronal aspect 
(mechanical objective 2).

The preparation should be done in multiple planes and main-
tain the natural curvatures of the root canal being treated. It 
should fl ow along the original anatomy of the root canal (me-
chanical objective 3).

The original foramen should remain in its natural position, that 
is, it should not be transported along the root surface (mechani-
cal objective 4). The apical opening should be kept as small as is 
practically possible, and it should not be widened unnecessarily 
beyond its original dimension (mechanical objective 5).

30  Vertical Compaction of Warmed Gutta-percha
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230 E Root Canal Filling

Vertical compaction of warm gutta-percha provides a very ac-
curate duplication of the root canal system with a homogeneous 
mass of gutta-percha and a sealer fi lm thickness measured in 
Angström units. With this technique, accessory canals are effec-
tively fi lled in more than 40% of all cases. The goal is complete 3D 
obturation of the root canal system.

The goal stated above demands appropriate adaptation of a 
master cone, selection of appropriate pluggers, insertion into the 
root canal of the master cone that is coated minimally with the 
sealer, controlled heating of the gutta-percha with a heat carrier 
and then transfer of the heat waves from the coronal to apical 

end, along with forcing and compacting the gutta-percha into the 
root canal system.

Gutta-percha needs to be heated only 3–8 °C above normal body 
temperature to be able to mold it and successfully adapt it to any 
irregularities within the canal system. The vertical compaction 
technique is based on capturing the maximum cushion of softened 
gutta-percha with appropriate pluggers and moving the entrapped 
material toward the apex. During this clinical procedure, the 
plugger should never make direct contact with the root canal wall. 
The vertical force/pressure from the plugger also helps to prevent 
shrinkage of the material when it cools to body temperature.

Schilder philosophy30.1 

Depending on the nature of bacterial 
infection, lesions of endodontic ori-
gin form symmetrically around the 
portals of exit (foramina) of the root 
canal system. The complete elimina-
tion of infection from within the root 
canal system, in combination with a 
3D root canal fi lling, is a prerequisite 
for regeneration of the periodontium 
at the apex.

Predictability of the Schilder 30.2 
philosophy

Following 3D shaping, cleaning, and 
fi lling of the root canal system, the 
healing capacity of the organism be-
comes manifest (left: preoperative 
 radiograph, middle: immediately 
 following root canal fi lling). Follow-up 
radiograph 3 months later (right) 
 already demonstrating the healing 
 capacity of the host tissue cells.

Schilder’s fi ve mechanical 30.3 
 objectives

Left: a Root canal system with three 
foramina. b Diagrammatic depiction 
of the fi ve mechanical objectives (see 
p. 229).

Middle and right: The primary goal of 
the Schilder concept is a 3D continu-
ously tapered cavity that maintains 
the apical foramen in its original 
 spatial position and size without 
 unnecessary enlargement.

2

3

4 + 5

1

a b
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23130 Vertical Compaction of Warmed Gutta-percha

The vertical compaction of warm gutta-percha is comparable 
to the restoration of a Class 1 cavity with amalgam. It combines a 
simple clinical procedure with maximum effi ciency in order to 
fi ll simple as well as anatomically complex 3D canals.

The authors favor the Touch’n Heat device (SybronEndo, CA, 
USA) because of its manageability and effectiveness in heating 
the gutta-percha to the desired temperature. The heat carrier is 
activated via a simple fi nger switch and quickly becomes red hot. 
When properly used, the gutta-percha is warmed to 45 °C, with-
out leaving the stable β-phase.

Schilder pluggers are used to capture a maximum cushion of 
softened gutta-percha and to compact it vertically. In the smaller 
plugger size range, alternative NiTi pluggers are available, which 
can ensure compaction to the necessary depth, even in narrow or 
severely curved canal systems.

Endodontic treatment using a prepared tray of Schilder plug-
gers of the most often used sizes, as well as two NiTi pluggers 
(sizes 40 and 60) has proved to be effective. In most cases, the P-
pluggers (P = posterior) are used because with their working 
length of approximately 23 mm their use is indicated in the ma-
jority of root canals.

Heat transfer instrument30.4 

Heat carriers are similar to the 
spreaders used in the cold lateral 
compaction technique. Their pur-
pose, however, is not to create space 
between individual gutta-percha 
points, but rather to distribute heat 
into the gutta-percha. They are avail-
able in sizes 0 and 00 (left) and are 
heated over a Bunsen burner 
 (middle) until red hot.

Right: Close-up view of an electrically 
activated heat carrier.

Electrically activated heat 30.5 
transfer device

Electrical heating devices such as the 
Touch’n Heat (SybronEndo, CA, USA) 
or the System B (SybronEndo, Or-
ange, CA, USA) permit precise con-
trol of the heat necessary to warm 
the gutta-percha and better control 
during the heating of removed gutta-
percha mass. They also require less 
time to heat up in comparison to the 
classic heat carriers.

Pluggers30.6 

Endodontic pluggers resemble amal-
gam pluggers, except that the shaft 
is longer and thinner. They are fi tted 
with markings at 5-mm intervals 
(middle) for simple length orien-
tation. These are available as 
Schilder pluggers (Dentsply, 
Maillefer, Switzerland) (A = anterior) 
with a length of 30 mm and P-
Plugger (P = poste rior) with a length 
of 25 mm. The complete set consists 
of nine instruments with tip diame-
ters of 0.40 mm (plugger size 8) up 
to 1.5 mm (plugger size 12) (left).

Right: Plugger tray and NiTi pluggers 
of the smallest sizes.
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232 E Root Canal Filling

The master gutta-percha cone must be selected very carefully. In 
most cases, a nonstandardized gutta-percha cone of “medium” 
or “fi ne medium” size is selected, whose taper is slightly less 
than the instrumented root canal. With exceptionally wide
canals, one may also select a size “large” gutta-percha cone, 
which can then be thinned as necessary between two glass slabs 
and adapted individually to the taper of the canal.

The tip of the cone must be shortened so that its diameter is 
slightly larger than the last fi le that was used during instrumen-

tation to the apical foramen. The adjusted gutta-percha cone 
should be fi tted 0.5–1 mm short of the “radiographic terminus” 
of the canal, should exhibit “tug back”, and provide suffi cient vol-
ume of gutta-percha for the subsequent compaction. This step in 
the endodontic process is checked radiographically and the ap-
propriate height of the reference point is marked on the cone.

In ovoid canals an additional cone of “medium” size can be 
used in order to achieve the suffi cient gutta-percha volume for 
optimum compaction.

Preparing the master 30.7 
gutta-percha cone

Left: The gutta-percha cone is fi rst 
disinfected in sodium hypochlorite 
solution and subsequently placed in 
an alcohol bath.

Middle: Before inserting the cone 
into the canal, the gutta-percha can 
be prebent using an alcohol-soaked 
gauze square.

Right: The tip of the gutta-percha 
cone is adapted to the desired 
 diameter by trimming the tip with 
microscissors or a scalpel.

Cone fi t I30.8 

Left: The correct dimension of the 
gutta-percha cone in the apical seg-
ment is checked against the master 
apical fi le.

Middle: The cone should only exhibit 
a tug back in the apical 2–3 mm, not 
over its entire length.

Right: A well-adapted cone will 
 refl ect the “fl ow” of the root canal 
system.

Cone fi t II30.9 

An indentation is made on the insert-
ed cone, corresponding to the level 
of the reference point on the tooth 
(cusp tip), to ensure correct position-
ing of the cone during cementation.

Preparation of the Gutta-percha Cone (Cone Fit)
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23330 Vertical Compaction of Warmed Gutta-percha

As soon as the gutta-percha has been warmed and vertically 
compacted, it is slowly forced apically into increasingly smaller 
sections of the canal. Similar to forcing a cork into a wine bottle, 
this leads to deformation of the cone and a very dense fi lling with 
excellent apical sealing. If the gutta-percha cone is not appropri-
ately shortened, it will extrude beyond the apex.

The same will occur if the “tug back” of the gutta-percha cone 
occurs not in the apical region but more coronally in the root
canal. In this case, a cone of less taper must be selected and short-
ened apically until a “tug back” at the apex is discernable.

If there is no tug back felt, or if during positioning of the cone, 
the tip is jolted, the root canal should be irrigated again and one 
or two recapitulations with appropriate fi les should be carried 
out in order to ensure that, in particular, the apical portion of the 
root canal has a smooth and continuously tapering shape as well 
as being patent.

Vertical compaction of 30.10 
warm gutta-percha

Left: Preoperative radiograph.

Middle: The cone fi t must be checked 
radiographically with regard to its 
vertical extension and taper.

Right: For the root canal fi lling proce-
dure, the gutta-percha cone is made 
approximately 0.5–0.75 mm shorter 
than the working length, which per-
mits optimum control in the apical 
ramifi cations of the root canal sys-
tem during compaction.

Incorrect cone fi t30.11 

Left: The cone exhibits tug back not 
at the apical region but rather in the 
coronal portion of the root canal. A 
cone of this confi guration will extend 
beyond the apical foramen during 
compaction and will not provide a 3D 
seal.

Right: A bent cone is an indicator that 
the fi ve mechanical objectives of root 
canal preparation have not been ful-
fi lled.

Overextended root canal 30.12 
 fi lling

Error during instrumentation: inade-
quate taper as well as incorrect adap-
tation of the gutta-percha (improper 
cone fi t) inevitably leads to a loss of 
apical control (left: preoperative 
 radiograph; right: postoperative).

0.2 mm

0.3 mm

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter30_s229_239.indd   233Chapter30_s229_239.indd   233 12.08.2010   13:55:08 Uhr12.08.2010   13:55:08 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



234 E Root Canal Filling

The pluggers must be adapted to the root canal, to determine the 
depth at which they can be utilized without contacting the root 
canal walls. The essence of the warm gutta-percha technique as 
described by Schilder (1967) is to capture the maximum cushion 
of softened gutta-percha and to compact it vertically. As a result 
of the tapered shape of the cavity, the gutta-percha can be simul-
taneously and effi ciently compacted laterally.

To start with, a suffi ciently large plugger (e.g., size 10.5) is in-
serted in the coronal third of the canal. A second, smaller plugger 

(e.g., size 9.5) is then selected, which extends into the middle 
third of the canal, and a rubber stop is utilized to control the 
depth of penetration and to prevent plugger contact with the
canal wall. Finally a third, smaller plugger (e.g., size 8 or 8.5) is 
adapted to extend to about 5 mm from the foramen, and a rubber 
stop is utilized again for depth management.

The pluggers must never exert pressure against the canal walls 
because the resultant wedge effect could lead to root fracture.

Plugger selection and 30.13 
 adaptation

A larger plugger is selected, which 
can work passively and effi ciently in 
the coronal third of the root canal. 
A smaller plugger is selected for the 
middle third of the root canal. Finally, 
a still smaller plugger is selected, 
which can be inserted passively to a 
depth of 5–7 mm to the full working 
length.

Clinical case30.14 

Left: Preoperative radiograph of a 
mandibular molar.

Middle: The down-pack image 
 demonstrates how the plugger ex-
tends into the apical third of the root 
canal to ensure optimum 3D fi lling in 
this region.

Right: The postoperative radiograph 
after the back-packing procedure 
shows a homogeneous root canal 
 fi lling.

Plugger selection/ 30.15 
adaptation

Left: A plugger that is too small will 
penetrate into the thermoplastic 
 gutta-percha mass but not compact 
it.

Right: To achieve the optimum hy-
draulic force, the plugger must en-
gage the largest possible surface area 
of the thermoplastic gutta-percha. 
This means that its size must be pro-
portional to the transverse section of 
each root canal segment in which it is 
engaged, without coming into con-
tact with the root canal walls.

1

2

3

Selecting the Right Plugger
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23530 Vertical Compaction of Warmed Gutta-percha

Drying the canal30.16 

Ergonomic set-up for of the dental 
assistant in the 12 o’clock position 
(right). Using the Stropko irrigator 
with pressure reduction, and with 
the use of sterile paper points (left), 
which correspond to the taper of the 
root canal, the canal system is dried 
and the working length checked 
again.

Coating the canal walls with 30.17 
cement

Left: When mixed to proper consis-
tency, it should be possible to lift the 
cement from the glass slab with a 
spatula, to a height of at least 2 cm.

Middle: The coronal and middle 
thirds of the root are coated with a 
minimal amount of cement using a 
hand Lentulo spiral.

Right: The gutta-percha cone is 
 lightly coated with cement only in its 
apical third.

Cementing the gutta-percha 30.18 
cone

Left: Preoperative radiograph of a 
premolar.

Right: After coating the canal surface 
with cement, the cone is inserted to 
its proper position without applying 
pressure. This step can be checked 
radiographically. The radiograph of 
the “cemented” cone may demon-
strate porosities of the cement layer 
in the coronal two-thirds of the root 
canal.

While the clinician is drying the canal with sterile paper points 
and the pressure-regulated Stropko irrigator (Sybron Endo,
Orange, CA, USA), the cement is mixed in a powder–liquid ratio 
of 4.4:1. This ratio, in contrast to the recommendation of the 
manufacturer, provides a signifi cantly denser consistency, which 
protects against porosity and reduces solubility, as well as im-
proving the hydrodynamic characteristics of the cement. Because 
of its excellent fl ow characteristics, biocompatibility, rapid set-
ting time, and prostaglandin inhibition, the Kerr Pulp Canal Seal-
er is the cement of choice for the warm gutta-percha technique
(Ruddle, “Pathways of the Pulp,” 1994).

Leakage through and around the cement can be minimized 
through a minimal layer thickness (Casanova, 1975). Warm
gutta-percha fi llings have only a microfi lm of cement, which have 
a thickness between 3.62 μm and 9.36 μm (Nafafi nejad, 1985). 
The coronal two-thirds of the root canal are fi lled with a mini-
mum of cement by means of a Lentulo spiral hand instrument. 
A light layer of the cement is applied to the apical third of the 
gutta-percha cone and then slowly and without pressure posi-
tioned within the root canal. A radiograph should be taken to en-
sure the correct positioning of the gutta-percha cone.

Cementing the Gutta-percha Cone
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236 E Root Canal Filling

Down-packing30.19 

With ovoid canals, an additional 
 gutta-percha cone or gutta-percha 
from the Obtura pistol can be placed 
into the canal in order to provide 
more mass for optimum compaction. 
The surface of the plugger is coated 
with cement powder to avoid stick-
ing to the gutta-percha cone. The 
compaction proceeds in subsequent 
stages until the desired depth is 
achieved: compaction in the coronal 
(left), middle (middle), and apical 
(right) thirds.

Hydraulic forces30.20 

As soon as the cycle of compaction 
begins, signifi cant hydrostatic force 
is created within the closed space of 
the root canal because of the tapered 
cavity shape and the vertical force on 
the thermoplastic gutta-percha. 
 Radiographs (left and right) demon-
strate that all lateral canals from cor-
onal to apical are fi lled as a result. At 
the “point of deepest pack,” the thin-
nest plugger should be held under 
pressure for about 10 seconds to pre-
vent shrinking of the gutta-percha as 
it cools.

Thermal profi le30.21 

The temperature of the apical gutta-
percha mass increases to a few de-
grees above body temperature. This 
temperature elevation does not, 
however, lead to any alteration of the 
crystalline structure (β phase), but 
only to minimal shrinkage during the 
cooling process and to excellent api-
cal sealing. The back-pack procedure 
fi lls the coronal space and seals with-
out voids (right).

The portion of the gutta-percha cone that extends into the pulp 
chamber is softened and shortened using the heat carrier. Using 
the largest of the selected pluggers, the gutta-percha is compact-
ed in the coronal part of the root canal. The goal is to engage the 
largest possible surface of softened gutta-percha and force it in 
the apical direction. Meanwhile, the plugger is moved circumfer-
entially in short defi nitive movements within the gutta-percha.

The heat carrier is warmed red hot, extended 3–4 mm into the 
gutta-percha, then immediately removed. At the same time, a 
small portion of the gutta-percha should be removed. The ther-
moplastic gutta-percha can now be compacted vertically. The 

cavity walls should be maintained free of gutta-percha residues. 
Increasingly smaller pluggers should be used to prevent contact 
with the root canal walls during compaction. The rhythmic alter-
nation between heating and plugging is continued to a depth of 
5–7 mm of the working length.

According to the thermophysical characteristics of gutta-
percha (Goodman et al., 1981; Schilder et al., 1985), the heat from 
the heat carrier extends about 4 mm deeper than the probe tip, 
ensuring adequate and controlled softening of the apical gutta-
percha and achieving fi lling of the small lateral canals or of the 
apical delta (Yared and Dagher, 1995).
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23730 Vertical Compaction of Warmed Gutta-percha

Pistol system for the back- 30.22 
pack procedure

An elegant and time-saving alterna-
tive to the back-pack procedure is 
 offered by the thermoplasticized 
 gutta-percha of the Obtura-II system 
(Obtura Spartan, Earth City, Missouri, 
USA). In this system, prefabricated 
pellets are used.

Left: Precut gutta-percha segments 
of varying diameters.

Error during the back-pack 30.23 
procedure

Gutta-percha remnants left on the 
canal walls can lead to voids during 
the back-pack procedure. Insuffi cient 
heating of the apical gutta-percha or 
the application of an excessive 
amount of gutta-percha from the 
Obtura pistol may also result in 
 macroporosities in the fi lling.

The radiograph, left, reveals porosi-
ties in the back-pack root canal.

Middle and right: 3D fi lled root canal 
system following the back-pack pro-
cedure.

Original back-pack30.24 

The back-pack technique using the 
Obtura system requires a certain 
amount of experience to make cer-
tain that the application of successive 
gutta-percha segments creates a 
 porosity-free adaption within the 
down-pack procedure.

Left: Previously clinicians would uti-
lize small-, medium-, or large-sized 
pieces of precut gutta-percha, which 
were then warmed and compacted 
using hand pluggers.

Following the down pack procedure, the root canal in its middle 
and coronal thirds is successively fi lled from apical toward coro-
nal. For this procedure, 3–4 mm sized gutta-percha segments of 
varying diameters are inserted into the canal, warmed, then 
compacted using pluggers.

As an alternative, the thermoplastic gutta-percha can be di-
rectly injected into the root canal and compacted using the
Obtura-II system (SybronEndo, Orange, CA, USA). For this proce-
dure, the warmed, prebent cannula of the Obtura pistol is intro-
duced into the canal until it comes into contact with the already 
compacted gutta-percha within the canal, then a small portion of 

the thermoplastic mass is applied. This method of warming the 
gutta-percha mass leads to a cohesive and homogeneous gutta-
percha root canal fi lling during the back-packing procedure.

In molars, the fl oor of the pulp chamber is also coated with 
thermoplastic gutta-percha and sealer to ensure that furcation 
canals in this region are also sealed. If a post and core (intraradic-
ular anchored) restoration of the tooth is planned, the back-pack 
is only carried out to the necessary level.

Back-pack Obtura II

Back-packing
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238 E Root Canal Filling

Schilder puffs30.25 

Left: The radiographic view of the 
 initial situation reveals an underfi lled 
root canal system.

Right: Following retreatment and de-
tection of an additional root canal, 
the new root canal fi lling was per-
formed using vertical compaction of 
warm gutta-percha. The radiograph 
reveals the so-called Schilder puffs, 
which indicate that the root canal 
system has been fi lled three-
dimensionally (i.e., densely packed 
throughout and accessory and other 
canals have been fi lled too).

Overfi lling30.26 

Left: Preoperatively, the premolar 
 exhibited a large lesion on the distal 
lateral root surface.

Middle: Following retreatment on the 
distal aspect three large Schilder 
puffs are seen, which some describe 
as overfi lling of the root canal. With 
3D shaping and a three-dimensional-
ly fi lled root canal system,  however, 
this is irrelevant.

Right: The osseous regeneration of 
the lesion of endodontic origin pro-
ceeded independently and led to 
complete recovery.

Vertically overextended, 30.27 
three-dimensionally 
 underfi lled canal system

Left and middle: In contrast to the 
previous case, the massive over-
extension with gutta-percha and/or 
sealer seen here is contraindicated.

Middle:  Apical view of the extracted 
tooth showing that the gutta-percha 
cone extended several millimeters 
beyond the root, not sealing the api-
cal foramen.

Right: Massive extrusion in an other-
wise underfi lled canal system led to 
persisting postoperative complica-
tions. Disturbance of the healing pro-
cess is inevitable in such a situation.

When a clinician aims for a 3D obturation of the root canal sys-
tem, from time to time the result is the so-called Schilder puffs: 
slight overfi lling with sealer, which lead to characteristic apical 
extrusion of the sealer. Histologic studies as well as thousands of 
clinical cases have demonstrated that this effect has no negative 
impact on the success of healing (Forgione, 1986).

It is necessary to differentiate between overfi lling and under-
fi lling, and overextension and underextension. Over- and under-
extension refer solely to the vertical dimension of the root canal 
fi lling, beyond or short of the root apex. Underfi lling refers to a 
tooth whose root canal system has been inadequately obturated 

in any dimension. An overfi lled canal is one that has been fi lled in 
three dimensions with a surplus of material (gutta-percha and/or 
sealer) extruding beyond the root apex. However, numerous cases 
of failure of vertical overextension with underfi lled root canals have 
been encountered. In this case, the apical canal space is not securely 
fi lled or sealed, (e.g., by the single cone technique). These root ca-
nal fi llings result in failure primarily because of insuffi cient shap-
ing and cleaning of the root canal system, gross over-instrumen-
tation and transportation of tissue and/or bacterial debris beyond 
the foramen, through residual infection, as well as leakage from 
the three-dimensionally underfi lled canal system (West, 1975).

Overfi lling Versus Overextension
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23930 Vertical Compaction of Warmed Gutta-percha

Coronal enlargement30.28 

Appropriate shaping presents a 
 tapered cavity design for each indi-
vidual tooth root (left: preoperative; 
right: postoperative). Coronal over-
enlargement should not be part of 
the treatment protocol, and could 
lead to unnecessary weakening of the 
tooth root.

Apical management30.29 

Left: Heavily calcifi ed canal system 
with severe curvature.

Middle and right: The Schilder tech-
nique provides excellent apical 
 management, with simultaneously 
optimal hydraulics.

Long-term success30.30 

Randomized clinical studies support 
the predictability of long-term 
 success using the Schilder technique, 
as depicted here in a case with pre-
operative blockage of the root canal 
system (left), radiographic follow-up 
immediately after root canal fi lling 
(middle) and at 8-year follow-up 
(right).

Some authors have proposed that the Schilder technique leads to 
uncontrolled overfi lling, thermal damage to the periodontium, 
fi ssure formation resulting from the shrinkage of cooling, elevat-
ed risk of root fracture, or excessive instrumentation for the use 
of the plugger. Moreover, there is little evidence of clinical supe-
riority compared with the cold lateral compaction technique.

As long as a clinician adheres meticulously to the Schilder pro-
tocol, the technique will lead to 3D, very well-adapted root canal 
fi llings with excellent apical conformation (Wu et al., 2001). The 
gutta-percha is warmed to only slightly above normal body tem-

perature, which compensates for possible shrinkage by apical 
pressure applied via the plugger (Schilder et al., 1985). Thermal 
tissue damage is of no consequence (Sweatman et al., 2001). The 
wedge effect on the root is signifi cantly lower than with the cold 
lateral compaction technique (Blum et al., 1998), and randomized 
clinical studies have shown superiority compared with the cold 
lateral compaction technique (Farzaneh et al., 2004).

Discussion of the Schilder Technique
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240 E Root Canal Filling

The continuous wave of compaction technique was developed by 
Dr Stephen Buchanan in 1987 to simplify the warmed gutta-percha 
down-packing technique. With the warm vertical compaction 
technique, which involves three to four warming and compac-
tion cycles, the application of heat during down-packing is inter-
rupted three to four times. In contrast, the continuous wave tech-
nique of down-packing permits a single, regular movement of 
the material with continuous heating. The continuous wave pro-
cess softens the gutta-percha mass mainly in a lateral direction 
and also in the coronal parts; it is therefore also possible to obtu-
rate lateral canals in the coronal area (Buchanan, 1994, 2005).

The System B heat source comes with continuous wave heat 
pluggers of various tapers, in accordance with the nonstandard-
ized gutta-percha points. Hence most of the hand pluggers and 
the heat carrier are substituted with a single instrument during 
down-packing.

The backfi lling is ideally performed with warmed gutta-percha 
(e.g., from the Obtura-III gun), which in contrast to the classical 
backfi lling method, offers signifi cant time saving. The Elements 
Obturation Unit is a recent development in which the System B 
heat carrier and the gutta-percha gun are combined into a single 
device.

31  System B/Obtura

The sealer31.1 

Left: The ideal sealer for use with the 
vertical compaction technique is
Sybron Pulp Canal Sealer EWT
(extended working time).

Right: Set of nine Schilder pluggers, 
sizes 8–12 in half sizes. These are 
commercially available for use in 
both anterior and posterior teeth.

Continuous wave heat 31.2 
 pluggers

Left: The electric continuous wave 
heat pluggers are available in sizes 
(tip diameter/taper) 30/.04, 40/.06 
(fi ne), 50/.08 (fi ne-medium), 60/.10 
(medium), and 70/.12 (medium-
large).

Right: System B permits temperature 
control; tapered tips are used for the 
continuous wave obturation tech-
nique.

Gutta-percha gun31.3 

Left: The backfi lling technique is
simplifi ed with the use of a gutta-
percha gun, Obtura II or Obtura III.

Right: The Elements Obturation Unit 
combines the continuous wave heat 
carrier and gutta-percha gun into 
one unit.
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24131 System B / Obtura

The cone fi t is determined in a process similar to the warm verti-
cal compaction technique. The master cone is fi tted to the entire 
working length and shortened by 0.5 mm before cementation. 
The continuous wave obturation heat plugger is selected to cor-
respond with the taper of the master cone.

The continuous wave heat pluggers are characterized by two 
parameters. The fi rst is the size of the nonstandardized gutta-
percha points (extra-fi ne, fi ne, fi ne-medium, medium, and medi-
um-large), and the other is the taper of the completed canal prep-
aration (.04, .06, .08, .10, and .12).

The selected continuous wave heat plugger is pushed into the 
canal until it binds with the dentinal walls. The most apical “bind-
ing point” is marked with a rubber stopper and serves as a refer-
ence point during obturation.

By careful maneuvering within the canal, smaller continuous 
wave heat pluggers can be adapted to the root canal anatomy; 
larger ones should be carefully prebent to adapt to the curvature 
of the canal. The hand pluggers for down-pack as well as for back-
fi ll compaction should be adapted before initiating the defi nitive 
obturation.

Selecting the master cone31.4 

Left: The master cone should extend 
to the full length, “bind” in the last 
1 mm of the canal, and then be 
shortened by 0.5 mm.

Middle: The choice of the continuous 
wave heat plugger is determined by 
the taper of the master cone.

Right: Adapted master cone and 
 continuous wave heat plugger; ideal-
ly, the plugger should reach a point 
4–6 mm short of the full working 
length.

Hand plugger selection. The 31.5 
CW plugger must be adapted, 
and there should be a choice of 
at least three hand pluggers

Left: The fi rst plugger should be in-
serted only a few millimeters into the 
canal without touching the dentinal 
walls. If the markings on the instru-
ment are not satisfactory guides, 
rubber stoppers should be used.

Middle: The second plugger should 
extend to the middle of the canal, 
without touching the dentinal walls.

Right: The third plugger should ex-
tend into the apical section of the
canal, 4–6 mm short of the full work-
ing length, again without contacting 
the dentinal walls.

Clinical example31.6 

Left: Radiograph showing a mandi-
bular second molar root canal system 
with complex confi guration. 

Middle: Occlusal view of the pulp 
chamber following complete instru-
mentation.

Right: Fitting of the cone must be 
carried out extremely carefully in this 
case because of the complicated root 
canal anatomy and the fused canals.

Preparation
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242 E Root Canal Filling

Step I31.7 

Left: The master cone should “bind” 
the canal walls in the fi nal apical 
1 mm following adaptation to full 
working length, be shortened by 
0.5 mm, and then be inserted with 
 sealer into the canal.

Middle: The master cone is then 
seared off at the canal orifi ce with 
the activated continuous wave heat 
plugger.

Right: The warmed gutta-percha 
mass is then compacted using the 
preselected hand plugger.

Step II31.8 

Left: The activated continuous wave 
heat plugger begins its journey 
through the cemented gutta-percha 
point.

Middle: The continuous wave heat 
plugger is kept activated up to 
3–4 mm of the binding point.

Right: The continuous wave heat 
plugger is inactivated and moved 
 further apically, stopping shortly 
 before the binding point. Apical pres-
sure is maintained for 10 seconds.

Step III31.9 

Left: Once the apical compaction is 
completed, heat is reapplied for 
1 second.

Middle: The plugger with the 
 attached gutta-percha is removed.

Right: The down-pack is then com-
pacted using the preselected hand 
plugger.

After inserting the master cone with sealer (ideally Pulp Canal 
Sealer EWT) the cone is seared off at the canal orifi ce level and 
vertically compacted with the preselected hand plugger. For this 
procedure, the System B should be set, in general, at approxi-
mately 200°C. With the use of a size .04 or .06 plugger, the tem-
perature can be maintained at 185°C, with a size .10 plugger at 
220°C and with a size .12 plugger at 240°C (Buchanan, 2005). The 
power regulator is set at 10 and the “touch” function activated.

When using the Elements Unit, the high-heat down-packing 
mode can be activated independent of the plugger size.

The continuous wave heat plugger is then brought into contact 
with the gutta-percha and activated and guided in a continuous 
movement through it. Shortly before reaching the binding point, 
the plugger is inactivated and additional apical pressure is applied. 
Then the plugger is inserted further into the gutta-percha to just 
coronal to the binding point. Pressure is then applied for an ad-
ditional 10 seconds to compensate for shrinkage. After the apical 
compaction has been completed, the continuous wave heat plug-
ger is activated for 1 second; following an additional 1-second 
pause, the plugger is removed with the surplus gutta-percha. The 
down-pack is then compacted using the preselected hand plugger.

Down-packing
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24331 System B / Obtura

Application of gutta-percha31.10 

Left: Ideally, the silver needle should 
be placed in contact with the gutta-
percha. Leaving in place for approxi-
mately 5 seconds before inserting 
gutta-percha will heat the down-pack 
superfi cially, creating a solid seal.

Middle: The warmed gutta-percha 
can be inserted in small portions or in 
a single application.

Right: The gutta-percha is compact-
ed with the preselected plugger until 
it cools. In diffi cult anatomic situa-
tions it is advantageous to fi rst insert 
a small amount of gutta-percha.

Backfi ll and back-pack31.11 

Left: During back-packing, light apical 
pressure is exerted until the applied 
gutta-percha forces the needle coro-
nally out of the canal.

Middle: Then the entire backfi ll is com-
pacted until the gutta-percha has 
cooled, to compensate for any shrink-
age.

Right: Ideally the root canal fi lling 
should extend coronally to approxi-
mately 1 mm apical to the canal ori-
fi ce.

Clinical example31.12 

Left: View following completed 
down-pack and before back-packing.

Middle: Cleaned cavity after comple-
tion of back-packing and before 
adhesive restoration.

Right: Postoperative radiograph 
demonstrating the complex root
canal anatomy.

The back-packing procedure is identical to the warm vertical com-
paction technique described by Schilder, as well as the continuous 
wave technique of Buchanan. After completion of down-packing, 
this phase of obturation should be radiographically confi rmed 
before fi lling the middle and coronal segments of the canal.

Ideally, a gutta-percha gun should be used for the back-pack-
ing procedure (e.g., the Obtura III gun or the gutta-percha ex-
truder of the Elements Unit), both adjusted to a temperature of 
200°C. The diameter of the sterling silver needle of the gutta-
percha gun/extruder should be 20 G for “wide” canals, 23 G for 
“normal” canals, and 25 G for “narrow” canals.

Following introduction of the heated tip to the level of the 
down-pack, the surface of the gutta-percha is warmed for about 
5 seconds and an improved seal is achieved. A small amount of 
gutta-percha is then inserted into the canal and compacted using 
the preselected plugger until the gutta-percha mass has cooled. 
This can be repeated up to the level of the canal orifi ces or stopped 
where practical to provide appropriate space for a post.

Back-packing
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244 E Root Canal Filling

Clinical case I31.13 

Left: Mandibular molar with a short 
root canal fi lling (courtesy of Dr. John 
West).

Middle: Following infusion with red 
pelican dye, the inadequate canal 
 debridement and seal are obvious 
(courtesy of Dr. John West).

Right: Transverse section demon-
strating the differences between the 
lateral compaction and the continu-
ous wave techniques with regard to 
the quantity of gutta-percha in a root 
canal fi lling.

Clinical case II31.14 

Left: Transverse section showing in-
complete compaction of the gutta-
percha and partial obturation with 
sealer.

Middle: Another transverse section 
showing ideal obturation.

Right: Transverse section showing 
the ideal obturation of an isthmus 
(courtesy of Dr. Caroline Neumann).

Clinical case III31.15 

Left: The mesial root of this mandi-
bular molar was treated before it was 
extracted; it clearly demonstrates 
precise adaptation at the apical 
 foramen and the entire root canal 
system.

Middle: This extracted tooth shows 
the potential of the warm vertical 
compaction technique.

Right: This extracted tooth was
treated endodontically using the con-
tinuous wave technique (middle and 
right illustrations courtesy of Dr. 
 Arnaldo Castellucci).

Obturation techniques using warm vertical compaction of gutta-
percha have several advantages over other obturation tech-
niques.

Compared with the lateral compaction technique, warm verti-
cal compaction as well as the continuous wave technique allow 
the placement of a homogeneous gutta-percha mass with a 
greater amount of the material and minimal sealer, and no voids 
in the root canal fi lling (Wu et al., 2001; Cathro et al., 2003; Lea et 
al., 2004). These techniques also result in a higher frequency of 
fi lling of the lateral, accessory canals (Goldberg et al., 2001).

For an impermeable apical seal, the master cone should be 
adapted perfectly to the shape of the instrumented root canal. 
This is dependent on the applied temperature, the duration of 
heat application, and the depth of insertion of the heat plugger 
(Venturi, 2002).

Schilder demonstrated that following warming of gutta-percha 
to more than 2°C above body temperature and with insertion of the 
heat carrier and plugger to a point approximately 5 mm coronal to 
the apex, ideal adaptation of the gutta-percha could be achieved 
(Schilder, 1967; Marlin et al., 1973; Goodman et al., 1981).

Science and Clinical Application
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24531 System B / Obtura

3D scan31.16 

This extracted tooth was mechanical-
ly instrumented and continuously 
 irrigated for 30 minutes with sodium 
hypochlorite after warm vertical 
compaction of gutta-percha, then 
scanned. The pink-colored areas rep-
resent the sealer and gutta-percha; 
the purple-colored regions were not 
able to be adequately cleaned de-
spite ideal conditions (courtesy of 
Brown and Herbranson Imaging).

Large apical lesion31.17 

Left: A mandibular molar with an ex-
tremely large lesion of endodontic 
origin.

Middle: The postoperative radio-
graph shows slight extrusion of 
 sealer.

Right: The follow-up radiograph 
5 years later shows complete regen-
eration of the osseous defect.

Multiple lateral canals in a 31.18 
maxillary premolar

Left: A root canal treated maxillary 
premolar with an extremely large 
 lesion of endodontic origin.

Middle: The postoperative radio-
graph following retreatment shows 
large lateral accessory root canals.

Right: The follow-up radiograph 
6 months after retreatment shows 
initial regeneration of the osseous 
defect.

Some authors, however, have concluded that a close position-
ing of the plugger to the working length and an average tempera-
ture increase of 6°C is required for ideal adaptation of the gutta-
percha to the root canal walls. A temperature increase of 4°C did 
not lead to ideal adaptation in the apical region (Villegas et al., 
2005). Smith (2000) showed that the insertion of a heat carrier 
up to 3 mm from the apex was necessary for good adaptation of 
the master cone on the canal walls. Other authors have suggested 
that the insertion of a heat carrier deeper than 4 mm before the 
working length led to better adaptation (Yared, 1995; Bowman, 

2002). This can be facilitated by apical preparation using instru-
ments with a larger taper that enable suffi ciently deep penetra-
tion of the plugger (Diemer, 2006). However, the material should 
not be too soft in order to allow control of fl ow of the material.
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246 E Root Canal Filling

Venturi et al. (2002) demonstrated that the increase of tem-
perature within the apical third of the canal was negligible and 
that the compaction of the mass of the gutta-percha close to the 
apex was carried out at normal body temperature.

The rise of temperature from uncontrolled heat application 
during obturation can cause damage to the surrounding tissues. 
Obturation using the continuous wave technique has been shown 
not to raise the root surface temperature by more than the critical 
amount, suggesting no danger for the surrounding tissues (Silver 
et al.,1999; Venturi et al., 2002). The ability of an obturation tech-
nique to fi ll the root canal system three-dimensionally depends 

partially on the timing and intensity of force application. With 
regard to vertically applied forces during root canal obturation, 
the continuous wave technique is one of the best techniques 
(Blum et al., 2001).

With regard to leakage around or within the root canal fi lling, 
lateral compaction is associated with more rapidly developing 
coronal leakage than the continuous wave technique (Jacobson et 
al., 2002). In terms of effi cient use of time, the continuous wave 
technique requires less clinical time than the warm vertical com-
paction or lateral compaction technique (Silver et al., 1999;
Kececi et al., 2005).

Extreme dilaceration of the 31.19 
apical third of the root

Left: An extremely curved maxillary 
molar root with a large lesion of 
 endodontic origin.

Middle: Postoperative radiograph 
clearly showing the complex ana-
tomy.

Right: Follow-up radiograph taken 
1 year later demonstrates complete 
regeneration of the defect.

Retreatment, mandibular 31.20 
molar

Left: A mandibular molar with a 
 lesion of endodontic origin.

Middle: Postoperative radiograph 
showing minor extrusion of sealer at 
the apex.

Right: Follow-up radiograph 5 years 
later showing complete regeneration 
of the defect.

Large apical lesion31.21 

Left: A mandibular molar with an 
 extremely large lesion of endodontic 
origin following inadequate root canal 
treatment.

Middle: Postoperative radiograph 
 following retreatment showing slight 
apical extrusion of the sealer.

Right: Follow-up radiograph 1 year 
 later showing complete regeneration 
of the defect.
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24731 System B / Obtura

In addition, in clinical studies, the treatment method used ap-
pears to infl uence the treatment results. In phases 2, 3, and 4 of 
the Toronto study (Farzaneh et al., 2004; Marquis et al., 2006;
de Chevigny et al., 2008) instrumentation using a fl ared prepara-
tion in combination with warm vertical compaction led to a high-
er rate of healing compared with the group treated by stepback 
preparation and lateral compaction. The risk of extrusion of root 
canal fi lling material is higher with the warm vertical compaction 
technique and the continuous wave technique than with lateral 

compaction (van Zyl et al., 2005; Marquis et al., 2006) and is op-
erator dependent.

Several authors have described obturation using injection-
molded, thermoplasticized dental gutta-percha with the Obtura 
gutta-percha gun without prior down-packing of gutta-percha 
(Fulton et al., 1977; Marlin et al., 1981). Tani-Ishii et al. (2003) re-
ported good healing results using apical down-packing with the 
Obtura II gun.

Anatomic anomaly31.22 

Left: Fused root canals are an ideal in-
dication for use of the warm vertical 
compaction technique.

Middle: In this three-rooted maxillary 
premolar, the continuous wave tech-
nique was used.

Right: The “interesting” root canal 
anatomy of this maxillary molar 
 presents an ideal indication for the 
use of the warm vertical compaction 
technique.

Arborization along the 31.23 
course of the root canal

Left: The continuous wave technique 
was successful in fi lling the branches 
of this root canal.

Middle: The forked apical segment of 
this root canal was successfully obtu-
rated.

Right: The unusual root canal anato-
my of this maxillary premolar was 
 obturated using the warm vertical 
compaction technique.

Moderate to severe 31.24 
 dilaceration

Left: A mandibular molar with moder-
ate curvature in the apical segment 
and a lateral canal.

Middle and right: The 90° bend in the 
maxillary premolar and molar necessi-
tated prebending the instruments for 
ideal obturation.
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248 E Root Canal Filling

As early as 1978, Johnson published the concept that gutta-
percha could be inserted into the root canal using a carrier de-
vice. The system became known as Thermafi l; however, the fi rst 
version had some problems (metal carrier, gutta-percha too hard/
soft, post build-up, etc.) (Baumann, 2005).

The new Thermafi l (TF) system consists of Thermaprep plus 
oven, TF points, verifi ers, Thermacut, and the post space bur. First, 
the size and shape of the prepared canal is ascertained using the 
verifi er. The TF pin should have the same diameter as the master 
apical fi le and stop 0.5–1 mm shorter than the working length 

(Cantatore, 2006). The use of a sealer is obligatory, whereby the 
hot gutta-percha may alter the chemical composition of some 
sealers. The oven permits rapid and precise heating of the TF 
points, which always possess a plastic core.

The heated TF point must be slowly but continuously inserted 
apically within 10 seconds (Levitan et al., 2003) and held in posi-
tion by fi nger pressure. Severing off any excess material is not a 
problem using the Thermacut. Additional points are easy to fi t 
with the post space bur.

32  Thermafi l

Thermaprep plus oven32.1 

The new warming device reliably 
heats the Thermafi l point in only a 
few seconds.

Right: The verifi er is a ProFile instru-
ment with a hand grip. It is a useful 
tool to evaluate the size and shape of 
the root canal. The corresponding 
Thermafi l point provides an appropri-
ate amount of gutta-percha.

Diagnostic radiograph32.2 

Tooth 16 has extensive caries distally 
and apical lesions are associated with 
all three roots. Tooth 17 has been 
treated with a full crown and the 
 radiograph shows an essentially 
spherical lesion around the palatal 
root.

Initial clinical view32.3 

In this occlusal view, the ceramic 
 inlay on tooth 16 appears intact, but 
the metal base of the crown on tooth 
17 is a little exposed.

Top right: Following opening of the 
pulp chamber, a large and deep 
 carious defect is evident in tooth 16.

Bottom right: Within the pulp 
 chamber of tooth 17 is a spherical 
pulp stone (center).
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24932 Thermafi l

Numerous investigations have demonstrated that, following a 
period of training, TF is a rapid, reliable, and excellent root canal 
fi lling method (Baumann, 2005). Studies evaluating sealing qual-
ity have shown the same or even better results than with lateral 
or warm vertical compaction if the smear layer is removed and a 
sealer used (Pommel and Camps 2001; Guigand et al., 2005).

The early problem regarding exposure of the plastic core is no 
longer an issue today because of a more severely tapered canal 
preparation (Guigand et al., 2005).

Apical extrusion of sealer and/or gutta-percha can be avoided 
or at least well controlled with practice, careful working length 
measurement, TF pin selection, use of small amounts of sealer, 
and a preparation of appropriate size and shape (Baumann, 2005; 
Cantatore, 2006).

It is of interest that Thermafi l, Ultrafi l, and MicroSeal do not con-
tain pure α-gutta-percha, but rather a mixture of β-gutta-percha 
and amorphous forms, as shown by magnetic resonance imaging 
(MRI) analysis and infrared spectrometry (Camerucci, 2003).

Radiographic follow-up32.4 

All seven root canals have been fi lled 
up to the root apices.

Root canal fi lling32.5 

Left: TF carriers were inserted into all 
four root canals of the fi rst molar.

Middle: Pulpal fl oor after cleaning. 
All four of the fi lled canal orifi ces are 
visible.

Right: In the second molar, mb1, db, 
and pal have been fi lled. The “white 
line” did not lead to the orifi ce of an 
additional canal despite careful 
 examination.

Length determination 32.6 
 radiograph

The fi rst molar has four root canals, 
and the second molar has three. With 
this angle of projection, the root 
 curvature for the second molar is 
clearly visible, while in the fi rst molar, 
mb1 and mb2 cannot be differ-
entiated and the distal root is practi-
cally hidden by the palatal root.
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250 E Root Canal Filling

Resilon was introduced to the market in 2003 (Resilon Research 
LLC, Pentron, Wallingford, CT, USA). Instead of gutta-percha,
Resilon points are made of a thermoplastic polymer — a material 
that simulates completely the well-known and reliable treat-
ment characteristics of gutta-percha. Of note is that not only is 
there material deformation on heating, but also actual melting. 
The sealer consists of methacrylate fi lled with bioactive glass and 
calcium hydroxide. A bonding agent is also used to improve the 
adhesion between the sealer and dentin.

The Resilon points are available in three tapers (.02, .04, .06) 
and in ISO sizes 15–60, and as accessory points (from extra fi ne to 
large) as well as Obtura pellets.

Any of the recognized techniques can be used for obturation 
(single cone, lateral, or warm vertical compaction).

In the midst of controversial discussions regarding long-term 
success of treatment with Resilon, Hiraishi et al. (2007) in their 
study “Shear bond strength of Resilon to a methacrylate-based 
root canal sealer” demonstrated a favorable outcome with the 

33  Gutta-percha Substitute: Resilon

RealSeal kit33.1 

The RealSeal kit (SybronEndo, CA, 
USA) contains, depending upon the 
version (intro, .02, .04, or .06), 
 primary or accessory points, sealer, 
primer, microapplicators, and addi-
tional accessory components.

Resilon as RealSeal33.2 

Left: In comparison with other seal-
ers, the RealSeal sealer penetrates 
further into the radicular dentinal 
 tubules (Patel et al., 2006).

Right: SEM image of sealer tags from 
RealSeal.

Resilon product. They also concluded that it was important to use 
a slow, dual-hardening sealer with decreased polymerization dy-
namics, which minimizes shrinkage.

The susceptibility of Resilon root canal fi llings to microbial 
leakage is signifi cantly less in comparison to standard gutta-
percha fi llings (in vitro studies using Streptococcus mutans and 
Enterococcus faecalis; Shipper et al., 2004). Using the “fl uid fi l-
tration technique,” the sealing ability of the adhesive cone was 
shown to be higher compared with conventional gutta-percha 
obturation (Stratton et al., 2006; Tunga et al., 2006).

The bond between a Resilon root canal fi lling and the intra-
radicular dentin appears to be signifi cantly better than conven-
tional gutta-percha fi llings (Skidmore et al., 2006: “Micropush-
out bond strengths test”). Less periapical infl ammation has been 
observed with Resilon root canal fi llings, leading to the conclu-
sion that apical leakage is less than with conventional gutta-
percha fi llings (Shipper et al., 2005).

Point

Sealer

Dentin

Primer
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25133 Gutta-percha Substitute: Resilon

Clinical case I33.3 

Pre- and postoperative radiographs 
of a mandibular molar (middle: post-
operative orthoradial projection; 
right: postoperative distal eccentric 
projection).

Clinical case II33.4 

Left: Preoperative radiograph of a 
maxillary right molar.

Middle: Postoperative radiograph 
 after warm vertical compaction — 
rubber dam in situ.

Right: 12-month follow-up radio-
graph showing healing.

Clinical case III33.5 

Left: Microscopic view of the palatal 
root canal orifi ce.

Middle: Microscopic view: mb1, mb2, 
distal canal orifi ce.

Right: Clinical view following comple-
tion of endodontic treatment.

Clinical case IV33.6 

Left: Preoperative radiograph of a 
mandibular fi rst molar.

Right: Distal eccentric projection 
 following completion of root canal 
fi lling and coronal sealing.
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252 E Root Canal Filling

A root canal sealer has to fulfi ll several criteria:
• It should provide impermeable, long-lasting sealing of the root 

canal system.
• The material must be easy to apply.
• The setting time should be appropriately short to permit fur-

ther treatment of the tooth, for example the insertion of a root 
canal post, in the same sitting.

• If necessary, the material should be easy to remove in the event 
of retreatment.

• The components of the sealer should not lead to any problem 
with the subsequent adhesive restoration.

• Finally, the chemical composition of the material should not 
elicit any soft-tissue irritation at the periapical region if extru-
sion occurs.

With regard to the studies that have been performed to date, 
GuttaFlow (Coltène Whaledent, Langenau, Germany) seems to 
fulfi ll these requirements. 

Based on the addition curing silicone sealer RoekoSeal Auto-
mix, the GuttaFlow system is the fi rst sealer that provides micro-
scopically small, approximately 30 μm, gutta-percha particles 
and combines both components of gutta-percha and sealer. 
GuttaFlow fl ows at room temperature, so its characteristics and 
capabilities are quite different from those of the more classic root 
canal fi lling pastes.

To date, the requirement was that the layer of the sealer should 
be as thin as possible in order to effi ciently minimize shrinkage 
and solubility. However, the single-cone technique is explicitly 
recommended for obturation with GuttaFlow.

The practically nonexistent solubility and volume stability of 
GuttaFlow marks a new chapter in the development of root canal 
fi lling pastes. The silicone-based GuttaFlow is a nonresorbable 
root canal fi lling paste for the cold obturation of root canals.

The development of RoekoSeal for the obturation of root canals 
paved the way for long-term sealing (Wu et al., 2002) that is also 
reliable in a moist environment (Roggendorf et al., 2007). With 
regard to biocompatibility, silicone is to a great extent the refer-
ence material. For biocompatibility testing, silicone tubes are im-
planted subcutaneously in order to assess the tissue compatibility 
of materials contained therein. Silicone sealers are virtually in-
soluble in water and saliva (Schäfer et al., 2003). RoekoSeal showed 
no cytotoxic characteristics in cell cultures (Miletic et al., 2005), 
and it exhibited only slight expansion (Ørstavik et al., 2001).

The coronal seal obtained with silicone-based sealers for obtu-
ration without gutta-percha points as backfi ll is very good (Whit-
worth and Baco, 2005). The excellent sealing capabilities of 
RoekoSeal have been demonstrated in numerous experimental 
studies (Ebert et al., 1999; Roggendorf et al., 2001, 2003; Bouil-
laguet et al., 2004). However, RoekoSeal is not antibacterial
(Cobankara et al., 2004). Therefore Nanosilver was added to 
 GuttaFlow as an antibacterial component.

Scanning electron microscopic (SEM) studies of the homoge-
neity as well as the adaptation of GuttaFlow have demonstrated 
its qualities in comparison to conventional sealing materials
(El Ayouti et al., 2005). The initial (Roggendorf et al., 2001; Brack-
ett et al., 2006) as well as long-term (Taranu et al., 2005) quality 
of the seal was considered to be quite good.

Cytotoxicity tests (Gambarini et al., 2003; Bouillaguet et al., 
2006; Eldeniz et al., 2007) have demonstrated the excellent tis-
sue compatibility of GuttaFlow.

34  GuttaFlow
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25334 GuttaFlow

The procedure of obturation of the root canal system using
GuttaFlow is no different to when using more classic root canal 
sealers. GuttaFlow is available commercially in a capsule, which 
is activated by compressing the cap, removing it, and subse-
quently placing the capsule in an amalgamator for mixing for 30 
seconds. Then the capsule is put into the dispensing device and, 
after removal of the pin, the plastic cannula provided with the kit 
is attached to the capsule with a Luer Lock mechanism.

In this way, the previously prepared root canal can be slowly 
fi lled, beginning from the apical end, while the cannula is pro-
gressively withdrawn from the root canal. For the placement of 

GuttaFlow the attendant cannula as well as the double-dip tech-
nique is recommended. Due to the risk of apical extrusion, lodg-
ing of the cannula within the canal should be avoided.

Obturation of the root canal with only GuttaFlow and no addi-
tional gutta-percha point may be associated with problems with 
regard to the control of fi lling of the apical region and is therefore 
not recommended. On the other hand, GuttaFlow with a coronal 
backfi ll without a gutta-percha cone provides excellent closure 
and sealing.

Practical Application of GuttaFlow

The GuttaFlow system34.1 

Left: The clinical application device 
with capsule and attached cannula. 
The inset (lower left) depicts the fl ow 
of gutta-percha following trituration.

Right: The GuttaFlow capsule before 
activation. Following compression of 
the cap and slight rotation, the cap is 
removed and the capsule is placed in 
the triturator. The lower panel de-
picts the individual components as 
well as the correct color following 
trituration.

Flow characteristics34.2 

Left: A root canal cross section, fol-
lowing obturation using the single-
cone technique, demonstrates the 
excellent fl ow characteristics of the 
GuttaFlow system. Also seen here, 
the noninstrumented second root 
 canal, as well as the isthmus, has 
been completely fi lled in vivo with 
the GuttaFlow system, including the 
recess of the instrumented root 
 canal.

Right: SEM image demonstrating 
very good penetration of GuttaFlow 
into the dentinal tubules (single-cone 
technique) (courtesy of J. Ebert).

Radiograph documentation34.3 

Left: A diagnostic radiograph reveals 
a periapical lesion on tooth 27.

Middle: The radiograph to determine 
the working length does not reveal 
any unusual canal anatomy. The root 
canal was prepared with NiTiFlex in-
struments to ISO size 50.

Right: The root canal fi lling is clearly 
visible up to the apical stop. The 
 GuttaFlow fi lling material did not 
 extrude beyond the apex.

GuttaFlow 1 2 3+ =

1 Base
2 Kat
3 Mix
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254 E Root Canal Filling

35  Coronal Seal/Leakage

Coronal leakage35.1 

Schematic diagram of coronal leak-
age in the margin of a restoration in a 
tooth with a vital pulp. Pulp tissues 
can inhibit the entry of microorgan-
isms by the externally directed fl ow 
of dentinal fl uid and by specifi c 
i mmune host defense reactions. 
However, after root canal treatment, 
microorganisms may advance un-
inhibited into the root canal system.

Entry points for micro-35.2 
organisms

Scanning electron photomicrographs 
(left, middle) and a histologic prepa-
ration (right) show possible paths for 
oral microorganisms to enter root 
 canal systems.

Clinically inadequate 35.3 
 restoration

Typical clinical view of a molar with a 
large amalgam restoration, subse-
quently “repaired” with a composite 
restoration. Poorly sealed and/or 
open margins in such inadequate 
 restorations often lead to pulpal in-
fl ammation. 

Wound infection is a possible complication during or following 
any surgical procedure. The same principle is valid for all endo-
dontic procedures. In addition, infections may occur later as well, 
owing to the presence of bacteria in the oral cavity.

Restorations with margins that prevent bacterial ingress are 
desirable, but this clinical goal remains diffi cult to achieve. Peri-
radicular periodontitis may occur after root canal therapy if micro-
organisms invade the root canal system. This is a major cause of 
failure following root canal treatment (Ray and Trope, 1985).

The American Endodontic Association defi nes coronal leakage 
as the entry of oral fl uid and microorganisms into the gap be-

tween a restoration and hard substance of the tooth. In vitro 
studies have demonstrated that microorganisms and their toxins 
can penetrate endodontically treated root canals in as little as 
6 weeks (Swanson and Madison, 1987).

The term apical leakage refers to the seepage of tissue fl uids 
from the periapical region into instrumented and fi lled root
canals. These tissue fl uids provide nutrition for any micro organ-
isms not removed during root canal preparation and fi lling, 
enabling them to survive in the root canals.
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25535 Coronal Seal/Leakage

Microleakage can occur in any endodontically treated root canal. 
Because of the larger size of posterior restorations and the higher 
masticatory forces in this region, multirooted teeth are more often 
affected than single rooted teeth (Saunders and Saunders, 1990).

The quality of both the coronal restoration and the root canal 
fi lling infl uence the occurrence of leakage. Inadequately instru-
mented canals provide niches for survival and recolonization of 
the remaining bacteria.

Poorly adapted temporary, or poorly fi tted defi nitive, crowns 
also increase the likelihood of microleakage. The same is true for 
inadequate temporary restorations. Current thinking is that the 

interval between completion of root canal therapy and placement 
of the defi nitive restoration should be as short as possible to mini-
mize the possibility of microleakage.

Controversy exists in some circles regarding the recommended 
removal of the smear layer following root canal preparation. 
However, it seems certain that the presence of a smear layer not 
only inhibits root canal disinfection but also promotes the occur-
rence of leakage.

Clinical Causes

Leakage35.4 

Insuffi cient margins of amalgam 
 restorations permit colonization of 
bacterial plaque, which primarily 
 consists of Gram-positive bacteria, as 
well as Gram-negative bacteria such 
as Fusobacterium nucleatum. The 
 toxins produced by such micro-
organisms are responsible for the ef-
fects of microleakage.

Left: Cross section through an inade-
quately fi lled mandibular anterior 
tooth exhibiting areas ideally suited 
for microbial colonization. Different 
colored gutta-percha points are 
used.

Defi cient crown margins35.5 

Clinical view of defi nitive anterior 
maxillary crowns placed on endodon-
tically treated teeth. The marginal 
adaptation is poor and the luting 
 material has been washed out. These 
defects are easily detected in crowns 
with supragingival coronal margins. 
However, defi cient subgingival crown 
margins often remain undetected. 
Even temporary crowns should pro-
vide a secure marginal seal.

Infection and reinfection35.6 

Left: Vertical section through a tooth 
following root canal instrumentation 
in vitro, showing areas of dentinal 
 debris and some evidence of a smear 
layer in the apical third of the root 
 canal. Such remnants within the root 
canals should also be removed.

Right: Reinfection will occur if saliva 
enters the canal during placement of 
a post build-up. About 5 mm of root 
canal fi lling material should always be 
left within the canal, apical to the 
post. The luting procedure should 
 always be carried out using rubber 
dam.
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256 E Root Canal Filling

The use of rubber dam during an endodontic procedure provides 
an excellent antiseptic environment and reduces salivary con-
tamination when using an adhesive restorative technique. The 
cementation of post and core, if necessary for subsequent defi ni-
tive restoration, should also be carried out under rubber dam.

Very important for long-term success is the placement of the 
defi nitive restoration within a 1.5–2-mm wide area of healthy 
tooth hard structure (“ferrule effect”). In cases with a small bio-
logic width, this is often only possible following a periodontal 
crown-lengthening procedure.

In addition to optimizing restoration margins, microleakage can 
also be prevented by sealing the orifi ces of fi lled root canals before 
placing the defi nitive restoration. Such an intracoronal barrier can 
be created using a light-curing bonding material or a thinly mixed 
glass ionomer cement. Furthermore, post-endodontic bacterial 
penetration can also be reduced using an adhesive technique for 
build-up restorations.

Studies have shown that both the endodontic treatment and 
prompt restoration are critical for clinical success.

Avoiding Leakage/Microleakage

Sealing35.7 

Left: The orifi ces of the distobuccal 
and both mesiobuccal canals of a 
maxillary fi rst molar immediately be-
fore sealing with a bonding material. 
This multilayered seal prevents the 
invasion of fi lled root canal systems 
by microorganisms and oral fl uids 
(courtesy of Dr. Andreas Bindl).

Right: The root canal orifi ces of a 
maxillary molar are covered with a 
bonding material; the coronal dentin 
is prepared prior to placing an ad-
hesive CEREC endocrown (Sirona 
Dental Systems, NC, USA) (courtesy 
of Dr. Andreas Bindl).

Follow-up radiograph35.8 

Two-year radiographic follow-up af-
ter placement of a CEREC endocrown 
with Dual cement. The periodontal 
ligament space is even throughout, 
and the patient reported no clinical 
symptoms. (Courtesy of Dr. Andreas 
Bindl).

Coronal leakage35.9 

Left and middle: Missing enamel and 
dentin can be built up with compos-
ites or by using orthodontic bands. In 
patients in whom rubber dam clamps 
cannot be applied, other materials 
can be used, such as Wedjets.

Right: Radiograph of a maxillary 
 second molar showing that the root 
canal and lateral accessory canals are 
homogeneously fi lled. However, the 
success of this treatment is greatly 
endangered by the obvious coronal 
leakage (courtesy of Dr. Marco 
 Ackermann).
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25735 Coronal Seal/Leakage

Swanson et al. (1987) fi rst described the mechanism of coronal 
leakage. Since then, many studies have discussed the possible in-
fl uence of oral microorganisms that may invade root treated
canal systems. Previously, most interest was focused on the api-
cal seal of the root canals.

Toward the end of the twentieth century, two studies in the 
USA and Norway, based on radiographs, evaluated the success of 
endodontic treatments compared with the associated coronal 
restorations. Although the results of the two studies varied, the 
cumulative success rates were similar (61% and 67% respectively, 

Ray and Trope, 1995, Tronstad et al., 2000). The most important 
conclusion drawn from the two studies is that both treatment 
phases — endodontics and the coronal restoration — must be 
fully adequate to optimize periapical healing.

However, it is important to note that Ricucci and Bergenholtz 
(2003) could not confi rm this relationship. In their study, teeth 
exposed to the oral cavity exhibited no particular risk of periapi-
cal periodontitis.

Studies of Coronal Microleakage

Infl uence of the quality 35.10 
of the restoration and 
 endodontic treatment 
(Ray and Trope, 1995)

Success rates in 1010 teeth with an 
original diagnosis of periapical perio-
dontitis 1 year following root canal 
treatment (Ray and Trope, 1995). 
Data based on radiographic parame-
ters. Conclusions: The technical qual-
ity of the postendodontic restorative 
treatment was more important for 
periapical healing than the endodon-
tic therapy itself.

Infl uence of the quality 35.11 
of the restoration and 
 endodontic treatment

A good coronal restoration can 
 prevent coronal leakage even if the 
endodontic treatment (left) is less 
than perfect. The combination of 
poor endodontic treatment and a 
poor restoration (right) yields the 
poorest outlook for clinical success.

Infl uence of the quality 35.12 
of the restoration and 
 endodontic therapy 
(Tronstad et al., 2000)

Success rates in 1001 teeth with an 
original diagnosis of periapical perio-
dontitis, 1 year following root canal 
treatment (Tronstad et al., 2000). 
Data based on radiographic parame-
ters. 

Conclusions: The technical quality of 
the  endodontic therapy was more im-
portant for periapical healing than the 
postendodontic tooth restoration.
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260 F Postendodontic Procedures

36  Conventional Postendodontic Therapy
Root canal posts are used in the reconstruction of endodontically 
treated teeth that have extensive coronal defects to serve as an 
anchor for any build-up or for enhancing retention of the defi ni-
tive restoration. However, the preparation of the root canal for 
the post space, and the subsequent functional load transfer via 
the post represent a potential risk to the integrity of the tooth 
root. This risk, which could, for example, lead to a vertical root 
fracture, should be kept as low as possible. Thus it must be kept 
in mind when planning postendodontic therapy that not every 
endodontically treated tooth must be restored using a post.

Whether a root post restoration will be required depends on 
the extent of the coronal defect and the expected occlusal loading 
(Schwartz and Robbins, 2004; Bolla et al., 2007). If the decision is 
made to incorporate an intracanal post, it should be constructed 
in such a way that the root is not excessively weakened; there 
will always be a trade-off between preserving the tooth substance 
and achieving maximum possible retention of the post.

Decisions about the design of the restoration and the materials 
to be used must be made on a case-by-case basis, as well as deci-
sions about the dimensions of the root canal post and the luting 
agent to be used. Although the use of fi ber-reinforced composite 
posts cemented with composite materials followed by a coronal 
build-up is currently very popular, the more traditional metal 
posts have maintained their prosthodontic value.

The goal is timely reconstruction of the endodontically treated 
tooth with a cusp-stabilizing defi nitive restoration so that the 
tooth is capable of withstanding functional load, and cusp frac-
ture or bacterial microleakage is prevented (Ray and Trope, 1995). 
A root post is only indicated in the case of a large coronal defect 
and reduced strength of the dentinal walls post preparation.

It is not the post itself but rather the crown surrounding the 
dentin core that stabilizes the tooth — the so-called “ferrule ef-
fect” — (Isidor et al., 1999). In fact, the use of a post actually weak-
ens the root due to additional loss of hard tissue substance, and 
increases the risk of perforation during fi nal preparation. If trans-
fer of the functional load from the post to the root results in root 

fatigue, the root may undergo a vertical fracture and the tooth 
may have to be extracted. 

Therefore, passive, tapered posts, selected on the basis of the 
available root length and diameter, have proved most successful 
(Morgano, 1996; Lambjerg-Hansen and Asmussen, 1997; Nergiz 
et al., 2002). In contrast to the active screw-type posts, which are 
associated with the development of tensile forces at the end of 
the fl ank of the threads, the retention of passive posts is achieved 
via friction between the parallel walls of the preparation and the 
post surface, following cementation. Using the correctly shaped 
preparation instruments, tapered, passive posts can be snugly fi t-
ted against the root canal walls with a cement thickness of ap-
proximately 50 μm (Schmage et al., 2005).

As their shape conforms to the shape of the root canal, tapered 
posts — as opposed to cylindrical posts — can be inserted deeper 
within the canal. The advantage of this is that the functional load 
from the post can be distributed over a larger area of the root. 
Tapered posts must, however, be supported at their coronal end 
by the fl oor of coronal pulp cavity to avoid the “wedge effect” 
(Hofmann 1988). Although their retention is inferior to threaded 
posts, it can be markedly increased by mechanical micro-
retention such as sandblasting the post surface or roughening the 
root canal wall, accurate fi tting of the post, or chemical con-
ditioning of the post (Nergiz et al., 1997; Sahafi  et al., 2003; 
Schmage et al., 2006).

The retention of passive, tapered post systems has proved to be 
clinically adequate as long as the post length is at least as long as 
the crown height and a crown preparation at least 2-mm wide is 
made in the dentin (Smith and Schuman, 1997; Rosentritt et al., 
2000). Decementation of the post build-up, and subsequent fail-
ure of the restoration, is generally the result of using a short 
post.

For cementing the post, fi ne-powder zinc oxide phosphate ce-
ment has been used successfully for decades, but composite ce-
ment is also indicated for cementing metal posts, and it provides 
a better seal against microleakage (Schmage et al., 2004).
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26136 Conventional Postendodontic Therapy

Prefabricated posts of drawn titanium with a retentive head can 
be placed in a single sitting and built up with an appropriate 
composite resin material. In contrast, individual “post-and-core” 
posts must be cast in a dental laboratory and require at least two 
clinical appointments.

Prefabricated posts that fi t well against the dentin of the root 
canal walls are indicated for round root canals. However, indi-
vidually cast posts are preferred for canals with an oval or slitlike 
lumen or exaggerated fl are (Maccari et al., 2007).

Titanium posts are available in various lengths and diameters 
(Hofmann, 1985). The post space is prepared using the appropri-

ately shaped instruments up to the point where the prefabricated 
post fi ts snugly against the root canal walls. The retentive head of 
the post must rest securely against the fl at fl oor of the coronal 
pulp cavity fl oor. 

Fine-grain zinc oxide phosphate cement has proved effective 
in the fi xation of posts. Sandblasted post, surfaces in combination 
with roughened root canal walls improve retention.

For coronal build-up of the post, autopolymerizing or dual-
cure composite resin is recommended; glass polyalkenoate 
cement should not be used (Cohen et al., 1998; Akisli et al., 2003; 
Reill et al., 2008).

Prefabricated Titanium Posts

Preparation of the post space36.1 

Demonstrated here with the ER 
 System (Komet, Lemgo, Germany).

Left: Reduction of the root canal fi ll-
ing to accommodate the post length 
so that a minimum 4 mm of root 
 canal fi lling material remains apically.

Right: Preparation of the fl at surface 
to support the head of the post.

Preparation of the post space36.2 

Left: The root canal is prepared to 
conform to the thickness of the post. 
The selected length of the post is ob-
served during post space preparation 
by using the length measurement 
guide on the preparation instrument.

Right: Immediately before cementa-
tion, the surface of the root canal is 
roughened rotating a diamond-
coated bur fi ve times to improve 
retention. The canal is then irrigated, 
dried, and, if necessary, chemically 
conditioned for cementation.

Post insertion36.3 

Left: The head of the post should rest 
securely on the fl at surface prepared 
as above and exhibit friction even 
without cementing. Despite sand-
blasting, posts can be pretreated 
with a tribochemical coating if re-
quired. Only the post itself is coated 
with the cement, not the root canal. 
Then the post is inserted with a 
pumping motion to permit outfl ow 
of any excess cement.

Middle: The positioning of the post 
is controlled radiographically.

Right: Crown base build-up. The 
retentive head is built up with 
acrylic resin.
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262 F Postendodontic Procedures

Custom-cast posts are indicated when very little coronal tooth 
substance remains and the tooth will experience heavy loads with 
the planned comprehensive prosthetic reconstruction. In particu-
lar, bridge abutments and terminal abutments of telescopic pros-
theses are subjected to horizontal and rotational force vectors. To 
ensure long-term functionality, the post-and-core build-ups must 
exhibit fl exibility and resistance to breakage by protecting the 
tooth against rotational forces (Pfeiffer et al., 2004, 2006).

In addition, it is important that the shape of the custom-cast 
post should be congruent with that of the prepared root canal.

For a good fi t and to prevent corrosion, high gold alloys have 
proved effective. The post and core may be cast as a single unit or 
fabricated separately. Custom-cast post build-ups can be defi ni-
tively shaped either directly in the mouth or indirectly on a stone 
model. For the single-cast technique, a prefabricated plastic post 
is inserted in the root canal and built up coronally with acrylic. 
The whole assembly is then invested and the acrylic burned out 
and replaced with the defi nitive metal core. Alternatively, the 
coronal segment can be built up by casting onto a prefabricated 
post made of a noble metal alloy (the so-called cast-on).

Custom-cast Post-and-core Build-up

Post space and auxiliary cavity 36.4 
preparation followed by unit 
post-and-core build-up

Left: The heaviest loading occurs at 
the transition between the post and 
the build-up. The auxiliary cavity 
preparation on the cavity fl oor 
strengthens the post, and the notch 
prevents any torsion.

Middle: A plastic post (ER System, Ko-
met) is placed into the  canal and the 
core is added with acrylic. Direct 
preparation is recommended.

Right: After the core preparation, the 
build-up is removed and then cast as 
a single unit.

Casting on36.5 

A prefabricated post made of a noble 
alloy, e.g., Permador, Heraplat or plati-
num-iridium (ER System, Komet, Lem-
go, Germany) is inserted within the
canal and the core built up. The build-
up is then cast using a noble alloy,
directly onto the prefabricated post.

Insertion of the cast 36.6 
post and core

The canals are cleaned and rough-
ened with a diamond bur, irrigated, 
and dried. Following cementation, 
the rough surface of build-ups is 
seen.

Right: Radiograph showing the 
 correct placement of the custom-
cast posts.

Auxillary cavity

Notch

}
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26336 Conventional Postendodontic Therapy

The use of post-and-core units that are separate build-ups can 
accommodate any variations in the direction of insertion of the 
post between the canal and the auxiliary cavity of anterior teeth. 
These post-and-core units are most often used in posterior teeth 
with several canals in order to insert more posts and to take 
 advantage of a higher level of retention and optimum retentive 
protection. They are indicated in cases of extensive coronal de-
struction, danger of fracture in the furcation area, or limited di-
mensionality of each individual post. Using the dowel-lock meth-
od, the individual post is connected to the built-up restoration, 
so that it cannot be dislodged after insertion and cementation.

For a separate dowel, a prefabricated titanium post with a 
smooth shaft is used. Such posts exhibit high resistance to bend-
ing, but cannot be cast on. Casting on titanium causes alteration 
of the crystal structure of the metal and can lead to breakage of 
the post. Before casting, each separate dowel is removed from the 
model and subsequently reinserted. In the case of post-and-core 
build-ups with several posts, one post may be included in the 
casting with the build-up, but the other dowels must be sepa-
rated from the build-up.

Two- or More-piece Post-and-core Build-ups

Separate post build-up using 36.7 
two posts

Left: Molar with destruction coronally 
down to the furcation area.

Right: The post space preparation 
 extends in both the distal and 
 mesiobuccal root canals. The coronal 
build-up is made of burn-out acrylic 
using two titanium shaft posts of the 
ER System (Komet, Lemgo, Germany).

Separate post build-up using 36.8 
two posts

Left: Both posts were removed from 
the model and only the coronal build-
up was casted.

Right: Afterward, the dowels can be 
repositioned and locked into the 
cast.

Separate post build-up using 36.9 
two posts

Left: Before cementation the posts 
are shortened. In a single clinical pro-
cedure, fi rst the cement-coated cast-
ing is inserted then both of the ce-
ment-coated posts are carefully 
 inserted into the root canals allowing 
the surplus of cement to fl ow out. 
The shafts of the posts are then 
adapted to the casted core.

Right: Alteration of the crystal struc-
ture in the head of a titanium post 
following casting with a gold alloy 
(white arrow), as well as a separating 
oxide layer between the titanium and 
the casted alloy (black arrow).
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264 F Postendodontic Procedures

Numerous options of adhesive build-ups are available today, which 
dispense with the need for root canal posts and which are prefer-
able because they are less invasive (Creugers et al., 2005). Never-
theless, in clinical situations where there is insuffi cient coronal 
hard tissue to support the adhesive build-up, root canal pins/
posts still provide the only long-term possibility of retention and 
stability of the build-up.

From the vast array of commercially available post systems and 
shapes, the conical, passive posts have received an increased lev-

el of attention because of the similarity between their shape and 
the root’s shape (Morgano and Brackett, 1999).

It has been shown that in combination with appropriate adhe-
sive systems, the retention of conical posts is signifi cantly im-
proved and passive fi tting avoids active loading of the canal walls 
(Boschian Pest et al., 2006; Dietschi et al., 2006).

37  Adhesive-retained, Fiber-reinforced Composite Posts

Range of available materials37.1 

Various systems and materials for 
root canal posts (from left to right): 
active, threaded cylindrical titanium 
post; passive titanium cylindrical 
post with surface roughening, 
 passive glass-fi ber-reinforced tapered 
post made of composite resin, with a 
smooth surface; and a cylindrical- 
tapered post of zirconium oxide 
 ceramic, with a smooth surface.

Light transmission37.2 

Transmitted light image of full 
 ceramic crowns, some of which were 
fi xed to metal endodontic post build-
ups (central incisors). The metal 
posts are seen to cause marked in-
hibition of light transmission and 
shadows in the area of the crowns 
and the surrounding soft tissues.

Post systems and geometries37.3 

Advantages and disadvantages of 
various post systems and post 
 geometries. Active root canal posts 
are also available in various shapes 
and sizes.

Active post systems Passive post systems

Threaded posts Tapered Cylindrical Cylindrical-tapered

Advantages • Most retentive
• Time-saving

• Shape similar to 
the root

• Less apical 
 substance loss

• Good clinical 
 success rate

• Good retention
• Even distribution 

of stress
• Good clinical 

 success rate

• Good retention
• Minimal apical 

substance loss

Disadvantages • High risk of root 
fracture

• High clinical failure 
rate

• High substance 
loss

• Less retention
• Uneven stress 

distribution
• Risk of root frac-

ture

• Greater apical 
 substance loss

• Higher risk of 
perforation

• Uneven distribu-
tion of stress
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26537 Adhesive-retained, Fiber-reinforced Composite Posts

The ongoing discussion concerning the corrosive characteris-
tics and the biomechanical behavior of root canal posts, as well as 
the altered optical requirements with regard to the increasing 
use of metal-free restorations, has led to the introduction and use 
of posts made of ceramic materials or fi ber-reinforced composite 
resin, alongside traditional metal root canal posts (Arvidson and 
Wróblewski, 1978).

For root canal posts based on reinforced composite materials, 
the basic material is an epoxy resin reinforced by carbon or glass 
fi bers. These materials demonstrate mechanical characteristics 
similar to dentin and can in certain circumstances be relatively 

easily removed (Lassila, 2004). In vitro investigations have indi-
cated that use of these posts is associated with a less destructive 
failure mode in comparison to posts made from other materials 
(Fokkinga, 2004). If these laboratory observations were corrobo-
rated by clinical studies, the fact that a fi ber-reinforced compos-
ite post is relatively easy to remove would allow uncomplicated 
retreatment of a tooth after post fracture.

So far, posts made of fi ber-reinforced composite material ex-
hibit low radiopacity. In addition, the quality of the post can vary 
considerably depending on the manufacturer (Grandini, 2005).

Removal of a glass fi ber post37.4 

Left: During the removal of a glass fi -
ber post (here: experimental ex vivo 
situation), it is advantageous to fi rst 
create a plateau to stabilize the small 
round bur used to create a point of 
access in the middle of the fractured 
post.

Right: For the actual post removal, 
special carbon-steel burs with a cut-
ting tip are used intermittently at a 
low speed (800–2000 rpm) with wa-
ter cooling.

Radiopacity37.5 

Periapical radiograph of maxillary 
second molar following instrumenta-
tion and temporary insertion of 
glass-fi ber-reinforced composite post 
for length determination. The post is 
less radiopaque than the remaining 
gutta percha portion of the root 
 canal fi lling, which is left in place for 
apical sealing.

Use of a highly radiopaque adhesive 
material for fi nal placement of the 
post can signifi cantly enhance radio-
graphic visibility.

Materials for root canal posts37.6 

Advantages and disadvantages of 
various materials used for root canal 
posts.

Metal Zirconium oxide ceramic Fiber-reinforced composite

Advantages • Wide range of systems 
available

• Long-term clinical experi-
ence reported

• White color
• Translucency
• Biocompatibility
• High stability

• Favorable biomechanics
• Removable, when necessary
• Biocompatible
• Optical characteristics 

(with glass-fi ber reinforce-
ment)

Disadvantages • Corrosion problems
• High modulus of elasticity
• Unfavorable optical charac-

teristics
• Destructive failure mode

• Extremely high modulus of 
elasticity

• Extreme hardness
• Not removable
• Insuffi cient long-term 

 clinical experience

• Low radiopacity
• Anisotropic behavior
• Flexible build-up
• Coeffi cient of thermal ex-

pansion is different from 
that of the tooth hard 
tissues

• Insuffi cient long-term 
clinical experience
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266 F Postendodontic Procedures

In general, following the primary treatment (excavation, endo-
dontic therapy), it is prudent to carry out a defect-based prepara-
tion of the tooth so that the fi nal restoration can be designed spe-
cifi cally for each tooth. This procedure provides a better estimate 
of the vertical extent and the thickness of the remaining tooth 
structure as well as the biological width.

It is generally accepted that the fracture resistance of endo-
dontically treated teeth is signifi cantly affected by the amount of 
the remaining coronal tooth structure (Creugers et al., 2005; 
Pereira et al., 2006). The stability of teeth with post-and-core res-
torations is increased if a dentin collar at least 2-mm wide is pre-
pared apical to the build-up, which is enclosed by the fi nal resto-
ration circumferentially. This preparation, also referred to as the 
“ferrule” preparation, has a stabilizing effect on the root, and en-
hances the long-term clinical success of the fi nal restoration (Tor-
bjorner and Fransson, 2004; Pereira et al., 2006).

If the anatomic considerations do not permit this approach, 
the requirements can be fulfi lled by periodontal surgical crown 
lengthening or orthodontic extrusion, if the root length is suffi -
cient.

Even though endodontically treated teeth have a good clinical 
long-term prognosis, the possible negative consequences of 
 dental implants should be taken into consideration before such 
methods involving bone reduction are used in esthetic areas of 
the mouth (Holm-Pedersen et al., 2007).

Creating Post Space and Preparation

Biologic width37.7 

Surgical crown lengthening proce-
dure to create adequate biologic 
width on a tooth that had been 
 restored using a metal-free post 
build-up. Without this surgical proce-
dure it would not have been possible 
to achieve suffi cient circumferential 
marginal adaptation of the subse-
quent restoration. However, when 
periodontal procedures that involve 
removal of bone are undertaken, the 
clinician must take into consideration 
the fact that future insertion of a 
dental implant in this region may be 
necessary.

Ferrule effect (as described by 37.8 
Morgano and Brackett)

This effect is caused by almost paral-
lel walls of intact tooth structure 
 apical to the build-up. The defi nitive 
crown surrounds this at least 2-mm- 
wide dentin boundary in a circular 
fashion, thus absorbing the shearing 
forces that are exerted on the root by 
the occlusal forces. With increasing 
vertical depth of the ferrule the sta-
bility of the tooth increases. At the 
same time, the infl uence of the mate-
rial characteristics of the build-up on 
the stability is reduced.

Right: Clinical appearance of a build-
up for a maxillary anterior tooth.

Ferrule-Design
at least 2 mm

Occlusal forces

Shear forces
within the root
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26737 Adhesive-retained, Fiber-reinforced Composite Posts

During instrumentation of the root canal for a fi ber-reinforced 
post, one should strive to attain a consistent thickness of the root 
canal walls, and to remove any residual root canal fi lling material 
to the full working length. Taking into consideration the anat-
omic characteristics of root canal anatomy, the instrumentation 
working length should at least equal that of the planned crown 
length. In vitro studies have demonstrated that fi ber-reinforced 
composite posts with deeper canal penetration, in contrast to 
those with less instrumentation depth, exhibit more favorable 
stress distribution and a higher level of retention (Boschian Pest 
et al., 2006; Braga et al., 2006).

In light of these facts, it seems reasonable — even with adhe-
sive restorations — to extend the instrumented working length as 
far as the root canal anatomy allows, so that the remaining apical 
seal that is formed by the root canal fi lling is at least 4–5 mm in 
length  (Goodacre and Spolnik, 1995).

Basically, the procedure for the preparation requires differenti-
ating between direct and indirect post-retained build-ups. Direct-

ly prepared post build-ups have the advantage of saving clinical 
time and sealing the root canal against any bacterial contamina-
tion directly following instrumentation. With the indirect tech-
nique, for example, fi ber-reinforced posts with individual build-
ups of ceramic materials can be combined, and this provides high 
color and form stability.

For cementation of a temporary restoration within the root ca-
nal following defi nitive instrumentation, eugenol-free temporary 
cements should be used (Chieffi  et al., 2006). A signifi cant disad-
vantage as opposed to the direct procedure, is an enhanced risk 
of contamination of the root canal as well as mechanical damage 
to the internal root canal surface during the temporary treatment 
phase (Saunders and Saunders, 1994). Finally, the indirect proce-
dure requires more invasive preparation because undercuts must 
be eliminated. In a direct procedure, these could be used as ad-
ditional retention surfaces.

Indirect procedure37.9 

Left: During root canal instrumen-
tation in anterior teeth one should 
strive to achieve the greatest length 
of the fi ber post. This increases reten-
tion and also provides a more favor-
able distribution of load.

Right: The glass-fi ber post is prepared 
for impression with a polyether mate-
rial in a double-mix procedure. For 
additional retention, a spherical 
build-up of low-viscosity composite 
resin is  attached at the coronal end.

Indirect procedure37.10 

Left: In the dental technical labora-
tory, an individual build-up has been 
created in wax on the fi ber post and 
is subsequently pressed in glass ce-
ramic (lithium disilicate).

Right: The glass ceramic build-up has 
been fabricated as a separate post 
build-up and remains separate until 
the time of fi nal adhesive insertion.
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268 F Postendodontic Procedures

Fiber-reinforced composite posts should be cemented exclusive-
ly with an adhesive luting system. During this procedure, it must 
be kept in mind that the dentin on the walls of the root canal is 
“hydrophilic” and the post, which is formed from a mixture of 
epoxy resin and minerals, is “hydrophobic.” The scientifi c litera-
ture contains some contradictory recommendations regarding 
appropriate methods for conditioning root canals and posts.

Conditioning of the Root Canal
Even though multilayered adhesive systems continue to repre-
sent the gold standard for the creation of a reliable dentin bond, 
in recent years, self-adhesive materials have been introduced 
that achieve remarkable adhesion (Vichi et al., 2002; Bitter et al., 
2006; Wrbas et al., 2006). Considering the wide product range 

and innovative systems on the market, it is recommended to use 
clinically proven adhesive systems if any doubts persist in the cli-
nician’s mind.

An additional increase in retention of the root canal post can 
also be achieved with adhesive systems by roughening the canal 
wall using shape-congruent diamond instruments (Nergiz et al., 
1997; Balbosh et al., 2005). A sterile isotonic saline solution (0.9%) 
is suitable for irrigating the canal before positioning the post 
with an adhesive coating, or following acid conditioning of the 
root canal. Increasingly, sodium hypochlorite (up to 5.25%) is 
used as a irrigating solution in combination with the adhesive 
(Muniz and Mathias, 2005).

Finally, the root canal can be dried using sterile paper points.

Adhesive Insertion of Fiber-reinforced Posts

Roughening the root canal 37.11 
wall

Diamond-coated burs can be used to 
increase retention of the post by 
roughening the root canal walls. The 
different sizes of the burs are congru-
ent in shape with the different sizes 
of the glass-fi ber posts and are ap-
plied manually.

Irrigating, drying, 37.12 
 conditioning

Left: Isotonic saline solution has 
proved to be an effi cient irrigating 
medium.

Middle: Subsequently the instru-
mented canal is dried using sterile 
paper points. Paper points can also 
be used to remove excess material 
when using multistep adhesive 
 systems.

Right: Special brushes are used for 
the application of adhesive compo-
nents within the canal.

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter37_s264_271.indd   268Chapter37_s264_271.indd   268 12.08.2010   14:17:30 Uhr12.08.2010   14:17:30 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



26937 Adhesive-retained, Fiber-reinforced Composite Posts

While a greater layer thickness of the luting material has no 
negative effect on the bonding to root canal wall dentin, eugenol 
sealers in existing root canal fi llings exert a negative effect on the 
bond (Muniz and Mathias, 2005; Perez et al., 2006). When adhe-
sive fi xation is planned, sealers based on epoxy resin should be 
used for endodontic treatment, and the use of eugenol-free tem-
porary retentive materials for indirect fabrication of posts (Chi-
effi  et al., 2006).

For the application of adhesive agents within the root canal, 
special minibrushes appropriate to the canal geometry are indi-
cated. Sterile paper points should be used for the removal of any 
excess adhesive material.

Prefabricated posts37.13 

Silicoating and silanization of the up-
per glass-fi ber post has been carried 
out by the manufacturer together 
with the addition of a fi nal layering of 
a protective varnish. The lower glass-
fi ber post is not coated. After try-in, 
the clinician must simply clean the 
prefabricated coated post with alco-
hol and apply the adhesive luting ma-
terial.

Chairside conditioning of 37.14 
the post surface

An effi cient method to achieve a 
 stable bond to uncoated posts in-
volves tribochemical silicoation via 
air-blasting with a pressure of 1 bar 
and a grain size of 30 μm (left: Ro-
catec System, 3M ESPE, Seefeld, 
Germany). Subsequently the sili-
coated post surface is silanized
(middle) and a low-viscosity resin
cement is applied (right).

Conditioning of the Post Surface
Along with adhering to dentin, there must also be a stable bond 
between the luting material and the surface of the fi ber-rein-
forced post. In most cases, “conditioning” of the post surface is 
required.

The literature is confl icting regarding the effi ciency of various 
conditioning procedures. (Perdigao et al., 2006; Magni et al., 2007). 
However, very good adhesive characteristics were demonstrated 
with corundum treatment of the post surface, or through a tribo-
chemical silicatization with subsequent silanization (Balbosh 
and Kern, 2006; Schmitter et al., 2006). “Chairside” conditioning 
of the post surface using these methods is, however, time con-
suming, and is accompanied by the risk of introducing errors 
during the individual steps of the clinical process. Because of 
these diffi culties, some manufacturers now provide prefabricated 
and coated glass-fi ber posts (Edelhoff et al., 2006).
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270 F Postendodontic Procedures

Positioning the Post
Light conduction through glass-fi ber posts is limited and is infl u-
enced by the post geometry (Patyk et al., 2005). Therefore, the 
prerequisite of suffi cient polymerization of a purely light-curing 
bonding agent is not guaranteed for all of the usual post lengths 
(Patyk et al., 2005).

Initial clinical situation and 37.15 
build-up

Left: Patient with anterior maxillary 
tooth trauma. All anterior teeth ex-
cept the left lateral incisor had been 
endodontically treated before the 
trauma occurred. The low fracture 
line required a limited crown length-
ening procedure on the palatal 
 aspect.

Right: Because of only minimal de-
struction, the maxillary right central 
incisor was able to be built up directly 
with a dual-cure adhesive composite 
system. All other anterior teeth re-
ceived coated glass-fi ber posts.

Direct build-up37.16 

Left: Following adhesive placement 
of the post, the exposed portions of 
the post were coated with a thin layer 
of low-viscosity composite resin and 
fi nally built up using a highly fi lled 
composite.

Right: If the post protrudes from the 
composite build-up, this can lead to 
stress concentration between the 
post and the inner surface of the 
crown. In addition, the capillary 
 effect is increased, which accelerates 
hydrolytic degradation. This can be 
avoided by enveloping the entire 
post with low-viscosity composite.

Crowns37.17 

Left: The four glass-ceramic crowns 
(C.D.T. Oliver Brix, Wiesbaden, Ger-
many) were inserted using a dual-
cure adhesive composite system. Be-
fore crown placement, the composite 
portions of the build-ups were rough-
ened and silanized.

Right: Due to the high translucence 
of the glass-ceramic crowns and the 
materials used for the build-up, a 
quite natural transmission of light 
was achieved.

In order to achieve a clinically acceptable degree of polymeriza-
tion, it is necessary to use curing or dual-curing adhesive materi-
als. Because of the often quite limited handling times for such 
systems, in particular cases the sole application of the adhesive 
material onto the prefabricated root canal post is recommended.
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27137 Adhesive-retained, Fiber-reinforced Composite Posts

This should prevent premature hardening of the adhesive ma-
terial within the root canal. This clinical procedure, however, has 
been associated with an increased risk of void development dur-
ing the post insertion, the long-term clinical effect of which has 
not yet been completely clarifi ed (Watzke and Naumann, 2006).

Today, numerous application systems are available that, if ef-
fi ciently and speedily used, allow void-free direct application of 
the adhesive agent within the root canal. The use of these newer 
materials demands a certain level of experience with adhesive 
systems.

Indirect procedure: 37.18 
initial situation

A severely discolored acrylic crown 
on the maxillary right central incisor. 
Following removal of the crown, the 
clinical examination revealed exten-
sive secondary caries, which had 
 resulted from the poor marginal seal 
of the crown. Because of the high 
 level of tooth destruction, the indi-
rect procedure for fabrication of a 
 ceramic build-up was selected.

Indirectly fabricated 37.19 
build-up

Left: The build-up of lithium disili-
cate, pressed glass-ceramic was pre-
pared separately from the glass-fi ber 
post and remained separate until the 
time of fi nal adhesive insertion.

Middle: Post try-in. By means of the 
adhesive insertion, the separate parts 
of the post build-up were fi tted to 
form an integrated functioning entity.

Right: Finally, the preparation was 
refi ned and structured for the sub-
sequent crown.

Adhesive placement37.20 

Left: Following adhesive insertion, 
the appearance of the glass-ceramic 
crown is in harmony with the adja-
cent natural tooth (C.D.T. Rübben, 
University Clinic, Aachen, Germany). 
The gingival tissue is infl ammation-
free, without any dark discoloration.

Right: Thanks to the use of translu-
cent restorative materials, the trans-
mission of light is comparable to the 
natural tooth structure. The sur-
rounding soft tissues exhibit a natural 
appearance without any of the dark 
shadowing effect that is often asso-
ciated with metal-supported restor-
ative systems.
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272 F Postendodontic Procedures

The primary goal of modern dentistry is the preservation of as 
much natural tooth structure as possible. Nickel titanium (NiTi) 
instruments are primarily selected to reduce the aggressiveness 
of hand instruments within the root canal, to maintain normal 
root canal anatomy, and to standardize root canal instrumenta-
tion. NiTi instruments remove a conservative amount of root 
dentin. When commercially available, preformed drills and/or 
Largo drills are used a large amount of root canal dentin is re-
moved, enlarging the diameter of the canal. Recently a NiTi in-
strument (Mtwo, VDW, Munich, Germany) for removing only the 
gutta-percha during post space preparation has been proposed. 

This instrument is highly fl exible and does not cut laterally, thus 
preserving the root canal dentin.

The removal of the gutta-percha from the root canal walls must 
be followed by the use of ultrasonics and EDTA for complete 
cleansing of the root canal walls of endodontic cement and re-
sidual gutta-percha, and to permit surface contact between the 
luting/adhesive agent and the dentinal walls. The effi cacy of this 
procedure has been recently demonstrated (Coniglio, 2008). The 
diameter and size of the Mtwo NiTi drills correspond to the 
smaller-sized fi ber posts that are commercially available.

NiTi preparation38.1 

Scanning electron micrograph (SEM) 
showing part of the dentinal wall 
 after use of Mtwo instruments to 
 remove gutta-percha and sealer, with 
subsequent use of ultrasonics and 
EDTA. Most of the dentinal tubules 
are open and clean.

Right: The Mtwo NiTi fi le is highly 
fl exible.

Post space preparation38.2 

A premolar after post space prepara-
tion.

Right: The Mtwo instrument is insert-
ed into the root canal preparation 
and the working length is assessed.

Selection of the glass-fi ber 38.3 
post

The smallest fi ber post is inserted 
and the working length is measured.

Right: The working length of the 
Mtwo drill compared with the small-
est GC fi ber posts available (DT Light 
Post, RTD; FRC Postec Plus, Ivioclar-
Vivadent; Unicem posts, 3MESPE).

38  Clinical Methods with Glass-fi ber Posts
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27338 Clinical Methods with Glass-fi ber Posts

The use of fi ber posts is a treatment intended to conserve re-
maining tooth structure. A frequently used procedure, the fi ber-
post technique is followed by a choice of various therapeutic op-
tions, and many factors have to be taken into consideration in 
order to optimize mechanical properties, esthetics, and longevity.

The main causes of failure of restorations retained with fi ber 
posts include caries, loss of retention of the post or the crown, 
root fracture, post distortion, and post fracture (Lewis, 1998). Fre-
quently, failures are related to the mechanical properties of the 
posts. The use of rotary NiTi instruments results in canals with 
small diameters, especially at the coronal aspect, which reduces 

the risk of root fracture and perforations. The clinician may select 
a single post of appropriate dimension, shape, and material, or 
use multiple smaller posts. Not infrequently, the clinician will 
have to use special anatomic posts, which require more time to fi t 
and are more expensive.

Lateral Compaction Fiber-post Technique

Glass-fi ber post as framework 38.4 
for the build-up

Lateral compaction of the fi ber post 
is carried out with 0.5 DT Light posts 
at the try-in stage and after abut-
ment preparation.

Multiple glass-fi ber posts38.5 

The clinical steps of a build-up proce-
dure using the lateral compaction
fi ber-post technique for restoring a 
canine are shown.

Lateral compaction with 38.6 
 multiple fi ber posts

In the root canal of a premolar, differ-
ent combinations of fi ber posts are 
tried-in.
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274 F Postendodontic Procedures

A good fi t is best achieved with a thin and uniform layer of ce-
ment on all canal walls. Variations in cement fi lm thickness along 
the fi ber post can result in nonuniform stress distribution 
throughout the root, which can increase the failure rate (Kuttler, 
2000). Clinical studies have shown that the most common cause 
of failure of fi ber posts is not root fracture but debonding
(Fredriksson, 1998; Ferrari, 2000), which probably occurs in the 
absence of the ferrule restoration or in the presence of excess ce-
ment, especially at the coronal aspect.

Depending on the root anatomy and shape of the post prepara-
tion space, numerous commercially available posts have been 
used, but their adaptation to the root canal anatomy is not always 
ideal. A new brand of smaller posts of different sizes has been 
developed, however, they are not indicated for single-post resto-
rations.

Several recent laboratory investigations (Porciani et al., 2006) 
have shown that in most prepared root canal spaces, multiple
fi ber-post placement was necessary, especially with in oval root 
canals. In such cases, a modifi cation of the lateral compaction 
technique is recommended, i.e., placement of a master post that 
effectively fi lls the apical segment of the instrumented canal, and 
subsequent placement of additional thinner posts that permit 
use of the lateral compaction technique to fi ll the middle and 

coronal thirds of the root canal, where it is wider and often more 
oval than in the apical third. SEM observations have revealed that 
this technique considerably reduces the thickness of the fi lling 
materials in both circular and oval sections of root canals. Also, a 
fracture resistance test has shown how different combinations of 
thinner posts (such as DT Light Post, RTD, St. Egère, France) are 
able to withstand loading forces (Duret, 1990).

One recent study focused on the importance of a thin layer of 
cement in failure prevention, since this may affect the dentin– 
cement-post interface, which is considered to be the weakest 
point of the entire complex (Porciani, 2006). This study suggested 
consideration of combinations of multiple small posts as an alter-
native to single posts, especially in canals that are not perfectly 
round.

In some cases, it may be prudent to use a single large master 
post, with smaller accessory posts. The selected combination of 
posts depends on root canal anatomy, as well as the skill, knowl-
edge, and experience of the clinician.

A clinical study of 50 endodontically treated teeth (premolars, 
canines, and maxillary incisors) restored using the “lateral con-
densation fi ber-post procedure” and a porcelain crown (all-por-
celain and/or porcelain-fused-to-metal) was initiated 1 year ago, 
and at the most recent recall, no failures had been reported.

Clinical test: multiple-post 38.7 
technique

Left: The micrograph of a canine 
shows the good adaptation of the 
three posts of different sizes and the 
resin build-up material (low visco sity, 
Flowdale composite).

Right: The instrumentation is carried 
out without placing any adhesive 
onto the root canal dentin, so that 
 following abutment preparation the 
post can be removed and, using SEM, 
the integrity of the material combi-
nation between the post, seating, 
and build-up composite can be eva-
luated.

Microscopic depiction38.8 

Left: The micrograph shows good ad-
aptation between the resin and the 
posts in the apical third.

Middle: Higher magnifi cation. The 
transition between two posts is per-
fectly achieved by the high wettabili-
ty and consistency of the Flowdale 
composite.

Right: Apical segment of the root, 
where only two posts of different
sizes are discernible. The widest post 
is the master post, while the other is a 
smaller one used for fi lling the empty 
space, reducing the thickness of the 
luting agent.
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27539 Endodontic Retreatment Procedures

Good to very good long-term prognosis for initial endodontic 
treatment has been demonstrated in controlled clinical studies. 
Retrospective as well as randomized clinical studies have dem-
onstrated healthy periapical conditions after an observation time 
of 4 or more years in more than 90% of all cases of teeth treated 
endodontically (Strindberg 1956; Molven et al., 2002; Farzaneh 
et al., 2003). Periapical periodontitis is a signifi cant factor that 
infl uences prognosis. In teeth with periapical disease at the start 
of retreatment procedures, the Toronto study demonstrated that 
after 4–6 years, almost 80% of the retreated teeth exhibited a 
healthy periapical condition (Farzaneh et al., 2004).

On the other hand, epidemiologic studies have shown that the 
aforementioned good treatment results are only seldom achieved 
in general dental practice. Overall, 25%–35% of teeth treated en-
dodontically in a general dental practice will have persisting api-
cal periodontitis. The quality of the root canal fi lling was deter-
mined to be a criterion that signifi cantly infl uenced the overall 
clinical result (De Moor et al., 2000; Kirkevang and Horsted-
Bindslev, 2002).

If it is not possible to reduce the level of microbial infection of 
the complex root canal system to at least below a clinically rele-
vant level, the periradicular lesion will not heal or will only heal 
incompletely. Common causes of failure of the root canal treat-
ment are: inadequate asepsis, inadequate access cavity prepara-
tion, undetec ted (missed) and therefore unfi lled root canals, in-
suffi cient instrumentation and root canal fi lling technique, as 
well as coronal leakage.

Nonsurgical retreatment remains the treatment of choice in 
cases of persisting periapical periodontitis. In contrast to a surgi-
cal procedure, it offers a minimally invasive approach to the cause 

of the problem without the danger of damage to adjacent ana-
tomic structures; it is also associated with signifi cantly lower 
postoperative discomfort for the patient (Friedman, 2002). But 
even carefully carried out endodontic treatment can end in fail-
ure when the extremely complex root canal system can be only 
partially cleansed and fi lled three-dimensionally using the treat-
ment techniques currently available.

Additional causes of the persistence of periapical radiolucen-
cies include the so-called extraradicular infections, e.g., Actino-
myces, foreign-body reactions (e.g., fi lling materials, presence of 
cotton fi bers, food particles, etc.), infected cysts, or the scarred 
healing of the periapical tissues (Nair, 2006). In such cases, a
microsurgical approach is recommended. On the basis of a meta-
analysis, Friedman (1998) demonstrated that surgical root canal 
therapy in combination with orthograde retreatment led to sig-
nifi cantly better results.

If endodontic retreatment is deemed necessary, several — some 
very complex — factors must be considered during treatment 
planning. The clinician must have a clear understanding of the 
etiology and pathology of the periapical lesion, the microbiology, 
as well as the technical possibilities and limitations of the
retreatment procedure. It is important to note that the success of 
the endodontic retreatment procedure is highly dependent on 
the degree of training/education of the clinician. As this may be 
out of the scope of experience and expertise of the general den-
tist, referral of such cases to a specialist with appropriate experi-
ence and knowledge may be appropriate.

No less important is the participation of the patient in the dis-
cussion of retreatment possibilities, with all due consideration of 
the costs and risks.

39  Endodontic Retreatment Procedures
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276 F Postendodontic Procedures

When Should Retreatment be Considered?
If endodontically treated teeth exhibit persisting or acute clinical 
symptoms, lesions of endodontic origin (Kvist, 2001), or peri-
odontal disease as a result of endodontic problems, retreatment 
should be considered.

Also restorative problems, such as reinfection of the root canal 
system because of coronal leakage or the necessity for additional 
restorative treatment in the face of inadequate root canal therapy, 
represent indications for endodontic retreatment. On the other 
hand, orthograde retreatment may be contraindicated if no pa-

Decision Criteria

Clinical symptoms39.1 

Left: Acute periradicular abscess 
 extending from the endodontically 
treated tooth 16.

Middle: Intraorally, there is a buccal 
swelling.

Right: Combined perio-endo lesion 
with total destruction of the vestibu-
lar bone over the mesiobuccal root.

Lesion of endodontic origin39.2 

Left: Extensive lesion of endodontic 
origin resulting from underfi lling of 
the root canal system and an extrud-
ed gutta-percha point.

Middle: Situation following ortho-
grade retreatment with maintenance 
of the restoration (apical root canal 
fi lling with mineral trioxide aggre-
gate [MTA], adhesive build-up with a 
glass-fi ber post and composite, as 
well as cystectomy).

Right: Six-month follow-up radio-
graph of the functional and
symptom-free tooth, demonstrating 
apical regeneration.

Coronal leakage39.3 

Left: Because of its open margin, the 
crown on tooth 36 must be replaced. 
Owing to coronal leakage, the inade-
quate root-canal fi lling, and the 
chronic apical periodontitis, the root 
canal must be retreated.

Middle: Radiographic view following 
retreatment, root canal obturation, 
and adhesive build-up.

Right: Follow-up radiograph taken 6 
months later with the new defi nitive 
restoration; note the increasing reso-
lution of the periapical radiolucency.

thology is present or if the patient is unwilling to accept the risks 
of retreatment or the higher costs that are often associated with 
necessary prosthetic retreatment.

Alternative treatment strategies including consultations with 
other specialists (prosthodontist, periodontist, implantologist, 
orthodontist) should be a part of the treatment planning, and
should be openly discussed with the patient.
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27739 Endodontic Retreatment Procedures

Defi cient restoration as a 39.4 
cause of a lesion of endo-
dontic origin

Left and middle: Endodontic therapy 
on tooth 26 was carried out 15 years 
earlier. The patient is free of symp-
toms but the tooth requires full 
crown coverage because of the de-
fective amalgam restoration. The 
 obvious apical radiolucency on the 
radiograph and coronal leakage 
mean that endodontic retreatment is 
the indicated procedure.

Right: Clinical view following removal 
of the majority of the amalgam resto-
ration.

Preliminary treatment39.5 

Left: Complete removal of all second-
ary caries.

Right: Adhesive composite build-up 
to prevent bacterial contamination 
during the stage of dressing the root 
canal with calcium hydroxide.

Results39.6 

Left: Radiograph immediately follow-
ing endodontic retreatment and 
 fi lling.

Right: Six-month recall radiograph 
reveals complete healing of the api-
cal lesion.

No retreatment indicated39.7 

Underfi lled canal system. Teeth 37 
and 36 had received partial gold 
crowns 15 years previously, and 
showed perfect margins and func-
tional occlusal morphology. The 
 patient was free of clinical symptoms 
despite a slight widening of the peri-
odontal ligament space on the radio-
graph.

Left: Underfi lled root canals with api-
cal ledge formation. The tooth has 
served as a bridge abutment for 12 
years and the restoration is fully func-
tional. The periodontal ligament 
space is not widened and the lamina 
dura is intact. 
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278 F Postendodontic Procedures

Timing of Root Canal Therapy
The prevention or the healing of apical periodontitis (AP) as well 
as the long-term retention of the tooth in a functional and
symptom-free condition is the goal of any endodontic treatment. 
On this basis, endodontic therapy can be termed “successful” 
when the tooth remains healthy without any radiographic evi-
dence of periapical infl ammation or destruction and when there 
are no clinical symptoms or other signs of infl ammation.

On the other hand, a clinical “failure” is characterized by the 
persisting presence of periradicular infl ammation and/or the oc-
currence of clinical symptoms and signs of infl ammation. In this 
regard, one must differentiate between such cases and those that 

Healed apical periodontitis39.8 

Left: Initial radiograph of teeth 11 
and 21, both with incomplete root 
canal fi llings as well as radiographic 
signs of chronic apical periodontitis 
(CAP).

Middle: Six months later the lateral 
lesion on tooth 21 shows signs of 
healing.

Right: Radiographically intact peria-
pical appearance and freedom from 
clinical symptoms 3 years later.

Healing of apical periodontitis39.9 

Left: Lateral and apical lesions of 
 endodontic origin associated with 
tooth 44.

Middle: Appearance following 4 
weeks of a calcium-hydroxide dress-
ing and root-canal fi lling.

Right: In comparison with the initial 
situation, 3 months later there is 
clear evidence of healing, although 
this is not yet complete.

Persisting apical perio-39.10 
dontitis

Left: Tooth 21 exhibits an incom-
pletely fi lled root canal system and an 
extensive periapical radiolucency.

Middle: Radiograph following or-
thograde retreatment, cystectomy 
and retrograde fi lling with MTA.

Right: Three years later, the tooth is 
functional and symptom-free. 
 However, AP is still evident on the
radiograph.

exhibit typical signs of periapical infl ammation but are neverthe-
less in the healing phase.

Apical periodontitis can take up to 4 years or more to com-
pletely heal, but in 89% of cases radiographic signs of healing can 
be observed after only 1 year (Orstavik, 1996).
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27939 Endodontic Retreatment Procedures

Can the Tooth be Saved?
Teeth being considered for endodontic retreatment must be care-
fully examined with regard to their periodontal integrity. Deep 
probing depths, mobility, furcation involvement, unfavorable 
crown–root ratio, bone loss, and mucogingival problems can 
negatively infl uence the long-term prognosis of the tooth (Kois, 
1996). Teeth requiring endodontic retreatment often exhibit pro-
nounced loss of tooth structure, subgingival caries, or perfora-
tions at the level of the alveolar crest.

Combined perio-endo lesion39.11 

Left: Initial radiograph of tooth 21 
 reveals a periapical radiolucency, a 
partially obliterated root canal 
 system, and a retrograde fi lling. 
Probing depths were up to 4 mm.

Right: Radiographic view following 
orthograde root canal treatment. 
There is evidence of leakage around 
the apical amalgam restoration be-
cause of penetration of the sealer 
into the periapical region.

Periapical lesion of primary 39.12 
endodontic origin and 
 secondary periodontal 
 origin: clinical view of the 
defect 4 weeks after ortho-
graphic retreatment

Left: Surgical view following refl ec-
tion of a mucoperiosteal fl ap. The 
 extensive calculus deposits and the 
periodontal defect are now clearly 
visible. The diagnosis was a com-
bined perio-endo lesion.

Right: Surgical view following peri-
apical curettage, retrograde root- 
canal fi lling with SuperEBA, and 
cleansing and conditioning of the 
root surface with citric acid.

Treatment of periodontal 39.13 
destruction

Left: Guided bone regeneration 
with Bio-Oss and a membrane 
(ATRISORB). (Courtesy of Dr. E. 
 Hernichel-Gorbach, MSD.)

Right: Radiographic view following 
completion of the retreatment; the 
prognosis remains uncertain.

For a good, long-term prognosis of the subsequent prosthetic 
treatment, suffi cient dentin for the “ferrule effect” (Sorensen, 
1980) and an intact biologic width must exist (Ross and Garguilo, 
1982). In addition, purely endodontic problems such as external 
root resorption can negatively infl uence the longevity of any 
tooth (Heithersay, 2004).
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280 F Postendodontic Procedures

Lesion of primary endo-39.14 
dontic and secondary 
 periodontal origin

Left: Initial situation of tooth 47 with 
pulpal necrosis and chronic apical 
periodontitis.

Middle: Isolated periodontal defect 
on the lingual aspect, probing depth 
9 mm, and grade 2 furcation involve-
ment. Preliminary diagnosis was a 
primary endodontic and a secondary 
periodontal problem.

Right: Dentin fracture extending me-
siodistal beneath an old restoration 
(arrow). 

Primary endodontic, 39.15 
 secondary periodontal 
 lesion

Situation following adhesive build-up 
restoration and preparation of the 
access cavity. The so-called C-shaped 
canal confi guration is obvious, with 
confl uence of the mesiobuccal with 
the distal canal systems (1: mesio-
lingual; 2: mesiobuccal; 3: distal).

Right: Following completion of treat-
ment. The periodontal situation 
should be re-evaluated in 2–3 
months. The prognosis is guarded 
because of dentin fracture. Treat-
ment involved a temporary crown. 

Periodontal problem: true 39.16 
combined perio-endo lesion

Because of the extent of the perio-
dontal defects on the two anterior 
teeth (left) and the canine (right), 
 endodontic retreatment in combina-
tion with periodontal therapy is not 
the indicated treatment here; extrac-
tion is recommended. 

Periodontal problem: 39.17 
 primary endodontic lesion 
with grade 2 furcation 
 involvement

Left: Initial situation following previ-
ous endodontic therapy. Progression 
of the lesion of endodontic origin 
into the furcation area and extensive 
apical root resorption.

Middle: Radiograph following 
 retreatment of the root canals.

Right: Follow-up radiograph 6 
months later. It was not possible to 
explore the furcation defect with a 
probe, but there are radiographic 
signs of osseous regeneration.

3

2 1

➤➤
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28139 Endodontic Retreatment Procedures

Restorative problems I39.18 

Left: The preoperative radiograph of 
the maxillary molar reveals a severely 
obliterated root canal and almost 
complete destruction of the tooth 
crown itself. Note also the horizontal 
bone loss.

Right: Because of the extensive 
 damage to the hard tissues, this tooth 
will continue to be at an increased risk 
of fracture.

Restorative problems I39.19 

Left: The tooth was endodontically 
retreated despite the patient’s 
 advanced age of 87 years and the 
general medical risks of brittle type 
2 diabetes.

Right: One-year follow-up radiograph 
reveals healing of the AP; the patient 
was clinically symptom-free. This 
tooth served as an abutment for a 
telescopic removable  partial denture.

Restorative problems II39.20 

Left: Acute periradicular abscess in 
relation to tooth 21. Ten years previ-
ously the tooth had been endodonti-
cally treated. Three years previously 
it had undergone root resection, and 
the entire anterior segment had been 
recently restored. The tooth exhibits 
an unfavorable crown–root ratio.

Right: Clinical view after removal of 
the temporarily cemented crown.

Restorative problems II39.21 

Left: Radiographic view immediately 
following retreatment of the root 
 canal. Because of the large size of the 
foramen, an apical root fi lling with 
MTA was placed and the canal was 
prepared to receive a post-and-core 
restoration.

Right: One-year radiographic follow-
up. The post does not fi ll the root 
 canal completely. This tooth is highly 
susceptible to fracture because of the 
unfavorable leverage provided by the 
post as well as the extensive loss of 
hard tissue.
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282 F Postendodontic Procedures

Endodontic problems39.22 

Left: Tooth 11 fused with a supernu-
merary tooth exhibiting massive 
 periapical radiolucency. The tooth 
was treated endodontically 22 years 
previously, and underwent root re-
section 3 years previously. Now it was 
associated with an acute abscess.

Right: Radiographic view following 
numerous calcium-hydroxide dress-
ings and the apical closure MTA. An 
 attempt to create a periapical barrier 
using calcium sulfate was only par-
tially successful.

Endodontic problems39.23 

Left: Radiographic follow-up after 
 periapical curettage, correction of 
the bevel of the resected root sur-
face, and partial removal of the cystic 
lesion. Histologic examination re-
vealed a radicular cyst. The tooth was 
subsequently built up using glass-fi -
ber posts and composite resin.

Right: Clinical view following the sur-
gical procedure. An opening was cre-
ated to allow the cyst to heal.

Endodontic problems39.24 

Left: Seating of the obturator.

Right: The 3-month postoperative 
 radiograph demonstrating progres-
sion of osseous regeneration.

Endodontic problems39.25 

Left: Radiographic check-up 9 
months later exhibits further resolu-
tion of the osseous defect.

Right: The follow-up examination 
2 years later reveals increasing 
 osseous regeneration but not yet 
complete healing of the lesion. The 
tooth was symptom-free and func-
tional.
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28339 Endodontic Retreatment Procedures

Radiographic diagnosis39.26 

Left: Initial radiograph demonstrat-
ing the path of a fi stula originating 
from the root tip of nonvital tooth 
13. Tooth 14 had been retreated 
 endodontically 3 years previously.

Middle: Radiographic follow-up of 
the apical root fi lling of tooth 13.

Right: Tooth 13 was eventually 
 resected, after which the fi stula 
 recurred.

Radiographic diagnosis39.27 

The computed tomography (CT) scan 
reveals an extensive infl ammatory 
 lesion with resorption of the palatal 
cortical bone surrounding tooth 14.

Left: Several weeks following a micro-
surgical procedure on tooth 13, note 
the renewed fi stula formation
(arrow).

Radiographic diagnosis39.28 

3D reconstruction reveals a labial 
 osseous defect over the root tip of 
tooth 13 (arrow).

Left: A subsequent surgical proce-
dure revealed a vertical fracture of 
the palatal root of tooth 14. The 
 radiograph shows the situation 
 following extraction of tooth 14 and 
placement of a titanium implant. 
Clinically the implant was
infl am mation-free and regeneration 
of the  osseous defect was virtually 
 complete.

Etiology of Endodontic Failure
Regardless of the initial cause, leakage is the major etiologic fac-
tor for endodontic failure (Ruddle, 2002). As part of the frame-
work of diagnosis and treatment planning, the clinician must as-
sess the reasons for failure and also anticipate potential 
diffi culties. Such problems may result from inadequate radio-

graphic diagnosis, inadequate access cavity preparation, perfora-
tions, transported apical foramina, instrument fractures, unde-
tected (missed) root canals or underfi lled root canal systems, and 
root fractures or any other extraradicular problems.

➤➤

➤➤

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter39_s275_298.indd   283Chapter39_s275_298.indd   283 12.08.2010   14:11:50 Uhr12.08.2010   14:11:50 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



284 F Postendodontic Procedures

Perforation I39.29 

Left: Lesions of endodontic origin 
around teeth 12 and 13. Perforation 
in the apical segment of the post of 
tooth 13 was suspected.

Middle: Condition following sealing 
of the perforation of tooth 13, as well 
as retrograde root fi lling of tooth 12 
with MTA.

Right: Two-year follow-up radiograph 
shows an intact periodontium; in 
 addition, there were no clinical symp-
toms.

Perforation II39.30 

After removal of the temporary res-
toration, an extensive subgingival 
perforation was noted distally.

Right: Because of acute apical perio-
dontitis, tooth 27 was treated endo-
dontically as an emergency.

Access cavity39.31 

Covering the perforation with calcium 
sulfate.

Right: Radiographic follow-up after 
completion of endodontic treatment 
and placement of an adhesive build-
up restoration.

Strip perforation39.32 

The patient had persisting pain 
 following endodontic treatment of 
tooth 46. The radiograph revealed an 
underfi lled canal system as well as a 
root canal fi lling extending almost 
into the area of the furcation of the 
mesial canals.

Right: Condition following retreat-
ment of the root canals. Strip per-
foration of the mesial canal wall was 
suspected.
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28539 Endodontic Retreatment Procedures

Transported apical foramen39.33 

Left: The initial situation showed a
severely transported canal system of 
the mesiobuccal root and suspicion of 
a perforation.

Right: After refl ecting a mucope-
riosteal fl ap, the perforation and a 
dehiscence of the buccal bone were 
obvious.

Transported apical foramen39.34 

Left, above: Apicectomy.

Left, below: Retrograde instrumenta-
tion of the mesial canal system.

Right: Radiographic view following 
completion of retreatment.

Instrument fracture39.35 

Left: Underfi lled canal system and a 
fractured instrument fragment in the 
mesial root; consequence: CAP.

Right: Image following conclusion of 
the retreatment. It was not possible 
to remove the separated instrument 
fragment, but it was possible to get 
beyond it and suffi ciently fi ll the canal 
system.

Vertical root fracture39.36 

Left: Fistula formation despite a qual-
itatively good root canal fi lling of 
tooth 14. The periodontal ligament 
space appears wider in the coronal 
third of the root. Periodontal probing 
depths were within normal range.

Right: Exploratory surgery identifi ed 
a vertical root fracture on tooth 14. 
The tooth had to be extracted.
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Operatory Design
The introduction of the dental microscope, as well as the devel-
opment of various instruments and tools, has signifi cantly im-
proved treatment results in endodontology, especially in the ar-
eas of retreatment and endodontic surgery. These developments 
have also had a considerable infl uence on operatory design. For 
treatment to proceed smoothly, the various instruments must be 
easily accessible by the dentist and the dental assistant while 
seated in their operating chairs at the appropriate angle to the 
patient.

Technical Aspects

Endodontic operatory I39.37 

Left: Bird’s eye view of the operatory. 
All clinical areas are arranged ergo-
nomically.

Middle: The behind-the-head cabinet 
serves as a radiographic barrier and 
also as a working surface for the 
 dental assistant and the clinician. 
It is also used for the storage of in-
struments and materials required, 
and contains all the necessary equip-
ment for digital data accumulation.

Right: Working area for the clinician.

The Pontius Endo-Cart 39.38 
(Thomas Dentalgeräte, 
Breidenbach, Germany)

The Endo-Cart includes the pressure-
regulated Stropko-air and Stropko-
air/water syringes, high-speed hand-
pieces, micromotor handpieces, an 
ultrasonic unit, and the tools for the 
warm gutta-percha fi lling technique. 
It also holds the keyboard, the graphic 
tablet, and the visual display unit for 
the  clinician. The various handpieces 
and the ultrasonic device can be 
activated via one foot pedal.

Endodontic operatory II39.39 

Intraoperational view of the dental 
assistant, clinician, and patient. The 
assistant can simultaneously enter 
relevant clinical data.

Right: Ergonomic assistance proce-
dures insure that the clinician does 
not need to look away from the den-
tal microscope.

The dental microscope, as well as a special endodontics cart, 
should be positioned within arm’s reach of the clinician. The cart 
should include all the necessary equipment for the clinician, all 
of which should be activated via one foot pedal. The x-ray ma-
chine should also be located in the immediate vicinity of the cli-
nician, the assistant, and the patient (behind the patient’s head), 
so that radiographs can be taken ergonomically without the ne-
cessity for changing the treatment position of the patient, and so 
that movements of both dental assistant and clinician are re-
duced to a minimum during the procedure.
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28739 Endodontic Retreatment Procedures

Retention or Removal of the Restoration
Existing restorations must often be removed to provide adequate 
access to the root canal system. This provides the clinician with a 
clear picture of the actual long axis of the tooth, the amount of 
remaining tooth structure, possible existence of secondary caries, 
dentin infractions, vertical fractures, or canals not previously de-
tected (missed canals). In some cases, existing restorations can be 
safely removed without being destroyed using systems such as 
Metalift (Baton Rouge, LA, USA) or CORONAfl ex (Kavo, Biberach, 

Access to the Root Canal System

Removal of the restoration39.40 

Left: Preoperative radiograph of 
tooth 36. There was a cantilever 
bridge on teeth 36 and 35 with a 
pontic on 34. The crown on tooth 36 
had become loose; every effort was 
made to remove the bridge as intact 
as possible.

Middle and right: The crown of tooth 
35 was opened using calibrated pre-
drilling with drills from the metal 
post system.

Removal of the restoration39.41 

Left: A thread cutter is screwed into 
the bore hole on the occlusal surface.

Middle: By activating the thread 
 cutter, the crown is removed from the 
prepared tooth.

Right: Radiographic follow-up after 
conclusion of the treatment proce-
dure. Tooth 35 had to be treated 
 endodontically because of irreversible 
pulpitis, and tooth 36 underwent 
 endodontic treatment because of 
 caries with pulp exposure.

Maintenance of the 39.42 
 restoration

Left: The preoperative radiograph 
 revealed an incomplete root canal 
 fi lling in tooth 26. Retreatment was 
planned with maintenance of the 
partial crown because it exhibited 
good marginal fi t and there were no 
functional disturbances.

Middle: Access to the post through 
the partial crown.

Right: Radiographic follow-up 1 year 
later.

Germany), for example, and later these can be used as temporary 
restorations or even as the defi nitive restorative treatment.

As long as the existing restoration is adequate with regard to 
precision of marginal fi t, esthetics, function, and periodontal hy-
giene, retreatment can often be carried out without removing the 
restoration. However, this decision is often at the cost of opti-
mum design of the access cavity and can in some cases lead to 
blockage of the canals by metal chips or debris. In this case, if 
possible the existing restoration should be removed before the 
retreatment of the endodontic procedure is initiated.
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288 F Postendodontic Procedures

Removal of Posts
A common problem during endodontic retreatment is that exist-
ing posts may block access to the root canal system. 

Successful post removal depends on numerous factors such as: 
the expertise of the clinician; the use of modern technology; in-
dividual root canal anatomy; the type, shape, and surface charac-
teristics of the post; the type of cement used; the interocclusal 
access; and the position of the post within the canal (Ruddle, 
1997).

In principle, posts should only be considered for removal if it 
can be guaranteed that suffi cient sound tooth structure will re-

Post removal39.43 

Left: Initial orthoradial radiographic 
projection revealing a fractured fi le 
fragment in the mesiobuccal canal as 
well as posts.

Middle: A mesio-eccentric radio-
graphic projection hints at an unde-
tected mesiopalatal canal system.

Right: Rotated tooth 26.

Post removal39.44 

Left: Preparation of the access cavity. 
The build-up material was removed 
without destroying the heads of the 
posts.

Right: Using a RotoPro bur (Ellman, 
Oceanside, NY, USA) in a high-speed 
handpiece, it was possible to loosen 
the screw-type posts.

Post removal39.45 

Left: Exposure of the fractured fi le 
fragment in the mesiobuccal canal 
using an ultrasonic tip.

Middle: Search for the orifi ce of the 
previously undetected mesiopalatal 
canal, using a size 8 Kerr fi le.

Right: Radiograph following comple-
tion of the retreatment procedure.

main. Alternatively, in severe cases, surgical retreatment should 
be offered.

Optimal access is a prerequisite for successful post removal. To 
this end, all of the build-up material must fi rst be removed in 
order to reveal the coronal portion of the post. Stainless-steel 
round burs (012, 014, 016, 018) with surgical lengths, in combina-
tion with long, fl ame-shaped diamond burs, are indicated.
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28939 Endodontic Retreatment Procedures

In teeth with cast “post-and-core” build-up restorations, it is 
wise to use cylindrical carbon-steel burs (Transmetal bur, 
Dentsply Maillefer). In cases with multiple posts or interlocks, 
the build-up is initially severed in order to subsequently free up 
the posts. Thereafter one may use piezoelectric ultrasonic tips 
(e.g., ProUltra 1–5, Dentsply Maillefer). These provide a very pre-
cise and hard substance-preserving approach even in hard-to-
access areas. The ultrasonic tips are moved up and down as well 
as circumferentially in the area of the cement interface, with 
minimum pressure on the post itself; the goal is to reduce reten-
tion (i.e., to break the cement bond).

The ultrasonic treatment should be carried out in a dry fi eld to 
provide optimum visual control and to prevent the clogging of 
debris within the canal. During the procedure, the dental assis-
tant should use the Stropko irrigator to provide adequate cooling 
and also to provide a debris-free working fi eld. If this procedure 
utilizing higher ultrasonic energy is expected to take time, the 
fi eld must be cooled periodically with water to avoid thermal 
damage to the periodontium (Schwartz and Robbins, 2004). Clin-
ical experience has shown that about 10 minutes of vibration 
with ultrasonic energy will successfully remove metal root 
posts.

Removal of a cast 39.46 
post and core

Left: Initial radiograph of tooth 25 
(orthoradial projection).

Right: The eccentric projection pro-
vides important information about 
the dimension of the root post, its 
oval shape and substantial thickness, 
which could not be detected or ap-
preciated on the standard orthoradial 
fi lm.

Removal a cast 39.47 
post and core

Left: Clinical view following removal 
of the crown showing the cast post 
and core.

Middle: Depending upon the number 
of posts, it is often necessary to sec-
tion the core.

Right: Following initial use of the 
Ruddle Post Removal System 
(SybronEndo, Orange, CA, USA), 
the post is measured coronally 
to receive a thread cutter.

Removal of a cast 39.48 
post and core

The extraction forceps of the Ruddle 
Post Removal System with its thread 
cutter was affi xed and supported by 
the tooth, so that the post could be 
removed in the precise axial direction 
from the root canal by turning the 
knob.

Left: Radiograph following retreat-
ment and adhesive build-up of tooth 
25.
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290 F Postendodontic Procedures

An alternative technique for loosening posts uses so-called 
Roto Pro burs (Ellman International, Hewlett, NY, USA). These 
noncutting, tapered, abrasive burs are used with a high-speed 
handpiece in a counterclockwise motion circumferentially in 
contact with the post. The resultant vibrations often lead to loos-
ening of the post.

Alternatively, special systems developed specifi cally for post 
removal can be used (Gonon, Ruddle). Posts with a diameter 
greater than 0.60 mm can be removed using the Ruddle Post
Removal System (SybronEndo). In the case of posts fractured 
deeply within the root canal, the Masseram System (Micro-Mega, 
Besançon, France) should be used because it is less damaging to 
the remaining tooth structure.

Post removal39.49 

Left: Initial clinical situation with a 
temporary crown on tooth 11.

Middle: After removal of the crown, 
a large post is seen in tooth 11.

Right: Initial radiographic situation. 
The post has perforated the root in 
the coronal third, labially.

Post removal39.50 

Left: Clinical appearance of the large 
perforation defect following removal 
of the post.

Middle: Closure of the defect using 
calcium sulfate (Capset).

Right: Radiograph following retreat-
ment of the root canal.

Post removal39.51 

Left: Adhesive build-up using a glass-
fi ber post and composite resin.

Middle: Labial view of the perforation 
defect, which was followed by perio-
dontal treatment with guided tissue 
regeneration.

Right: Radiograph taken 2 years later 
shows a stable clinical situation with-
out increased probing depths, as well 
as an intact periodontal ligament 
space.
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29139 Endodontic Retreatment Procedures

Owing to the rise in demand for esthetic restorations, tooth-
colored root canal posts made of zirconium silicate or fi ber-
reinforced composite resins are increasingly being used. How-
ever, because of the nature of these materials, as well as the 
requirement for adhesive cementation, certain challenges are 
presented by cases requiring retreatment.

Neither ultrasonics nor tools such as the Gonon or the Ruddle 
post-removal systems possess the ability to remove zirconium 
posts. The problems reside in their hardness — similar to that of 
diamond — and their brittleness; both characteristics make their 

removal from a root canal extremely diffi cult. Attempts can be 
made at removal using the trepan bur of the Masseran set.

Using the various commercially available kits (e.g., DT Post
Removal Kit, VDW, Munich, Germany), it is possible to success-
fully remove fi ber posts. The instrument is inserted in the axial 
direction centrally in the post, and the heat development at the 
tip softens the composite resin matrix while effectively cutting 
the fi bers. Any residual fi bers and cement within the canal can be 
subsequently removed using ultrasonics.

Initial situation39.52 

Left: Clinical view of tooth 12 with a 
fractured zirconium ceramic build-up 
at the gingival margin.

Right: The initial radiograph showing 
a fractured zirconium post, which 
was extending into the apical third of 
the root. Apical to the post is a frac-
tured Lentulo spiral fragment.

Removal of the post and the 39.53 
fractured Lentulo spiral

Left: Occlusal view of the zirconium 
post.

Middle: Root canal following post 
 removal using a Masseran trepan bur. 
On the fl oor of the root canal are 
 remains of the adhesive composite.

Right: Occlusal view of the Lentulo 
spiral following removal of the com-
posite resin using a diamond-tipped 
ultrasonic instrument.

Postendodontic treatment39.54 

Left: Build-up of the tooth using a 
cast post and core.

Right: Three-year follow-up radio-
graph. Before defi nitive restorative 
therapy, the tooth was orthodonti-
cally extruded to provide space for a 
suffi cient ferrule restoration.
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292 F Postendodontic Procedures

Removal of Gutta-percha
Gutta-percha should be removed using the crown-down tech-
nique fi rst in the coronal, then in the middle, and fi nally in the 
apical third of the root. This procedure minimizes the danger of 
forcing old root-canal fi lling material, infected debris, or the irri-
gating solution into the periapical tissues.

If the root canals still exhibit a certain taper, rotary NiTi fi les of 
taper .04 or .06 can be used. At speeds of 1200–1500 rpm, the 
gutta-percha is warmed by the friction and transported out of the 
canal coronally owing to the cutting design of the fi les (Bramante, 

Access to the Apex

Removal of gutta-percha I39.55 

Left: Removal of gutta-percha 
using a .06 Profi le (size 30), at 
1200–1500 rpm (Dentsply Maillefer).

Right: Removal of gutta-percha using 
the heated tip of the Touch ‘N’ Heat 
instrument.

Clinical example of gutta-39.56 
percha removal

Left: Teeth 11 and 21 with associated 
AP; tooth 11 shows obvious root re-
sorption following anterior tooth 
trauma. Both teeth had overextend-
ed gutta-percha fi llings and less than 
complete, 3D fi lling of the canal sys-
tem.

Middle: Tooth 11 was left open be-
cause of persisting discomfort over 
several months.

Right: The gutta-percha fi llings were 
removed with H fi les. Note the per-
sisting overextended gutta-perch in 
tooth 11.

Removal of gutta-percha II39.57 

Left: Chemical dissolution of gutta-
percha using chloroform in combina-
tion with a size 15 Kerr fi le (above). 
View of the dissolved gutta-percha 
(below).

Right: Removal of the dissolved 
 chloropercha mass using paper 
points until they no longer exhibit 
any gutta-percha residue.

2000). An alternative is to soften the gutta-percha using a heat 
carrier and then to remove it with a Hedström (H) fi le.

In very narrow or curved canals, the use of chemical solvents 
(chloroform, eucalyptol, halothane) has proved effective for the 
removal of gutta-percha, in combination with small K or H fi les. 
In limited doses and with well-controlled application, the use of 
chloroform was not associated with any harmful effects (McDonald 
and Vire, 1992).
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29339 Endodontic Retreatment Procedures

Removal of Root Canal Pastes and Cements
Paste fi llings must be removed with great care to prevent api-

cal extrusion and blockage, the possible consequences of which 
are postoperative pain or paresthesia due to the potential neuro-
toxicity of the paste (Serper et al., 1998).

Basically, one can differentiate two types of paste: soft and 
hard. Eugenol-containing pastes (e.g., N2) can be removed with-
out diffi culty using solvents such as Endosolve “E” (Septodont, 
Paris). Endosolve “R” can be helpful for the removal of hard pastes 
with an acrylic resin base (e.g., AH 26).

A special challenge is presented by the so-called “Russian 
pastes,” which consist of a resorcinol-formaldehyde-acrylic base, 

“Russian paste”39.58 

Radiograph of a resorcinol-based 
root canal fi lling.

Left: Following preparation of the 
 access cavity, the hard, reddish root 
canal fi lling is visible.

Removal of the 39.59 
“Russian paste”

Left: Removal of the cement fi lling 
in the straight portion of the canal 
using ultrasound and a clinical micro-
scope.

Right: Probing for porosities in the 
root canal fi lling using hand instru-
ments (Kerr fi les, sizes 8, 10, and 15).

Treatment result39.60 

Radiograph following retreatment.

Left: Two-year follow-up with defi ni-
tive restorations.

because they exhibit a stone-hard consistency and there is no 
known effective dissolving solution (Vranas et al., 2003). Piezo-
electric ultrasonic energy with microscopic control enables re-
moval of these pastes in the straight coronal portion of the root 
canal.

Paste-type root canal fi llings often exhibit porosities in the api-
cal regions of the root canal, therefore reinstrumentation to the 
apex using hand instruments may be possible.
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294 F Postendodontic Procedures

Removal of silver points39.61 

Left: Silver point fi lling in tooth 46. 
The treatment plan involved new 
prosthetic treatment.

Middle: Radiographic view following 
removal of the silver point and the 
root canal fi lling.

Right: The six-month posttreatment 
radiograph is unremarkable.

Access to the apex39.62 

Left: Tooth 11 has acute apical perio-
dontitis, a silver point as the root 
 canal fi lling, and a post-and-core 
build-up.

Middle: Clinical view following re-
moval of the crown and the post. 
A fractured Lentulo spiral fragment 
at the level of the post was also 
 detected.

Right: Fracture of the silver point to-
ward the apical end, resulting from 
the attempt to remove it using ultra-
sonics.

Silver point removal and 39.63 
 endodontic retreatment

Left: Root canal fi lled with MTA in its 
apical third because of a severely 
transported physiologic foramen.

Right: Radiograph taken following 
root canal fi lling and the placement 
of an adhesive build-up with a glass-
fi ber post and composite.

Removal of Silver Points
Silver point fi llings were introduced more than 70 years ago to 
facilitate the fi lling of especially narrow and curved root canals. 
The biggest problem with this technique is the corrosive behav-
ior of silver on contact with tissue fl uids, which ultimately leads 
to leakage.

The resultant corrosion products include silver sulfi de, silver 
sulfate, silver carbonate, and silver amine hydrate. These sub-
stances can be highly cytotoxic and in the context of endodontic 
retreatment can elicit acute postoperative infl ammatory reac-
tions (Goldberg, 1984).

The typical preparation for silver point placement demon-
strates an almost parallel and round canal shape in the apical 
2–3 mm. Coronally, however, one often observes cracks or 
grooves. After removing all the build-up material without dam-
aging the silver point, the point should be engaged as much as 
possible with fi ne, fl exible K fi les (sizes 8, 10, and 15) in combina-
tion with chloroform or Endosolve E.

Only then can an attempt be made to remove the silver point 
itself using ultrasonic devices, H fi les, or special instruments (e.g., 
Mini Steglitz or microcannulas).
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29539 Endodontic Retreatment Procedures

Removal of Thermafi l 39.64 
 Carriers

Left: Tooth 17 with an associated 
 periapical radiolucency. The palatal 
sinus tract was revealed using a 
 gutta-percha point.

Middle: Dissolving the gutta-percha 
around the Thermafi l carrier using 
chloroform.

Right: Removal of the carrier with a 
size 40 H fi le.

Continuance of the above 39.65 
retreatment

Left: Fractured NiTi fi le within the 
mesiobuccal canal.

Middle: Exposure of the coronal 
3 mm of the instrument fragment.

Right: A metal microcannula
(Cancellier Tube) was fi lled with com-
posite (Core Paste) and inserted over 
the  exposed instrument fragment.

Continuance of the above 39.66 
retreatment

Left: The NiTi fragment cemented 
into the microcannula.

Right: The 1-year follow-up radio-
graph shows complete healing of the 
lesion.

Removal of Carrier-based Gutta-percha Fillings
Carrier-based gutta-percha fi llings such as the Thermafi l system 
(Dentsply, Maillefer, Ballaigues, Switzerland) consist of a fl exible 
post coated with α-phase gutta-percha. The initially incorpo-
rated metal carrier was replaced by a resin carrier. The plastic 
post has a groove in the axial direction.

Acrylic resin carriers are removed using rotary NiTi fi les of ta-
per .04 at a rotation speed of about 1200 rpm with light pressure 
applied in the apical direction in the region of the axial groove. 
The friction warms the gutta-percha, which can then be moved in 
the coronal direction. As soon as resistance is encountered, the 
NiTi fi le is changed to one of .06 taper, which is used at a speed of 

300 rpm. Because of the stronger contact of the fi le between the 
canal walls and the carrier, the post can usually be removed in 
this manner.

An alternative is the use of H fi les following the removal of 
gutta-percha around the carrier with small K fi les and solvent 
material. Any gutta-percha remaining within the root canal 
system is subsequently removed by careful irrigation with 
chloroform and drying with paper points.
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Removal of Separated Instruments
The possibility of removing a separated instrument fragment is 
determined primarily by the morphology of the root, the thick-
ness of the surrounding dentin, as well as the presence of con-
cavities in the root surface. If it is possible to expose the instru-
ment fragment by about a third of its length, it is usually possible 
to remove it from the canal.

If it proves impossible to achieve direct access to the separated 
instrument (e.g., if fracture occurred apical to the canal curva-
ture), in general there is little possibility for successfully remov-
ing the fractured fragment. In such cases, one may attempt to use 
small, fl exible fi les to bypass the instrument fragment and subse-

Cavity design39.67 

Left: Creation of straight-line access 
from the access cavity to the coronal 
end of the fractured instrument frag-
ment.

Middle: Using a modifi ed Gates- 
Glidden bur, a staging platform is 
 created at the coronal end of the 
 separated instrument. This permits 
use of ultrasonic tips lateral to the 
 instrument fragment.

Right: Targeted and precise exposure 
of the fractured instrument fragment 
using ultrasonic tips (e.g., ProUltra 
#3, Dentsply Maillefer).

Clinical case I39.68 

Left: Tooth 15 with CAP; a new 
prosthetic restoration is planned. 
The radiograph reveals a post as well 
as two separated instruments.

Middle: Clinical view following re-
moval of the old crown.

Right: Removal of the build-up mate-
rial and loosening of the post using 
the Roto-Pro bur.

Removal of separated 39.69 
 instruments

Left: Working radiograph with a size 
10 fi le extending to the radiographic 
apex.

Middle: View of the apical third of the 
root showing the instrument frag-
ment.

Right: Follow-up radiograph after 
 endodontic retreatment.

quently obturate the root canal system. If neither of these proce-
dures is successful, and clinical or radiographic symptoms per-
sist, one must consider a microsurgical procedure or even 
extraction of the affected tooth.

The material of the separated instrument (stainless steel or 
NiTi) also has an important infl uence on its removal. NiTi fi les 
generally break because of their brittleness when ultrasonic en-
ergy is used to attempt removal, and this renders the treatment 
considerably more diffi cult.
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29739 Endodontic Retreatment Procedures

The fi rst clinical step is to use hand instruments in ascending 
sizes to create space for the Gates-Glidden burs (sizes 1–4), which 
relocate the canal orifi ces away from the furcation areas and pro-
vide a straight, slightly tapered pathway for subsequent instru-
ments.

Using modifi ed Gates-Glidden burs, which are shortened to 
the height of the largest horizontal circumference, it is possible to 
create a “staging platform” around the separated instrument 
fragment. This permits the use of ultrasonic tips lateral to the 
separated instrument for removal of dentin in the coronal 3 mm.

The tip is then positioned on the dentin platform between the 
separated instrument fragment and the canal wall and, without 
water spray, rotated in a counterclockwise manner — by which 
the broken instrument will often be released.

If this procedure is not successful, one may use microcannulas 
to attempt the removal. For this procedure a cannula is selected 
that can be passively inserted into the root canal above the ex-
posed separated instrument. The instrument fragment can then 
be mechanically wedged in the cannula or glued to it.

Creating a staging platform39.70 

Left: The long, thin titanium ultra-
sonic tips (ProUltra #6, Dentsply 
Maillefer) permit working within the 
root canal while preserving as much 
tooth substance as possible.

Middle: The goal is to free up the cor-
onal third of the instrument using the 
ultrasonic tips.

Right: A microcannula (Cancellier 
Tube) of a size corresponding to the 
instrument is selected and fi lled with 
an autopolymerizing resin, then in-
serted over the instrument fragment 
in order to withdraw it once the resin 
has hardened.

Clinical case II39.71 

Left: Several separated instrument 
fragments within the root canal sys-
tem of tooth 14.

Middle: Preparation of straight-line 
access to the separated instruments.

Right: Grasping the instrument 
 fragment following exposure of the 
coronal 3 mm by means of a micro-
cannula and autopolymerizing resin.

Successful removal and root 39.72 
canal fi lling

Left: Removal of the separated fi le 
fragment using a microcannula.

Middle and right: Radiographic con-
dition following retreatment of the 
root canals of teeth 14 and 15, obtu-
ration, and post space preparation.
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298 F Postendodontic Procedures

1
0

1
0

In the course of endodontic retreatment, the clinician is often 
confronted with problems such as canal blockage, step forma-
tion, perforation, or overinstrumentation of the apical foramen. A 
transported root canal frequently contains residual pulp soft tis-
sue as well as compacted dentin debris within the fi nal portion 
of the canal system. These areas are often also infected and cause 
lesions of endodontic origin.

For this reason, clinicians should attempt to eliminate block-
age or to bypass ledges in order to instrument the entire root
canal system in three dimensions, and to subsequently clean, 
shape, and fi ll it successfully. A determining factor in this regard 

is, again, an ideal coronal and root canal access preparation to 
increase tactile sensation and the ability to insert prebent instru-
ments without hindrance to the level of the blockage or ledge.

Using a size 10 K fi le, which is prebent at around 45° in its api-
cal 0.5–1 mm, one now attempts to probe the blocked canal seg-
ment and with slight apical force fi nd and follow the original 
anatomic course of the canal. This procedure should be accompa-
nied by copious irrigation with sodium hypochlorite and EDTA.

Management of Transported Foramina

Transported foramen39.73 

Left: The instrument has actually 
 created a ledge outside the original 
canal course. Note the inadequate 
 tapered preparation of the coronal 
third of the canal.

Middle: Following adequate coronal 
enlargement, a prebent instrument 
can negotiate the original course of 
the canal.

Right: Using a size 10 Kerr fi le, it is 
possible to go beyond the ledge and 
achieve root canal patency.

Getting beyond a ledge: 39.74 
 instruments and theory

Special instrument for prebending 
a fi le (Buchanan File Bender, 
 SybronEndo, Orange, CA, USA).

Right: The prebent GT hand fi le with 
a .06 taper was used to smoothen the 
ledge with the balanced force tech-
nique to the complete working 
length.

Clinical case, overcoming a 39.75 
step/ledge

Left: Tooth 36 with an underfi lled 
root canal system. The mesial canals 
were blocked and showed clear step 
formation.

Middle: Traversing the ledge; radio-
graph shows working length deter-
mination with a .04 taper NiTi fi le.

Right: Follow-up radiograph after 
root canal fi lling.
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30140 Endodontic Surgery

The term “endodontic surgery” encompasses a variety of invasive 
procedures that have both surgical and endodontic aspects in 
equal measure. The most common endodontic surgical proce-
dure is the root resection (apicectomy). A standard clinical proce-
dure, apicectomy is characterized by removal of the root tip, ret-
rograde preparation of accessible root canal areas, and hermetic 
retrograde canal closure, with the removal of infl amed extra-
radicular tissue and — if present — any extruded root canal fi lling 
materials.

Other endodontic surgical procedures are hemisection and 
root amputation, intentional reimplantation, and transdental 
fi xation. The latter two examples generally play a minor role (in-
tentional reimplantation) or no role at all (transdental fi xation), 
while hemisection/root amputation could be considered for perio-
dontal and/or restorative reasons (e.g., grade 2 or 3 furcation in-
volvement). This chapter will focus on root resection because of 
its signifi cance within the spectrum of endodontic surgical pro-
cedures.

The development of the surgical procedure of root resection 
can be traced back to Partsch (1899). Although these surgical 
techniques have been continually refi ned over the past 100 years, 
it is the newest technical developments and better biologic and 
microbiologic understandings that have given the procedure new 
impetus over the past 10 years — whether initiated by endodon-
tologists or modifi ed from other dental specialties. Of particular 
importance from a technical point of view are the following:
• introduction of the operating microscope;
• introduction of microsurgical instruments and ultrasonically 

energized preparation devices;
• use of biocompatible materials for the retrograde closure of 

the root canal;
• refi ned surgical techniques.

Surgical removal of the root apex was originally justifi ed by 
the complexity of the root canal system in its apical area. Root 
canal ramifi cations and lateral canals inaccessible with conven-
tional root canal treatment allow microorganisms to survive, 
thus maintaining apical periodontitis.

Long-term clinical studies, however, have demonstrated that 
adequately performed conventional endodontic therapy, even 
with a certain degree of infection in the root-canal space, still re-
sults in success rates of between 75% and 85% (Weiger, 1998, 
2005), suggesting that failures are an exception. Persistence of 
periapical lesions can be due to intracanalicular etiology as well 
as the result of extraradicular infections or so-called true cysts, 
or — in rare cases — foreign-body reactions.

For persisting lesions that cannot be successfully managed by 
orthograde re-treatment, apicectomy offers the possibility of 
eliminating microorganisms remaining in the apical portion of 
the canal space, as well as preventing them from accessing the 
periradicular space by means of a retrograde fi lling. During the 
surgical procedure potential microbiota from extraradicular 
 origin are eliminated as well.

40  Endodontic Surgery
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302 G Additional Topics

The prerequisite for an apicectomy is a restorable tooth with a 
failed endodontic treatment but adequate remaining periodontal 
support that permits apical surgical access. Any coronal leakage 
must be prevented prior to the surgical procedure (Löst, 2001). In 
general, conventional retreatment is the fi rst option if the root 
canal can be accessed.

Apicectomy is indicated when other types of treatment appear 
too complex or a successful outcome is uncertain, for example 
removing a large post under an intact and functional full cover-
age crown. The decision for apicectomy must also include con-

siderations such as clinician’s experience and availability of ap-
propriate technical equipment.

The aim of the apicectomy is cleaning and shaping of acces-
sible root canal areas followed by sealing with a retrograde fi lling 
that prevents percolation of microorganisms apically (coronal 
and apical leakage).

Indications for Apicectomy

Root canal systems40.1 

Left: Hess demonstrated the high 
complexity of the root canal system. 
Lateral canals and isthmuses are 
clearly visible.

Right: The transparent view of the 
tooth displays the fi ne ramifi cations 
of the canal system. (Courtesy of Dr. 
 Reuver.)

Contraindications for a 40.2 
 surgical procedure

Left: Anterior tooth with an apical 
 lesion and extensive periodontal 
 attachment loss.

Right: Mandibular molar with mul-
tiple perforations into the furcation 
area resulting from a misaligned post 
and dentinal pins. This tooth cannot 
be saved.

Endodontic therapy using 40.3 
conventional orthograde 
 retreatment

Left: Mandibular anterior tooth with a 
large apical lesion.

Middle and right: Reinstrumentation 
of both root canals, followed by ap-
plication of calcium-hydroxide medi-
cated dressing, resulted in healing of 
the apical lesion.
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30340 Endodontic Surgery

Apicectomy is only indicated when initial treatment, and usu-
ally retreatment, have failed and the intraradicular and/or extra-
radicular cause persists. In such cases, despite previous endo-
dontic efforts, one must assume the presence of bacteria within 
the root canal system, which are not accessible by conventional 
endodontic treatment, or individual persisting infection of extra-
radicular origin, and/or a true radicular cyst.

Apical periodontitis (AP), as a rule, does not represent a pri-
mary indication for apicectomy, with rare exceptions (see later). 
Likewise, apparent root canal obliteration, abnormal root canal 
conditions, separated root canal instruments, extruded root 

canal fi lling material, and perforations can be treated by 
orthograde conventional means. Even in cases of separated root 
canal instruments that could not be removed, healing of an 
apical lesion is generally possible (Parashos and Messer, 2006).

Clinical case I40.4 

Left and middle: Despite an appar-
ently acceptable conventional endo-
dontic result, a periapical lesion and 
fi stula persisted.

Right: Following surgical intervention 
the lesion is in the process of healing.

(Source: Textbook of Endodontology. 
Oxford: Blackwell Munksgaard, 
2003.)

Flow chart40.5 

“Decision making” for a tooth with 
previous root canal treatment requir-
ing reconstructive procedures.

Clinical case II40.6 

Left: The maxillary molar has an api-
cal lesion and an adequate coronal 
restoration.

Middle: Due to the potential risk of 
fracture during post removal, an api-
cectomy with retrograde fi lling was 
carried out.

Right: Radiograph indicates healing 
of the lesion.
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treatment?

Endodontically treated tooth

Periapical periodontitis?
Exposed root canal filling?

Yes

Yes

No

No
Quality of the 

root canal filling?
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surgery
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Failure Conservative
re-treatment
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Yes

Orthograde access to
the endodontium possible
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304 G Additional Topics

The clinical examination of the tooth consists of careful inspec-
tion of the surrounding gingival and mucosa, evaluation of the 
attachment level, as well as critical examination of any restora-
tions. The adjacent teeth should be included in the clinical ex-
amination, as incision can involve adjacent teeth as well.

An important factor is the radiographic evaluation. Radiographs 
taken using paralleling and orthoradial projection are essential; 
or in some cases eccentric radiographs, in order to evaluate with-
out distortion the apical anatomy in relation to surrounding ana-
tomic structures. It is also recommended to use additional radio-

graphic imaging techniques to visualize structures such as the 
mandibular canal or the mental foramen.

In complex cases, a 3D computed tomography (CT) evaluation 
(e.g., mandibular premolars and molars as well as maxillary mo-
lars with palatal roots involved) provides not only critical pre-
operative information concerning the feasibility of the proce-
dure, but also assists in surgical planning with regard to the 
extent of the lesion and the exact location of the root tip in rela-
tion to the buccal/palatal bone, the mandibular canal, or the max-
illary sinus.

Diagnosis

Periodontal condition40.7 

Left: Fistula in relation to tooth 22. 
The marginal gingiva appears 
healthy.

Right: Apical pathology on a mandi-
bular anterior tooth, with acute gin-
givitis. The crown margins are inade-
quate.

Radiographic diagnosis40.8 

Left: Periapical radiograph of a man-
dibular fi rst molar. The mandibular 
canal appears to be suffi ciently dis-
tant from the root apex.

Right: Overview with CT. The scale 
identifi es the location of the axial 
sections in Figure 40.9.

CT section diagnosis40.9 

Section 26 shows the mesial, and 
sections 18 and 19 the distal root. 
It is evident that the lesion from the 
distal root has already reached the 
mandibular canal. Red arrow: man-
dibular canal; blue arrow: periapical 
lesion.

➤

➤

➤
➤

➤

➤
➤
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30540 Endodontic Surgery

The introduction of the dental microscope into dentistry in the 
early 1990s opened the door for true microsurgery. Using appro-
priate magnifi cation and miniaturized instruments, it optimizes 
soft-tissue management, allows a smaller access to the apical 
area, exacting retrograde preparation, and, fi nally, precise place-
ment of the retrograde fi lling material.

Magnifi cation of up to ×25, in combination with optimal and 
shadow-free illumination of the operating fi eld allows excellent 
inspection of important anatomic details. The microscope can 
help to localize isthmus formations, C-shaped confi gurations, 
noninstrumented root canal areas, etc. It can also assist in the 
detection and assessment of vertical fractures.

Dental Microscope

Overview and magnifi cation40.10 

Left: Low-power view of an extracted 
premolar. Details of the apical ana-
tomy are not visible.

Right: High-power view (magnifi -
cation ×25) of the palatal root of the 
same tooth with several ports of exit 
at the apex (arrows).

Dental microscope40.11 

Microscope in use during a surgical 
procedure, with a color monitor and 
an observation eyepiece for the den-
tal assistant.

Left: Visualization of the light path.

Overview and magnifi cation40.12 

Left: Radiograph of a premolar with 
an apical lesion.

Right: Following apical curettage, the 
ports of exit of the apical delta can be 
discerned at magnifi cation ×25.

➤

➤

➤

➤

➤
➤
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306 G Additional Topics

Use of the appropriate injection techniques should achieve an 
anesthetic as well as a hemostatic effect. The use of local anes-
thetics with a higher epinephrine concentration will reduce 
hemorrhage and therefore improve visibility during the surgical 
procedure. An epinephrine concentration of 1:50 000 is recom-
mended.
Essentially healthy gingival (periodontal) conditions in the area 
of the surgical intervention are advantageous for optimal healing 
and minimal gingival recession. Atraumatic surgical techniques 
and understanding of wound healing principles will help to 
achieve optimal results.

Flap Design
Mucoperiosteal full-thickness fl ap. A mucoperiosteal fl ap consists 
of gingival mucosal tissues as well as periosteum. The critical ra-
tio of the fl ap width to height should not be less then 2:1. There-
fore horizontal extension of the fl ap may involve adjacent teeth.

Rectangular fl ap. A rectangular fl ap provides excellent access to 
the apical area and is raised by an intrasulcular incision com-
bined with two vertical releasing incisions. The vertical incisions 
should dissect the periosteum to the bone and be placed parallel 
to the long axis of the tooth. This will sever the least number of 

blood vessels, which run vertically from the apical to the coronal 
region. Although the rectangular fl ap is the most frequently used 
fl ap, its disadvantage is the possible marginal gingival recession.

Submarginal fl ap (as described by Ochsenbein-Luebke). Restora-
tions with subgingival margins are prone to recession following 
marginal mobilization. In such cases, instead of the intrasulcular 
incision, a submarginal incision can be made. The incision is 
placed within the attached gingiva and follows the course of the 
gingival margin. Importantly a width of at least 2 mm of the at-
tached gingiva should be preserved, coronal to the horizontal in-
cision. Therefore adequate width of attached gingiva is required. 
Another prerequisite is that the osseous defect should not extend 
to the cervical portion of the root.

Triangular fl ap. This variation with only one vertical, usually me-
sially placed releasing incision provides only limited access to 
apical areas. This approach can be useful for the treatment of cer-
vical resorption, perforations in the cervical and middle sections 
of the root, or for the resection of rather short roots. An advan-
tage is the possibility of extending the fl ap. This can be accom-
plished by extending the intrasulcular incision, or by adding an 
additional vertical releasing incision.

Flap Design and Soft-tissue Management

Anesthetic agents and 40.13 
 injection technique

Anesthetic agents for a surgical pro-
cedure: Top carpule: Articaine forte 
(4%) with 1:100 000 epinephrine for 
anesthesia and initial hemostasis. 
Bottom carpule: Lidocaine (2%) with 
1:50 000 epinephrine for prolonged 
hemostasis.

Right: Application of the anesthetic 
at the apical region. The entire in-
tended fl ap area is perfused with 
 anesthetic solution. 

(Source: Textbook of Endodontology. 
Oxford: Blackwell Munksgaard, 2003.)

Flap design40.14 

Incision designs for a rectangular fl ap 
(left), submarginal or Ochsenbein- 
Luebke fl ap (middle), and triangular 
fl ap (right).
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30740 Endodontic Surgery

Papilla base fl ap. Complete and predictable restoration of lost in-
terdental papillae is one of the biggest challenges. The goal of the 
papilla base incision is to maintain the integrity of the papillae 
during the healing process (Velvart, 2002). A papilla base fl ap 
consists of two vertical releasing incisions, connected by a papilla 
base incision.
For this procedure, a microsurgical scalpel is required. The pa-
pilla base incision requires two different incisions at the base of 
the papilla. The fi rst shallow incision separates epithelium on the 

surface of the gingiva and connective tissue up to a depth of
1.5 mm. In the second step, the scalpel is placed at the base of the 
previously created incision and subsequently inclined apically, 
directed toward the crestal bone margin. With this second inci-
sion, a split-thickness fl ap is prepared in the apical third of the 
base of the papilla. This incision is best performed with magnifi -
cation (e.g., with loupes).

Determination of attached 40.15 
gingiva

Left: Probing depths. The mucogingi-
val line is shown with dashes.

Right: Determination of the width of 
the attached gingiva. A submarginal 
incision requires at least 2 mm of 
 attached gingival, coronal to the 
 incision line.

(Source: Textbook of Endodontology. 
Oxford: Blackwell Munksgaard, 2003.)

Unfavorable papilla healing 40.16 
and how to prevent it

Left: Unfavorable healing result with 
loss of the papilla height, following 
mobilization of the papilla during fl ap 
refl ection.

Right: Two incisions to raise a papilla 
base fl ap:
1: The initial incision is placed 

through the epithelium to a depth 
of 1.5 mm.

2: The second incision creates the 
split-thickness fl ap down to the 
 alveolar crest.

Course of the incision40.17 

Left: Clinical view immediately fol-
lowing mobilization of the soft-tissue 
fl ap. Note the split-thickness fl ap in 
the area of the base of the papilla and 
the full mucoperiosteal fl ap apical to 
the alveolar crest.

Right: Course of the incision for a 
papilla base fl ap. The papilla itself is 
not  elevated or mobilized. The in-
cision should start and end perpen-
dicular to the gingival margin 
(black lines).

(Source: Velvart P. Papilla based inci-
sion. Int Endod J 2002;35:432–460.)

1

2
➤

➤

➤
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Semilunar fl ap. The semilunar fl ap, described originally by Partsch, 
was once popular but is now considered outdated. The incision 
in the mucosa permits only limited access, and is associated with 
a high risk of placing the incision over the osseous defect. Due to 
the microarchitecture of the mucosa, numerous blood vessels, 
and muscle attachments, it is often diffi cult to reapproximate the 
wound margins without tension, and this frequently results in 
impaired healing and scar formation.

Comparison of papilla 40.18 
 healing with different fl ap 
designs

Left: Preoperative view

Middle: Immediate postoperative 
 image of sutures after full papilla 
 mobilization (distal) versus papilla 
base incision (mesial).

Right: Healing result at 3 months. 
Note the pronounced papillary 
 recession distally.

(Source: Velvart P. Comparison of 
 papilla healing. Int Endod J 
2003;36:653–659.)

Mobilization of the fl ap40.19 

Left: Schematic depiction of fl ap 
 refl ection.

Middle: The soft-tissue fl ap is mobi-
lized from the vertical releasing inci-
sion.

Right: Scar formation within the mu-
cosa following three apicectomies. 
The appearance of the scar indicates 
the previous use of a semilunar fl ap.

Tissue retraction40.20 

Left: Preparation of a small groove 
using a small round bur for secure 
placement of the tissue retractor.

Right: Retractors in position follow-
ing fl ap refl ection during an apicec-
tomy on a mandibular molar.

(Source: Textbook of Endodontology. 
Oxford: Blackwell Munksgaard, 2003.)

Mobilization and Retraction
Working from the vertical incision, the mucoperiosteal fl ap is 
carefully raised from its osseous base, using a sharp elevator. 
Tearing and pulling on the fl ap should be avoided. In addition, 
the retractor should be placed securely on bone and not trauma-
tize the soft tissue. The preparation of a small groove in the bone 
will enable secure positioning of the retractor and protect the 
mobilized tissue.

➤

➤
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30940 Endodontic Surgery

Usually a small area of osseous access is achieved using a bone 
drill with copious saline cooling, working toward the apical area. 
When the apical defect is exposed, the granulation tissue should 
be removed to allow evaluation of the apical root anatomy.

The apicectomy can now be carried out. In order to include all 
ramifi cations of the root canal system in the apical region, the 
root tip should be resected 3 mm from the apex. A resection
angle of 0–10° is best. This minimizes the number of dentinal tu-
bules reaching the resection surface from the unprepared root 

canal space. The earlier recommended resection angle of 45° is 
no longer preferred except in rare situations with limited access 
to deeply located roots in the jaws.

Using narrow, long diamond burs, it is possible to completely 
resect the root even deep within bone (lingual or palatal).

Root Resection (Apicectomy)

Ostectomy40.21 

Left: Removal of bone using a round 
bur in the maxillary premolar region. 
Note the protection of the sinus 
membrane with a sinus elevator.

Right: Exposure of the apical area.

Apical region40.22 

Left: View of the apex following 
 curettage of the lesion.

Right: Demonstration of a port of exit 
in a maxillary premolar.

Resection40.23 

Left: Resection of the apex using a 
 fi ssure bur.

Middle: Removal of the resected root 
fragment using microforceps.

Right: Curettage of granulation 
 tissue with a scaler.
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310 G Additional Topics

Angle of resection40.24 

Infl uence of the angle of resection on 
the penetration of toxins from the 
root canal through the dentinal tu-
bules (*) onto the resected surface. 
In the presence of inadequate depth 
of preparation in combination with 
an acute bevel, bacterial products 
can pass through this pathway and 
maintain the infl ammatory process.

Evaluation of the resection 40.25 
surface I

Left: Resection surface of a maxillary 
premolar. Besides two root canals 
(long arrows), a fi ne isthmus (short 
arrows) is clearly visible.

Middle: Mesial root of a maxillary 
 molar. Note the untreated second 
mesiobuccal canal.

Right: Failure following retrograde 
closure with amalgam. The proce-
dure was obviously insuffi cient to 
eliminate the cause of the pathologic 
process (necrotic material adjacent 
to the root canal fi lling).

Evaluation of the resection 40.26 
surface II

Left: Clinical view following resection 
of the root apex. Necrotic material is 
visible lateral to the root canal fi lling.

Right: A lateral canal has been ex-
posed (arrow) during the resection 
procedure and must be treated.

Cracks and fractures40.27 

Examples of a fi ne crack in the apical 
portion of the root (arrow).

(Source: Velvart P. Schweiz Monats-
schr Zahnmed 1997;107:969–978.)

(✳)

(✳)

➤

➤

➤

➤

➤

➤

➤
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31140 Endodontic Surgery

The preparation is carried out using ultrasonically powered de-
vices. The working tips are either prefabricated with various 
shapes, surface coatings, and bends, or individually bent fi les can 
be used. Different tips are available for the anterior and posterior 
regions of the oral cavity.

The ultrasonic energy causes the tip to vibrate, which removes 
both hard and soft tissues in the root canal. These fi ne instru-
ments permit access to the root canal from the retrograde ap-
proach with direct vision and require a relatively small osseous 
access. Using a gentle “up and down” motion, root canals and 
isthmus formations can be widened to a depth of at least

3–4 mm, and root canal fi lling material can be removed as well. 
Application of methylene blue stain is helpful in visualizing root 
canal complexities or cracks.

Studies have shown that ultrasonic preparation is superior to 
conventional preparation with round burs in a micro-handpiece. 
Ultrasonic preparation will result in cleaner, more parallel, and 
deeper preparation. The drawback of ultrasonics is the reported 
risk of microcracks and fractures. The use of ultrasonically ener-
gized fi les requires much lower energy than the stiff, prefabri-
cated tips. They are resilient when tilted, which minimizes the 
wedging forces.

Retrograde Preparation

Retrograde preparation 40.28 
 instruments

Left: The micro-handpiece. The use 
of a bur results in overextension of 
the retrograde cavity.

Middle: Ultrasonic tips allow access 
to areas of the canal previously diffi -
cult to access.

Right: Use of an ultrasonic fi le for 
 retrograde cleansing of the root 
 canal.

Ultrasonically energized fi les40.29 

Left: An ultrasonic fi le being used on 
a maxillary molar. Despite the deep 
 position of the palatal root in the 
maxilla, instrumentation can be car-
ried out under optimal direct vision.

Middle: Evaluation of the preparation 
following retrograde preparation in a 
maxillary premolar.

Right: Circumferential checking of 
the cavity with a micromirror. The 
root canal fi lling remaining in the 
 palatal aspect is visible.

Failure following retrograde 40.30 
therapy

Left: The radiograph reveals appar-
ently adequate retrograde prepara-
tion and apical obturation.

Middle: Fistula formation 1 month 
following apicectomy.

Right: A vertical fracture was the 
 reason for the failure.
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The goal of the retrograde fi lling is to seal the prepared cavity to 
prevent leakage of tissue fl uids to the remainder of the root canal 
space and to prevent the exchange of bacterial products, which 
may result from such leakage. Unfortunately there is no obtura-
tion material that fulfi lls all the requirements for an ideal sealing 
agent (Chong and Pitt Ford, 2005). Most fi lling materials avail-
able today need to be applied and used under optimal (dry) con-
ditions. The cavity must be thoroughly irrigated and carefully 
dried prior to obturation (e.g., using the multifunction attach-
ment described by Stropko).

Additional removal of the smear layer using citric acid (10%) or 
phosphoric acid (37%) remains controversial.

Various materials have been discussed and are used today. 
These include modifi ed zinc oxide eugenol cement, mineral tri-
oxide aggregate (MTA), composite resin, Diaket (3M ESPE, Seefeld, 
Germany) and glass ionomer cement.

Zinc Oxide Eugenol Cements
The best known examples of zinc oxide eugenol cements are 
 SuperEBA (Bosworth, IL, USA) and IRM (Dentsply, PA, USA). In Su-
perEBA, eugenol is replaced for the most part by ethoxybenzoic 

Retrograde Filling

Drying the cavity40.31 

Left: Special attachment for easy dry-
ing of the apical cavity prior to place-
ment of the fi lling material.

Right: Drying the cavity using a thin 
needle (0.4 mm) in a maxillary molar.

Caution: Pressurized air! Directing 
pressurized air into the surrounding 
trabecular bone must be avoided at 
all costs!

Requirements for an ideal 40.32 
retrograde fi lling material

Application of SuperEBA40.33 

Left: Application of SuperEBA with a 
microspatula in a lower premolar.

Right: Condensation of material with 
a plugger.

Dimensional stability (also in the presence of moisture)

Biocompatibility

Radiopacity

Ease of manipulation and application

Antibacterial property

Permits bonding to the dentin surface

Enhances regeneration of periodontal tissue

No staining or discoloration of surrounding tissues
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31340 Endodontic Surgery

acid (ratio 2:1): the powder in the IRM preparation contains a 
polymer to enhance the mechanical properties. The good sealing 
characteristics, low solubility, and excellent handling properties 
are the main advantages of both EBA and IRM.

To minimize the initial toxic reaction to eugenol a very dry 
mixture should be used. A high powder to liquid ratio is recom-
mended. The material is mixed on a glass slab and rolled into 
small 2–3-mm cones, placed into the prepared cavity with a mi-
crospatula, and subsequently condensed using a small, angulated 
plugger. Excess material is removed with a carver. The zinc oxide 
eugenol cement sets rapidly when exposed to moisture after 

compaction. The resected root surface is polished with a fi nish-
ing diamond and any excess fi lling material is removed. After set-
ting, the material seems to cause little irritation in the surround-
ing periradicular tissues.

Following fi nal irrigation of the osseous cavity, the neighboring 
structures (exposed bony cavity, internal surface of the muco-
periosteal fl ap) should be carefully inspected at higher magnifi -
cation. The osseous walls are cleaned using a sharp spoon exca-
vator, and any remaining hemorrhage-preventing agents should 
be removed. Filling the osseous lesion with bone replacement 
materials or the use of a membrane is usually not necessary.

Adaptation of the fi lling 40.34 
 material

Left: Adaptation of the fi lling material 
using a ball burnisher.

Right: After setting of the cement, 
the excess material is removed and 
the resection surface is polished 
 using a fi nishing diamond.

Retrograde obturation I40.35 

View of a retrograde procedure, 
sealed with SuperEBA in a maxillary 
molar.

Retrograde obturation II40.36 

Clinical view following retrograde 
 fi lling with SuperEBA in an anterior 
tooth (left) and a premolar (right).
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Mineral Trioxide Aggregate (MTA)
MTA is a highly promising new cement. The powder consists of 
fi ne hydrophilic particles that, when mixed with water, set in 
2.75 hours. During setting there is a pH increase of up to 10.2–
12.5, which has a certain bacteriostatic effect.

Various studies have shown MTA to seal well and display good 
biocompatibility. The formation of osseous hard tissue and ce-
mentogenesis is enhanced by the presence of MTA. ProRoot 
(Dentsply) was the fi rst commercially available MTA product, 
and the most thoroughly studied one. It was fi rst introduced as a 
gray powder, and later as a white powder without tetracalcium 
aluminum ferrite. Its radiopacity is comparable with gutta-percha.

Use of MTA40.37 

Left: Placement of MTA using a 
 syringe applicator.

Middle: Condensation of MTA with a 
plugger.

Right: Removal of excess material 
 using a microexcavator.

Retrograde therapy in teeth 40.38 
with post and core I

Left: Apical lesion on a maxillary pre-
molar.

Middle: Postoperative radiograph 
 following retrograde preparation and 
placement of SuperEBA.

Right: Complete healing of the lesion 
2 years after apicectomy.

The manufacturer’s recommendations concerning the mixing 
of MTA should be closely adhered to. However the material is dif-
fi cult to handle because of its consistency and requires some 
practice. Various application instruments and procedures have 
been suggested.

Other Materials
Retroplast (Retroplast Trading ApS, Denmark) is a composite ma-
terial combined with a dentin adhesive system (Gluma); it is not 
yet in wide use but clinical studies have shown it to be a material 
to consider. It consists of two components (BisGMA + TEGDMA) 
and hardens autocatalytically. A prerequisite is application of ad-
hesive and composite under dry conditions. Because the applica-
tion of the adhesive to the canal walls in a deep retrograde cavity 
is often clinically diffi cult, a concave preparation of the resection 
surfaces should be carried out. The subsequent sealing of the en-
tire resection surface will also close any dentinal tubules and lat-
eral canals.

Diaket in a powder liquid ratio of 2:1 when used as a retro-
grade fi lling material exhibits favorable characteristics, although 
the number of studies is limited in comparison to outcome data 
on  zinc oxide eugenol cements or MTA. The potential of glass 
ionomer cements is controversial. Amalgam as a retrograde fi ll-
ing material is today considered obsolete.
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31540 Endodontic Surgery

In certain situations, gutta-percha is recommended as part of 
the obturation fi lling. As stated earlier endodontic orthograde 
treatment is the fi rst choice when apical pathology is present. 
However, in certain situations, when canals are hard to fi nd and 
substantial amounts of build-up and dentin have to be removed, 
jeopardizing the retention of large prosthetic reconstruction, pri-
mary surgical treatment might be considered. In such situations 
the pulp space is instrumented from the retrograde approach us-
ing ultrasonic fi les and gutta-percha points or warmed gutta-
percha in conjunction with a sealer for obturation of the deeper 

segments of the canal. The most apical portion of the canal is 
generally closed with MTA.

In the case described here, abutment tooth 13 developed a
periapical lesion after an esthetically and functionally perfect but 
extensive restoration. Considering the long and presumably thin 
abutment, a surgical approach was selected in order to avoid loss 
of retention on the abutment with subsequent failure of the en-
tire restoration through an orthograde access.

Retrograde therapy in teeth 40.39 
with post and core II

Left: Apical lesion on a mandibular 
molar.

Middle: Postoperative radiograph 
 following retrograde fi lling using 
MTA.

Right: Complete healing of the lesion 
1.5 years after apicectomy.

Primary retrograde therapy40.40 

Left: Apical lesion on an abutment 
tooth with an intact multiunit bridge. 
The orthograde access cavity prepa-
ration could result in loss of  retention 
and thereby endanger the survival of 
the entire bridge construction.

Middle: Retrograde instrumentation 
of the root canal and fi lling with 
 gutta-percha and MTA.

Right: Healing, 2 years after apicec-
tomy.
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The healing of oral tissues generally progresses quickly and with-
out complication when basic biologic principles are respected 
and followed. Repositioning fl aps in their original position with 
margins closely approximated by careful suturing will result in 
rapid healing.

The fl ap must be kept moist during the entire surgical proce-
dure to prevent shrinkage, which would prevent tension-free re-
adaptation of the wound margins. Compression of the adapted 
fl ap with sterile gauze prior and after suturing prevents the for-
mation of a blood clot and hematoma, thereby promoting the 

healing process. Wound margins under any tension can lead to 
dehiscence, scar formation, and delayed healing.

The wound-healing process consists of four stages, which are 
not distinctly separated from each other. These are: clotting and 
infl ammation; epithelial healing; connective-tissue healing; and 
fi nally the maturation and remodeling process.

Wound Closure and Initial Healing

Comparison of instruments40.41 

Microinstruments are shown on the 
left and conventional (delicate) in-
struments on the right.

Schematic phases of wound 40.42 
healing

Schematic phases of wound healing, 
following a full-thickness fl ap.

Left: Blood clot (0–30 minutes), fol-
lowed by infl ammation (0–5 days).

Middle: Repair and remodeling 
(4–16 days).

Right: Healing after 6 weeks.

(Source: Häkkinen I, Kitto VJ, Larjava 
H. Cell biology of gingival wound 
healing. J Periodontol 2000;24:
127–152).

Needles and suture material40.43 

Use of a 4/0 needle on an interdental 
papilla in an animal in an experimen-
tal study. View without (left) and 
with (middle) a 5x magnifi cation. 
Rather severe trauma is obvious; even 
the passage of the needle through 
the fl ap almost severs the papilla. 
With the use of microsutures of size 
7–0 for the vertical incision, as well as 
8–0 for the horizontal fi xation of the 
wound margins, the tissue is subject-
ed only to minimal tissue trauma, 
 because of the extremely delicate 
 dimensions of the suture material 
(right).
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31740 Endodontic Surgery

the initial healing phase. Vertical mattress sutures can be used to 
reapproximate the interdental papilla (size 6/0). Special atten-
tion must be given to repositioning of wound margins in the pa-
pilla base fl ap with suture material not exceeding 7/0 or 8/0.

If wound healing is uneventful, the sutures can be removed 
within 3–5 days. By this time an epithelial lining will have 
formed, which protects the connective tissue from irritants from 
the oral cavity.

Papilla base fl ap40.44 

Left: Wound closure of a papilla base 
fl ap using three polypropylene 7–0 
sutures.

Middle: Condition immediately 
 following the surgical procedure.

Right: Excellent healing after 
1 month. The incision line can hardly 
be discerned.

Submarginal fl ap, 40.45 
 importance of perfect tissue 
adaptation

Submarginal fl ap, sutured with size 
6–0 material immediately before 
(left) and immediately after (right) 
suture removal. Note the nicely 
healed area (arrows) in addition to 
 areas of dehiscence that resulted 
from inadequate fl ap adaptation.

(Source: Velvart, P, Peters CL. Soft 
 tissue management in endodontic 
surgery. J Endod 2005;31:4–16.)

Vertical releasing incision40.46 

Optimally adapted vertical releasing 
incision immediately postoperative 
(left) as well as 4 days later (right) 
 prior to suture removal. Good tissue 
adaptation in combination with 
atraumatic handling of the tissues 
 resulted in optimal healing.

(Source: Velvart, P, Peters CL, Peters 
OA. Soft tissue management in endo-
dontic surgery. Endodontic Topics 
2005;11:179–195.)

➤➤

Suturing
Atraumatic sutures should be used in sizes 6/0 or thinner. Al-
though fi ne in size, the needle should preferably brigid and a 3/8 
circle with a sharp, pointed triangular cross section. The needle 
length can be a problem in papilla closure, because fi ne suture 
sizes come with rather short needles. The comfortable needle 
length for interproximal suturing is 12 mm. Nonresorbable su-
turing material with a smooth surface is preferred. Although the 
suturing techniques vary according to fl ap design, usually single 
sutures are applied to hold the wound margins in place during 
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The outcome following apicectomy is determined primarily by 
the osseous healing of the bony lesion, which can be followed 
over time radiographically. There are varying criteria for “suc-
cessful” apical surgery (different inclusion factors, follow-up pe-
riods, evaluation criteria, and observer variations), therefore 
comparison and general conclusions are diffi cult. Some studies 
have ranked only fully healed osseous defects as “healed,” where-
as others have classifi ed cases as “successful” if the apical lesion 
diminished in size (“healing”) as long as the tooth was clinically 
symptom-free during the observation period.

From the perspective of evidence-based dentistry, according 
to Friedman (2005) and Mead (2005) the number of relevant 
clinical studies published since 1970 dealing with prognosis of 
apicectomy is reduced to eight studies with an evidence grade of 
4 (5 being the highest evidence grade).

Various preoperative factors can affect the probability of suc-
cess: In teeth with small periapical lesions and massive over- or 
underfi lled root canals, the prognosis is better, but becomes less 
favorable with repeated surgical intervention. With regard to the 
intraoperative factors, the retro-fi lling procedure and the type of 
fi lling materials may promise a more favorable prognosis, while 

Prognosis

Successful healing I40.47 

Left: Large lesion at the apex of a 
mandibular premolar. Note the close 
relation to the mental foramen.

Middle: Postoperative radiograph 
 after retrograde use of MTA.

Right: Complete healing of the lesion 
2.5 years following apicectomy.

Successful healing II40.48 

Left: Apical lesion on a maxillary 
 premolar with a post and full crown 
restoration.

Middle: Postoperative radiograph 
 following retrograde closure using 
MTA.

Right: Osseous healing of the apical 
defect 1 year following apicectomy.

the postoperative use of antibiotics has no effect whatsoever 
(Friedman, 2005).

Figure 40.49 presents the results of the eight studies men-
tioned above. The category “functional” consists of the sum of 
the two categories, “healed” and “healing,” unless otherwise no-
ted. With these limited data from evidence-based studies, several 
questions remain unanswered, especially those regarding the 
signifi cance of potential pre-, intra-, and postoperative infl uenc-
ing factors.

Therefore, it is diffi cult to draw strong conclusions with regard 
to the currently used retrograde fi lling materials on the basis of 
the available data. Chong et al. (2003) reported that the rate of 
healing after use of MTA was 92% (“complete and incomplete 

healing”), and with IRM 87%, 2 years following treatment. The 
use of Retroplast proved to be a valid alternative, with a healing 
rate of 73%–90% (Jensen et al., 2002).

Undoubtedly it seems likely that modern surgical techniques 
(operating microscope, ultrasonically energized preparation, 
 microsurgical instrumentarium) increase the rate of success. 
However, there is still a lack of evidence-based clinical studies 
with suffi ciently large numbers of cases and suffi ciently long 
 observation periods.
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31940 Endodontic Surgery

From a prognostic viewpoint, a comparison will be made of 
apicectomy and a dental implant as an alternative treatment. In 
the implantology literature, the parameter for measuring success 
is usually “survival.” Conclusions drawn by comparing survival 
rates of implants with the success rates shown in Figure 40.49 
should be treated with great caution. Survival measures only the 
timespan until the implant is lost, regardless of whether biologic 
(peri-implantitis) or technical complications occurred during the 
observation period. On the other hand, the success rate in endo-
dontic surgery is based on the number of successful cases in 
comparison with the total number of treated cases, without any 

direct regard to time. For this reason, the evaluation of an indi-
vidual situation should be based on various case-specifi c factors 
—such as local conditions, or the expertise of the clinician—rather 
than using “average” values.

It remains to be seen whether the currently available clinical 
data on the prognosis of apicectomy or implantology can be di-
rectly applied to clinical practice. These studies were for the most 
part carried out in university clinic settings, under ideal condi-
tions, and, as such, they document the potential of a specifi c 
therapeutic method.

Comparison of prognostic 40.49 
studies dealing with 
 apicectomy

Study ∆t*
(years)

Number 
of cases

Recall rate
(%)

“Healed” 
(%)

“Healing” 
(%)

“Functional” 
(%)

Zetterqvist1 
et al. 1991

1 105 100 61 31 ≥ 92

Jesslén1 
et al. 1995

5 93 94 59 2 ≥ 87

Danin1 et al. 1999 1 10 100 50 50 —

Kvist u. Reit1, 2 
1999

4 45 100 60 — —

Zuolo2 et al. 2000 1–4 102 96 91 — —

Rahbaran2 
et al. 2001

≥ 4 129 61 37 33 ≥ 80

Jensen2 
et al. 2002

1 60Rp 91 73 17 ≥ 90

Chong1, 2 
et al. 2003

2 108 59 90 6 ≥ 96

*Observation time; 1 according to Mead et al. 2005; 2 according to Friedman 2005; Rp only retroplast
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32141 Traumatology

Epidemiologic studies have shown that one in two children ex-
periences dental trauma, usually between the ages of 8 and 12. 
For a determination of the extent of the injury, as well as for plan-
ning appropriate therapy, a complete diagnostic examination is 
critical. The initial clinical examination must include determina-
tion of tooth mobility and displacement, careful periodontal 
probing, assessment of soft-tissue injury, as well as percussion 
and sensitivity tests. Radiographic examination is essential.

As trauma often leads to multiple injuries, less obvious injuries 
on the tooth in question and the adjacent teeth or antagonists 
should not be overlooked. Also, for forensic reasons, it is neces-
sary to examine the alveolar processes, the mandible, and mid-
face for signs of possible fracture and other serious injuries in the 
head/neck region.

Complete and clearly documented clinical fi ndings will help to 
reach an accurate diagnosis and determine any subsequent nec-
essary treatment.

The consequences of dental trauma are many, presenting as 
 injury to various structures of the teeth or surrounding tissues. 
Especially in complex cases, restorative, endodontic, and perio-
dontal aspects must be all be taken into consideration during 
treatment planning. In addition, since mainly children and young 
adults are affected by dental trauma, treatment must avoid nega-
tive effects on further jaw growth and take into consideration the 
life expectancy of the patient.

Emergency treatment often includes simple measures such as 
splinting in cases of dislocation, or covering exposed dentin in 
cases of crown fracture (Andreasen et al., 2007).

However, even the best treatment cannot completely rule out 
the possibility of late sequelae of trauma, and a regular follow-up 
regimen will ensure timely detection and treatment.

The prognosis in cases of dental trauma depends on a myriad 
of factors. The prognosis is often favorable if adequate therapeu-
tic intervention is performed in time. Establishing the prognosis 
is more diffi cult if treatment is delayed or not carried out prop-
erly. In most trauma cases involving children and young adults, 
the main objective is the retention of the affected tooth until the 
patient is of an age when a dental implant would be feasible.

In cases of severely compromised teeth, consideration should 
be given as to whether it will be prudent to attempt to preserve a 
tooth with a questionable prognosis, or whether alternative treat-
ment methods are more suitable. Thus in the case of young pa-
tients, orthodontic treatment should not be disregarded, and col-
laboration with an orthodontist is recommended. In some cases, 
tooth transplantation offers an alternative biologic approach to 
replacement of untreatable traumatized teeth (Lang et al., 2003).

41  Traumatology
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According to the most current World Health Organization classi-
fi cation (WHO 2006), dental traumas are classifi ed as fractures 
and dislocation injuries. The much-used term “luxation injury” 
implies the presence of a joint, and is therefore not accurate. 
Fractures are classifi ed according to their localization, whereas 
dislocation injuries are classifi ed according to the extent and di-
rection of the trauma-induced dislocation of the tooth from its 
original position in the dental arch.

The maxillary central incisors are the teeth most often affected 
by dental trauma within the permanent dentition (ca. 60%), fol-

lowed by the maxillary lateral incisors (ca. 22%). Mandibular an-
terior teeth are relatively seldom involved (central incisors 7.7%, 
lateral incisors 4.6%) (Borum and Andreasen, 2001).

Whereas in the permanent dentition, tooth fractures are the 
predominant result of trauma, in the primary dentition, because 
of the more elastic structure of the alveolar process in young chil-
dren, dislocation injuries are more frequently observed (Schatz 
and Joho, 1994).

Classifi cation

Classifi cation of dental 41.1 
 trauma

Frequently occurring fi ndings in 
 various types of injury.

Frequency of traumatic dental 41.2 
injuries

Frequency of various types of dental 
trauma in the permanent dentition 
(Borum and Andreasen, 2001).
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Fracture Clinical fi nding

Enamel crack infraction Visible crack in the enamel without substance loss

Crown fracture (with or without 
pulpal involvement)

Enamel or enamel-dentin fracture with possible pulp exposure

Crown/root fracture (with and 
without pulp exposure)

Mobile crown fragment, often attached to the gingiva

Not always with pulpal involvement

Transverse root fracture Horizontal or oblique fracture of the root

Increased mobility of the crown fragments, possibly with dislocation

Depending on the location of the fracture line, communication with the oral 
cavity is possible via the gingival sulcus

Dislocation Findings

Concussion Sensitive to touch

No increased mobility

Mobility Sensitive to touch

Increased mobility

Possible hemorrhage from the gingival sulcus

Lateral dislocation Dislocation usually in the lingual direction

Often tooth wedged in this position, without sensitivity to percussion and a 
metallic percussion sound

Extrusion Tooth appears elongated with increased mobility

Intrusion Tooth appears shortened

Metallic percussion sound due to wedging within the alveolar bone

Avulsion Complete luxation of the tooth from its socket
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32341 Traumatology

Enamel-dentin fractures41.3 

Left: As part of the primary treat-
ment the previous day, the exposed 
dentin in teeth 11 and 21 was treated 
with a calcium-hydroxide cement.

Right: To facilitate manipulation, the 
tooth fragments were bonded to
microbrushes before application of 
phosphoric acid and dentin adhesive.

Reattachment—restoration41.4 

Left: Following removal of rubber 
dam, the transition between the 
freshly attached incisal fragments 
and the rest of the crown is clearly 
visible.

Right: The clinical situation 2 years 
later reveals a satisfactory esthetic 
result. Both teeth remain vital.

Composite restoration41.5 

Left: Composite restoration was 
 carried out under rubber dam.

Right: Four years following successful 
treatment, the esthetic clinical situa-
tion is unremarkable. Both central 
 incisors continue to react positively 
to a sensibility test.

Crown Fractures without Pulpal Involvement
Most crown fractures result in dentin exposure. In order to avoid 
the high risk of infection of the endodontic system via the open 
dentinal tubules, all emergency treatment must include coverage 
of exposed dentin (Andreasen et al., 2007). Ideally a fl owable 
composite should be bonded to the dentin surface. A defi nitive, 
and possibly time-consuming, restoration can be carried out at a 
later date. To restore function and esthetics, it may be possible to 
reattach the fractured tooth fragment using an adhesive. The 
long-term success rate of reattached fractured tooth fragments, 
as reported in the literature, is 25% at 7.5 years (Andreasen et al., 
1995). Extension of the adhesive surface through preparations 

such as enamel beveling will improve the adhesion (Reis et al., 
2001).

A tooth fragment that has been left to dry for an extended pe-
riod will become dehydrated, which can compromise the esthet-
ic results and bond strength. When the trauma involves multiple 
or missing tooth fragments, or if these are diffi cult or impossible 
to reattach, current composite resin restorative materials provide 
excellent possibilities for immediate restorative treatment. Indi-
rect ceramic restorations are more invasive and should be re-
stricted to adult patients.
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324 G Additional Topics

Despite traumatic pulp exposure, the prognosis for maintaining 
tooth vitality in young individuals with crown fractures with pul-
pal involvement is generally favorable. Treatment of the traumat-
ically exposed pulp depends on the amount of time that has 
elapsed since the injury. If this occurs within the fi rst 2 hours, 
direct pulp capping is possible.

Calcium hydroxide has a proven record as a pulp capping ma-
terial. When applied to an open, vital pulp, calcium hydroxide 
elicits the formation of new hard tissue in the area of the perfora-
tion. An alternative is mineral trioxide aggregate (MTA), which is 

preferable from a biologic point of view although tooth discolor-
ation can impair the esthetic result.

Especially when primary treatment is delayed, 1–2 mm of the 
(potentially infected) pulp should be removed (partial pulpotomy, 
Cvek, 1978) before capping. The literature reports higher success 
rates using this method compared to direct pulp capping inde-
pendent of the size of the pulpal exposure and the status of root 
growth. Furthermore, it has been demonstrated that pulpal tissue 
that has been exposed for more than 24 hours to the oral milieu is 
bacterially infected only in the most coronal region (Cvek, 1982).

Crown Fracture with Pulpal Involvement

Crown fracture with a wide 41.6 
pulp exposure

A partial pulpotomy is indicated to 
maintain tooth vitality.

Right: The radiograph reveals in-
complete root development of the 
fractured tooth. The treatment of 
choice has as its goal continued root 
development.

Partial pulpotomy41.7 

Left: Partial amputation of the coro-
nal pulp is carried out using a high-
speed diamond bur and cooling with 
sterile saline solution. Any bleeding 
should cease within 5 minutes. The 
lack of continued hemorrhage is evi-
dence that the pulpal tissues are not 
infl amed, thus confi rming the indica-
tion for the treatment.

Middle: The artifi cial wound surface 
is covered with a calcium-hydroxide 
preparation.

Right: Covering with a calcium-
hydroxide cement.

Radiographic follow-up41.8 

Left: At the 6-month recall, the radio-
graph clearly exhibits the demarca-
tion between the tooth crown and 
the attached fragments. The frag-
ments were attached using a non-
radiopaque composite material.

Middle: The 1-year postoperative 
 radiograph reveals the continuation 
of root development following partial 
pulpotomy.

Right: Three years later, a second 
trauma resulted in the loss of the at-
tached fragments. However, closure 
of the pulp chamber remains intact.
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32541 Traumatology

The goal of partial pulpotomy is the removal of irreversibly 
damaged pulpal tissue while leaving the healthy tissues that are 
capable of regeneration. This is especially important in teeth 
whose root development is not yet complete, so that growth of 
the root can continue. With this treatment, on the one hand, the 
time-consuming apexifi cation procedure can be avoided, and on 
the other hand, the resistance to fracture is increased, bearing in 
mind that anterior teeth with incomplete root development have 
a high fracture incidence (Cvek, 1992).

Most critical for the success of all treatments aimed at main-
taining vitality is achieving a long-term bacteria-tight seal. In 

general, if more than 48 hours go by before primary treatment of 
a traumatically exposed pulp, root canal treatment will be re-
quired. In immaturate teeth, use of a an apical plug with MTA 
prior to further root canal fi lling has proved its worth as an alter-
native to conventional apexifi cation using calcium hydroxide.

In terms of restoration, the same options are available as those 
described for crown fracture without pulpal exposure.

Composite resin build-up41.9 

Clinical view following removal of the 
old composite build-up for esthetic 
reasons. Eleven years following 
 trauma, the formerly wide open pulp 
(see Fig. 41.7) appears to be closed 
with dentin formation.

Left: Radiograph of the vital tooth. 
Root development is complete. 
The resorption at the root tip of the 
otherwise vital tooth 21 indicates 
that it was  involved in the original 
trauma.

Composite build-up41.10 

Left: After beveling and conditioning 
of the tooth structure using phos-
phoric acid and adhesive, the fi rst 
procedure is the build-up of the 
 palatal wall with the help of a silicone 
template.

Right: The artifi cial dentin build-up 
using opaque composite provides a 
good imitation of natural mamelon 
structure.

Composite build-up41.11 

Left: The labial and incisal regions 
were built up using a more trans-
lucent composite resin. The fi nal pro-
cedure is defi nitive polishing.

Right: The clinical result 1 month 
 following completion of the anterior 
tooth build-up reveals a good match 
with adjacent tooth 21.
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326 G Additional Topics

Crown-root fractures of maxillary anterior teeth often exhibit a 
typical course. Whereas the fracture line in the labial region is 
located para- or supragingivally, the edges of the fracture on the 
palatal aspect usually extend deeply into the root itself.

If, following removal of the highly mobile crown fragment, a 
pulpal exposure is apparent, the treatment is similar to that for a 
routine crown fracture. The same is true for subsequent restor-
ative attempts as long as the defect is accessible to restorative 
measures.

In nonvisible areas, the restorative procedure can be restricted 
to the accessible supragingival regions (e.g., by shortening the 

fragment before reattachment), with the subgingivally located 
area remaining untreated. In most cases, however, adequate 
treatment depends on good access to the trauma site. This can be 
accomplished by targeted surgical crown lengthening, provided 
that aesthetics are not compromised. Selective reduction of the 
alveolar bone makes the defect accessible for restorative treat-
ment. In cases of deep fractures such attempts compromise the 
supporting alveolar bone for a possible subsequent implant treat-
ment. Therefore extrusion of the remaining root is another alter-
native, which can be carried out either orthodontically (forced 
eruption) or surgically.

Crown-Root Fractures

Removal of a highly mobile 41.12 
tooth crown following 
crown-root fracture

Clinical situation 3 weeks after the 
trauma; the crown-root fracture was 
overlooked initially. The crown frag-
ment reveals increased mobility. 
 Because of the prolonged exposure 
to the oral environment, mainte-
nance of pulp vitality was not possi-
ble.

Right: Because of the superimposi-
tion of the alveolar bone, only the 
buccal fracture line is visible on the 
radiograph.

Surgical exposure41.13 

Following surgical exposure of the 
fracture surface, the entire defect 
was able to be visualized, facilitating 
the seating of a rubber dam clamp.

Right: Crown fragment with a por-
tion of the palatal root.

Reattachment and further 41.14 
endodontic treatment

Clinical view following adhesive re-
attachment of the tooth crown. This 
was followed by conventional root 
canal treatment.

Right: The working length radiograph 
reveals the still wide open root apex. 
Apexifi cation must be carried out be-
fore root canal fi lling and placement 
of an adhesive glass-fi ber post.
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32741 Traumatology

Treating teeth with crown-root fractures can present the clini-
cian with a number of challenges, especially periodontal and re-
storative. The necessary treatment measures are time consum-
ing, and require multiple visits in order to achieve an esthetically 
and periodontally acceptable result.

There is a lack of data regarding prognosis after treatment of 
teeth with crown-root fractures. However, success rates are be-
lieved to be poorer than for crown fractures (Olsburgh et al., 
2002). Despite the often unfavorable relationships between frag-
ment size and the fracture surface, adhesive restorations are usu-
ally indicated (reattachment or composite build-up). If endodon-

tic treatment is deemed necessary, the use of an adhesive root 
canal post will provide additional retention for the restoration.

If the treatment involves a conventional crown, a minimum of 
1.5 mm healthy hard tooth tissue must be available to achieve a 
suffi cient ferrule effect (Stankiewicz, 2002); in addition, one 
must bear in mind the principle of respecting the biologic width 
(Amiri-Jezeh et al., 2006).

Crown-root fracture of a 41.15 
maxillary premolar

Clinical examination revealed that 
the buccal crown fragment was 
 highly mobile.

Left: The removed fragment with the 
fracture line extending far into the 
root.

Surgical extrusion41.16 

Left: The root was carefully extracted.

Middle: Following coronal shorten-
ing, replantation, and splinting, the 
180°-rotated tooth is now accessible 
for the necessary endodontic treat-
ment.

Right: The radiograph depicts the 
amount of the surgical extrusion.

Restoration41.17 

The restorative treatment with 
 composite can be regarded as a long-
term temporary restoration.

Left: Six weeks following initiation of 
therapy, the root canals were fi lled. 
The periodontal healing process is 
practically complete. Clinically, the 
tooth shows physiologic mobility.
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Primary treatment for a root fracture mainly depends on the lo-
cation of the fracture line in relation to the gingival sulcus. The 
prospects of preserving both tooth fragments are excellent if there 
is no connection between the fracture line and the oral cavity.

The aim of repositioning the often dislocated coronal fragment 
and subsequent splinting is pulpal regeneration and, in an ideal case, 
the deposition of calcifi ed tissue within the fracture line
(Andreasen et al., 2007). The amount of time the splint should be left 
in situ will depend on the degree of mobility of the coronal fragment; 
the usual time is 4 weeks (Andreasen, 2004b). The prognosis for 
teeth with root fractures is favorable, with a success rate of approx. 

80% (Andreasen, 2004a). Despite a negative pulpal sensibility test, 
the often observed obliteration of the pulp canal in the coronal and/
or apical root segments provides an indirect clue to surviving vital 
pulp cells, and is not an indication for endodontic intervention.

Endodontic treatment limited to the coronal fragment should 
only be carried out 3 months post trauma at the earliest, if at this 
point there is no reaction to a pulpal sensibility test and there is 
reliable clinical and radiographical evidence of endodontically 
elicited infl ammatory reaction. The apical fragment remains vital 
in almost all cases; hence no treatment is indicated for that part 
of the tooth.

Root Fractures

Horizontal root fracture41.18 

Left: Tooth 21 has a horizontal root 
fracture in the middle third.

Middle: Radiographic appearance 
3 weeks after splinting.

Right: Radiographic appearance 
3 months later. The fracture line re-
mains clearly visible because of the 
ongoing biologic reparative pro-
cesses.

Healing following horizontal 41.19 
root fracture

Right: Four years following the 
 trauma, radiographic signs of healing 
with calcifi ed tissue as well as obliter-
ation in both fragments are visible. 
This can be interpreted as a clear sign 
of vitality. There is no need for addi-
tional therapy.

Left: The clinical appearance is un-
remarkable. The tooth is not mobile, 
and the maximum periodontal prob-
ing depth is 3 mm.

Pulpal necrosis of the 41.20 
 coronal fragment

Left: Length estimation radiograph.

Middle: Radiographic appearance 
 following root canal fi lling of the 
 coronal fragment. The still-vital api-
cal fragment is radiographically un-
remarkable and requires no further 
treatment.

Right: The clinical view is also un-
remarkable. The slightly increased 
tooth mobility is evidence of the 
 altered lever relationship with the 
shortened root; but this should not 
present long-term problems.
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32941 Traumatology

Tooth dislocation occurs to various degrees, and causes injury 
not only to the periodontal tissues, but also to the pulp, depend-
ing on the degree of displacement of the tooth. Concussion and 
loosening represent the injury types with the most favorable 
prognosis.

With tooth mobility, 1–2 weeks of fl exible splinting is indi-
cated. In most cases, this leads to complication-free healing of 
both periodontal and pulpal tissues. In cases of lateral disloca-
tion, the extent of periodontal and osseous injury is greater. 
Splinting for 2–3 weeks and subsequent functional loading gen-
erally lead to regeneration of the periodontal structures.

The pulpal tissue prognosis is dependent on the severity of 
pulp damage at the apex. The highest frequency of pulp necrosis 
is encountered in cases of intrusions, followed by lateral disloca-
tions and extrusions. In addition, untreated exposed dentin 
greatly increases the risk for pulp necrosis. A lack of reaction to a 
standard sensibility test in the fi rst months, or posttraumatic dis-
coloration of the tooth crown, should not be the sole criterion for 
the decision to carry out root canal treatment (Andreasen et al., 
2007).

Dislocation Injuries

Dislocation injury41.21 

Complicated case with various dis-
location injuries. Tooth 12: lateral dis-
location; tooth 11: avulsion; tooth 
21: extrusion; tooth 22: increased 
mobility.

Left: Radiographic view following re-
positioning of the dislocated incisors 
and reimplantation of the avulsed 
tooth, and splinting using a Titanium 
Trauma Splint (TTS, Medartis AG, 
 Basel, Switzerland). (Courtesy of Dr. 
Hairass.)

Concussion of tooth 4141.22 

The follow-up radiographs at 6 
months (left), 1 year (middle), and 
2 years (right) reveal increasing oblit-
eration of the root canal. Despite a 
considerably delayed reaction to the 
sensibility test, this provides indirect 
evidence of the existence of remain-
ing vital pulpal cells; no endodontic 
treatment is necessary.

Palatal dislocation41.23 

The palatal dislocation of tooth 11 
led to occlusal disharmonies. Light 
bleeding from the sulcus also indi-
cates injury to the tooth-supporting 
apparatus. The adjacent teeth have 
crown fractures.

Left: The occlusal view makes clear 
the extent of the dislocation of tooth 
11. The required primary treatment 
includes repositioning of the tooth 
and splinting, as well as treatment of 
the exposed dentin.

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter41_s321_332.indd   329Chapter41_s321_332.indd   329 12.08.2010   14:34:49 Uhr12.08.2010   14:34:49 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان
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Tooth avulsion implies complete severing of the periodontal fi ber 
apparatus and damage to small areas of the root cementum. In 
addition, there is injury to the supporting alveolar bone struc-
ture, rupture of the neurovascular supply to the pulp, and bacte-
rial colonization of the root surface and the endodontium.

A high chance of survival of cementoblasts on the root surface 
is an important prerequisite for preservation of the avulsed tooth. 
If the tooth is replanted immediately at the site of the injury, the 
periodontal ligament left attached to the root surface does not 
dry out. Periodontal healing can be expected and the prognosis is 
good. After excessive drying, however, the periodontal ligament 

cells lose their viability (Trope, 2002). For this reason the use of 
an appropriate storage medium is mandatory (Lekic et al., 1998). 
If a specialized cell culture medium is not available, cold milk or 
physiological saline is an option for a short period.

Avulsion

Transport media for avulsed 41.24 
teeth, in the order of their 
indication

A commercial tissue culture medium 
(e.g., Dentosafe-Box) is the ideal me-
dium to preserve periodontal liga-
ment cells up to 24 hours. Although 
cold, long-life milk can be used for a 
few hours; saline solution is not as ef-
fective because of the absence of nu-
tritional substances. Because of its 
 hypotonic characteristics and high 
bacterial content, saliva is not partic-
ularly indicated, nor is tap water.

Therapeutic recommen-41.25 
dations for avulsed teeth 
 depend on the storage 
 medium and the time out-
side the mouth

This therapeutic table is based upon 
the current recommendations of the 
International Association of Dental 
Traumatology (IADT). The replanta-
tion of an avulsed tooth rinsed with 
physiologic saline solution should be 
carried out without pressure into a 
clot-free alveolus to avoid any further 
damage to the periodontal struc-
tures. In addition, the systemic ad-
ministration of doxycycline is recom-
mended as an adjuvant therapy.

Cell culture medium Long-life (UHT) milk Physiologic 
saline solution

Saliva Tap water

1 QuartUHT Milk

1 Quart

(UHT)

Whole

Milk

Long-life

Type of storage and extra-alveolar 
time

Teeth with completed root growth Teeth with wide open apex

Dry or moist storage <15 minutes 
or storage in a cell culture medium 
for up to 24 hours

Replantation, splinting for 
7–10 days

5 minutes treatment in doxycycline 
solution (1 mg in 20 mL 0.9% NaCl 
solution)

Root canal instrumentation 
7–10 days later

Replantation, splinting for 
7–10 days

Medicated dressing for at least 
1 week

No primary root canal treatment

Dry storage 15–60 minutes or 
short-term storage in milk or 
 physiologic saline solution

30 minutes soak in a cell culture 
medium desirable

Apexifi cation with calcium hydrox-
ide or MTA as apical closure before 
root canal fi lling

Replantation, splinting for 
7–10 days

Root canal instrumentation after 
7–10 days

Medicated dressing for at least 
1 week

Dry storage >60 minutes Complete removal of root 
 cementum

Usually replantation is not 
 recommended

20 minutes storage in fl uoride 
solution

Replantation, splinting for 
4 weeks

Root canal instrumentation after 
7–10 days

Alternative: Extraoral root canal 
treatment
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33141 Traumatology

After replantation, the avulsed tooth is stabilized with a fl exi-
ble splint for 1–2 weeks to encourage periodontal healing. In ma-
ture teeth, root canal treatment should be initiated before re-
moval of the splint to prevent infection-related root resorption. 
In teeth with incomplete root formation and wide open apices 
(with a short extra-alveolar time) pulp revascularization and, 
subsequently, continued root development may occur (Andreas-
en, 1995). Primary endodontic treatment will not be required in 
such cases. Well-coordinated clinical and radiographic follow-up 
will help in the early identifi cation and treatment of any possible 
complications. Extensive necrosis of the periodontal ligament 

following prolonged or nonphysiologic intraoral storage of the 
avulsed tooth will lead to ankylosis. The root will be gradually 
replaced by bone (osseous replacement). If replantation is to be 
attempted in such cases, all of the necrotic root cementum must 
be completely removed. The goal is to slow down the unavoid-
able resorptive process.

Avulsion41.26 

A 10-year-old patient with avulsion 
of tooth 21. Before initiation of ther-
apy, the avulsed tooth was left to dry 
for 10 minutes and then immersed in 
cold milk for 45 minutes. To improve 
the chances for periodontal healing, 
a 30-minute immersion in a cell cul-
ture medium is recommended.

Left: Determination of the tooth 
length will simplify subsequent 
 endodontic treatment.

Radiograph and endodontic 41.27 
treatment

Left: The periapical radiograph shows 
that there are no residual fragments 
within the alveolus. It also shows that 
there is no fracture of the adjacent 
teeth.

Middle: The radiograph shows the 
proper positioning of the replanted 
and splinted tooth.

Right: Root canal treatment with 
 intracanal medication (calcium 
 hydroxide) before removing the 
splint, 8 days after the trauma.

Root canal fi lling and clinical 41.28 
appearance

Left: The follow-up radiograph after 
endodontic treatment with gutta-
percha and sealer, using the lateral 
compaction technique, shows a 
 bacteria-tight root canal fi lling.

Right: Following completion of treat-
ment, the clinical appearance is unre-
markable. Because of the suboptimal 
storage conditions of the avulsed 
tooth following trauma, external root 
 resorption cannot be excluded. An-
nual check-ups are necessary.
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One possible consequence of dislocation injuries is the occur-
rence of external root resorption. This mainly depends on the ex-
tent of damage to the cementum layer, and determines for the 
most part the prognosis of the traumatized tooth. Extensive ne-
crosis of the cementum, especially that associated with serious 
dislocation trauma such as intrusion and avulsion, inevitably 
leads to replacement resorption (osseous replacement). This pro-
cess is also enhanced by the use of rigid splints and/or prolonged 
splinting periods because of the lack of functional stimulation of 
the healing periodontal tissues.

The tooth root is gradually resorbed by dentinoclasts and the 
resorbed root segments are replaced by bone. In young patients, 
the affected tooth will become infraoccluded due to ankylosis 
and local lack of development of the alveolar bone. On percussing 
the tooth, the clinician will hear a typical metallic sound. Radio-
graphically, the root has a “moth-eaten” appearance with absence 
of the periodontal ligament space.

In addition, if infection of the pulp that has been caused by the 
trauma is not treated in a timely manner, infection-related root 
resorption will occur. This process is supported by the microor-
ganisms and their toxins, which reach the damaged periodontal 

Consequences of Dislocation Injuries

Ankylosis41.29 

Left: Six years following replantation 
of a maxillary anterior tooth with in-
complete root development, the 
tooth root appears to be almost com-
pletely replaced by bone as a result of 
the root resorption. A fracture of the 
clinical crown is likely.

Right: The clinical view shows the in-
fraoccluded ankylosed tooth 21.

Infection-related root 41.30 
 resorption

Left: Radiographic view following 
 replantation and splinting of two 
avulsed anterior teeth following extra-
alveolar storage in a moist towel for 
over 60 minutes.

Right: Radiographic view 3 months 
after the primary treatment; during 
this period of time, unfortunately, no 
additional treatment was provided. 
The fact that no endodontic treat-
ment was carried out led to an infec-
tion-related root resorption and a 
massive loss of tooth hard substance 
and alveolar bone (courtesy of Dr. 
Meller).

tissues from the root canal via the dentinal tubules. This can lead, 
in the most severe cases, to virtual destruction of the affected 
root within only a few months.

There is controversy (Andreasen, 2005) as to how far the oc-
currence and progression of external root resorption can be infl u-
enced by various treatment modalities such as intracanal dress-
ings (Bryson, 2002) or the application of corticoid solutions and/
or Emdogain to avulsed teeth (Pohl, 2005a, b, c). Clinical studies 
have reported favorable results (Chappuis and Von Arx, 2005). 
Because of its antiresorptive characteristics, the systemic admin-
istration of doxycycline can be recommended following severe 
dislocation injuries. In children under the age of 8, however, there 
is danger of tetracycline staining of the not yet completely miner-

alized crowns of second and third molars. Usually, this is not 
likely to happen because of the short-term administration of the 
antibiotic.

The most important treatment measure in terms of preventing 
infection-related root resorption is timely and effective endodon-
tic treatment, if it is indicated.
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33342 Tooth Resorption

Resorption can be a physiologic or a pathologic process, and re-
sults in loss of dentin, cementum, or bone. Resorption may occur 
subsequent to traumatic dental injuries, orthodontic treatment, 
or chronic infections of the pulp or periodontal tissues.

Under normal circumstances, the mineralized tissues of per-
manent teeth are resistant to resorption. They are protected by a 
layer of predentin and precementum, on which clastic cells can-
not gain foothold. If, however, this protective layer is damaged or 
altered by an injury in conjunction with an infl ammation of the 
pulp or periodontal tissues, then multinucleated clastic cells will 
induce resorption.

Tooth resorption is classifi ed on the basis of the site, nature, 
and pattern of the process (Ne et al., 1999). A distinction is gene-
rally made between internal and external resorption. External 
resorption can be further subdivided into external surface re-
sorption, invasive cervical resorption, infl ammatory root resorp-
tion, ankylosis, and replacement resorption.

Internal resorption is the only type of resorption that starts 
within the root canal, and it frequently results from chronic in-
fl ammation of the pulp. Vital pulp tissue is a prerequisite for 
 active internal resorption. In the initial stage, the coronal portion 
of the pulp is totally or partially necrotic, whereas the apical pulp, 
which includes the internal resorption defect, can remain vital 
and infl amed. Therefore, pulp sensibility tests can remain posi-
tive (Trope, 2002).

Internal resorption is generally asymptomatic and is usually 
identifi ed by chance on routine radiographs.

External surface resorption is a transient phenomenon in which 
the root surface undergoes spontaneous destruction and repair. It 
is found in all teeth, in varying degrees, and is probably a normal 
physiologic response. Hence, it requires no treatment (Ne et al., 
1999).

Invasive cervical resorption is an insidious and often aggres-
sively destructive form of external tooth resorption. It is a rela-
tively uncommon condition that may occur in any tooth of the 
permanent dentition. It is characterized by invasion of the cervi-
cal region of the root by fi brovascular tissue, derived from the 
periodontal ligament. This resorptive process leads to progres-
sive loss of tooth structure and may eventually invade the pulp 
space. However, the pulp survives until late in the resorptive pro-
cess, because it is protected by the predentin and odontoblasts 
(Heithersay, 1999a). The etiology of this condition is poorly un-
derstood, but intracoronal bleaching, trauma, orthodontics, dento-
alveolar surgery, and periodontal treatment have been cited as 
potential predisposing factors (Heithersay, 1999b).

In infl ammatory root resorption, the necrotic, infected pulp pro-
vides the stimulus for periodontal infl ammation. The most com-
mon cause of external infl ammatory root resorption is trauma. If 
the cementum has been damaged, leaving the dentinal tubules 
exposed, this creates an open communication between the inter-
nal and external surfaces of the root. Bacteria and their by-
products, and tissue breakdown products from within the pulp 
space, diffuse through the dentinal tubules and stimulate an in-
fl ammatory response over large areas of the periodontal liga-
ment, leading to aggressive and progressive resorption of the root 
(Andreasen, 1981).

Ankylosis and replacement resorption are primarily associated 
with a history of luxation injuries, in particular in avulsed teeth 
with an extended extra-oral dry time. If osteoblasts are able to 
cover the root surface after necrosis of the periodontal ligament, 
direct contact with bone and root will occur over some areas of 
the root surface. The term for this condition is ankylosis. Reversal 
of ankylosis is possible if less than 20% of the root surface is invol-
ved. If not, the root will gradually be replaced by bone (Tronstad, 
1988).

42  Tooth Resorption
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334 G Additional Topics

It can be diffi cult to distinguish between invasive cervical resorp-
tion and internal root resorption. This may result in an inaccurate 
diagnosis and subsequently incorrect treatment.

Radiographically, internal resorption appears as a circumscri-
bed, oval-shaped enlargement of the root canal space. The out-
line of the root canal is often distorted, and the resorption ap-
pears to be contiguous with the root canal. Regardless of the 
projection angle of the radiograph, internal resorption remains 
centered in the root.

Invasive cervical resorption moves away from the canal if the 
angle of projection of the radiograph is changed. In addition, the 

root canal outline appears normal and can usually be identifi ed 
through the defect, in contrast to internal resorption.

Clinically, the presence of a pink spot in the coronal dentin can 
be a feature of both internal and invasive cervical resorption. This 
phenomenon occurs due to the presence of granulation tissue 
just under the enamel. In both conditions, a pulpal sensibility test 
is likely to be positive, because the pulp remains (partially) vital.

Diagnosis of Resorption

Internal root resorption42.1 

Left: Perpendicular periapical radio-
graph showing an internal resorption 
defect on tooth 42 with an apical 
 radiolucency. Note the oval, circum-
scribed radiolucent enlargement of 
the root canal.

Middle: A radiograph taken from a 
different horizontal angle shows that 
the defect stays centered in the root.

Right: Postoperative radiograph 
 confi rms that the entire canal includ-
ing the internal resoption defect has 
been fi lled, in this case with MTA. 
 Failure to achieve this would indicate 
the presence of external resorption 
defect.

Invasive cervical resorption42.2 

Left: Radiograph showing invasive 
 cervical resorption on tooth 13. The 
outline of the canal is clearly visible 
through the resorption defect. The 
tooth tested vital.

Middle: A pink spot on the palatal 
 surface indicates the presence of 
 granulation tissue undermining the 
enamel.

Right: The 1.5-year follow-up radio-
graph showing the resorption defect 
restored with a composite fi lling. 
 Pulpal sensibility tests were positive, 
and there were no signs of periapical 
pathosis.

Severe internal resorption on 42.3 
two maxillary central incisors

Left: Teeth 11 and 21 exhibiting 
 reddish and black discoloration, due 
to internal resorption, respectively.

Middle: Extensive radiolucencies in 
the coronal and cervical segments of 
the root canals of 11 and 21.

Right: Palatal aspect of affected 
 central incisors. The teeth have been 
signifi cantly weakened as a result of 
the resorption. Soon after the initial 
examination, the crown of tooth 11 
broke off.
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33542 Tooth Resorption

External infl ammatory root resorption is always accompanied 
by resorption of bone, so radiolucencies in the root and the adja-
cent bone can be identifi ed on the radiograph. Because external 
infl ammatory root resorption is associated with an infected pulp, 
there will be a negative response to a pulpal sensibility test.

Pressure has also been identifi ed as a possible etiological factor 
for external infl ammatory root resorption, as evidenced by re-
sorption that may occur in conjunction with orthodontic tooth 
movement, tooth eruption, tumors, cysts, and impacted teeth. In 
such cases, the resorption tends to cease as soon as the source of 
pressure is removed (Ne et al., 1999).

Clinically, ankylosis and replacement resorption are recognized 
by immobility of the affected teeth. Depending on the age at 
which the ankylosis has occurred, the tooth may be in infraocclu-
sion. The percussion test is an important diagnostic tool, because 
a typical metallic percussion sound is produced when these teeth 
are tapped, which is very different from sound produced on tap-
ping the healthy adjacent teeth. Radiographic features include 
absence of a periodontal ligament space. Replacement resorption 
may give the tooth a “moth-eaten” radiographic appearance, with 
irregular borders.

External infl ammatory root 42.4 
resorption

Left: Severe external infl ammatory 
root resorption in 11 and 21 after 
avulsion of 11 and intrusion of 21. 
Timely root canal treatment could 
have prevented this.

Middle: External infl ammatory root 
resorption in conjunction with ortho-
dontic treatment, which ceased 
 following its conclusion.

Right: External infl ammatory root 
 resorption in tooth 17, probably due 
to longstanding pressure from a third 
molar, which had been extracted a 
few years earlier.

External infl ammatory root 42.5 
resorption after dental 
 trauma

Left: Sixteen-year-old girl who su-
stained trauma with a hockey stick 
3 months previously. Teeth 41 and 42 
were avulsed and reimplanted within 
10 minutes. Unfortunately, root canal 
treatment was postponed, which 
 resulted in external infl ammatory 
root resorption in both teeth. Two 
 sinus tracts can be identifi ed.

Right: Radiograph showing tracing of 
the fi stulous tracts with gutta-percha 
cones. Multiple radiolucencies in the 
roots and bone are visible.

Replacement resorption42.6 

Left: A 7-year-old patient sustained 
trauma with avulsion of tooth 11. It 
was replanted after 1 hour extra-oral 
dry time.

Middle: Several months later, signs of 
replacement resorption can be iden-
tifi ed. An apexifi cation procedure 
using calcium hydroxide was initia-
ted; the tooth was fi lled with an api-
cal plug of MTA and a build-up of 
composite resin.

Right: Six-month follow-up radio-
graph showing infraposition of tooth 
11, due to replacement resorption.
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The recommended treatment for internal resorption is conventi-
onal endodontic therapy to stop the process at an early stage and 
prevent the onset of a perforation. If a perforation has already 
occurred, the treatment is not very different from that of repair-
ing an iatrogenic perforation. In addition to closing the perfora-
tion, measures must be taken to strengthen the tooth and to pre-
vent it from fracturing. Adhesive restorations with composite are 
recommended to increase resistance to fracture.

Infl ammatory root resorption resulting from pulpal necrosis or 
periodontal injury should be treated by root canal treatment. By 
disinfecting the pulp canal space, the infl ammatory stimulus will 

be restrained, and the external infl ammatory resorption can be 
arrested. In most cases, favorable healing with laying down of ce-
mentum will occur, but if a large area of the root is affected, osse-
ous replacement may take place. Trope (1995) has recommended 
the use of a long-term dressing of densely packed calcium hydro-
xide in cases in which infl ammatory root resorption has been 
 established. Calcium hydroxide can create an alkaline pH in the 
surrounding dentinal tubules, and can kill bacteria and neutralize 
endotoxin, a potent infl ammatory stimulator.

Treatment of Internal and Infl ammatory Resorption

Treatment of internal 42.7 
 resorption

Left: Patient referred endodontic 
treatment of tooth 45.

Middle: Obturation of such internal 
defects is best performed with a 
warm fi lling technique. The Obtura II 
gun (Obtura/Sportan, MI, USA) was 
shown to provide the best results, 
and lateral compaction the worst, 
when comparing various methods of 
obturating experimental resorptive 
defects (Goldberg et al., 2000).

Right: Obtura II gun, a delivery sys tem 
for thermoplasticized gutta -percha  
or Resilon (Pentron  Clinical Techno l-
ogies, Wallingford, CT, USA).

Treatment of infl ammatory 42.8 
root resorption

Left: This is the same patient as shown 
in Figure 42.5. Teeth 41 and 42 were 
avulsed and reimplanted within 10 
minutes. The teeth were rigidly 
 splinted for 6 weeks in contravention 
of the guidelines, which recommend 
1–2 weeks using a fl exible splint.

Middle: Timely root canal treatment 
could have prevented the external 
 infl ammatory root resorption of teeth 
41 and 42.

Right: Three months after the trauma, 
root canal treatment was initiated.

Perforation repair and 42.9 
follow-up

Left: As a result of the infl ammatory 
resorption, tooth 41 appeared to 
have two perforations. After an intra-
canal dressing of calcium hydroxide, 
MTA was used for perforation repair, 
and the remaining segments of the 
canals were fi lled with gutta-percha 
and sealer.

Middle: 3.5-year follow-up radiograph 
showing resolution of the apical and 
lateral radiolucencies of teeth 42 and 
41.

Right: Clinical view after 3.5 years, 
 revealing a healthy periodontium.
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33742 Tooth Resorption

The aim of the treatment of invasive cervical resorption is remo-
val or inactivation of all active resorptive tissue and the restora-
tion of the defect with a good sealing fi ll material. This procedure 
can be very challenging, due to the infi ltrative nature of the re-
sorption in later stages. More advanced resorption lesions are 
characterized by a series of small channels, often interconnecting 
with the periodontal ligament apical to the primary lesion.

Depending on the extent of the resorptive process, such cases 
are divided into four classes in order of severity (Heithersay, 
1999b). With more advanced lesions, in which complete removal 

would cause severe damage to the tooth, an attempt can be made 
to cut off the blood supply to the resorptive tissue.

Heithersay (1999c) has shown good results using topical appli-
cation of a 90% aqueous solution of trichloroacetic acid (TCA) in 
the treatment of class I and II cases. This agent causes coagulation 
necrosis of the resorptive tissue, without negatively affecting the 
potential for repair of the adjacent tissues. It has the potential to 
inactivate tissues in the channels that would normally remain in-
accessible to mechanical debridement.

Treatment of Invasive Cervical Resorption

Classifi cation according to 42.10 
Heithersay

Class I: A small resorptive lesion near 
the cervical area with shallow pene-
tration into dentin.

Class II: A well-defi ned resorptive 
 lesion that has penetrated close to 
the coronal pulp chamber, but exhi-
bits little or no extension into the 
 radicular dentin.

Class III: A deeper invasion of dentin 
by resorbing tissue, extending into 
the coronal third of the root.

Class IV: A large invasive resorptive 
process that has extended beyond 
the coronal third of the root.

Treatment of invasive 42.11 
 cervical resorption class II

Left: Patient was referred for retreat-
ment of tooth 46. The radiograph 
 reveals a cervical resorptive defect on 
the distal aspect of the tooth.

Middle: Retreatment has been com-
pleted; there was no communication 
between the root canal system and 
the resorptive defect.

Right: A fl ap was elevated to gain 
 access to the resorptive lesion, and a 
topical application of TCA was used 
to inactivate the granulomatous 
 tissue.

Restoration of the defect 42.12 
with composite and follow-
up

Left and middle: After inactivating 
the granulomatous tissue, another 
challenge is presented—restoration 
of the defect. In this case, a compos-
ite restoration was placed, but due to 
its location below the attachment 
 level, may promote build-up of a 
 periodontal pocket. At best, a long 
epithelial attachment may ensue.

Right: Three months after surgery, 
buccal gingival recession of 2 mm is 
evident. Probing depth is 3 mm but 
there is no bleeding on probing.

I II III IV

➤ ➤
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The resorptive tissue can be accessed either by an external ap-
proach, an internal approach, or by a combination of the two. 
When using an external approach, a periodontal pocket often 
persists after restoring the defect. This problem may be overcome 
by orthodontic extrusion of the tooth before treatment, which 
will improve access to the defect and provide a supragingival 
margin for the restoration.

If the resorption is extensive, elective endodontic treatment 
may be required to allow visualization of the area and to gain 
access to the more deeply infi ltrating tissue surrounding the root 
canal.

The treatment of class IV lesions has a high failure rate (Heit-
hersay, 1999c), raising the question as to whether an attempt 
should be made to treat such cases. Extraction and replacement 
with an implant or bridge has been recommended (Trope, 2002). 
An alternative would be to leave the resorption untreated and 
inform the patient that tooth loss may occur in the future.

The speed of spread of invasive cervical resorption has not 
been investigated, but clinical observation suggests that, in the 
absence of infection, progress is slow.

Treatment of a class III 42.13 
 resorptive lesion using an 
 internal approach

Left: Invasive cervical resorption on 
tooth 35. Pulpal sensibility testing was 
positive and there were no signifi cant 
probing depths.

Middle: Eccentric projection radio-
graph shows an undistorted outline 
of the root canal, which is visible 
through the defect. Elective endo-
dontic treatment was recommended 
to enable  access to the resorptive 
process.

Right: On opening the tooth, a white 
line surrounding the root canal is  visible, 
representing a layer of predentin.

Topical application of TCA42.14 

Left: After cleaning and shaping the 
root canal and applying TCA to inacti-
vate the granulomatous tissue, an 
 intracanal dressing of calcium hydro-
xide, which also has tissue-dissolving 
properties, was applied.

Middle and right: The root canal has 
been fi lled (second visit). The coronal 
third of the root has been affected by 
the resorptive process. The goal of 
TCA use is to cut off the blood supply 
to the resorptive tissue in the chan-
nels.

Defi nitive composite 42.15 
 restoration and follow-up

Left: A composite build-up has been 
made, to obtain a coronal seal and to 
reinforce the tooth that has been 
weakened by the loss of dentin 
 resulting from the resorption.

Middle and right: At the 1-year 
 follow-up, the radiograph shows no 
 signs of pathosis or recurrence of the 
resorption. Probing depths are within 
normal limits, and the patient is free 
of symptoms.
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33942 Tooth Resorption

Currently, there is no reliable procedure that can cause arrest of 
replacement resorption after its initiation. The resorbing cells in 
ankylosis and replacement resorption are osteoclasts. Osteoclasts 
are normally involved in bone remodeling and are unable to di-
stinguish between cementum, dentin, and bone. Therefore, re-
placement resorption and ankylosis should be considered as 
physiologic, rather than pathologic processes (Tronstad, 1988).

Since replacement resorption is primarily associated with lu-
xation injuries, it is of paramount importance to prevent these 
injuries from occurring. The use of a mouth-guard in contact 
sports has proven to be effective. Furthermore, after an injury has 

taken place, additional damage should be minimized. In the case 
of an avulsion, extra-oral dry time should be minimized by im-
mediate reimplanting of the tooth or storing it in an appropriate 
medium (e.g., milk).

Another strategy is to make the cementum more resistant to 
resorption after an extended extra-oral dry time. Emdogain 
(Staumann, Basel, Switzerland) has been recommended for pro-
moting development of new periodontal ligament from the sock-
et. However, treatment results have varied (Filippi et al., 2002; 
Schjott et al., 2005), and therefore its use is still controversial. 
Emdogain is not yet available worldwide.

Treatment and Prevention of Replacement Resorption

Avulsion of teeth 11 and 2142.16 

This patient was involved in a bicycle 
accident, during which she sustained 
severe dental trauma. Teeth 11 and 21 
were avulsed and fractured, tooth 22 
was luxated, and the alveolar process 
was fractured. Teeth 11 and 21 were 
reimplanted by an oral surgeon after 
30 and 45 minutes extra-oral dry time, 
respectively, and a rigid splint was 
placed. At the fi rst visit, 1 week after 
the accident, the splint was adjusted 
for patient comfort and to enable the 
patient to carry out proper oral 
 hygiene.

Root canal treatment and 42.17 
removal of the splint

Left: One week after the accident, 
 endodontic treatment was carried 
out on teeth 11 and 21.

Right: The splint was removed after 4 
weeks. Before the accident occurred, 
the maxillary dental arch was uniform 
and regular. After the reimplantation, 
teeth 11, 21, and 22 appeared to be 
malpositioned. The  patient declined 
orthodontic treatment, and chose to 
have the malpositions masked with 
composite veneers.

Follow-up42.18 

Left: Clinical picture after completion 
of the restorative treatment. Teeth 12, 
11, 21, and 22 were provided with 
composite veneers. 

Right: Seven-year follow-up radio-
graph showing replacement resorpti-
on on teeth 11 and 21. Note the ab-
sence of the periodontal ligament 
space on the distal aspect of 11 and 
21. Clinically, a high metallic percus-
sion sound confi rmed the diagnosis. 
The speed at which replacement re-
sorption takes place varies, and may 
take years to decades. Tooth 21 also 
reveals a severe invasive cervical re-
sorption.
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A root perforation is a mechanical or pathologic communication 
formed between the supporting periodontal apparatus of the 
tooth and the root canal system (AAE glossary, 2003). Perfora-
tions occur as a complication of endodontic treatment and resto-
rative procedures such as post preparation; the reported rate 
ranges from 1% to 3% (Kerekes and Trondstad, 1979; Eleftheriadis 
and Lambrianidis, 2005; Jamani and Fayyad, 2005). In addition to 
iatrogenic perforations, pathologic processes such as tooth re-
sorption or caries may also result in root perforation.

Kvinnsland et al. (1989) evaluated the etiology and location of 
55 root perforations seen in a dental school in Norway. Almost 
50% of the perforations were due to endodontic treatment and 
slightly more than 50% were due to prosthodontic treatment. The 
buccal and mesial root surfaces, as well as the midroot areas, 
were most often perforated.

According to Fuss and Trope (1996), the important factors in 
determining the success of a perforation repair are the time in-
terval between the occurrence of a perforation and its repair, the 
size of the perforation, and its location. The authors presented a 
classifi cation of root perforations based on the above factors.

The location of the perforation in relation to the level of the 
epithelial attachment and crestal bone is probably the most im-
portant factor in terms of prognosis. The closer the perforation is 

to this critical zone, the poorer the prognosis, due to suscepti-
bility of the site of perforation to contamination from microorgan-
isms from the oral cavity. Moreover, if the perforation is not clo-
sed immediately, apical migration of the epithelial attachment 
may occur, resulting in a periodontal defect. Fuss and Trope 
(1996) concluded that successful treatment depends mainly on 
immediate sealing of the perforation and prevention of infec-
tion.

Classifi cation of Root Perforations

Good prognosis Poor prognosis

– Fresh
– Small
– Apical-coronal

– Old
– Large
– High alveolar ridge

43  Perforations

Perforations caused by a 43.1 
 procedural error, caries, or a 
resorption process

Left: Radiograph showing a crestal 
perforation, due to a misaligned post 
placement.

Middle: Radiograph showing deep 
caries resulting in perforation.

Right: Radiograph showing cervical 
invasive resorption resulting in perfo-
ration.
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Diagnosis of Perforation
As the time interval between the occurrence of the perforation 
and its repair is an important prognostic factor for treatment 
outcome, early determination of the occurrence of a perforation 
is of paramount importance. A diagnosis is established based on 
clinical and radiographic fi ndings. Radiographs from different 
angles, including bitewing radiographs, are indispensable for an 
accurate diagnosis. In addition, the presence of a sinus tract or 
the appearance of localized problems such as pocket formation 
or furcation involvement may indicate the existence of perfora-
tion (Aldahainy, 1994).

During treatment perforations can be identifi ed by direct ob-
servation through the microscope, direct observation of bleeding 
at an unanticipated location, indirect bleeding assessment using 
a paper point, and the use of an apex locator. Moreover, reports of 
sudden and unprovoked pain may indicate that the fi le is pene-
trating the surrounding bone.

Management of perforations will depend on a number of factors, 
including the size and location of the perforation and access to the 
perforation site. Subgingival perforations can usually be repaired 
with materials such as amalgam, composite or cast metal restora-
tions, by extending the cervical margin to include the defect.

Subgingival perforation43.2 

Left: Radiograph showing a maxillary 
fi rst molar with a large restoration and 
an insuffi cient root canal fi lling in the 
mesial root. Because a crown has been 
planned on tooth 26, retreatment is 
appropriate. Localized gingivitis is pre-
sent between teeth 25 and 26, and a 
perforation is suspected on the mesial 
aspect of tooth 26, because of the 
 close proximity of the restoration to 
the interdental papilla.

Right: After removing the composite 
restoration, a subgingival perforation 
became visible.

Perforation sealed with 43.3 
 composite

Left: Prior to initiating the root canal 
treatment, the perforation has been 
sealed with a composite restoration. 
A second mesiobuccal canal has been 
detected and instrumented.

Middle: Four canals have been obtu-
rated.

Right: A fi ber post has been placed in 
the palatal canal, and a build-up of 
composite core material has been 
constructed.

Follow-up43.4 

Left: Postoperative radiograph.

Right: At 6-month follow-up, a crown 
has been placed that encompasses 
the defect; the gingiva is free of 
 infl ammation and the patient is 
 symptom-free.
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342 G Additional Topics

The primary goal in management of perforations is to arrest the 
infl ammatory process and the subsequent loss of tissue attach-
ment by preserving healthy tissues at the site of the perforation. 
Many materials have been used to repair perforations, including: 
amalgam, Cavit (3M-ESPE, St. Paul, MN, USA), calcium hydroxide, 
super-EBA, glass ionomer, composite, gutta-percha, and zinc 
oxide eugenol cement. The success rate of these materials has 
been variable.

Since the introduction of MTA, substantial evidence has col-
lected that it is the material of choice for perforation repair (Lee 
et al., 1993; Pitt Ford et al., 1995). It is biocompatible, provides a 

tight seal, and promotes the regeneration of cementum, thus 
 facilitating the regeneration of the periodontal tissues. This char-
acteristic differentiates MTA from other comparable materials.

Main et al. (2004) presented a series of cases that demonstrat-
ed consistent healing with the use of MTA as a perforation repair 
material. The main advantage of MTA is its long setting time; 
however, this makes the material unsuitable for the repair of 
supracrestal perforations. If MTA comes into contact with oral 
fl uids, it will wash out before setting.

Management of Perforations

MTA43.5 

MTA is available in the original gray-
colored preparation (left), and the 
newer white-colored version (right). 
The latter is indicated for esthetically 
demanding areas of the mouth. The 
main difference between the two 
 varieties is that white MTA does not 
contain iron. Moreover, the handling 
characteristics have been improved 
in the white preparation. Numerous 
publications have reported that MTA 
and Portland cement are identical 
materials, except that bismuth oxide 
has been added to MTA to give the 
material its radiopacity (courtesy of 
Dentsply Maillefer).

Perforation after post place-43.6 
ment in the apical segment of 
a root canal

Left: The patient presented with se-
vere swelling and pain in the area of 
tooth 47. Radiograph showing a large 
radiolucency. The bridge had been 
 seated several years earlier.

Right: An access opening was made 
through the existing abutment, and 
the post was removed with the use of 
ultrasonics. The root fi lling material 
from the mesial canals was also re-
moved.

Repair of the perforation with 43.7 
MTA and follow-up

Left: The distal canal has been fi lled 
with an apical plug of MTA and the 
mesial canals with gutta-percha 
and sealer. At the second visit, the 
setting of MTA was confi rmed and the 
access opening was restored with 
composite.

Right: 2.5-year follow-up radiograph 
showing progressive osseous healing.
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34343 Perforations

A serious complication that may occur after creation of a root 
perforation is penetration of sodium hypochlorite through the 
perforation into the surrounding tissues (Neaverth and Swindle, 
1990). The consequences of such an incident include an immedi-
ate burning sensation, severe pain, and marked facial swelling. In 
addition, it may lead to the subsequent development of a fi stula, 
postoperative skin complications, ulcerations, and neurologic 
complications such as anesthesia, paresthesia (Reeh and Messer, 
1989), and facial nerve weakness (Witton et al., 2005).

Whenever sodium hypochlorite has penetrated into the sur-
rounding tissues, the dentist should inform the patient about the 

cause and nature of the incident. In many cases no, or only a min-
imal amount of, intervention is necessary. To relieve the acute 
pain, analgesics may be prescribed, together with cold compres-
ses to reduce the swelling.

Antibiotics are recommended only in cases where there is a 
high risk of spread of infection. After the acute symptoms have 
resolved or diminished, endodontic treatment may be com-
pleted.

Additional Complications

Midroot perforation and leak-43.8 
age of sodium hypochlorite

Left: Pulpitis in tooth 35. During an at-
tempt at creating endodontic access, 
a perforation was created. The subse-
quent bleeding was mistaken for pulp 
tissue, and the dentist irrigated with 
sodium hypochlorite. After this, the 
patient experienced intense pain.

Middle: After removing the rubber 
dam, a pronounced swelling of the 
left side of the face became obvious.

Right: The attending endodontist 
 confi rmed a perforation to be present 
on the buccal aspect; the distal fi le is 
placed within the perforation.

Perforation repair with MTA43.9 

Left and middle: After cleaning and 
shaping the canal, the perforation 
was closed with MTA, calcium hydro-
xide was applied, and the patient 
 given another appointment.

Right: After 3 days the swelling had 
subsided, but the patient reported 
numbness on the left side of her face. 
The whole area was very sensitive to 
touch. Soft-tissue ulceration was pre-
sent, which was curetted. Some ne-
crotic tissue and remnants of set MTA 
were removed, and the endodontic 
treatment was completed.

Follow-up exam43.10 

Left: One week after fi nishing treat-
ment, the patient reported that she 
was almost free of symptoms and 
that normal feeling had returned. 
The lesion probably originated 
from an area of necrosis, caused by 
leak age of sodium hypochlorite. 
The  lesion in the oral mucosa is still 
 visible, but shows signs of healing.

Middle and right: After 2 months, 
complete healing of the soft tissues 
has taken place. The patient is 
asymp tomatic, and there are no 
 probing depths of any signifi cance.
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344 G Additional Topics

If the perforation is associated with a large osseous defect, it may 
be benefi cial to use an extra-radicular matrix to prevent extru-
sion of the repair material. Most publications agree that using a 
matrix allows better control of the repair material (Lemon, 1992; 
Aldahainy and Himel, 1994). Whether this will result in a better 
treatment outcome remains to be demonstrated.

Matrix materials should be biocompatible and bioresorbable. A 
number of materials have been used as matrix materials, includ-
ing tricalcium phosphate, hydroxyapatite, demineralized freeze-
dried bone, collagen, and calcium sulfate.

After controlling the hemorrhage, the repair material is placed 
using appropriate instruments. In the case of MTA, carriers or 
small spatulas are used to deliver the material to the perforation 
site. It has been shown that indirect ultrasonic activation of MTA 
results in a denser fi lling than with hand compaction (Yeung et al., 
2006). This can be achieved by using a plugger to compact the 
MTA and having the dental assistant touch the plugger with an 
ultrasonic tip at the same time.

If MTA becomes too moist during compaction, thick paper 
points may be used to wick out the surplus moisture.

Application of Mineral Trioxide Aggregate (MTA)

Armamentarium43.11 

The consistency of the mixture of 
MTA is critical for correct handling. It 
should have the consistency of wet 
sand, and the pellet that is extruded 
from the carrier should retain its 
form.

Right: Dovgan MTA carriers are avail-
able in three different diameters 
(ADS, Vaterstetten, Germany).

Perforation in the furcal 43.12 
fl oor of a maxillary molar, 
with attachment loss

Left: The patient was referred for 
 retreatment of tooth 16. The radio-
graph reveals a periradicular lesion. 
A sinus tract was present, which was 
traced with a gutta-percha cone.

Middle and right: The presence of a 
sinus tract and pocket formation may 
indicate the existence of a perfora-
tion. In this case, a probing depth of 
8 mm on the buccal aspect was ob-
served.

Localizing the perforation43.13 

Left: After removal of the restoration, 
a perforation was made apparent by 
profuse bleeding from the fl oor of the 
pulp chamber.

Middle: The bleeding tissue was partly 
removed using an electrosurgical tip. 
After removing gutta-percha from the 
canals, a second mesiobuccal canal 
was identifi ed.

Right: After establishing working 
length with an apex locator and two 
radiographs, all canals were cleaned 
and shaped, and a dressing of calcium 
hydroxide was placed in the canals 
and the perforation site. A second 
 visit was then scheduled.

0.80 mm

0.99 mm

1.60 mm
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34543 Perforations

Because MTA needs at least 3 hours to set, a moist cotton pellet 
is placed over the material and the tooth is sealed with a tem-
porary restoration. On re-entry, MTA should be completely set 
and well fi tted to the perforation site. Subsequently, the tooth 
should be defi nitively restored as soon as possible with an adhe-
sive material to prevent coronal leakage.

Perforations in the furcation area of multirooted teeth are usu-
ally considered as crestal perforations, because of the close proxi-
mity to the epithelial attachment and possible communication 
with the gingival sulcus. According to Fuss and Trope (1996), the 
rate of success of their repair is low, because these furcal perfora-

tions are most susceptible to apical proliferation of epithelium 
and subsequent pocket formation.

However, Main et al. (2004) demonstrated that the use of MTA 
for repair of infected furcal perforations resulted in normal tissue 
architecture adjacent to the repair site after 1 year. According to 
the authors, the availability of MTA may require re-evaluation of 
previous guidelines regarding prognosis of perforated teeth.

Obturation and application 43.14 
of a matrix of calcium 
 sulfate

Left: Upon re-entry, the tissues in the 
perforation site exhibited superfi cial 
necrosis, due to the high pH of calci-
um hydroxide. Bleeding was negli-
gible, and the outline of the perfora-
tion was clearly visible.

Middle: Radiograph showing obtura-
tion of the canals.

Right: After obturating the canals, an 
extraradicular matrix of calcium sul-
fate was placed in the perforation to 
recreate the external root contour 
and act as a barrier against which 
MTA can be applied.

Perforation repair with MTA43.15 

Left: After setting of the calcium sul-
phate, which takes several minutes, 
MTA was applied with a carrier. It was 
compacted with pluggers and the 
blunt end of thick paper points to 
 absorb the surplus moisture.

Middle: MTA applied to a thickness of 
3 mm.

Right: Because MTA requires 3 hours 
to set, a moist cotton pellet was intro-
duced on top of the MTA and the 
 access was closed with a temporary 
restoration.

Defi nitive restoration with 43.16 
composite, and follow-up

Left: At the third sitting, a composite 
build-up was applied, after confi rm-
ing the setting of MTA. In addition to 
an apical lesion, an interradicular le-
sion was visible on the postoperative 
radiograph, indicating bone loss in 
the furcation, which was probably 
caused by the longstanding perfora-
tion.

Middle and right: After 6 months, 
both the apical and interradicular 
 lesions have decreased in size. The 
buccal probing depth has been re-
duced from 8 mm to 4 mm, indicat-
ing that reattachment has occurred.
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Whenever possible, nonsurgical repair is preferred in the man-
agement of perforations. An internal approach is usually less in-
vasive and preserves the periodontal tissues. However, there are 
cases in which surgical intervention may be the treatment of 
choice. These include perforations in areas only accessible via 
surgery, perforations with a concomitant periodontal compo-
nent, perforations that have not responded favorably to conser-
vative therapy, and defects in which excessive amounts of a for-
eign body, such as obturating material, have been extruded 
(Regan et al., 2005).

In addition, there may also be ecologic factors that could tip 
the balance in the decision of which treatment option serves the 
patient best. If the defect is readily accessible surgically, and if 
disassembly of the existing coronal restoration would yield a sig-
nifi cant risk and additionally high cost to the patient, then surgi-
cal repair may be considered. Some patients are treated best with 
a combination of a nonsurgical and surgical approach.

As a last resort, intentional replantation may be carried out in 
conjunction with perforation repair (Poi et al., 1999; Shuman et 
al., 1999).

Surgical Management of Perforation Defects

Perforation of a fi xed bridge 43.17 
abutment

Left: Radiograph showing a perfora-
tion by a misaligned post in an abut-
ment tooth.

Middle: Sinus tract as a sign of apical 
periodontitis.

Right: Sinus tract traced with a gutta-
percha cone. Because an internal 
 approach to repair the perforation 
would have required disassembly of 
the four-unit bridge, surgical inter-
vention was proposed (courtesy of 
Dr. Aye Min).

Surgical repair of the 43.18 
 perforation

Left: Following fl ap refection and 
 osteotomy, access was gained to the 
perforation site.

Middle: Root resection carried out at 
the level of the perforation.

Right: Root tip preparation com-
pleted to a depth of 3 mm (courtesy 
of Dr. Aye Min).

Follow-up43.19 

Left: Postoperative radiograph shows 
the MTA root tip fi lling.

Middle: One-year follow-up radio-
graph showing complete resolution 
of the lesion.

Right: Four-year follow-up radiograph, 
showing complete healing of the 
 lesion, indicating that the patient is 
completely asymptomatic (courtesy 
of Dr. Aye Min).
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34744 Bleaching Discolored Teeth

44  Bleaching Discolored Teeth
Especially in the anterior segments, discolored endodontically 
treated teeth can present a cosmetic problem. As an alternative 
to the fabrication of full crowns or the use of composite resin or 
ceramic veneers, the dentist can use tooth bleaching as an esthe-
tic treatment. The techniques for external bleaching of vital teeth 
have been described in various literature reviews (Attin, 1998; 
Wiegand, 2006).

For internal bleaching of nonvital endodontically treated teeth, 
the “walking bleach” technique has been recommended, in which 
a bleaching agent is put into the pulp chamber for a certain peri-
od. This procedure, which includes an intentional devitalization 
of vital, severely stained teeth to render possible intracoronal 
bleaching treatment, should only be undertaken after proper 
consideration of the possible risks, and the patient must be fully 
informed.

A possible cause for discoloration of nonvital teeth is vital pulp 
extirpation, or traumatically induced internal bleeding of the 
pulp, which can lead to diffusion of blood products into the den-
tinal tubules. Breakdown of blood via chemolysis leads to release 
of iron. This iron, in combination with hydrogen sulfi de released 
by bacteria, lead to the formation of iron sulfi de, which causes a 
gray discoloration of the tooth.

In addition to blood metabolic breakdown products, the break-
down products of proteins from a necrotic pulp can also cause 
tooth discoloration. This may also be the case when, following 
inadequate access cavity preparation, pulp tissue remnants re-
main within the pulp chamber, usually in the region of the pulp 
horns.

Discoloration of the crown of an endodontically treated tooth 
can also be caused by the root canal fi lling material itself. Also 

some medicaments (e.g., Ledermix) can cause tooth discolora-
tion. Such tooth discoloration, depending on the responsible sub-
stance, can in some cases be effectively treated by bleaching (van 
der Burgt, 1986). It is worthy of note, however, that this does not 
hold true for discolorations caused by metal ions (silver pins, 
amalgam) (Glockner and Ebeleseder, 1993).

In the clinical investigations published to date, initial good re-
sults, that is, immediately following bleaching, have been re-
ported. The optimum result is color consistency of the bleached 
tooth with its neighboring tooth. However, over the course of 
time, the tooth sometimes becomes darker again (Friedman, 
1997). The current theory about the etiology of this subsequent 
darkening is a poorly sealed restoration that permits diffusion of 
pigments and penetration by bacteria.

It is interesting that the “success” of bleaching is usually more 
positively appraised by the patient than by the dentist or by the 
investigator in a clinical trial. In the published long-term studies 
spanning a timeframe of 8–16 years, success rates of 45%–93% are 
reported, but also included in these studies are cases where the 
color comparisons with adjacent teeth are not perfect but clini-
cally acceptable (Attin et al., 2003; Amato, 2006).

Today, preparations containing hydrogen peroxide are the 
most commonly used bleaching agent. Depending on the pH 
 value, light effects, temperature, presence of Ko-catalysts or 
 metallic reactions, free hydrogen peroxide can release various 
 radicals (H˙, O˙, OH˙, HO2˙), hydroxyl (OH–) or perhydroxyl ions 
(OOH–), which are responsible for the oxidative or reduction and 
therefore bleaching characteristics of hydrogen peroxide.
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Walking Bleach Technique
For the walking bleach technique, a mixture of sodium perborate 
(mono-, tri-, or tetrahydrate) and water (ratio: 2 g/mL) is recom-
mended. This mixture will release hydrogen peroxide slowly. In 
comparison to higher concentration hydrogen peroxide solu-
tions, the bleaching effect can in some cases be somewhat slower 
but results in the same effect. The use of a mixture of sodium 
perborate and water reduces the risk of the occurrence of cervi-
cal resorption.

Hydrogen peroxide released from bleaching agents is respon-
sible for the transient reduction of retention of adhesives to 
enamel and dentin. For this reason, following bleaching, allow for 

an approximately 3-week interval before the  insertion of an 
adhesive defi nitive restoration (Attin et al., 2004).

In both clinical studies and laboratory investigations, there 
was no signifi cant reduction in fracture resistance of bleached 
tooth hard structure when compared with sound teeth. However, 
the risk of fracture is increased if the tooth was previously weak-
ened by the aggressive physical removal of hard structure (e.g., 
discolored dentin).

Initial clinical appearance44.1 

The discolored left maxillary central 
incisor does not exhibit an inadequa-
te restoration. Restorations with 
open margins must be replaced with 
well-sealed (even temporary) resto-
rations so the bleaching agent can 
work optimally in the tooth.

Radiographic fi ndings44.2 

Left: Before initiating bleaching, the 
root canal fi lling should be checked 
radiographically and, if necessary, 
 reinstrumented.

Middle: Radiograph to determine the 
working length.

Right: Root canal fi lling after retreat-
ment.

Preparing the working fi eld44.3 

The area is isolated with rubber dam 
to minimize the risk of recolonization 
of the access cavity with bacteria, 
with the attendant risk of restaining. 
In addition, before using any blea-
ching agent or other solutions, the 
patient must be appropriately pro-
tected with a clinical napkin or cloth 
covering.
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34944 Bleaching Discolored Teeth

A potentially serious complication of the internal bleaching 
technique is the occurrence of external cervical resorption 
(Heithersay, 1999). Experimental studies have reported a rate of 
up to 7% (Freidman, 1997). Such cervical resorption is often only 
detected up to 7 years after the bleaching therapy, and the teeth 
are often symptom-free (Harrington and Natkin, 1979; Lado, 
1983).

However, in animal experiments using an internal thermocata-
lytic bleaching treatment with heated 30% hydrogen peroxide, 
histologic signs of resorptive processes could be detected as early 
as 3 months after treatment (Rotstein 1991; Heller, 1992;  Buchalia 

and Attin, 2006). Clinically, soft-tissue swelling was evident 
within the interdental papillae or the affected teeth were sensi-
tive to percussion.

Cervical resorption often occurs on teeth that have undergone 
endodontic treatment because of dental trauma. Furthermore, 
studies have shown that an association exists between the 
 application of heat (thermocatalytic method), the lack of cervical 
sealing, and the use of 30% hydrogen peroxide. All may be associ-
ated with the observed resorption (Madison and Walton, 1990).

Access cavity44.4 

Left: The previously prepared access 
cavity is reopened. Cement or rem-
nants of sealer are removed without 
sacrifi cing additional dentin. The 
 original root canal fi lling is removed 
from the coronal end to a level 2 mm 
apical to the gingival margin.

Middle: The coronal position of the 
root canal fi lling is checked using a 
periodontal probe.

Right: Probing to check the coronal 
extent of the root canal fi lling from 
the labial aspect.

Walking bleach paste44.5 

Left: The cervical coverage of the 
root canal fi lling with glass ionomer 
cement ends at the height of the 
 gingival margin.

Middle: To achieve retentive etching 
of the enamel and opening of the 
dentinal tubules, etching with 37.5% 
phosphoric acid for 15 seconds is 
 recommended, with subsequent 
 rinsing.

Right: The bleaching paste consisting 
of sodium perborate and water is 
 applied to the dentin.

Temporary closure44.6 

Left: A foam pellet soaked with the 
bonding agent is placed on the 
 bleaching paste and light-cured.

Middle: The composite restoration 
is applied on this base, and on the 
etched enamel surface.

Right: The tooth should be checked 
for premature contacts because the 
lack of internal stabilization in this 
phase of treatment can lead to 
 coronal fracture.
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Bleaching results44.7 

The bleaching paste remains inside 
the tooth for about 7 days. To avoid 
overbleaching, the patient must be 
instructed to observe the bleaching 
result at home, and when the color of 
the bleached tooth matches that of 
adjacent teeth to contact the dental 
practice. Depicted here is the result 
after 7 days of bleaching.

Calcium hydroxide44.8 

Left: After removal of the bleaching 
paste, the cavity is irrigated with 
1–3% sodium hypochlorite, and the 
enamel margins are etched.

Middle: Calcium hydroxide paste is 
placed for a minimum of 7 days onto 
the dentin for neutralization.

Right: The cavity is securely closed 
and sealed temporarily with compo-
site resin.

Final treatment44.9 

Following a waiting period of about 
3 weeks, defi nitive treatment with an 
adhesive-bonded and internally sta-
bilized restoration.

Left: Conditioning of the enamel.

Middle: Dentin conditioning using 
the “total etch” technique before 
 applying the adhesive.

Right: Defi nitive composite resin 
 restoration seated upon enamel and 
dentin.

Treatment result44.10 

The follow-up six months later re-
veals a stable treatment result, 
and an acceptable lightening of the 
color of tooth 21, with good color 
matching to the adjacent teeth.
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Endodontic treatment of deciduous teeth is quite different from 
that of the mixed dentition or permanent teeth. This is due to the 
quite different morphologic/anatomic peculiarities of the deci-
duous teeth, and also often due to limited cooperation by the 
child patient. For example, 50%–70% of children under 5 years of 
age have untreated primary tooth caries, and within this group, 
20% already exhibit the need for comprehensive dental treat-
ment.

The high level of untreated and often progressive caries in pri-
mary teeth correlates with the high endodontic treatment needs 
of child patients. This is also directly due to specifi c anatomic 

characteristics of these teeth. Rapid progression of dental caries 
and early pulpal involvement in the deciduous dentition require 
a special treatment concept. The scenario is highly problematic in 
that it requires consideration of the psychologic components in 
addition to the pure dental fi ndings and the stage of development 
of the entire dentition.

For this reason, the comprehensive treatment of the deciduous 
dentition necessitates giving a higher level of priority to the pre-
vention of pain and infection, any space loss in the arches, and 
any other damage to the permanent dentition.

45  Endodontics in the Deciduous Dentition

Deciduous tooth morphology45.1 

In comparison with the permanent 
dentition, the pulp of deciduous 
teeth relative to the tooth crown is 
larger. The thinner enamel layer, as 
well as the micromorphologic char-
acteristics of the dentin, favors rapid 
spread of caries. In comparison with 
the tooth crown, the root is longer. 
The proximal contacts in the molar 
area are broad.

Value of the deciduous molars45.2 

Left: Importance of the second deci-
duous molar following loss of the fi rst 
deciduous molar, for anchoring a 
space maintainer. Note that the per-
manent fi rst molar is in the process of 
erupting.

Right: Root canal fi lling of the fi rst 
 deciduous molar for anchoring a so-
called distal-shoe space maintainer 
following loss of the second decid-
uous molar.

Signifi cance of the canines45.3 

Left: The primary canine has been 
 described as the “pillar” of the decid-
uous dentition: It prevents mesial 
drifting of the molars.

Right: The strategically important 
 canines and second molars should be 
retained whenever possible.

Thinner enamel layer

Irregular dentinal tubules Flattened pulp horns

Cervical enamel bulge
Cervical circumferential groove

Interradicular canals arising
from the pulp chamber floor

Permanent tooth bud

Interradicular and
apical root resorption

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter45_s351_360.indd   351Chapter45_s351_360.indd   351 12.08.2010   14:28:50 Uhr12.08.2010   14:28:50 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



352 G Additional Topics

Goals and Diagnosis

Space defi ciency45.4 

Left: Massive space loss occurred 
with subsequent crowding because 
of early loss of the fi rst primary mo-
lar.

Right: Severely reduced masticatory 
function resulting from multiple pri-
mary tooth extractions can also have 
a negative infl uence on the child’s 
 nutrition. The esthetics are impaired, 
which could lead to psychological 
 effects. The development of para-
functional oral habits is promoted.

Infections and possible 45.5 
 consequences

Left: Buccal abscesses frequently 
 resemble periodontal abscesses. The 
reason for this is infection in the ac-
cessory canals at the fl oor of the pulp 
chamber, which cause infl ammation 
in the interradicular area. Note the 
mesial drift of the molar.

Right: So-called “Turner tooth” 
(tooth 24). Enamel defect as a result 
of chronic infection of the deciduous 
predecessor.

Clinical diagnosis45.6 

Left: The most important diagnostic 
criterion is the intensity of hemor-
rhage after opening the pulp cham-
ber. This provides clues as to the 
 extent of the infl ammatory process. 
(Compare with the simultaneous 
 access cavity preparation of teeth 
84 and 85. Regarding therapeutic 
con sequences, see “Summary and 
 Conclusions” on p. 360.)

Right: An infection can spread into 
the furcation area via the interradicu-
lar canals. Following local anesthesia 
the furcation should therefore be 
 carefully probed.

➤

Deciduous teeth play an important role in the growing child. In 
young children, maintenance of the anterior teeth is critical for 
speech development, especially learning sibilant sounds, as well 
as preventing the development of improper tongue function. 
Even in older children, molars, depending on the stage of devel-
opment of the permanent teeth, are important as space main-
tainers for the permanent teeth. Additional goals include the 
maintenance of masticatory function, freedom from pain, and 
prevention of infections, as well as secondary damage to the per-
manent dentition. Direct evaluation of pain is particularly diffi -
cult with young children. Frequently, parents will report a child 

having sleepless nights or loss of appetite, which could be related 
to endodontic problems. Diagnosis of the problem in the respon-
sible tooth is rendered more diffi cult because provocation of pain 
during vitality testing or percussion may lead to lack of coopera-
tion by the child.

Tooth mobility tests, on the other hand, are useful and should 
be carried out in comparison of the contralateral tooth to exclude 
normal mobility before exfoliation. It is also helpful to carefully 
probe the furcation using a curved probe because the special ana-
tomic characteristics (interradicular canals) can lead to tissue de-
struction in this area, which is a sign of infection.
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35345 Endodontics in the Deciduous Dentition

Between the ages of 4 and 4.5 years, the proximal surfaces of the 
deciduous molars come into contact, closing the usual moderate 
spaces between these teeth and thus increasing the likelihood of 
proximal caries development. If the child is cooperative, a radio-
graphic diagnosis should be made, as the extent of caries is often 
clinically underestimated.

Radiographs also provide valuable clues to root anatomy, the 
progression of physiological root resorption already under way, the 
position of the permanent tooth buds, and possible pathologic alte-
rations.

In contrast to the permanent dentition, infection-elicited osteo-
lysis of deciduous molars usually occurs fi rst in the furcation region 
due to the accessory canals on the fl oor of the pulp chamber. Diffe-
rential diagnosis with regard to purely physiologic root resorption 
processes is not always simple, so additional clinical probing of the 
furcation using a curved (Nabors) probe is recommended.

As intraoral radiographs are sometimes not possible due to poor 
cooperation, or because of parental rejection of radiation exposure, 
alternative methods may be used, such as the cold light probe or 
laser assessments. Even with poor cooperation, children tolerate 
these examination methods better than intraoral radiographs.

Radiographic Diagnosis

Radiographic diagnosis45.7 

Left: Congenitally missing permanent 
second premolar. Dependent on the 
stage of development of the fi rst per-
manent molar and other relative or-
thodontic considerations, the reten-
tion of the second deciduous molar is 
recommended.

Right: Anatomic variations such as 
three roots on a primary mandibular 
molar are a common occurrence in 
the deciduous dentition.

Radiographic diagnosis45.8 

Left: Typical interradicular radiolu-
cency caused by infection from ac-
cessory canals on the fl oor of the 
pulp chamber.

Right: Periapical radiolucencies are 
quite rare and usually occur in cases 
with advanced stages of carious de-
struction of the crown.

Radiographic diagnosis45.9 

Left: Internal resorption is related to 
infl ammation: Note the restoration 
near the pulp on tooth 85.

Right: External resorption is also 
 related to infl ammation.
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354 G Additional Topics

In addition to proper technique and diagnosis, endodontic proce-
dures in the deciduous dentition depend above all on the child’s 
level of cooperation. As cooperation is often impeded by acute 
pain, early treatment of deciduous tooth caries is especially im-
portant.

Children can gradually be introduced to treatment with the 
help of the “tell–show–do” technique. If acute pain and swelling 
with a tendency to spread are already present, the dentist may 
also consider prescribing antibiotics to protect the permanent 
tooth bud.

With very young children who remain noncompliant but are in 
pain, behavioral management alone may often be unsuccessful 
without medicinal support. In cooperation with an anesthetic 
team with pediatric experience, comprehensive dental treatment 
can be carried out under conscious sedation or, ultimately, gene-
ral anesthesia.

Prerequisites for Pediatric Dental Treatment

Behavioral management45.10 

“Tell-show-do”: First the instrument 
is explained and shown, then de-
monstrated on a fi nger, and only 
then applied in the mouth. Therapy 
takes place “from easy to diffi cult.” In 
contrast to the treatment of adults, 
whenever possible the child’s fi rst 
 experience should be a small or non-
invasive procedure to build up the 
child’s trust. Endodontic treatment 
is near the top of the ladder in the 
 diagram.

Local anesthesia45.11 

Left: By using special techniques to 
distract the child, administration of 
local anesthesia usually presents few 
problems even in young children.

Right: Informing the parents about 
the danger of bite injuries is very 
 important.

Rubber dam45.12 

The application of rubber dam is also 
necessary when treating the child 
 patient endodontically. A compromise 
can be made by using the so-called 
“slit technique.” This provides a rela-
tively dry working fi eld and prevents 
aspiration while retracting the soft 
 tissues. The access to the interdental 
lesion is made easier.

Child sits in the 
chair and tolerates
coronal polish

Pit and 
fissure sealant,
no restoration

Local anesthesia,
rubber dam

Edodontic treatment,
stainless-steel crown

Tooth
extraction

Stress 
for the child
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35545 Endodontics in the Deciduous Dentition

Therapy: Pulpotomy
During excavation of caries from deciduous molars, pulp expo-
sure may occur very quickly. Even with a residual dentin thick-
ness of approximately 1 mm, early involvement of the pulp and 
infl ammation might be possible. Therefore, even in the presence 
of a tiny pulp exposure, amputation of the coronal pulp of molars 
is the treatment of choice, whereas on anterior teeth pulpectomy 
is preferred.

In the case of pulpotomy, the roof of the pulp chamber is re-
moved after exposure of the pulp, using a high-speed bur under 
water cooling; at the same time the coronal pulp tissue is re-
moved.

Until recently it was recommended to remove the pulp tissue 
using a slow-speed round bur or excavator, but this often led to 
the creation of a tear wound and therefore to prolonged bleeding. 
Critical for success is the proper diagnosis: The affected tooth 
should never have been associated with severe pain, it should not 
exhibit mobility (neither physiologic nor nonphysiologic), and 
there should be no sign of abscess formation.

Hemorrhage following access cavity preparation should be 
bright red and easy to stop. Finally, the tooth must be securely 
sealed with a restoration or, ideally, with a stainless-steel crown.

Pulpotomy, step I45.13 

Left: Initial clinical appearance. The 
extent of the caries supports suspi-
cion of pulp exposure.

Middle: Opening the pulp chamber 
following caries excavation. The rub-
ber dam was placed using the “slit 
technique.”

Right: Following complete removal of 
the pulpal roof and the coronal pulp 
tissue, there is mild, bright red hem-
morrhage.

Pulpotomy, step II45.14 

Left: Application of a cotton pellet 
 soaked with 15.5% ferric sulfate 
 solution.

Middle: The pellet should be changed 
several times, in order to keep the 
pulpal stumps in contact with fresh 
solution.

Right: Complete hemostasis should 
be achieved after approximately 
15–30 seconds.

Pulpotomy, step III45.15 

Left: A thick mixture of polymer-
reinforced zinc oxide eugenol cement 
(IRM) is applied.

Middle: Tooth preparation is carried 
out by reduction of occlusal height 
and proximal slicing mesially and dis-
tally. No preparation should be carried 
out on the lingual and buccal aspects 
so as not to endanger the  retention of 
the stainless-steel crown.

Right: Final restoration using a prefab-
ricated stainless-steel crown. A com-
posite restoration is not recom-
mended due to the eugenol content 
of the base fi lling.
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356 G Additional Topics

Hemostasis and Covering the Pulpal Wound
Following administration of local anesthesia, a rubber dam should 
be applied in a child patient. This can be done using the so-called 
“slit technique” as described on page 354, which nevertheless 
necessitates good suction access and maintenance of a dry fi eld. 
This prevents salivary contamination of the open pulp and inhi-
bits taste sensation of the various solutions or irrigating agents 
used, any of which could reduce patient cooperation. Following 
the least traumatic method to sharply sever the coronal pulpal 
tissue, that is, using a high-speed bur above the canal orifi ces, 
hemostasis and covering of the pulpal walls are of critical impor-
tance for treatment success. The formation of a blood clot at the 

Methods of hemostasis and 45.16 
coating the pulpal walls

Hemostasis and capping45.17 

Left: Hemostasis with a cotton pellet 
soaked in 15.5% ferric sulfate solu-
tion. The pellet can be changed nu-
merous times to wash out all blood 
clots. Following hemostasis, the 
 remaining tissue remnants can be 
rinsed out using saline solution.

Middle: Mixture of IRM cement. 
 Thicker consistency can be achieved 
by hand mixing.

Right: The material can then be 
formed into a cone to simplify place-
ment of the material into the cavity 
with a ball burnisher.

Hemostasis Covering/coating the pulpal wound

The formocresol technique (Buckley solution) is no longer 
recommended, because of the proven distribution of 
formaldehyde into surrounding tissues.

Calcium hydroxide is a promising treatment exclusively 
for accidentally exposed pulps, vital pulp, symptom-free 
teeth, and a sterile operating environment.

15.5% ferric sulfate in an aqueous solution is placed 
in the pulp chamber on a cotton pellet to stop any 
bleeding (hemostasis). Currently this is the method of 
choice.

Polymer-reinforced zinc oxide eugenol cement (IRM = 
intermediate restorative material) is still the material of 
choice today. Some still consider the eugenol compo-
nent a potential problem.

Additional procedures (for which, however, no long-term 
studies exist) include the use of laser, BMP (bone mor-
phogenic protein), or electrosurgery.

Mineral trioxide aggregate (MTA) demonstrated very po-
sitive results in initial studies and will likely replace other 
materials in the future. Problems include high costs and 
the discoloration of treated teeth.

Alternatively, hemostasis can also be achieved by 
 applying pressure to a cotton pellet.

amputation site absolutely must be avoided, because this often 
leads to internal resorption and failure. Various agents for hemo-
stasis and covering the remaining root tissue are available but 
have often been the subject of debate (see Fig. 45.16). As well as 
simplicity and speed of application, decisive factors include costs 
and, above all, the toxicologic safety of the material and clinical 
success rate.

Of critical importance for long-term success is a bacteria-tight 
and secure restoration, ideally with a stainless-steel crown.

Secure closure45.18 

Left: Clinical view following caries ex-
cavation and hemostasis in tooth 75. 
Capping using IRM and glass ionomer 
cement; closure using a multilayered 
composite restoration.

Middle: 2.5 years later, note the obvi-
ous marginal gap and fracture of the 
lingual wall. The restoration itself is 
intact. Possible cause is the eugenol 
component or the unfavorable 
C-shape of the cavity.

Right: Postendodontic fracture of the 
lingual wall following defi nitive clo-
sure with composite.
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35745 Endodontics in the Deciduous Dentition

Contraindicated treatments45.19 

Left: Even with only a small area of 
pulp exposure, direct pulp capping 
holds little promise of success.

Middle: Mesial drift of the tooth adja-
cent to a ground-down tooth. A pulp 
polyp has formed as well as niches for 
plaque accumulation.

Right: Nonresorbable materials such 
as gutta-percha must never be used 
on primary teeth. This leads to mas-
sive infl ammation and the danger of 
permanent tooth bud damage.

Contraindicated Treatments
Owing to the peculiarities of the deciduous tooth pulp, some 
measures which lead to success in permanent dentition fail in 
primary teeth. Even with pinpoint pulp exposure, undifferen-
tiated mesenchymal cells are activated, which can lead to internal 
resorption and to subsequent failure. Because of the microstruc-
ture of the deciduous tooth dentin, bacterial invasion may have 
occurred even when the residual dentin thickness is maintained 
at about 1 mm; which is why even indirect pulp capping is fre-
quently associated with clinical failure.

Simply opening carious primary molars and leaving them un-
restored is not indicated. It can lead to tipping or migration of the 

adjacent teeth, as well as the development of hyperplastic pulpi-
tis. In terms of hygiene, such a tooth represents the danger of a 
bacterial or fungal reservoir with possible damage to the perma-
nent tooth bud; these teeth are not indicated as “space main-
tainers.”

Similarly, the treatment of deciduous teeth with  nonresorbable 
materials such as gutta-percha is contraindicated. This can lead 
to infl ammation within affected deciduous teeth and resultant 
permanent tooth bud damage (Turner tooth), as well as inhibit 
tooth eruption or cause defl ection of the permanent tooth from 
its normal eruption path.

Failures45.20 

Left: Zinc oxide eugenol cement 
placed deep in the canal of anterior 
teeth can lead to resorption pro-
blems.

Middle: The formation of a blood clot 
at the amputation site using the cal-
cium hydroxide technique can lead to 
internal resorption.

Right: Ectopic eruption of the perma-
nent tooth as a consequence of inter-
radicular osteolysis.

Problems and Failures
The extent of caries in deciduous dentition is usually clinically 
underestimated. Most often failures following pulpotomy result 
from an incorrect diagnosis. Using inappropriate materials or an 
incorrect treatment sequence can also lead to problems. Secure 
sealing of an endodontically treated primary tooth is of utmost 
importance.

Therefore, the prefabricated stainless-steel crown is highly re-
commended for the permanent postendodontic restoration of 
deciduous molars. Compromises such as an insuffi ciently dry 
working fi eld can be avoided by careful planning and successful 
estimation of the child’s likely level of cooperation and compli-

ance. Compromise treatments are only acceptable as a temporary 
solution, or in cases where the permanent tooth is soon to erupt.

If endodontic treatment fails due to a questionable indication 
or poor cooperation, leading to pulp necrosis or abscess forma-
tion, there may be an increase in the oral bacterial population, 
which can also negatively infl uence the permanent teeth.
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Deciduous Molars
Removal of the radicular pulp is indicated if, following access ca-
vity preparation and removal of the coronal pulp, dark-colored, 
diffi cult-to-stop bleeding occurs or if repeated application of fer-
ric sulfate solution does not stop the hemorrhage. These are signs 
of advanced pulpitis.

The goal is to remove the radicular pulp, to cleanse the canals, 
and to disinfect the canals by thorough irrigation. A “classic” pre-
paration is not carried out. The determination of working length 
depends on the stage of development of the permanent tooth and 

Therapy: Pulpectomy

Pulpectomy, step I45.21 

Left: Pretreatment radiograph. The 
primary fi rst molar is not worth 
maintaining; the primary second 
 molar therefore plays a particularly 
strategic role in facilitating the cor-
rect eruption of the fi rst permanent 
molar.

Middle: Access cavity preparation 
and caries excavation. The strong 
fl ow of dark red blood indicates 
 infection of the root pulp.

Right: Removal of pulpal remnants 
and cleansing of the canal with a 
 Hedström (H) fi le.

Pulpectomy, step II45.22 

Left: Irrigation with 1%–3% hypochlo-
rite and saline solution, as well as 
drying the canal and control of 
 hemostasis.

Middle: Filling with resorbable 
 iodoform–calcium-hydroxide paste. 
Use of pure calcium hydroxide leads 
to premature resorption.

Right: Using a moist cotton pellet, 
the material is additionally directed 
apically.

Pulpectomy, step III45.23 

Left: Build-up using zinc oxide euge-
nol cement.

Middle: The tooth is prepared for a 
stainless-steel crown.

Right: Radiographic check before fur-
ther treatment to make any necessary 
immediate revisions.

is only possible to a limited degree by means of radiographs be-
cause of interradicular resorption. In addition, there is the danger 
that the child would close his or her mouth, leading to overin-
strumentation and resulting in tooth bud damage.

Electronic length determination can be helpful in such cases. A 
general rule is that the canal should not be prepared deeper than 
about 10 mm with instruments. Garcia-Godoy (1999) found sig-
nifi cantly better results with overfi lled than with underfi lled 
 canals. In contrast, overinstrumentation with fi les can lead to 
damage to the permanent tooth bud.
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35945 Endodontics in the Deciduous Dentition

Deciduous Anterior Teeth and Attendant Problems
After exposure of the pulp chamber of an anterior deciduous 
tooth, pulpectomy is the method of choice. Pulpotomy is not in-
dicated for primary incisors as there is usually no way to dis-
tinctly differentiate between crown and root pulp. Also, with 
deeper amputation disturbances, resorptive processes can occur 
if nonresorbable materials are used. The treatment of anterior 
teeth is based on the length of time the tooth is expected to re-
main and the restorability of the clinical crown.

Attempting to save anterior teeth in young children is worth 
the effort from both the esthetic and speech development view-
points. The procedures are similar to those described for decid-

Length determination45.24 

Left: Massive overfi lling of iodoform–
calcium-hydroxide paste in tooth 75. 
The tooth was subsequently restored 
with a stainless-steel crown.

Right: Radiographic follow-up 6 
months later. The extruded material 
at the apex has been completely 
 reabsorbed.

Problems with primary 45.25 
 anterior teeth

Left: Ideally, the pulp can be extir pated 
in toto. Subsequently, the canal must 
simply be cleansed of blood and tissue 
remnants, and irrigated. Classic endo-
dontic instrumentation is not carried 
out.

Right: Initial radiograph (left) and fi nal 
radiograph (right). The fi nal adhesive 
restoration can follow after covering 
the soft root canal fi lling material with 
glass ionomer cement. In such cases, 
primary tooth strip crowns fi lled with 
composite resin material are indi-
cated.

Problems with anterior 45.26 
teeth

Left: Young children, in particular, 
 frequently experience accidents 
 during play, which increases the risk of 
fracture of endodontically weakened 
teeth. This anterior primary tooth 
trauma was caused by a blow to the 
upper lip by a swing. Initially the entire 
anterior segment was endodontically 
treated and the teeth restored using 
strip crowns.

Right: The teeth of the same patient 
after extraction. Crown-root fracture. 
Note also that the adhesive bond of 
the strip crown has remained intact.

uous molars. After the age of 5, the indication for pulpectomy 
must be carefully considered on the basis of the anticipated exfo-
liation date and root resorption, as well as the limited dental sig-
nifi cance of the deciduous anterior teeth.

Furthermore, deciduous anterior teeth can easily be replaced 
via a removable prosthesis. In the case of poor patient coopera-
tion, minimal remaining tooth structure following excavation 
and access cavity preparation, or in cases of extensive gingivitis 
that may compromise adhesive restorations, extraction of pri-
mary incisors may often be the better choice.
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The decision concerning when to perform pulpotomy, when to 
perform pulpectomy, or if a tooth should be extracted is made af-
ter consideration of numerous factors. These include: pain diag-
nosis, mobility, radiographic fi ndings (interradicular radiolu-
cencies, resorption), fi stula, abscess, cooperation and age of the 
child. Frequently the defi nitive diagnosis is only possible after 
clinical examination.

If, after opening the pulp chamber, only slight hemorrhage oc-
curs and there is no pain, the tooth can be treated with pulpoto-
my. However, if bleeding following access cavity preparation and 
removal of the entire coronal pulp does not cease within a short 

period, or if the blood is dark red, then pulpectomy and root canal 
fi lling with a resorbable material is indicated.

If bleeding does not cease following extirpation and irrigation, 
or if the tooth exhibits increased mobility or an abscess, extrac-
tion is indicated. If the prognosis for a tooth is critical, extraction 
and subsequent treatment using a space maintainer can be at-
tempted. On the other hand, it is unreasonable to leave carious 
teeth or teeth with open cavities in situ as “space maintainers.”

Summary and Conclusions

“Decision tree” for primary 45.27 
tooth endodontics Deep lesions in a

deciduous tooth

Treatment futile

Bleeding
stopped

Persistent
bleeding

– Abscess
 – Mobility
– (Fistula)

– Destruction of the 
clinical crown

Pulpotomy Pulpectomy
+

root canal filling

Extraction
+

space maintainer

Exposing the pulp + access cavity preparation

Persistent
bleeding
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36146 Endodontics in the Mixed Dentition

Endodontic treatment in the mixed dentition involves the treat-
ment of permanent teeth with incomplete root formation, a clin-
ical situation that one often encounters in patients between 5 
and 13 years of age. Following eruption of a tooth, it is another 
few years before root formation is complete and the apex is de-
fi nitively developed. These teeth have a very high regenerative 
potential; however they can show an extreme reaction when ex-
posed to infection.

The necessity for endodontic treatment in the anterior seg-
ment is usually associated with a complex posttraumatic situa-
tion. In the posterior segments it is usually the fi rst molars that 

become problematic because of the effects of early caries or rapid 
posteruptive tooth substance loss due to disturbances of enamel 
formation (e.g., molar–incisor hypomineralization [MIH]).

Endodontic treatment is rendered more diffi cult by the usually 
irregular canal lumen and the lack of the apical barrier. Especially 
in younger children, limited cooperation must also be taken into 
consideration. If molars are affected, an orthodontist should be 
consulted before initiating endodontic treatment in order to clar-
ify any possible space problems and the necessity for orthodontic 
extractions. In these cases, preferably deeply carious fi rst molars 
should be extracted rather than sound premolars.

46  Endodontics in the Mixed Dentition

Anterior teeth46.1 

Left: Pinpoint pulpal exposure. The 
size and duration of pulpal exposure 
are decisive factors for further treat-
ment.

Middle: Apical radiolucencies can be 
transient following trauma, and are 
referred to as “transient apical break-
down.” They must be differentiated 
radiographically from infl ammatory 
induced alterations.

Right: Percussion or sensibility tests 
are not reliable indicators immedi-
ately following trauma, but should be 
regularly done during the course of 
treatment.

Molars46.2 

Left: Enamel malformations such as 
MIH can lead to early pulp exposure 
and the necessity for endodontic 
therapy.

Middle: A special problem is that of 
so-called “hidden caries”: intact 
enamel masks an extensive area of 
dentinal caries.

Right: During caries excavation, the 
pulp was exposed at the base of the 
cavity. The type of treatment for such 
an exposure depends on its size.

Caries diagnosis46.3 

Left: Advanced caries. Radiographi-
cally it is often diffi cult to differenti-
ate between periapical radiolucency 
and incomplete root development.

Middle and right: Early diagnosis is 
of special importance. Alternative 
methods include transillumination 
(middle) or laser-based caries detec-
tion (right).
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362 G Additional Topics

The regenerative potential of the young pulp is extremely high, 
so that following indirect or direct pulp capping with calcium hy-
droxide, there is a good chance of subsequent hard-tissue depo-
sition and therewith maintenance of pulp vitality. A more exten-
sive pulp exposure can be treated by means of pulpotomy (similar 
to deciduous teeth).

Retention of the radicular pulp will ensure completion of the 
root development. In order to protect the pulp from contamina-
tion, an absolutely dry working fi eld is critical. If the pulpotomy 
is successful, conventional root canal treatment will not be nec-
essary later on.

Methods for Maintaining Tooth Vitality

Histologic structures in teeth 46.4 
exhibiting incomplete root 
development

Direct pulp capping is only indicated 
in teeth with small (pinpoint) pulp 
exposures and a healthy pulp. If cari-
ous but hard dentin is left behind, a 
calcifi c bridge develops after several 
months. At a second visit, the clini-
cian must then reexcavate the cavity 
and provide a reliable seal.

Cervical pulpotomy46.5 

Left: Initial situation. Deep carious 
 lesion on a lower left permanent 
 molar with incomplete root develop-
ment.

Right: Cervical pulpotomy. If the 
tooth remains symptom-free, con-
ventional root canal treatment is not 
necessary following completion of 
root development.

Pulpotomy46.6 

Any contaminated coronal pulp tis-
sue is removed. With a small pulp ex-
posure or exposure over less than 24 
hours, partial pulpotomy according 
to Cvek can be carried out. Based on 
the assumption of the expected bac-
terial invasion depth, about 2 mm of 
pulp tissue is removed. With a cervi-
cal pulpotomy, the amputation site 
should be at the height of the root 
canal orifi ces. Following hemostasis 
using sterile  saline solution, the am-
putation wound is fi rst covered with 
calcium hydroxide and then with ap-
propriate restorative material.

Incomplete root development

Cervical pulpotomy

Partial pulpotomy

Direct pulp capping

Tooth follicle

Hertwig's epithelial root sheath

Epithelial rests of Malassez 

Pulp cells

Odontoblasts form
dentinal bridge

Pulpotomy

Relatively small exposure
Exposure ≤ 24 hours

Large pulp exposure
Exposure ≥ 24 hours

Partial pulpotomy Cervical pulpotomy

2 mm of pulpal tissue is removed
Pulp amputated at the 

level of the root canal orifice
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36346 Endodontics in the Mixed Dentition

If pulpal necrosis occurs in a tooth with incomplete root develop-
ment, timely treatment is indicated. An acute abscess or external 
resorption can occur particularly rapidly because of the reactive 
nature of the  young cells. However, classic endodontic treatment 
is rendered more diffi cult because of the inverted funnel-shaped 
canal lumen and the lack of an apical constriction. In such cases, 
“apexifi cation” is the treatment of choice.

The procedure involves removal of necrotic tissue and careful 
cleaning of the canals without unnecessarily weakening the root. 
The calcium hydroxide dressing that is placed next stimulates the 
formation of a hard-tissue bridge. The length of the apexifi cation 

treatment depends upon the stage of root development and the 
age of the patient, and is generally cited as 1 year on average. 
Thereafter, the root can be fi lled using gutta-percha and sealer. 
The success rate for apexifi cation is between 74% and 96% (Cvek, 
1993; Andreasen, 2000). The hard-tissue barrier may form not 
only apically but also within the canal, and vary greatly in its his-
tologic composition. The success of endodontic treatment is gen-
erally good, but there is an increased danger of root fracture be-
cause of the thinner root canal walls.

Apexifi cation

Apexifi cation (schematic)46.7 

Left: Well perfused and vital tissue at 
the open apex.

Middle: The stimulating effect of calci-
um hydroxide leads to proliferation of 
periodontal ligament cells at the apex 
and the deposition of new cementum.

Right: Creation of a calcifi c bridge. 
This bridge may lie at the canal orifi ce 
or within the canal itself.

Apexifi cation (radiographic)46.8 

Left: Initial situation. Apical radio-
lucency following anterior tooth 
 trauma with direct pulp capping of 
the exposed pulp and an acrylic resin 
build-up incorporating parapulpal 
pins.

Middle: Intracanal calcifi c bridge at 
18 months following treatment with 
calcium-hydroxide dressings.

Right: The conventional root canal 
fi lling leads to a suboptimal result in 
the apical area because of the funnel 
shape of the canal lumen. In addition, 
the applied pressure increases the 
risk of root fracture.

Apexifi cation (clinical)46.9 

Left: Initial situation (same patient as 
above). Abscess formation and 
 mobility of tooth 11.

Middle: Changing the calcium-hy-
droxide dressing under rubber dam 
every 3–6 months. Caution: over- 
instrumentation may compromise 
the chances for success!

Right: Clinical situation following 
completion of treatment. The gingiva 
is sound, the tooth is stable, the 
 patient is free of discomfort. A slight 
gray discoloration of the tooth can be 
discerned.

Proliferation of 
periodontal ligament cells

Ca (OH)2

Odontoblasts

Ca (OH)2
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364 G Additional Topics

Alternative Methods
In contrast to conventional apexifi cation methods that use calci-
um hydroxide, the advantage of using mineral trioxide aggregate 
(MTA) is that an artifi cial hard substance barrier is created im-
mediately and the treatment time is signifi cantly shortened. 
However, because MTA in its set condition exerts no disinfection 
effect, the treatment of any apically located infections should 
precede the fi lling; the canal should be irrigated and an interim 
calcium-hydroxide dressing placed.

Following closure of the apex using MTA with a minimum 
thickness of 3 mm, the root canal can be fi lled with gutta-percha 
and sealer. This is ideally done using a thermoplastic system and 

Apexifi cation with MTA46.10 

Left: Radiographic situation following 
anterior tooth trauma. Extensive 
 apical radiolucency.

Right: Radiograph following conven-
tional healing using calcium-hydrox-
ide dressings for approximately 
3 months.

Comparison of MTA and 46.11 
 calcium hydroxide

Apexifi cation with MTA46.12 

Left: Closure of the apex using MTA. 
Application directly onto the apex is 
diffi cult; note material deposited also 
on the canal walls. In order to guaran-
tee complete setting of the material, 
it is recommended that the defi nitive 
root canal fi lling be performed 24 
hours later.

Right: Canal fi lled with gutta-percha, 
using the vertical compaction tech-
nique (System B/Obtura) (courtesy of 
M. Duggal).

the vertical compaction technique in order to fi ll the irregular, 
funnel-shaped canal appropriately.

Subsequently, routine adhesive treatment of the coronal cavity 
is carried out. Recent studies show that because of the rapid api-
cal closure of a root using MTA, the danger of fracture is clearly 
diminished in contrast with long-term dressings with calcium 
hydroxide (Andreason, 2006).

MTA Calcium hydroxide

Cost in time One to two sittings following primary 
infection control

Multiple applications over a long period

Mechanism of action Artifi cial barrier with subsequent bone 
apposition

Induction of hard substance formation

Costs High Low

Success (Still) questionable, seems to be good 74%–96%

Clinical procedure Diffi cult Simple

Long-term experience None to date, studies in progress Yes, well documented

Breakage resistance High Low following long dressing time
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36547 Immunopathogenesis of Periradicular Disease

Following root canal invasion, endodontic pathogens and their 
pathogen-associated molecular patterns (PAMPs) instigate 
 nonspecifi c (innate) and antigen-specifi c (acquired) host immune 
responses within pulpal and subsequently periradicular tissues. 
Central to the initiation of appropriate innate host responses is 
the cellular recognition of PAMPs by endodontic pathogen -
binding members of the toll-like receptor family (TLRs), which 
bind PAMPs. This response induces an infl ux of “innate” immune 
cells into the periradicular region, which occurs within 3 days 
 after pulp exposure (Kawashima et al., 1996).

Of clinical signifi cance, this infl ammatory infi ltrate and conco-
mitant bone destruction occurs within the periradicular tissue 
prior to pulp tissue necrosis (Suzuki et al., 1999). Although host-
defensive reactions are activated to prevent further infection, 
perpetuation of the infl ammatory response eventually elicits 
periradicular disease (PRD).

Epidemiologic studies reveal that PRD is remarkably prevalent, 
occurring in 33%–80% of adult populations (Tsuneishi et al., 
2005); 35%–80% of individuals may have more than one affected 
tooth (De Moor et al., 2000) and as many as 14 affected teeth 
(Kabak and Abbott, 2005). PRD is associated with a large propor-
tion of root-fi lled teeth, from 25% to 64.5% (Loftus et al., 2005), 
and these teeth are fi ve to 12 times more likely to have radiogra-

phic evidence of PRD than teeth without root fi llings (Petersson 
et al., 1986; Buckley and Spångberg, 1995).

Furthermore, teeth with inadequate root fi llings are signifi -
cantly correlated with PRD lesions (Chugal et al., 2003). Impor-
tantly, there is clear evidence that the presence of a periradicular 
lesion prior to the start of treatment is the single most signifi cant 
factor infl uencing successful outcome of endodontic therapy 
(Negishi et al., 2005).

Patient susceptibility to PRD is determined by complex inter-
actions between endodontic microorganisms, host factors, and 
environmental components. It is now accepted that the host’s 
immune response is an important constituent in the outcome of 
endodontic treatment, this having been previously largely ig-
nored (Marending et al., 2005).

To be able to clinically attenuate immune responses and suc-
cessfully eradicate disease, it is essential to have an appreciation 
of the complex pathologic processes that contribute toward 
PRD.

The innate cellular immune system is responsible for rapidly 
initiating cellular responses essential for early microbicidal host 
defenses. The infl ammatory cellular infi ltrate consists of neutro-
phils, macrophages, mast cells, lymphocytes, natural killer cells, 
plasma cells, and eosinophils.

47  Immunopathogenesis of Periradicular Disease

Cytokines as communication 47.1 
mediators

Cytokines establish the communica-
tion between the cells of the innate 
and the acquired immune defense 
 systems. They possess infl ammation-
enhancing and sometimes also 
 infl ammation-inhibiting functions.

The activity on the CD4+ receptors of 
T-helper cells of subtypes TH1 and TH2 
lead to successful control of the patho-
gens or to repeated (chronic) disease.

Cells of the innate 
immune system

Cells of the 
acquired immune 
systems

Cytokines with 
 primarily pro-
infl ammatory effects

Cytokines with 
primarily inhibitory 
effects

Cytokines of the 
acquired immune 
system

Dendritic cells Dendritic cells Type 1 interferon 
(IFN)

CD4+-T-helper (TH)1 
response: IL-2, IFN-γ

Antigen-presenting 
cells (APCs)

APCs Granulocyte 
macrophage-colony 
stimulating factor 
(GM-CSF)

Transforming 
growth factor 
(TGF)-β

CD4+- TH2 response: 
IL-4, IL-5

Eosinophilic 
 granulocytes

B cells Tumor necrosis 
factor (TNF)-α

Neutrophilic 
 granulocytes

CD4+ cells IFN-γ

Macrophages CD8+ cells Interleukin (IL)-1, 
IL-12, IL-15, IL-17A, 
IL-18

Natural killer (NK) 
cells

T-NK precursor cells

γ β T-cells 
 (epithelial)
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Innate and subsequent adaptive immune responses are not 
isolated sequential host events in the response to infection but 
are interlinked through cellular contacts and secretion of soluble 
infl ammatory mediators.

Among the bacterial-derived moieties, lipopolysaccharide 
(LPS) from Gram-negative bacteria plays a key role in pulpal di-
sease (Khabbaz et al., 2001) and subsequently PRD (Nelson-Filho 
et al., 2002). LPS induces periradicular bone destruction  (Mattison 
et al., 1987) and its concentration within the root canals corre-
lates with the presence of periradicular lesions (Horiba et al., 
1991).

Nevertheless, cell wall components from Gram-positive bacte-
ria and other virulence factors, including fi mbriae and lipo protein, 
likely contribute toward PRD development (Wang and Stashenko, 
1993).

Adverse effects of endodontic pathogens may not be because 
of direct actions on bone-derived cells. More importantly, 
 bacteria-derived moieties indirectly stimulate bone resorption 
by inducing a myriad of infl ammatory mediators involved in the 
recruitment and maturation of osteoclasts, including cytokine 
expression.

Cytokines are a diverse group of small, secreted proteins acting 
as communication molecules between host cells, orchestrating 
and modulating the host immune-infl ammatory responses to en-
dodontic pathogens. Although immune cells are the primary 
source of these infl ammatory mediators, stromal cells within the 
PRD lesion, such as epithelial cells, endothelial cells, and fi bro-
blasts, are also important sources. Cytokines released at sites of 
infection have the capacity to modify normal bone remodeling 
processes. Macrophage and T-cell–derived proinfl ammatory cy-
tokines IL-1α, IL-1β, TNF-α, and IFN-γ are recognized as media-
tors of tissue destruction at the initiation and during subsequent 
progression of PRD (Kawashima and Stashenko, 1999). This pro-
vokes a cascade that amplifi es or suppresses infl ammation by 
inducing further release of cytokines and growth factors. IL-1 is 
signifi cantly upregulated at the onset of pulpal and periapical in-
fl ammation (Tani-Iishii et al., 1995) and results in the activation 
and recruitment of osteoclasts and destruction of surrounding 
periradicular bone (Dewhirst et al., 1985).

Although the above-mentioned infl ammatory events are es-
sential for host defence against a bacterial challenge, excessive 
and prolonged responses are damaging to the adjacent periradi-
cular tissue.

Infl ammatory cells in 47.2 
 periradicular disease

Endodontic pathogens stimulate 
available immune and stromal cells via 
TLR receptors. The subsequent activa-
tion of the acquired immune system 
enhances the release of proinfl amma-
tory mediators. The feedback from 
the cells involved in the infl ammatory 
process causes the chronic form of the 
disease.

Infl ammatory cytokine 47.3 
 regulation

For defense against bacteria, in the 
periradicular region, the production of 
characteristic proinfl ammatory cytok-
ines is induced. The simultaneous 
 secretion of IL-10 works against this 
function. Tissue destruction is there-
fore impeded.

Right: A high expression of IFN-γ, 
TNF-α, and IL-12 during periradicular 
disease implies the dominance of 
CD4+-activated TH1 pathway. Failed 
expression of cytokines in TH2 cells 
leads to improper regulation of the 
 infl ammatory processes.

Endodontic pathogenesis
TLR

Fibroblast Mast cells

Natural
killer cells
(NK cells)

TLR

TLR

Monocyte/
macrophage

Monocyte/
macrophage

Dendritic
cellsNeutrophilic

granulocyte

TCR

B-cell

Cytokine release

Chronic inflammation

Release of Ig

T       -Cellreg CD    -T   -Cell4
+

H
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TLR TLRTLR

Fibroblast Natural
killer cell
(NK cell)
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MacrophageNeutrophilic
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IL-6
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36747 Immunopathogenesis of Periradicular Disease

Healthy adult alveolar bone is a specialized dynamic connec-
tive tissue that undergoes continuous remodeling. Physical fac-
tors such as mechanical stimulation and polypeptides, including 
cytokines and hormones, are responsible for controlling the equi-
librium between osteoblastic and osteoclastic activities. Indeed, 
osteoclastic activity and bone metabolism are primarily modu-
lated through the key bone mediator receptor activator of nuclear 
factor-κB ligand (RANKL), which in turn is regulated by secretion 
of its antagonist osteoprotegerin (OPG) (O’Brien et al., 2000).

Subsequent to the initiation of PRD, bone destruction is con-
trolled by the numerous cell protagonists within the lesion that 
interface with the bone tissue, immune system, and vascular 
components of the PRD tissue. Thus, monocytes, macrophages, 
lymphocytes, and endothelial cells are also implicated in bone 
remodeling by direct contact with bone cells.

Through actions on stromal osteoblastic cells, IL-1β and TNF-α 
increase local concentrations of RANKL. However, potentially de-
structive pathways arising from concomitant release of IL-1β and 
TNF-α are moderated by a simultaneous increase in OPG produc-

tion from stromal osteoblasts (Hofbauer et al., 1999). IL-1, TNF-α, 
IL-15, and IL-17A contribute to bone destruction by enhancing 
osteoclast formation and stimulating production of RANKL from 
bone-lining cells (Dai et al., 2004).

The successful identifi cation of therapeutic targets that disable 
destructive immuno–infl ammatory pathways within PRD is high-
ly desired. To achieve this, it is essential to have a functional un-
derstanding of the complex interactions among the different cell 
populations, between these cells and the tissue matrix, and be-
tween cells of the PRD lesion and cells within the matrix of the 
surrounding dentoalveolar bone. Through this knowledge, the 
quantifi cation of infl ammatory mediators by root canal sampling 
may elicit information for the clinician of lesion status and assist 
in defi ning treatment prognosis. Thereby, root canal exudates 
could be effectively sampled and clinicians informed as to 
whether canals can be successfully obturated, and treatment 
therefore terminated. Importantly, this may aid the clinician in 
advising the patient as to the predicted outcome of the treatment 
procedure (Spangberg, 2000).

Mediators of the destructive 47.4 
immune response

Infl amed periradicular lesions con-
stantly secrete a certain amount of 
proinfl ammatory cytokines. This 
 effectively enhances the immune 
 response, so that the subsequent cel-
lular activation leads to destruction 
of the surrounding alveolar bone.

Regulation of bone 47.5 
 destruction

The release of matrix metalloprotein-
ases (MMPs), RANKL, TNF-α, IL-1β, 
IL-6, IL-8, and IL-17A by fi broblasts 
and infl ammatory cellular compon-
ents during the periradicular lesion 
leads to activation of cells in the bone 
matrix, including the osteoclasts. A 
lack of suffi cient inducible OPG shifts 
the balance between bone deposi-
tion and bone resorption.
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Studies using the rodent pulp model have demonstrated that 
IL-1α, IL-1β, and TNF-α expression are upregulated within PRD 
tissue cells at an early stage of infection and bone resorption 
(Bletsa et al., 2004). Their expression within the PRD lesion 
 contributes toward the synthesis of downstream infl ammatory 
mediators such as IL-6 and IL-8. These proinfl ammatory mole-
cules also act on fi broblasts, thereby stimulating the production 
of matrix metalloproteinases, which elicit degradation of extra-
cellular matrix components.

Of clinical relevance, high concentrations of IL-1β (Kuo et al., 
1998), TNF-α (Safavi and Rossomando, 1991), IL-6 (Takeichi et al., 
1998), and IL-8 (Shimauchi et al., 2001) have also been detected 
within root canals of teeth exhibiting PRD. Interestingly, a trend 
toward raised IL-1β, IL-6, and IL-8 concentrations has been de-
monstrated in symptomatic teeth (Lim et al., 1994; Shimauchi et 

al., 2001; Radics et al., 2003). These data reinforce that cytokines 
are central in orchestrating events that culminate in chronic PRD 
and that cytokine expression from root canal sampling relates to 
clinical fi ndings.

In addition to sampling of root canal exudates, identifi cation of 
novel infl ammatory mediators and their contribution to proin-
fl ammatory pathways would allow the development of thera-
peutic devices that could be placed within the root canal or 
 inserted directly into the PRD lesion. Thereby, destructive in-
fl ammatory responses may be blocked and tissue repair pro-
moted. Therapeutic blockade of upstream proinfl ammatory cyto-
kines within the lesion may therefore be advantageous, this 
approach having been successfully used in chronic infl ammatory 
diseases including the targeting of TNF-α in rheumatic diseases 
(Taylor, 2003).

Infl uence of Gram-negative 47.6 
bacteria

The effects of components from 
Gram-negative bacteria on tissue 
 cultures of periradicular processes 
lead to the production of various 
 proinfl ammatory cytokines. The signi-
fi cant release of IL-1β, TNF-α, and 
IFN-γ is probably associated with the 
tissue destruction in the periradicular 
region.

Infl uence of Gram-positive 47.7 
bacteria

The addition of components from 
Gram-negative bacteria onto tissue 
cultures from periradicular disease 
induces an enormous increase of 
 cytokine concentration, which pre-
cedes a proinfl ammatory response.
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36948 Endodontology and General Systemic Health

48  Endodontology and General Systemic Health

The “Focal Infection” Era
Clinicians should have a sound understanding of the potential 
 effects of endodontic diseases and their treatment on the 
 systemic health of their patients, and an awareness of previous 
clinical studies. Miller originally implicated  microorganisms in 
root canal infections in the early 1890s. However, it was not until 
Hunter (1900) theorized that oral-derived bacteria could dissem-
inate throughout the body, thereby inducing disease, that the 
medical profession took signifi cant interest in infections of the 
dental pulp and oral tissues. From 1910 to the 1940s, numerous 
studies reported the adverse effects that  diseased tissue sites, 
particularly infected oral tissues, had on the host (Murray and 
Saunders, 2000). Billings et al. (1912), Mayo (1914), and Rosenow 
(1917) were instrumental in establishing acceptance within the 
medical profession that localized low-grade chronic infections 
were capable of inducing disease elsewhere in the body. These 
early studies established the “focal  infection theory,” introducing 
the concept that systemic dissemination of microorganisms and 
associated toxins from a focus of circumscribed infection estab-
lished or exacerbated systemic  disease (Hunter, 1921). Indeed, 
Rosenow proposed that enclosed lesions capable of draining only 
into the circulation, such as  infected root canals, were the most 
dangerous foci of infection.

The focal infection theory was fi ercely debated, with root canal 
infections or infections of the surrounding periodontal attach-
ment apparatus implicated as culprits in numerous diseases 
(Holman, 1928). Consequently, evidence from clinical research 
recommended wholesale dental extractions and tonsillectomies 
as the panacea for several systemic ailments. Rhoads and Dick 
(1932) purported all pulpless teeth as likely foci of infection, 
 advising dental extractions as prerequisite in medically compro-
mised patients to improve their health and well-being. Moreover, 
Rhein et al. (1926) even advocated extraction of healthy teeth for 
the prevention of focal infection! In the United States, opposition 
to root canal treatment (RCT) became so powerful that the 
 majority of institutions ceased clinical endodontic teaching in 
 favor of dental extractions (Grossman, 1971). As a result, progress 
in RCT procedures, still very much in their infancy, was curtailed 
for over 40 years. 

However, by the 1930s the research community began to raise 
doubts about the quality of evidence endorsing the focal  infection 
theory (Bernhardt and Hench, 1931). Indeed, Cecil and  Angevine 
(1938) disputed the validity of results from previous work (Cecil 
and Archer, 1927), which had recommended prompt removal of 
infectious dental foci at an early stage to cure  rheumatoid  arthritis 

(RA). Furthermore, it proved diffi cult to reproduce results from 
earlier studies that had implicated Streptococcus  sp-induced RA 
(Dawson et al., 1932). Reimann and Havens (1940) suggested that 
Hunter’s views, expressed 30 years previously, had been misin-
terpreted, concluding “the removal of local infections in the hope 
of infl uencing remote or general symptoms and disease must still 
be regarded as an experimental procedure not devoid of hazard.” 
Although a minority continued to uphold the general concept of 
focal infection (Ensign, 1945), it became  accepted that a more 
logical and scientifi c approach to focal  infection had to be 
adopted. In a critical review appraising the relationship between 
focal infection and rheumatoid disease, Freyberg (1946) postu-
lated that removal of foci of infection should only be considered 
as part of a broad spectrum of treatment. Agreement was reached 
that removal of infected foci would be of little benefi t in chronic 
diseases.

Importantly, researchers and clinicians began to acknowledge 
that not every “focus of infection” was responsible for a “focal 
infection” and that anemia, emotional strain, exposure, malnutri-
tion, endocrine imbalance, fatigue, senility, trauma, age, and 
 infectious disease all contributed to lowering patients’ resistance 
to disease (Arnett and Ennis, 1933; Shuster, 1941). Those refuting 
the focal infection theory claimed that generally no foci of infec-
tion could be located within affl icted individuals enrolled in the 
research studies (Easlick, 1951). Furthermore, following  removal 
of infected foci, no discernible improvements were  observed in 
the patients’ medical conditions. Indeed, Mitchell and Helman 
(1953) ascertained that perfectly healthy individuals had as many 
septic foci as those with diseases such as arthritis. Critically, early 
focal infection research was crude, with an  absence of control co-
horts and reliance on fl awed bacteriologic culture techniques 
that biased fi ndings. These substantial methodologic fl aws led to 
the demise of the focal infection theory.

However, the focal infection theory has resurfaced in modern 
times, with publication of review papers (Hughes, 1994;  Newman, 
1996) and a popular book (Meinig, 1986), which contests that the 
dental profession has chosen to ignore a signifi cantly researched 
concept related to the general health of the population. Once 
again, the role of RCT and its impact on long-term general health 
has been questioned. Nevertheless, the potential association 
 between systemic health and RCT has been strongly disputed by 
dental governing bodies and there remains little evidence to 
 substantiate the claims (Murray and Saunders, 2000).
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Modern Endodontology, Oral Disease, and 
Systemic Health
Following the concept of focal infection, considerable research 
activity has attempted to analyze the relationship of oral  diseases, 
in particular periodontal disease (reviewed in Dietrich and 
 Garcia, 2005), with general systemic disease. In contrast, investi-
gations detailing the relationship of PRD or root canal therapy to 
systemic health have been limited. However, antigen delivery 
through the root canals of primates and rabbits has been shown 
to induce both local and systemic immunologic responses (Barnes 
and Langeland, 1966; Okada et al., 1967). Further, animal studies 
have demonstrated that antigenic stimulation within the root 
 canal elicits a strong immune response and production of circu-
lating antibodies (Steffen et al., 1976; Dahlen et al., 1982). Levels 
of systemic infl ammatory markers, such as C-reactive protein, 
have been demonstrated at increased levels in humans with PRD 
and these are reduced following endodontic treatment (Márton 
et al., 1988; Márton and Kiss, 1992). However, recent animal 
 experiments contradict these fi ndings (Buttke et al., 2005). 
Whether chronic latent PRD is capable of long-term stimulation 
of circulating antibodies or infl ammatory molecules and whether 
these have any adverse effects on the systemic health of the host 
 requires further elucidation.

The development of more sophisticated molecular biologic 
techniques to identify microorganisms and investigate their com-
plex interrelationships has reinvigorated interest in oral microbi-
ology (Spratt, 2004). Using such highly sensitive microbiologic 
procedures, Debelian et al. (1997, 1998) proposed that microor-
ganisms present in bacteremia following RCT originate from the 
root canal. These modern laboratory methods will enable 
 researchers to identify whether microorganisms implicated in 
the etiology of septic arthritis and other systemic diseases 
 genetically match those derived from an endodontic source 
(Payne and Wolfe, 1994).

Despite the demise of the focal infection theory, publications 
continue to link dental foci of infection with RA (Shimizu et al., 
1977). However, others suggest that no relationship exists 
 between chronic PRD and RA (Sugita, 1994), although controlled 
scientifi c evidence to support this claim is lacking. Newman (1996), 
in reviewing the theory of focal infection, suggested a possible 
link between systemic disease and RA with oral disease. In a 
 series of experiments, Malmstrom et al. (1975) analyzed the 
 signifi cance of periradicular lesions in individuals with RA. The 
link between rheumatoid disease and presence of periradicular 
lesions was found to be tenuous but some important observa-
tions were made. The authors noted a positive correlation for the 

presence of IgG rheumatoid factor in the periapical tissues of 
rheumatoid patients. The most convincing association was that of 
the underlying immunologic and infl ammatory histologic reac-
tions, which appeared to be similar within both PRD and RA  lesions 
(Malmstrom and Natvig, 1975).

Nevertheless, several more recent case studies cite odontogenic 
infection as the initiator of serious systemic complications includ-
ing orbital infections (Blake et al., 2006), intracranial abscesses 
(Saal et al., 1988), cerebral infarction (Syrjanen et al., 1989), bacte-
riospermia and subfertility (Bieniek and Riedel, 1993), necrotizing 
fasciitis (Fenton et al., 2004), mediastinitis (Papa and Jones, 2005), 
periorbital cellulitis (Ramey and Lockey, 2006), deep neck infec-
tions (Huang et al., 2004), and toxic shock syndrome (Navazesh et 
al., 1994). Although rare, spreading odontogenic infections may 
also result in mortality (Bulut et al., 2004) and these may even 
 occur within healthy individuals (Green et al., 2001). Not only do 
untreated root canal infections have the potential to cause serious 
although infrequent health problems (Riggio et al., 2006), but 
 septicemia (Lee, 1984) and orbital infections (Koch et al., 2006) 
have also been reported as complications arising from RCT.

While this chapter focuses on the association between root 
canal infections and PRD and systemic health, the clinician must 
be also be aware of possible local complications. Indeed, untreated 
root canal infections may incite local pathology such as inferior 
alveolar nerve paresthesia (Giulliani et al., 2001). In addition, inap-
propriate RCT procedures may induce localized adverse effects 
 including nerve paresthesia (Morse, 1997), anaphylaxis (Candura, 
1991), alveolar bone necrosis (Ozmeric, 2002), and allergic reac-
tions (Scully et al., 2003). An understanding of the endodontic 
 materials being utilized is a prerequisite because some have the 
 potential to exert mutagenic or genotoxic effects on the host  tissues 
(Geurtsen and Leyhausen, 1997).

Recent research methodology has taken into account the many 
defi ciencies in older, traditional studies. Therefore, not only has 
the primary factor in a disease process been analyzed, but, addi-
tionally, the interrelationship of other risks and confounding 
 factors (Caplan, 2004). The dental profession is currently more 
closely scrutinizing the association between dental disease and 
systemic disorders. Although chronic periodontal disease may be 
recognized as a potential risk factor for cardiovascular disease 
(CVD) (Matilla et al., 2005) and adverse pregnancy outcomes 
 (McGaw et al., 2002), currently there is insuffi cient evidence to 
provide support for causality (Scannapieco et al., 2003).
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The relationship between PRD and CVD is less well researched 
and remains unclear (Frisk et al., 2003). Nevertheless, PRD has 
been implicated as a risk indicator for mortality in CVD patients 
(Jansson et al., 2002).

Odontogenic infection has also been implicated as a source 
for pyrexia of unknown origin (PUO) (Hedstrom et al., 1980; 
 Siminoski, 1993). Some authors have indicated the prevalence of 
PUO of oral etiology to be as high as 14% (Naschitz and Yeshurun, 

1985), which has led to further debate about the possible involve-
ment of root canal infections in such cases (Gordon et al., 1988). 
Bacterial products within the root canal (Shinoda et al., 1987) are 
postulated as likely initiating factors in several PUO cases. These 
case series further raise the possibility of a link between root 
 canal infections and general systemic illness (van Velzen et al., 
1984; Meurman 1997). 

Subsequent to the demise of the focal infection theory, the 
 research focus shifted toward investigating potential adverse 
systemic effects of bacteremia arising from oral and medical pro-
cedures. Therefore, dental research started to analyze the only 
apparent identifi able form of a focal infection arising from dental 
origin, that of infective endocarditis (Jones and Newsom, 1931). 
Importantly, the association between oral focal infection and 
 infective endocarditis was seen to arise after acute episodes of 
infection with no chronic oral infection identifi able as initiating 
or aggravating systemic illness.

Early studies investigating microbial species within bacteremia 
originating from foci of infection used rudimentary laboratory 
equipment and techniques, capable of cultivating only limited 
numbers of microorganisms (Richards, 1932). Nevertheless, these 
studies established that bacteremia was possible from foci of 
 infections within a variety of tissue sites, including the oral  cavity. 
Although bacteremia occurred after dental extractions (Burket 
and Burn, 1937), others suggested that apical infections were 
 “effectively walled off by the associated infl ammatory reaction” 
and thus did not contribute toward a bacteremia (Elliot, 1939).

The relationship between bacteremia and endodontic proce-
dures was subsequently investigated (Beechen et al., 1956; 
 Bender et al., 1960). Indeed, Kennedy et al. (1957) established 
that the introduction of Streptococcus haemolyticus into the root 
canal induced bacteremia. Not only was dental extraction- 
induced bacteremia implicated in bacterial endocarditis but 
 “noninvasive” procedures such as periodontal scaling and RCT 
were cited as causes of fatal bacteremia (Eisenbud, 1962).

With the understanding that a bacteremia could occur during 
root canal preparation (Ross and Rogers, 1943), the extent of 

 bacteremia after RCT was measured (Klotz et al., 1965). These 
studies illustrated that bacteremia was more likely to occur if the 
RCT was carried out beyond the root apex rather than maintained 
within the confi nes of the root canal system. However, postoper-
ative bacteremia from endodontic procedures was demonstrated 
to persist for less than 10 minutes (Bender et al., 1960). It re-
mained until 1976 for a study to utilize aseptic and improved an-
aerobic culture techniques to measure bacteremia subsequent to 
surgical and nonsurgical RCT (Baumgartner et al., 1976). The au-
thors reiterated that a bacteremia was not induced when instru-
mentation remained within the root canal system. Furthermore, 
Baumgartner et al. (1977) demonstrated that nonsurgical RCT 
produced a lower incidence of bacteremia than surgical fl ap re-
fl ection, periradicular curettage or tooth extraction.

More recent investigations of root canal treatment–induced 
bacteremia using contemporary anaerobic techniques and more 
sophisticated diagnostic equipment provide further evidence 
that bacteremia is induced if root canal instrumentation is  carried 
beyond the apex (Debelian et al., 1992). Importantly,  Debelian et 
al. (1995, 1996) and others (Savarrio et al., 2005) demonstrated 
that bacteremia occurs even if instrumentation is maintained 
within the root canal. These studies demonstrate more frequent 
bacteremia arising from RCT procedures than previously de-
scribed. This is probably attributable to the use of more sensitive 
culturing and identifi cation methods. However, as only minimal 
bacterial quantities are detected within the blood and with the 
knowledge that bacteremia occurs during regular oral hygiene 
measures and mastication (Forner et al., 2006), the  systemic sig-
nifi cance of bacteremia arising from RCTs remains to be deter-
mined.

Bacteremia in Endodontics
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The possibility of systemic disorders arising from oral foci of 
 infection appears particularly likely in susceptible individuals 
with compromised immune responses. These include cirrhotic 
patients (Borowsky et al., 1979), patients regularly exposed to 
steroids (Latronica and Shukes, 1973), the elderly (Navazesh and 
Mulligan, 1995), asplenic patients (Kragsbjerg and Rydman, 
2001), and RA patients (Stoll et al., 1996). Through such reports, 
interest in the focal infection theory has again resurfaced. Never-
theless, due to the lack of carefully controlled studies, one may 
only speculate that an endodontic focus of infection was the 
 origin of the implicated microorganisms and the cause of chronic 
systemic illness.

Conversely, few studies have investigated the effects of  systemic 
disease on the success and outcomes of root canal procedures. A 
retrospective study has suggested that human immunodefi ciency 
virus (HIV) infection has no adverse effect on healing of PRD 
 lesions following RCT (Quensell et al., 2005). In contrast, diabetic 
patients appear to have an increased predisposition to the devel-
opment of PRD (Falk et al., 1989). This is particularly aggravated 
by poor glycemic control, which leads to increased susceptibility 
to spreading odontogenic infections (Huang et al., 2005). Further-
more, RCT success is delayed and reduced in patients with diabe-
tes who have existing PRD compared with healthy cohorts. This 

may be a consequence of reduced host immune response to bac-
terial infections (Iwama et al., 2006). Recent evidence also identi-
fi es a dose–response relationship between cigarette smoking and 
the risks associated with RCT (Krall et al., 2006). Essentially, it is 
gradually being recognized that the host’s immune response is an 
 important factor in the outcome of endodontic treatment proce-
dures, this having previously been largely ignored (Marending et 
al., 2005).

No modern investigations provide evidence defi nitively estab-
lishing that RCT has any adverse systemic effects since Rogers 
(1976) and Ehrmann (1977) dismissed any relationship between 
endodontics and focal infection.

With the increasing public awareness of health and health 
maintenance, the possibility that disease within the periradicular 
tissues could perhaps elicit or exacerbate systemic disorders de-
mands defi nitive clarifi cation as to whether or not there exist any 
real cause-and-effect relationship(s) between endodontic treat-
ment and general systemic health.

Effects of General Systemic Health on Endodontics
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49  Single Versus Multiple Sitting Root Canal Treatment
Single sitting root canal treatment involves complete canal 
 system preparation, irrigation, and obturation in one treatment 
session. It also involves removal of existing previous root fi lling 
material at the same sitting if carrying out a nonsurgical retreat-
ment procedure. It is generally accepted that in teeth with a vital 
pulp, in which there is only superfi cial infection of the coronal 
pulp, immediate obturation following pulpectomy and canal in-
strumentation is the most appropriate treatment.

The long-running debate over whether to treat the tooth in one 
or more sittings involves cases in which there is a necrotic pulp 
and evidence of apical periodontitis, indicated by an area of ra-
diolucency on a periapical radiograph. There are two schools of 
thought:
• The fi rst assumes that all microbes and their byproducts are 

eliminated during the shaping and cleansing procedures, or 
that residual bacteria are entombed within the canal by a well-
fi tting root fi lling placed at the same sitting.

• The alternative view is that some bacteria almost always 
 remain after instrumentation, and therefore an intracanal 
 medicament should be placed between sittings to eliminate 
any residual fl ora. The canal system is reirrigated and then 
fi lled at the second sitting.

The principle for the latter approach is based on a study by 
Sjögren et al. (1991), wherein bacterial sampling and culturing 
were carried out following complete preparation of single-rooted 
teeth. Reduced numbers of bacteria were identifi ed in more than 
half the samples – a fi nding that has been confi rmed in numer-
ous subsequent studies. Following placement of a calcium 
 hydroxide dressing in the canal systems for 7 days, an additional 
bacterial assay was done, and no persisting viable bacteria could 
be detected. The authors concluded that a calcium hydroxide 
dressing for at least 7 days was necessary to eliminate all viable 
bacteria from the root canal.

Literature Review
The two criteria studied following both single and multiple 
 sitting approaches have been the incidence and severity of post-
operative pain and the longer-term outcome of the procedure.

There appears to be no signifi cant difference in the amount of 
posttreatment pain, according to the many publications on the 
subject (Fox et al., 1970; Mulhearn, 1982; Roane et al., 1983; Oliet, 
1983; Genet et al., 1986; Fava, 1989; Trope, 1991; DiRenzo et al., 
2002; Yoldas et al., 2004). Similarly, no signifi cant differences in 
healing rates were reported in a number of admittedly limited 
and relatively short-term studies until a landmark publication by 
Sjögren et al. (1997). Fifty-fi ve single-rooted teeth with evidence 
of apical periodontitis were thoroughly cleansed and shaped 
 before bacterial sampling, and bacteria were still detected in 
22 cases. All teeth were nevertheless obturated and then reviewed 
5 years later. Complete healing had occurred in 94% of cases that 
had yielded an initial negative culture, but in just 68% in which 
samples were positive before root fi lling. The difference was 
 statistically signifi cant. The authors’ conclusions emphasized the 
importance of eliminating bacteria from the root canal system 
 before obturation. They stated that this objective could not be 
achieved reliably without a medicated intracanal dressing.

Sjögren et al. carried out a well-controlled study, but included 
only a limited number of single-rooted teeth. However, two 
 failures occurred in the negative culture group. Surgery was 
 carried out in one case; bacteria were identifi ed subsequently in a 
lateral canal and within the periapical lesion. Thus, even their 
 advanced anaerobic culturing technique may still not have located 
bacteria in lateral canals and apical ramifi cations and therefore 
the fi ndings, as in any single study, should be viewed with a  degree 
of caution.

Since then, only three other signifi cant comparative studies 
have been published. Trope et al. (1999) evaluated radiographic 

healing of just over 100 single canals one year after treatment. The 
canals were divided into three groups – single sitting, two sittings 
with no medicament, and two sittings with calcium-hydroxide 
dressing for at least 1 week. The two-sitting approach with no 
intra-canal medicament clearly exhibited the poorest rate of heal-
ing. There was no signifi cant difference between the single-sitting 
group and two-sitting group with calcium hydroxide dressing. 
However, the authors had to reduce their sample size to only 
41 teeth to equalize the initial baseline to comparable degrees of 
apical periodontitis. They found an improved rate of healing with 
the  two-sitting plus calcium hydroxide group, but the difference 
was not signifi cant.

Weiger et al. (2000) carried out a prospective study comparing 
prognosis after single and two-sitting plus calcium hydroxide 
treatment in 76 patients, including a number of multi-rooted 
teeth. They found no signifi cant difference in the likelihood of 
healing between the two groups. As with the other publications, 
the study is open to criticism because there were more molars in 
the  two-sitting group and more so because the calcium hydrox-
ide had been placed with paper points. These may have absorbed 
a  considerable amount of the water-based carrier material and 
thus reduced the effectiveness of the medicament.

Peters and Wesselink (2002) assessed the healing of 42 single 
canals, divided into two equal groups of single sitting and the 
two-sitting protocol with calcium hydroxide for 4 weeks, up to 5 
years following treatment. Once again, no signifi cant difference 
in overall healing rates could be discerned. This study was  unusual 
in that bacterial sampling and culturing of the two-sitting group 
 after the calcium hydroxide had been in situ for 4 weeks indi-
cated an increase in the numbers of residual bacteria. There may 
have been a problem with the method of calcium hydroxide 
placement and perhaps some coronal leakage between sittings; 
also, the numbers were too small for any defi nitive  (statistical) 
 conclusions.

kaltnermedia GmbH, Georg Thieme Verlag KG, Herr Schabert, Baumann/Beer, Endodontologie – englische Ausgabe, AK

Chapter49_s373_374.indd   373Chapter49_s373_374.indd   373 12.08.2010   14:27:34 Uhr12.08.2010   14:27:34 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



374 G Additional Topics

The combined results were examined in a systematic review 
(Sathom et al., 2005), which confi rmed that, with the limited 
 information available, there was no signifi cant difference  between 
the two endodontic treatment protocols.

With regard to the effectiveness of calcium hydroxide as an 
 intracanal medicament, a review by Siqueira and Lopes (1999) 
queried whether the material was as effective as originally 
 reported by Sjögren et al. (1991). Very recently Sathom et al. 
(2007) carried out a systematic review of the available data and 

concluded that calcium hydroxide has limited effectiveness in 
eliminating bacteria from the human root canal, as assessed by in 
vitro culture techniques.

Currently, the literature provides no clear indication as to 
whether one treatment regimen leads to a signifi cantly better 
outcome. This is an area where more extensive, well-controlled, 
prospective, comparative outcome studies are urgently needed.

If there is no guidance from the literature, the decision concerning 
whether to perform treatment in a single sitting comes down to 
individual clinician preference and dogma. The primary advan-
tages of the single-sitting protocol are:
• familiarity with anatomy, canal shape, contour, and size 

 facilitates obturation;
• no residual medicament to affect sealer fl ow or interact/react 

with dentin;
• no risk of microbial contamination beyond the temporary 

 coronal seal between sittings;
• signifi cant reduction of clinical time;
• patient convenience – no additional appointment required.

However, there are some disadvantages to this approach as well, 
for example:
• no easy access to the apical portion of the canal if there is a 

subsequent “fl are-up”;
• no opportunity to reevaluate possible additional canal  locations 

or the effectiveness of preparation by resolution of symp-
toms;

• no opportunity for an intracanal medicament;
• increased appointment time with attendant patient fatigue 

and reduced cooperation;
• operator fatigue due to the longer period of intense concentra-

tion;

• less fl exible scheduling of appointments (if a patient fails to 
appear for her/his appointment, more time is lost in the 
 practice environment);

• diffi culty in assessing overall time required for nonsurgical 
 retreatment procedures.

In the end, decision about the treatment approach may depend 
on the clinician’s clinical experience and interpretation of the 
 literature, a preference for longer appointments, the ease and 
speed of preparation, and thus adequate time for effective irrig-
ant action before obturation. It may prove diffi cult to adhere to 
the practice time scheduling if treatment must be completed at 
one sitting, especially when nonsurgical retreatment is under-
taken. Some clinicians and patients prefer shorter appointments; 
while others would much rather complete the procedure in just a 
 single sitting.

However, it is not appropriate to obturate a canal system if 
there is frank drainage of pus or exudate following the obturation 
phase; if the canals cannot be dried, they should be dressed with 
calcium hydroxide and the patient given another appointment. In 
addition, if there is any doubt about the completeness of the 
 obturation and preparation, or about the location of all canals, 
the wise and prudent clinician will place an interim medicinal 
dressing and then complete treatment at a second sitting.

The Single-sitting Approach
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50 Outcomes of Endodontic Treatment

A patient will assess the success of an endodontic procedure by 
the resolution of any pain or swelling, but the clinician needs a 
more objective set of criteria to establish success. Strindberg 
(1956) published the fi rst of the “modern” studies on the  outcome 
of treatment, and he stated the necessary criteria to be:
• absence of pain or swelling;
• no loss of function;
• absence or resolution of a fi stulous tract;
• resolution of an area of radiolucency associated with the 

 treated tooth, based on examination of the radiograph.

These criteria are still used today, although to complete  resolution 
of an area of radiolucency, partial resolution or “incomplete heal-
ing” is commonly added.

Failure is obviously the absence of some or all of these criteria, 
although Friedman (2002) has recently argued that the terms 
“healed” and “failure to heal,” or “persistence of disease,” are 
more accurate.

Numerous studies have been published since Strindberg’s on 
the outcome of endodontic treatment, although the majority 
would today be considered to have fairly low levels of evidence. 
There are many factors that infl uenced these studies, for  example: 
the sample size; whether the work was carried out by a single 
operator or a number of operators; the observation period; the 

follow-up interval; whether the observers were distinct from the 
clinicians and whether they had been trained and their degree of 
interexaminer agreement appraised; the lighting conditions for 
viewing radiographs; the reexamination of a proportion of the 
radiographs for consistency of reporting; the strictness of the 
 criteria themselves (i.e., did success or healing mean only com-
plete resolution of areas of radiolucency, or did it include partial 
resolution as well); and fi nally, was the study prospective in 
 design or retrospective?

50  Outcomes of Endodontic Treatment

Primary endodontic therapy I50.1 

Left: Tooth 22 exhibits an extensive 
apical radiolucency.

Middle: Completed root canal fi lling.

Right: Follow-up radiograph 1 year 
later. Complete healing, with regen-
eration of a normal periodontal 
 ligament space.

Primary endodontic therapy II50.2 

Left: Extensive lesion in the region of 
the mesial root of tooth 36.

Middle: Completed root canal fi lling.

Right: Follow-up radiograph 1 year 
later. Signifi cant, but yet incomplete 
healing. The periodontal ligament 
space appears to be widened. The 
tooth was symptom-free.
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As a result, only a minority of outcome studies are able to 
 satisfy suffi cient criteria to provide reliable evidence of healing 
(Friedman, 2002). Some examples of these are detailed below. 
The authors of these papers have either been individual specialist 
endodontists or students operating under close specialist super-
vision.

Over the past decade or more, there have been many cross-
sectional studies examining full mouth periapical or panoramic 
radiographs to assess the presence of apical periodontitis in 
 untreated teeth and those that have received root canal therapy. 
Although the papers derive from many different countries, the 
results have been surprisingly similar and reveal a much higher 
percentage of affected areas associated with root fi lled teeth, 
with an overall mean in the region of 35%.

It is apparent that the rate of healing for treatment carried out 
in general dental practice throughout the world is signifi cantly 
lower than when treatment is provided by specialists or students, 
undergraduate and postgraduate, when under close supervision. 
One can presume that most, if not all, of the latter treatment was 
carried out under rubber dam, whereas it is generally accepted 
that this simple device is used by a lower proportion of general 
dental practitioners.

In addition to the standard of care provided, the other signifi -
cant factors infl uencing healing, reported consistently in some of 
the studies in Fig. 50.3, are the presence of an existing area of 

 radiolucency on the preoperative radiograph and the size of that 
area.

Generally, these studies have not considered the long-term 
survival of the tooth in question, merely whether  healing has 
occurred. Lazarski et al. (2001), Salehrabi and  Rotstein (2004), 
and Chen et al. (2007) have all published epidemiologic studies 
with substantial follow-up times (5–8 years). They found 
very high tooth retention rates of between 93% and 97% when 
they examined insurance company databases of extremely large 
numbers of patients (in two of the papers the patient numbers 
exceeded 1.5 million) who received root canal therapy, regardless 
of whether the treatment was carried out by generalists or 
 specialists.

Although these publications only reported the data insurance 
companies were supplied by patients’ clinicians, and thus are not 
well controlled, the sheer size of the samples involved indicate 
that these fi gures are very encouraging. Although there is no 
cause for complacency, and the overall standard of endodontic 
therapy still needs to be improved considerably, it appears that 
the survival rate for endodontically treated teeth is considerably 
higher than the healing rates for apical periodontitis (AP).

Studies reporting the success 50.3 
of primary endodontic 
 treatment

Author(s) Number of teeth Follow-up 
(years)

Complete  
healing (%)

Incomplete 
 healing (%)

Strindberg 1956  60 0.5–10 80

Engström et al. 1964 147 4–5 73

Adenubi and Rule 1976 271 0.5–7 82  8

Kerekes and Trondstad 1979 172 3–5 90

Byström et al. 1987  79 2–5 85  9

Eriksen et al. 1988 121 3 82  9

Sjögren et al. 1991 204 8–10 86

Ørstavik 1996 126 4 75 13

Friedman et al. 1995 113 0.5–1.5 63 28

Caliskan and Sen 1996 172 2–5 81  8

Sjögren et al. 1997  53 5 83

Trope et al. 1999  76 1 80

Weiger et al. 2000  67 1–5 78 16

Abitbol 2001  72 4–6 74  4

Hoskinson et al. 2002 200 5 78 14

Peters and Weselink 2002  38 1–4.5 76 21
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50 Outcomes of Endodontic Treatment

Nonsurgical Retreatment
Nonsurgical retreatment is carried out to regain access to the en-
tire canal system to allow adequate shaping and cleansing to re-
move any residual microbial fl ora.

There have been far fewer outcome studies to assess the rates 
of healing of retreated teeth, and they have the same defi ciencies 
as those on primary root canal treatment. The results of the stud-
ies with a higher level of evidence are provided in Fig. 50.5.

It can be seen that the overall healing rates may be some 10% 
less than for primary treatment. The advent of the clinical micro-
scope and of dedicated ultrasonic instrumentation has allowed 
clinicians to identify previously untreated canals and to remove 

obstacles, both natural and iatrogenic, more successfully and 
 predictably. However, this evidence is anecdotal and yet to be 
 refl ected in more recent outcome studies on retreatment. It has 
also been reported by Gorni and Gagliani (2004) that healing 
rates are highly signifi cantly lower when the original canal 
 anatomy has been altered iatrogenically during the primary 
treatment instrumentation procedures.

Nonsurgical retreatment I50.4 

Left: Periapical radiolucencies in 
 relation to teeth 32 and 31—old  silver 
pin fi llings in situ.

Middle: Successful retreatment of 
teeth 32, 31, and 41.

Right: Radiograph taken 1 year later. 
Signifi cant but yet incomplete 
 healing apically around 31; around 
tooth 32 there is only a slight 
 regeneration. The prognosis remains 
uncertain.

Nonsurgical retreatment II50.6 

Left: Periapical lesions at the apices 
of the incompletely fi lled root canals 
of tooth 26; note also the overfi lled 
material in one canal as well as a 
 fractured Lentulo spiral.

Middle: Appearance following 
 successful nonsurgical retreatment.

Right: Radiograph taken 1 year later. 
Complete healing of the apical 
 region.

Author(s) Number of teeth Follow-up (years) Complete 
healing (%)

Incomplete 
 healing (%)

Selden 1974  52 1.5 88

Bergenholtz et al. 1979 234* 2 75 12

Molven and Halse 1988  98* 10–17 71

Allen et al. 1989 596 ≥ 0.5 73 12

Sjögren et al. 1990  94* 8–10 62

Sundqvist et al. 1998  54 4 74

Kvist and Reit 1999  47 4 58

Farzaneh et al.  2004 103 4–6 81

* Number of treated roots, not teeth

Studies of the success of 50.5 
 nonsurgical retreatment
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G Additional Topics

Should symptomatic lesions still persist following nonsurgical 
retreatment, or if access to the entire root canal system is blocked 
by the presence of a post, a surgical approach may be necessary. 
While most restorations, including posts, may be removed 
 successfully, it might involve the destruction of a large fi xed 
prosthesis, which is unacceptable to the patient. Some posts are 
overly large and removal might endanger the remaining root 
structure. In addition, posts luted with resin cements may also 
prove resistant to removal.

Apical surgery has been performed for many decades, but has 
not always been associated with high levels of long-term healing. 
Friedman et al. (1991) and Frank et al. (1992) reported “failure to 
heal” rates of 35%–42%.

The philosophy of surgical intervention has now evolved sig-
nifi cantly since the above reports were published. There is general 
agreement that if the accessible segment of the root canal system 
is thoroughly re-treated nonsurgically fi rst, the healing rates 
 following any subsequent surgical procedure are much higher 
(Grung et al.,1990). Changes in magnifi cation, fl ap design, root 
 resection, and particularly root-end preparation involving ultra-

sonic or sonic tips, designed to prepare some 3 mm down the long 
axis of the canal, have led to marked improvements in healing 
rates.

There have been a number of studies published, many of which 
are tabulated below (Fig. 50.7), since the advent of these new 
techniques, although often incorporating only a short observa-
tion period, and subject to the same shortcomings of the studies 
given above. Friedman (2005), an established authority in this 
area, has argued for the inclusion of the term “functional,” which 
combines complete and incomplete healing, of those teeth that 
may still exhibit unaltered areas of radiolucency, but are symp-
tomless and surviving.

Thus far, the trend to improved healing rates is highly 
 encouraging.

Surgical Retreatment

It is essential for the clinician to have sound and current knowl-
edge of the likely outcome of endodontic treatment. Patients are 
entitled to be informed of the expected outcome of any proposed 
treatment procedure, as well as that of the alternatives. The 
 following means provide approximate, yet easily remembered, 
optimal healing rates for the different treatment modalities. The 
fi gures may change with time, but provide a reasonable mean of 
all the existing outcome studies:
• vital or recently necrotic pulps: 95%
• in the presence of AP: 85%
• nonsurgical retreatment with AP: 75%
• surgical retreatment alone: 65%

• surgical retreatment following nonsurgical retreatment if 
 appropriate and with current treatment modalities: 85%

In the future, one would expect far better prospective controlled 
outcome studies of primary root canal treatment, nonsurgical, 
and surgical retreatment, with signifi cant patient numbers and 
adequate observation periods of 4 or more years. Only then will 
we have a clearer picture of the optimal rates of healing of apical 
periodontitis.

New approaches to treatment, as well as the quality o f  treatment 
provided, would then be assessed against such benchmarks.

Conclusions

Author(s) Number of teeth Follow-up (years) Healed (%) Functional (%)

Friedman et al. 1991 136 0.5–8 44   67

Frank et al. 1992 104 > 10 58

Sumi et al. 1996 157 0.5–3   92

Testori et al. 1999 134 1–6 78   87

Zuolo et al. 2000 102 1–4 91   92

Rahbaran and Kim 2002 129 > 4 37   80

Rud et al. 2001 834 0.5–12 92   93

Rubenstein and Kim 2002  59 5–7 92 > 92

Chong et al. 2003 108 2 90   96

Wang et al. 2004  94 4–8 74   91

Gagliani et al. 2005 231 5 78   89

Studies of the success of 50.7 
 surgical retreatment
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50 Outcomes of Endodontic Treatment

Surgical retreatment II50.10 

Left: Six months later: The patient 
presented with pain and a buccal 
swelling. Examination revealed a 
fracture of the mesial root.

Middle: To retain the tooth, a 
 hemisection was carried out.

Right: After 2 years of normal func-
tion, the patient again presented 
with pain. The osseous resorption 
mesial to the distal root led to 
 suspicion of an additional fracture or 
incomplete seal around the area of 
the short post, where fi lling material 
had been unnecessarily and some-
what radically removed.

Surgical retreatment I50.8 

Left: Completed root canal treat-
ment; the canal orifi ce of mb2 was 
not found. Healing of the lesion on 
the mesiobuccal root had not 
 progressed.

Middle: Appearance following surgi-
cal retreatment. Curettage of the 
 lesion, resection of the mesiobuccal 
root, identifi cation of the mb2 canal, 
and retrograde closure of both 
 mesiobuccal roots.

Right: Radiograph taken 1 year later. 
Complete healing in the region of the 
mesiobuccal root apex.

Surgical retreatment II50.9 

Left: Tooth 46 with an extensive 
 lesion and an incomplete root canal 
fi lling. A suspected root fracture 
could not be verifi ed.

Middle: Appearance following 
 successful nonsurgical retreatment.

Right: Appearance 1 year later. The 
tooth is functional and symptom-
free.

Chapter50_s375_379.indd   379Chapter50_s375_379.indd   379 12.08.2010   14:27:10 Uhr12.08.2010   14:27:10 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



380 References

 References

Endodontic Microbiology
Baumgartner JC. Microbiological and molecular 

analysis of endodontic infections. Endodontic 
Topics 2004; 7:35–51.

Bergenholtz G. Micro-organisms from necrotic pulp 
of traumatized teeth. Odontol Revy 1974; 25:347–
358.

Borssen E, Sundqvist G. Actinomyces of infected 
dental root canals. Oral Surg, Oral Medicine and 
Oral Pathology 1981; 51:643–648.

Brauner AW, Conrads G. Studies into the microbial 
spectrum of apical Parodontitis. Int Endod Jl 1995; 
28:244–248.

Chan S, Mohammed N, Dobeck JM, White RR, 
Socransky SS, Skobe Z. Evaluation of the whole 
genome DNA-DNA hybridization technique to 
identify bacteria in histological sections of per-
iradicular lesions. J Endod 2004; 30:518–522.

Chavez de Paz LE, Dahlen G, Molander A, Moller A, 
Bergenholtz G. Bacteria recovered from teeth with 
apical Parodontitis after antimicrobial endodontic 
treatment. Int Endod J 2003; 36:500–508.

Chavez de Paz LE, Svensater G, Dahlen G, Bergen-
holtz G. Streptococci from root canals in teeth 
with apical Parodontitis receiving endodontic 
treatment. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 2005;100:232–241. 

Dewhirst FE, Paster BJ, Tzellas N, Coleman B, 
Downes J, Spratt DA, Wade WG.  Characteriza-
tion of novel human oral isolates and cloned 16S 
rDNA sequences that fall in the family Coriobac-
teriaceae: description of olsenella gen. nov., re-
classifi cation of Lactobacillus uli as Olsenella uli 
comb. nov. and description of Olsenella profusa 
sp. nov. Int J Syst Evol Microbiol 2001; 51:1797–
1804.

Figdor D, Sjogren U, Sorlin S, Sundqvist G, Nair PN.  
Pathogenicity of Actinomyces israelii and Arach-
nia propionica: experimental infection in guinea 
pigs and phagocytosis and intracellular killing 
by human polymorphonuclear leukocytes in 
vitro. Oral Microbiol Immunol 1992; 7:129–136. 

Fouad AF, Barry J, Caimano M, Clawson M, Zhu Q, 
Carver R, Hazlett K, Radolf JD. PCR-based identi-
fi cation of bacteria associated with endodontic 
infections. J Clin Microbiol 2002; 40:3223–3231. 

Gatti JJ, Dobeck JM, Smith C, White RR, Socransky 
SS, Skobe Z. Bacteria of asymptomatic periradic-
ular endodontic lesions identifi ed by DNA-DNA 
hybridization. Endod Dent Traumatol 2000; 
16:197–204. 

Griffee MB, Patterson SS, Miller CH, Kafrawy AH, 
Newton CW. The relationship of Bacteroides 
melaninogenicus to symptoms associated with 
pulpal necrosis. Oral Surg 1980; 50:457–461.

Haapasalo M. Bacteroides buccae and related taxa 
in necrotic root canal infections. J Clin Microbiol 
1986; 24:940–944. 

Haapasalo M. Black-pigmented gram-negative an-
aerobes in endodontic infections. FEMS Immu-

nology and Medical Microbiology 1993; 6:213–
217.

Haapasalo M, Ranta K, Ranta H. Mixed anaerobic 
periapical infection with sinus tract. Endod Dent 
Traumatol 1987; 3:83–85. 

Haapasalo M, Ranta H, Ranta K, Shah H. Black pig-
mented Bacteroides spp in human apical Paro-
dontitis. Infect Immun 1986a; 53:149–153. 

Haapasalo M, Ranta H, Shah H, Ranta K, Lounat-
maa K, Kroppenstedt RM. Mitsuokella dentalis, 
sp. nov., from dental root canals. Int J Syst Bacte-
riol 1986b; 36:566–568. 

Hancock HH 3rd, Sigurdsson A, Trope M, Moisei-
witsch J. Bacteria isolated after unsuccessful en-
dodontic treatment in a North American popula-
tion. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2001; 91:579–586.

Happonen RP. Periapical actinomycosis: a follow-
up study of 16 surgically treated cases. Endod 
Dent Traumatol 1986; 2:205–209.

Hashioka K, Yamasaki M, Nakane A, Horiba N, Na-
kamura H. The relationship between clinical 
symptoms and anaerobic bacteria from infected 
root canals. J Endod 1992;18:558–561.

Heimdahl A, Hall G, Hedberg M, Sandberg H, Söder 
P-Ö, Tuner K, Nord CE. Detection and quantitation 
by lysis-fi ltration of bacteremia after different 
oral surgical procedures. J Clin Microbiol 1990; 
28:2205–2209.

Heimdahl A, von Konow L, Satoh T, Nord CE. Clinical 
appearance of orofacial infections of odontogenic 
origin in relation to microbiological fi ndings. 
J Clin Microbiol 1985; 22:299–302.

Jontell M, Okiji T, Dahlgren U, Bergenholtz G. Im-
mune defense mechanisms of the dental pulp. 
Crit Rev Oral Biol Med 1998; 9:179–200. Review. 

Jousimies-Somer H. Recently described clinically 
important anaerobic bacteria: taxonomic aspects 
and update. Clin Infect Dis 1997; 25 suppl:78–87. 
Review.

Kakehashi S, Stanley H, Fitzgerald R. The effect of 
surgical exposures of dental pulps in germ-free 
and conventional laboratory rats. Oral Surg 1965; 
20:340–349.

Kantz WE, Henry CA. Isolation and classifi cation of 
anaerobic bacteria from intact pulp chambers of 
non-vital teeth in man. Arch Oral Biol 1974; 
19:91–96.

Khemaleelakul S, Baumgartner JC, Pruksakorn S. 
Identifi cation of bacteria in acute endodontic in-
fections and their antimicrobial susceptibility. 
Oral Surg Oral Med Oral Pathol 2002; 94:746–
755. 

Miller WD. An introduction in the study of the bac-
teriopathology of the dental pulp. Dental Cosmos 
1894; 36:505.

Molander A, Reit C, Dahlen G, Kvist T. Microbiologi-
cal status of root-fi lled teeth with apical Parodon-
titis. Int Endod J 1998; 31:1–7. 

Möller ÅJR. Microbiological examination of root 
canals and periapical tissues of human teeth. 

Pathobiology
Carlsson J, Herrmann BF, Hofl ing JF, Sundqvist GK. 

Degradation of the human proteinase inhibitors 
alpha-1-antitrypsin and alpha-2-macroglobulin 
by Bacteroides gingivalis.Infect Immun 1984 Feb; 
43(2):644–648.

Frank RM, Voegel JC. Ultrastructure of the human 
odontoblast and its mineralisation during den-
tal caries. Caries Res 1980; 14:367–380.

Furseth R, Mjör IA. Electron microscopy of human 
coronal dentin—a methodological study with 
emphasis on the aspiration of odontoblast nu-
clei. Acta odontol Scand 1969; 27:577–593.

Kettering JD, Torabinejad M. Concentrations of im-
mune complexes, IgG, IgM, IgE, and C3 in patients 
with acute apical abscesses. J Endod. 1984 Sep; 
10(9):417–421.

Langeland K. Management of the infl amed pulp 
associated with deep carious lesions. J Endod 
1981;7:169–181.

Lin K, Langeland K. Light und electron microscopic 
study of teeth with carious pulp exposures. Oral 
Surg 1981; 51:297–319.

Lin K, Shovlin P, Skribner J, Langeland K. Pulp biop-
sies from the teeth associated with periapical 
radiolucency. J Endod 1984; 10:436–448.

Loesche WJ. Importance of nutrition in gingival 
crevice microbial ecology. Periodont 1968 Dec; 
6(6):245–249.

Nair PN, Schroeder HE. Epithelial attachment at dis-
eased human tooth-apex. J Periodontal Res 1985 
May; 20(3):293–300.

Nair PN, Pajarola G, Schroeder HE. Types and inci-
dence of human periapcal lesions obtained with 
extracted teeth. Oral Surg Oral med Oral Pathol 
1996; 62:93–102.

Schroeder HE. Pathobiologie oraler Strukturen. Ba-
sel, München, Paris, London, New York: S. Karger; 
1991.

Stabholz A, Sela MN. The role of oral microorgan-
isms in the pathogenesis of periapical pathosis. 
I. Effect of Streptococcus mutans and its cellular 
constituents on the dental pulp and periapical 
tissue of cats. J Endod 1983 May; 9(5):171–175.

Sundqvist G, Johansson E, Sjogren U. Prevalence of 
black-pigmented bacteroides species in root  canal 
infections. J Endod 1989 Jan; 15(1):13–19.

van Winkelhoff AJ, Carlee AW, de Graaff J. Bacteroi-
des endodontalis and other black-pigmented 
Bacteroides species in odontogenic abscesses. In-
fect Immun 1985 Sep; 49(3):494–497.

van Winkelhoff AJ, Kippuw N, De Graaff J. Cross-
inhibition between black-pigmented Bacteroi-
des species. J Dent Res 1987 Nov; 66(11):1663–
1667.

Yamada T, Nakamura K, Iwaku N, Fusyama T. The 
extent of the odontoblast process in normal and 
carious human dentin. J Dent Res 1983; 62:798–
802

Basic Principles

Literaturverz_380_400.indd   380Literaturverz_380_400.indd   380 17.08.2010   10:51:05 Uhr17.08.2010   10:51:05 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



381References

Methodological studies (thesis). Odontol Tidskr 
1966; 74:1–380.

Munson MA, Pitt-Ford T, Chong B, Weightman A, 
Wade WG. Molecular and cultural analysis of the 
microfl ora associated with endodontic infections. 
J Dent Res 2002; 81:761–766.

Nair PN, Schroeder HE. Periapical actinomycosis. 
J Endod 1984; 10: 567–570.

Nakazawa F, Poco SE, Ikeda T, Sato M, Kalfas S, 
Sund qvist G, Hoshino E. Cryptobacterium cur-
tum gen. nov., sp. nov., a new genus of gram-pos-
itive anaerobic rod isolated from human oral 
cavities. Int J Syst Bacteriol. 1999;49:1193–1200. 
Erratum in: Int J Syst Bacteriol 1999; 49:1952.

O’Grady JF, Reade PC. Periapical actinomycosis 
 involving Actinomyces israelii. J Endod 1988; 
14:147–149.

Peciuliene V, Reynaud AH, Balciuniene I, Haapasalo 
M. Isolation of yeasts and enteric bacteria in root-
fi lled teeth with chronic apical Parodontitis. Int 
Endod J 2001; 34:429–434.

Rocas IN, Jung IY, Lee CY, Siqueira JF Jr. Polymerase 
chain reaction identifi cation of microorganisms 
in previously root-fi lled teeth in a South Korean 
population. J Endod 2004; 30:504–508.

Rodriguez Jovita M, Collins MD, Sjoden B, Falsen E. 
Characterization of a novel Atopobium isolate 
from the human vagina: description of Atopobi-
um vaginae sp. nov. Int J Syst Bacteriol. 1999; 
49:1573–1576.

Sakamoto M, Rocas IN, Siqueira JF Jr, Benno Y. Mo-
lecular analysis of bacteria in asymptomatic and 
symptomatic endodontic infections. Oral Micro-
biol Immunol 2006; 21:112–122. 

Siqueira JF Jr, Rocas IN. Exploiting molecular meth-
ods to explore endodontic infections: Part 1 – cur-
rent molecular technologies for microbiological 
diagnosis. J Endod 2005; 31:411–423. Review. 

Siqueira JF Jr, Rocas IN. Simultaneous detection of 
Dialister pneumosintes and Filifactor alocis in 
endodontic infections by 16S rDNA-directed 
multiplex PCR. J Endod 2004a; 30:851–854. 

Siqueira JF Jr, Rocas IN. Treponema species associ-
ated with abscesses of endodontic origin. Oral 
Microbiol Immunol 2004b; 19:336–339.

Siqueira JF Jr, Rocas IN. PCR-based identifi cation of 
Treponema maltophilum, T. amylovorum, T. me-
dium, and T. lecithinolyticum in primary root 
canal infections. Arch Oral Biol 2003; 48:495–
502. 

Siqueira JF Jr, Rocas IN, Souto R, Uzeda M, Colombo 
AP. Microbiological evaluation of acute periradic-
ular abscesses by DNA–DNA hybridization. Oral 
Surg Oral Med Oral Pathol 2001; 92:451–457.

Siqueira JF, Rocas IN, Souto R, de Uzeda M, Colombo 
AP. Actinomyces species, streptococci, and En-
terococcus faecalis in primary root canal infec-
tions. J Endod 2002; 28:168–172.

Siren EK, Haapasalo MP, Ranta K, Salmi P, Kerosuo 
EN. Microbiological fi ndings and clinical treat-
ment procedures in endodontic cases selected 
for microbiological investigation. Int Endod J 
1997; 30:91–95. 

Stashenko P, Teles R, D’Souza R. Periapical infl am-
matory responses and their modulation. Crit Rev 
Oral Biol Med 1998; 9:498–521. Review.

Sunde PT, Olsen I, Gobel UB, Theegarten D, Winter 
S, Debelian GJ, Tronstad L, Moter A. Fluorescence 
in situ hybridization (FISH) for direct visualiza-
tion of bacteria in periapical lesions of asymp-
tomatic root-fi lled teeth. Microbiology 2003; 
149:1095–1102.

Sunde PT, Olsen I, Lind PO, Tronstad L. Extraradicu-
lar infection: a methodological study. Endod 
Dent Traumatol 2000a; 16:84–90. 

Sunde PT, Tronstad L, Eribe ER, Lind PO, Olsen I. As-
sessment of periradicular microbiota by DNA-
DNA hybridization. Endod Dent Traumatol 2000b; 
16:191–196. 

Sundqvist G. Bacteriological studies of necrotic den-
tal pulps (thesis). Umeå University Odontological 
Dissertations 1976:1–94.

Sundqvist G. Taxonomy, ecology, and pathogenicity 
of the root canal fl ora (Review). Oral Surg, Oral 
Medicine and Oral Pathology 1994; 78:522–530.

Sundquist G, Johansson E, Sjögren U. Prevalence of 
black-pigmented Bacteroides species in root ca-
nal infections. J Endod 1989; 15:13–19.

Tronstadt L, Barnett F, Riso K, Slots J. Extraradicular 
endodontic infections. Endod Dent Traumatol 
1987; 3:86–90.

Wade WG, Downes J, Dymock D, Hiom SJ, Weight-
man AJ, Dewhirst FE, Paster BJ, Tzellas N, Cole-
man B. The family Coriobacteriaceae: reclassifi -
cation of Eubacterium exiguum (Poco et al. 
1996) and Peptostrepto¬coccus heliotrinre-
ducens (Lanigan 1976) as Slackia exigua gen. 
nov., comb. nov. and Slackia heliotrinireducens 
gen. nov., comb. nov., and Eubacterium lentum 
(Prevot 1938) as Eggerthella lenta gen. nov., 
comb. nov. Int J Syst Bacteriol. 1999; 49:595–
600.

Waltimo T, Kuusinen M, Jarvensivu A, Nyberg P, 
Vaananen A, Richardson M, Salo T, Tjaderhane L. 
Examination on Candida spp. in refractory peri-
apical granulomas. Int Endod J 2003; 36:643–
647.

Waltimo TM, Siren EK, Torkko HL, Olsen I, Haapasalo 
MP. Fungi in therapy-resistant apical Parodontitis. 
Int Endod J 1997; 30:96–101. 

Wayman BE, Murata SM, Almeida RJ, Fowler CB. A 
bacteriological and histological evaluation of 58 
periradicular lesions. J Endod 1992; 18:152–155.

Van Winkelhoff AJ, Carlee AW, DeGraaff J. Bacteroi-
des endodontalis and other black-pigmented 
Bacteroides species in odontogenic abscesses. In-
fect Immun 1985; 49:494–497.

Van Winkelhoff AJ, van Steenbergen TJM, de Graaff 
J. The role of black-pigmented Bacteroides in 
human oral infections. Journal of Clinical Perio-
dontology 1988; 15:145–155.

Yoshida M, Fukushima H, Yamamoto K, Ogawa K, 
Toda T Sagawa H. Correlation between symptoms 
and microorganisms isolated from root canals of 
teeth with periapical pathosis. Int Endod Jl 1987; 
13:24–28.

Endodontic Diagnosis
Dummer PM, Hicks R, Huws D. Clinical signs and 

symptoms in pulp disease. Int Endod J 1980; 
1:27–35.

Goldman M, Pearson AH, Darzenta N. Reliability of 
radiographic interpretations. Oral Surg Oral Med 
Oral Pathol 1974a; 2:287–293.

Goldman M, Pearson AH, Darzenta N. Endodontic 
success—Who’s reading the radiograph? Oral 
Surg Oral Med Oral Pathol 1974b; 3:432–437.

Langeland K, Rodrigues H, Dowden W. Periodontal 
disease, bacteria, and pulpal histopathology. Oral 
Sug Oral med Oral Pathol 1974; 37(2):257–270.

Natkin E, Harrington GW, Mandel MA. Anginal pain 
referred to the teeth. Report of a case. Oarl Surg 
Oral Med Oral Pathol 1975; 5:678–680.

Peters DD, Baumgartner JC, Lorton L. Adult pulpal 
diagnosis. Evaluation of the positive and nega-
tive responses to cold and electrical pulp tets. 
J Endod 1994; 10:506–511.

Petersson K, Soderstrom C, Kiani-Anaraki M. Eval-
uation of the ability of thermal and electrical 
tests to register pulp vitality. Endod Dent Trau-
matol 1999; 3:127–131. 

Seltzer S, Bender JB, Ziontz M. The dynamics of pulp 
infl ammation: correlation between diagnostic 
data and actual histologic fi ndings in pulp. Oral 
Surg 1963; 16:846–871. 

Tamse A, Fuss Z, Lustig J, Kaplavi J. An evaluation of 
endodontically treated vertically fractured teeth. 
J Endod 1999; 7:506–508.

Anatomy
Adloff P. Das Durchsichtigmachen von Zähnen und 

unsere Wurzelfüllungsmethoden. Dtsch Mschr 
Zahnheilk 1913; 31:445.

Alavi A, Opasanon A, Ng Y-L, Gulabivala K. Root ca-
nal anatomy of Thai mandibular molars. Interna-
tional Endodontic Journal 2002; 35:478–485.

Appel TR, Baumann MA. Solid-state nuclear mag-
netic resonance microscopy demonstrating hu-
man dental anatomy. Oral Surg Oral Med Oral 
Pathol  2002; 94:256–261.

Baldassari-Cruz LA, Lilly JP, Rivera EM. The infl u-
ence of dental operating microscope in locating 
the mesiolingual canal orifi ce. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2002; 93(2):190–
194.

Balto K, Muller R, Carrington DC, Dobeck J, Stash-
enko P. Quantifi cation of periapical bone destruc-
tion in mice by micro-computed tomography. 
J Dent Res 2000 Jan; 79(1):35–40.

Baumann MA. Die räumliche Darstellung des Endo-
donts. München: Hanser; 1995.

Baumann MA, Doll GM. Spatial reproduction of the 
root canal system by magnetic resonance micros-
copy. J Endod 1997; 23:49–51.

Beatty RG. A fi ve-canal maxillary fi rst molar. J En-
dod 1984; 10:156–157.

Benjamin KA, Dowson J. Incidence of two root ca-
nals in human mandibular incisor teeth. Oral Surg 
Oral Med Oral Pathol 1974; 38:122.

Bergmans L, Van Cleynenbreugel J, Wevers M, 
Lambrechts P. A methodology for quantitative 
evaluation of root canal instrumentation using 
microcomputed tomography. Int Endod J. 2001 
Jul; 34(5):390–398.

Bond JL, Hartwell GR, Donnelly JC, Portell FR. 
 Maxillary fi rst molar with six canals. J Endod. 
1988; 14:258–260.

Briseño Marroquin B, El-Sayed MAA, Willershaus-
en-Zönnchen B. Morphology of the physiological 
foramen: maxillary and mandibular molars. 
J Endod 2004; 30(5):321–328.

Literaturverz_380_400.indd   381Literaturverz_380_400.indd   381 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



382 References

Brown P, Herbranson E. Dental Anatomy & 3D In-
teractive Tooth Atlas: Version 3.0, An Interactive 
DVD-ROM (http://ehuman.com/pdf/Atlas_Man-
ual.pdf).

Carabelli G. Systematisches Handbuch der Zahn-
heilkunde [Systematic Manual of Dentistry]. Vi-
enna: Braunmüller & Seidel; 1844.

Cecic P, Hartwell G, Portell FR. The multiple root 
canal system in the maxillary fi rst molar: a case 
report. J Endod 1982; 8:113–115.

Cooke HG, Cox FL. C shaped canal confi guration in 
mandibular molars. J Am Dent Assoc 1979; 99: 
836–839.

Farman AG, Farman TT. A comparison of 18 differ-
ent x-ray detectoprs currently used in dentistry. 
Oral Surg Oral Med Oral Pathol Oral Radiol En-
dod 2005; 99:485–489.

Gorduysus MO, Gorduysus M, Friedman S. Operat-
ing microscope improves negotiation of second 
mesiobuccal canals in maxillary molars. J Endod 
2001; 27(11):683–686.

Hannig C, Dullin C, Hülsmann M, Heidrich G. Three-
dimensional, non-destructive visualization of 
vertical root fractures using fl at panel volume de-
tector computer tomography: an ex vivo in vitro 
case report. Int Endod J 2005 ; 38:904–913.

Hess W. Zur Anatomie der Wurzelkanäle des 
 menschlichen Gebisses mit Berücksichtigung 
der feineren Verzweigungen am Foramen api-
cale. Habilitationsschrift, Zürich; 1917 [On the 
anatomy of the root canals of the human denti-
tion with regard to the fi ner ramifi cations at the 
apical foramen. Postdoctoral thesis, Zurich; 1917].

Hounsfi eld GN. Computerized transverse axial scan-
ning (tomography). Part 1: Description of system. 
Br J Radiol 1973; 46:1016.

Hülsmann M. Die Entdeckung zusätzlicher Wur-
zelkanäle. Schweiz Monatsschr Zahnmed 1992; 
102(1):84–93.

Hülsmann M. Prämolaren mit drei Wurzelkanälen 
Inzidenz, Diagnostik und Therapie. Endodontie 
1994; 3(4):277.

Hülsmann M. A maxillary fi rst molar with two 
disto-buccal root canals. J Endod 1997; 23: 707–
708.

Ingle JI. Endodontics. 2nd ed. Philadelphia: Lea & 
Febiger; 1976.

Jacobsen EL, Nii C. Unusual palatal root canal mor-
phology in maxillary molars. Endod Dent Trau-
matol 1994; 10: 19–22.

Jung M, Lommel D, Klimek J. The imaging of root 
canal obturation using micro-CT. Int Endod J. 
2005 Sep; 38(9):617–626.

Kerekes K, Tronstad L. Morphometric observations 
on the canals of human anterior teeth. J Endod 
1977a; 3:24.

Kerekes K, Tronstad L. Morphometric observations 
on root canals of human premolars. J Endod 
1977b; 3:74.

Kerekes K, Tronstad L. Morphometric observations 
on the canals of human molars. J Endod 1977c; 
3: 114.

Kuttler Y. Microscopic investigation of root apexes. 
J Am Dent Assoc 1955; 20: 544.

Lauterbur PC. Image formation by induced local 
interactions: examples employing nuclear mag-
netic resonance. Nature 1973; 243:190.

Maggiore F, Jou YT, Kim S. A six-canal maxillary fi rst 
molar: case report. Int Endod J 2002; 35:486–491.

Martinez-Berna A, Ruiz-Badanelli P. Maxillary fi rst 
molars with six canals. J Endod 1983; 9:375–381.

Meyer W. Die Anatomie der Wurzelkanäle. Dtsch 
Zahnärztl Z 1959; 14:1239.

Nair MK. Diagnostic accuracy of tuned Aperture 
Computed Tomography (TACT). Swed Dent J 2003; 
Suppl 159:1–93.

Nair MK, Nair UP. Digital and advanced imaging in 
endodontics: A review. J Endod 2007; 33:1–6.

Olt S, Jakob PM. Contrast-enhanced dental MRI for 
visualization of the teeth and jaw. Magn Reson 
Med 2004; 52(1):174–176.

Peters LB. Präparation der endodontischen Zugang-
skavität und Darstellung der Kanäle. Teil 1: 
 Schneidezähne und Eckzähne. Endodontie 1992a; 
1(1): 57–64.

Peters LB. Präparation der endodontischen Zu-
gangskavität und Darstellung der Kanäle. Teil 2: 
Prämolaren. Endodontie 1992b; 1(2):141–149.

Peters LB. Präparation der endodontischen Zu-
gangs kavität und Darstellung der Kanäle. Teil 3: 
Obere Molaren. Endodontie 1992c; 1(2): 225–232.

Peters LB. Präparation der endodontischen Zu-
gangskavität und Darstellung der Kanäle. Teil 2: 
Untere Molaren. Endodontie 1992d; 1(2): 291–
300.

Peters OA, Laib A, Ruegsegger P, Barbakow F. Three-
dimensional analysis of root canal geometry by 
high-resolution computed tomography. J Dent 
Res. 2000 Jun; 79(6):1405–1409.

Peters OA, Peters CI, Schonenberger K, Barbakow F. 
ProTaper rotary root canal preparation: effects of 
canal anatomy on fi nal shape analysed by micro 
CT. Int Endod J 2003 Feb; 36(2):86–92.

Peters OA, Schonenberger K, Laib A. Effects of four 
Ni-Ti preparation techniques on root canal geom-
etry assessed by micro computed tomography. 
Int Endod J 2001; 34(3):221–230.

Pineda F, Kuttler Y. Mesiodistal and buccolingual 
roentgenographic investigation of 7275 root ca-
nals. Oral Surg Oral Med Oral Pathol 1972; 
33:101.

Rankine-Wilson RW, Henry P. The bifurcated root 
canal in lower anterior teeth. J Am Dent Assoc 
1965; 70:1162.

Reuver H. Nicht erfasste und nicht erschließbare 
endodontische Hohlräume. Teil 1. Endodontie 
2005a; 14:25–38.

Reuver H. Nicht erfasste und nicht erschließbare 
endodontische Hohlräume. Teil 2. Endodontie 
2005b; 14:257–268.

Skidmore AE, Bjorndal AM. Root canal morphology 
of the human mandibular fi rst molar. Oral Surg 
Oral med Oral Pathol 1971; 32:778–784.

Slowey RR. Root canal anatomy – road map to suc-
cessful endodontics. Dent Clin North Am 1979; 
23:555–573.

Sonntag D, Mollaakbari K, Kook K, Stachniss V. Ein-
fl uss der Zugangskavität auf Hartsubstanzver-
lust und Kanaldetektion bei humanen Frontzäh-
nen. Dtsch Zahnärztl Z 2006; 61 (11):612–616.

Stropko JJ. Canal morphology of maxillary molars: 
clinical observations of canal confi gurations. 
J Endod 1999; 25(6):446–450.

Tamse A, Littner MM, Kaffe I, Moskona D, Gavish A. 
Morphological and radiographic study of the api-
cal formaen in distal roots of mandibular molars. 
Int Endod J 1988; 21:205–210.

Thews ME, Kemp WB, Jones CR. Abberrations in 
palatal root and root canal morphology of two 
maxillary fi rst molars. J Endod 1979; 5:94–96.

Velvart P, Hecker H, Tillinger G. Detection of the 
apical lesion and the mandibular canal in con-
ventional radiography and computed tomogra-
phy. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2001 Dec; 92(6):682–688.

Vertucci FJ. Root canal anatomy of the mandibular 
anterior teeth. J Am Dent Assoc 1974; 89:369. 

Vertucci FJ. Root canal anatomy of the mandibular 
premolars. J Am Dent Assoc 1978; 97:47.

Vertucci FJ. Root canal anatomy of the human per-
manent teeth. Oral Surg Oral Med Oral Pathol 
1984; 58:589–599.

Vertucci FJ, Gegauff A. Root canal morphology of 
the maxillary fi rst premolar. J Am Dent Assoc 
1974; 99:194.

von Stechow D, Balto K, Stashenko P, Muller R. 
Three-dimensional quantitation of periradicular 
bone destruction by micro-computed tomogra-
phy. J Endod. 2003 Apr; 29(4):252–256.

Weller RN, Niemczyk SP, Kim S. Incidence and posi-
tion of the canal isthmus. J Endod 1995; 21:380–
383.

Wong M. Maxillary fi rst molar with three palatal 
canals. J Endod 1991; 17: 298–299.

Wu MK, Roris A, Barkis D, Wesselink PR. Preva-
lence and extent of long oval canals in the apical 
third. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2000; 89(6):739–743.

Local Anesthesia
Al-Nawas B. Einsatz von Antibiotika in der zah-

närztlichen Praxis. Wissenschaftliche Stellung-
nahme. DZZ 2002; 57:8.

Daubländer M, Müller R, Lipp M. The incidence of 
complications associated with local anesthesia 
in dentistry. Anesth Prog 1997; 44:132–141.

Daubländer M. Adrenalin als Vasokonstriktor in der 
zahnärztlichen Lokalanästhesie. Habilitations-
schrift, 1999.

Egle UT, Hoffmann SO, Lehmann KA, Nix WA. Hand-
buch Chronischer Schmerzen – Grundlagen, 
Pathogenese, Klinik und Therapie aus bio-psycho-
sozialer Sicht. Stuttgart: Schattauer; 2003.

Lipp MDW, Daubländer M, Fuder H. Die Lokal-
anästhesie in der Zahn-, Mund- und Kieferheil-
kunde. Berlin: Quintessenz; 1992.

Malamed SF. Handbook of Local Anesthesia. 5th ed. 
St. Louis: Mosby; 2004.

Merskey H, Albe-Fessard D, Bonica JJ, Carmon A, 
Dubner R, Kerr FWL, Lindblom U, Mumford JM, 
Mathan PW, Noordenbos W, Pagni CA, Renaer 
MJ, Sternbach RA, Sunderland S. Pain terms: a 
list with defi nitions and notes on usage. Recom-
mended by the IASP subcommittee on taxono-
my. Pain 1979; 6:249–252.

Niesel H, Van Aken H (Hrsg). Lokalanästhesie, Re-
gionalanästhesie, Regionale Schmerztherapie. 
Stuttgart: Thieme; 2003.

Literaturverz_380_400.indd   382Literaturverz_380_400.indd   382 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان

http://ehuman.com/pdf/Atlas_Manual.pdf
http://ehuman.com/pdf/Atlas_Manual.pdf


383References

Polycarpou N, Ng YL, Canavan D, Moles DR, Gula-
bivala K. Prevalence of persistent pain after en-
dodontic treatment and factors affecting its 
 occurrence in cases with complete radiographic 

healing. International Endodontic Journal 2005; 
38:169–178.

Vogel F, Scholz H, Al-Nawas B, Elies W, Kresken M, 
Lode H, Müller O, Naber KG, Petersen E, Shah PM, 
Sörgel F, Stille W, Tauchnitz C, Trautmann M, Ull-

mann U, Wacha H, Wiedemann B. Rationaler 
Einsatz oraler Antibiotika bei Erwachsenen: 
Empfehlungen einer Expertenkommission der 
Paul-Ehrlich-Gesellschaft für Chemotherapie e.V. 
Chemothe J 2002; 11:47.

Conventional Instruments and Ad-
vances in Design / Nickel- titanium: 
Materials Science / Irrigation, Drying, 
Medicated Dressings
Baumann MA, Roth A. Effect of endodontic skill on 

root canal preparation with Profi le .04. Oral Surg 
Oral Med Oral Pathol 1999; 88:714–718.

Byström A, Sundqvist G. Bacteriologic evaluation 
of the effi cacy of mechanical root canal instru-
mentation in endodontic therapy. Sand J Dent 
Res 1981; 89:321–329.

Byström A, Sundqvist G. Bacteriologic evaluation 
of the effect of 0.5 percent sodium hypochlorite 
in endodontic therapy. Oral Surg Oral Med Oral 
Pathol. 1983 Mar; 55(3):307–12.

Byström A, Sundqvist G. The antibacterial action of 
sodium hypochlorite and EDTA in 60 cases of en-
dodontic therapy. Int Endod J 1985; 18:35–40.

Law A, Messer H. An evidence-based analysis of 
the antibacterial effectiveness of intracanal me-
dicaments. JOE 2004; 30:689–694.

Lee DH, Park B, Saxena A, Serene TP. Enhanced sur-
face hardness by boron implantation in nitinol 
alloys. J Endod 1996; 22:543–546.

Komorowski R, Grad H, Wu XY, Friedman S. Anti-
microbial substantivity of chlorhxidine-treated 
bovine root dentin. J Endod 2000; 26(6):315–
317.

Rapisarda E, Bonaccorso A, Tripi TR, Fragalk I, Con-
dorelli GG. The effect of surface treatments of 
nickel-titanium fi les on wear and cutting effi -
ciency. Oral Surg Oral Med Oral Pathol Oral Ra-
diol Endod 2000; 89:363–368.

Roane JB, Sabala CL, Duncanson MG Jr. The “bal-
anced force” concept for instrumentation of 
curved canals. J Endod 1985; 11(5):203–211.

Ryhanen J, Kallioinen M, Tuukkanen J, Lehenkari P, 
Junila J, Niemela E, Sandvik P, Serlo W. Bone 
modeling and cell-material interface responses 
induced by nickel-titanium shape memory alloy 
after periosteal implantation. Biomaterials 1999; 
20(14):1309–1317.

Schäfer E. Metallurgie und Eigenschaften von 
Nickel-Titan-Instrumenten. In: Hülsmann M 
(Hrsg): Wurzelkanalaufbereitung mit Nickel- 
Titan-Instrumenten. Ein Handbuch. Berlin: 
Quintessenz; 2002a.

Schäfer E. Effect of sterilization on the cutting effi -
ciency of PVD-coated nickel-titanium endodontic 
instruments. Int Endod J 2002b Oct; 35(10):867–
872.

Schäfer E. Effect of physical vapor deposition on 
cutting effi ciency of nickel-titanium fi les. J En-
dod. 2002c Dec; 28(12):800–802.

Schilder H, Yee FS. Canal debridement and disin-
fection. In: Cohen S, Burns RC (eds). Pathways of 
the pulp. 3rd ed. St. Louis: Mosby; 1984: 175ff.

Sen BH, Safavi KE, Spangberg LS. Antifungal effects 
of sodium hypochlorite and chlorhexidine in 
root canals. J Endod. 1999 Apr; 25(4):235–238.

Siqueira JF Jr, Rocas IN, Favieri A, Lima KC. Chemo-
mechanical reduction of the bacterial population 
in the root canal after instrumentation and irri-
gation with 1%, 2.5%, and 5.25% sodium hypochlo-
rite. J Endod. 2000 Jun; 26(6):331–334.

Tepel J, Schafer E, Hoppe W.  Root canal instru-
ments for manual use: cutting effi ciency and 
instrumentation of curved canals. Int Endod J 
1995 Mar; 28(2):68–76.

Thompson SA, Dummer PM. Shaping ability of 
Quantec Series 2000 rotary nickel-titanium in-
struments in simulated root canals: Part 1. Int 
Endod J 1998 Jul; 31(4):259–267.

Thompson SA, Dummer PM. Shaping ability of 
Quantec Series 2000 rotary nickel-titanium in-
struments in simulated root canals: Part 2. Int 
Endod J 1998 Jul; 31(4):268–274.

Türkün M, Cengiz T. The effects of sodium hy-
pochlorite and calcium hydroxide on tissue dis-
solution and root canal cleanliness. Int Endod J. 
1997 Sep; 30(5):335–342.

Walia HM, Brantley WA, Gerstein H. An initial in-
vestigation of the bending and torsional proper-
ties of Nitinol root canal fi les. J Endod 1988; 
14(7):346–51.

Sonic and Ultrasonic Treatment
Ahmad M, Pitt Ford TR, Crum LA. Ultrasonic de-

bridement of root canals: an insight into the 
mechanisms involved. J Endod 1987a Mar; 
13(3):93–101.

Ahmad M, Pitt Ford TR, Crum LA. Ultrasonic debri-
dement of root canals: acoustic streaming and its 
possible role. J Endod 1987b Oct; 13(10):490–
499.

Ahmad M, Pitt Ford TR, Crum LA, Walton AJ. Ultra-
sonic debridement of root canals: acoustic cavi-
tation and its relevance. J Endod 1988 Oct; 
14(10):486–493.

Ahmad M. Measurements of temperature gener-
ated by ultrasonic fi le in vitro. Endod Dent Trau-
matol 1990 Oct; 6(5):230–231.

Ahmad M, Roy RA, Kamarudin AG. Observations of 
acoustic streaming fi elds around an oscillating 
ultrasonic fi le. Endod Dent Traumatol 1992 Oct; 
8(5):189–194.

Budd JC, Gekelman D, White JM. Temperature rise 
of the post and on the root surface during ultra-
sonic post removal. Int Endod J 2005 Oct; 
38(10):705–711.

Guerisoli DM, Marchesan MA, Walmsley AD, Lum-
ley PJ, Pecora JD. Evaluation of smear layer re-
moval by EDTAC and sodium hypochlorite with 
ultrasonic agitation. Int Endod J 2002 May; 
35(5):418–421.

Haapasalo M, Endal U, Zandi H, Coil JM. Eradica-
tion of endodontic infection by instrumentation 
and irrigation solutions. Endod Topics 2005; 
10:77–102.

Hülsmann M. Entwicklung einer Methodik zur 
standardisierten Überprüfung verschiedener 
Aufbereitungsparameter und vergleichende In-
vitro-Untersuchung unterschiedlicher Systeme 
zur maschinellen Wurzelkanalaufbereitung. Ha-
bilitationsschrift. Berlin: Quintessenz; 2000.

Hülsmann M, Schinkel I. Infl uence of several fac-
tors on the success or failure of removal of frac-
tured instruments from the root canal. Endod 
Dent Traumatol 1999 Dec; 15(6):252–258.

Huque J, Kota K, Yamaga M, Iwaku M, Hoshino E. 
Bacterial eradication from root dentine by ultra-
sonic irrigation with sodium hypochlorite. Int 
Endod J 1998 Jul; 31(4):242–50.

Lee SJ, Wu MK, Wesselink PR. The effectiveness of 
syringe irrigation and ultrasonics to remove de-
bris from simulated irregularities within pre-
pared root canal walls. Int Endod J 2004 Oct; 
37(10):672–678.

Lin YH, Mickel AK, Jones JJ, Montagnese TA, Gonza-
lez AF. Evaluation of cutting effi ciency of ultra-
sonic tips used in orthograde endodontic treat-
ment. J Endod 2006 Apr; 32(4):359–361.

Loushine RJ, Weller RN, Hartwell GR. Stereomicro-
scopic evaluation of canal shape following hand, 
sonic, and ultrasonic instrumentation. J Endod 
1989 Sep;15(9):417–421.

Lumley PJ, Walmsley AD, Laird WR. An investigation 
into cavitational activity occurring in endosonic 
instrumentation. J Dent 1988 Jun; 16(3):120–122.

Lumley PJ, Walmsley AD, Laird WR. Streaming pat-
terns produced around endosonic fi les. Int En-
dod J 1991 Nov; 24(6):290–297.

Lumley PJ, Walmsley AD, Walton RE, Rippin JW. 
 Effect of precurving endosonic fi les on the 
amount of debris and smear layer remaining in 
curved root canals. J Endod 1992 Dec; 
18(12):616–619.

Maddalone M, Gagliani M. Periapical endodontic 
surgery: a 3-year follow-up study. Int Endod J 
2003 Mar; 36(3):193–198.

Martin H. Ultrasonic disinfection of the root canal. 
Oral Surg Oral Med Oral Pathol 1976 Jul; 
42(1):92–99.

Mayer BE, Peters OA, Barbakow F. Effects of rotary 
instruments and ultrasonic irrigation on debris 
and smear layer scores: a scanning electron mi-
croscopic study. Int Endod J 2002 Jul; 35(7):582–
589.

Meidinger DL, Kabes BJ. Foreign object removal 
utilizing the Cavi-Endo ultrasonic instrument. J 
Endod. 1985 Jul;11(7):301–304.

Miserendino LJ, Miserendino CA, Moser JB, Heuer 
MA, Osetek EM. Cutting effi ciency of endodontic 

Instruments and Materials

Literaturverz_380_400.indd   383Literaturverz_380_400.indd   383 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



384 References

instruments. Part III. Comparison of sonic and 
ultrasonic instrument systems. J Endod 1988 
Jan; 14(1):24–30.

Richman MJ. The use of ultrasonics in root canal 
therapy and root resection. J Dent Med 1957; 
12:12–18.

Roy RA, Ahmad M, Crum LA. Physical mechanisms 
governing the hydrodynamic response of an os-
cillating ultrasonic fi le. Int Endod J 1994 Jul; 
27(4):197–207.

Rubinstein RA, Kim S. Long-term follow-up of cases 
considered healed one year after apical micro-
surgery. J Endod 2002 May; 28(5):378–383.

Ruddle CJ. Nonsurgical endodontic retreatment. 
In: Chen S, Burns RC (eds): Pathways of the Pulp. 
8th ed. St. Louis: Mosby; 2002.

Stamos DG, Haasch GC, Chenail B, Gerstein H. 
Endo sonics: clinical impressions. J Endod 1985 
Apr; 11(4):181–187.

Suter B, Lussi A, Sequeira P. Probability of remov-
ing fractured instruments from root canals. Int 
Endod J 2005 Feb; 38(2):112–123.

Taschieri S, Del Fabbro M, Testori T, Francetti L, 
Weinstein R. Use of a surgical microscope and 
endoscope to maximize the success of periradic-
ular surgery. Pract Proced Aesthet Dent 2006 
Apr; 18(3):193–198;quiz 200.

Tsesis I, Rosen E, Schwartz-Arad D, Fuss Z. Retro-
spective evaluation of surgical endodontic treat-
ment: traditional versus modern technique. 
J Endod 2006 May; 32(5):412–416.

van der Sluis LW, Wu MK, Wesselink PR. A com-
parison between a smooth wire and a K-fi le in 
removing artifi cially placed dentine debris from 
root canals in resin blocks during ultrasonic ir-
rigation. Int Endod J 2005a Sep; 38(9):593–596.

van der Sluis LW, Wu MK, Wesselink PR. The effi cacy 
of ultrasonic irrigation to remove artifi cially 
placed dentine debris from human root canals 
prepared using instruments of varying taper. Int 
Endod J 2005b Oct; 38(10):764–768.

van der Sluis LW. Die passive Ultraschallspülung 
des Wurzelkanalsystems. Endodontie 2006; 
15(2):177–185.

van der Sluis LW, Gambarini G, Wu MK, Wesselink 
PR. The infl uence of volume, type of irrigant and 
fl ushing method on removing artifi cially placed 
dentine debris from the apical root canal during 
passive ultrasonic irrigation. Int Endod J. 2006 
Jun; 39(6):472–476.

Walmsley AD. Ultrasound and root canal treat-
ment: the need for scientifi c evaluation. Int En-
dod J 1987 May; 20(3):105–111.

Walmsley AD, Laird WR, Lumley PJ. Ultrasound in 
dentistry. Part 2 – Periodontology and endodon-
tics. J Dent 1992 Feb; 20(1):11–17.

Weller RN, Brady JM, Bernier WE. Effi cacy of ultra-
sonic cleaning. J Endod 1990; 6:740–743.

Gutta-percha
Farzaneh M, Abitbol S, Lawrence HP, Friedman S. 

Toronto Study. Treatment outcome in endodon-

tics-the Toronto Study. Phase II: initial treat-
ment. J Endod 2004 May; 30(5):302–309.

Friedman CM, Sandrik JL, Heuer MA, Rapp GW. 
Composition and mechanical properties of gutta-
percha endodontic points. J Dent Res 1975 Sep–
Oct; 54(5):921–925.

Gurgel-Filho ED, Andrade Feitosa JP, Teixeira FB, 
Monteiro de Paula RC, Araujo Silva JB, Souza-
Filho FJ. Chemical and X-ray analyses of fi ve 
brands of dental gutta-percha cone. Int Endod J 
2003 Apr; 36(4):302–307.

Retreatment
Allen RK, Newton CW, Brown CE Jr. A statistical 

analysis of surgical and nonsurgical endodontic 
retreatment cases. J Endod 1989 Jun; 15(6):261–
266.

Hansen MG. Relative effi ciency of solvents used in 
endodontics. J Endod 1998 Jan; 24(1):38–40.

Hunter KR, Doblecki W, Pelleu GB Jr. Halothane 
and eucalyptol as alternatives to chloroform for 
softening gutta-percha. J Endod 1991 Jul; 
17(7):310–1.

Molven O, Halse A, Grung B. Surgical management 
of endodontic failures: indications and treat-
ment results. Int Dent J 1991 Feb; 41(1):33–42.

Schirrmeister JF. Der Einsatz von Lösungsmitteln 
während der Revision von Wurzelkanalbehand-
lungen. Eine Übersicht. Endodontie 2006; 
15:325–335.

Rubber Dam
Barbakow F. Materials and technics in root canal 

treatments in Switzerland – a determination of 
their status. Schweiz Monatsschr Zahnmed. 
1995; 105(10):1265–1271.

Baumgartner S. Befragung zum Stand der Endo-
dontie in Deutschland. Dissertation; Köln 2003.

Black GV. A work on operative dentistry. Chicago: 
The Medico-Dental Publishing Co.; 1908.

European Society of Endodontology. Quality guide-
lines for endodontic treatment: consensus re-
port of the European Society of Endodontology. 
Int Endod J 2006; 39:921–930.

Hommez GM, Braem M, De Moor RJ. Root canal 
treatment performed by Flemish dentists. Part 1. 
Cleaning and shaping. Int Endod J 2003 Mar; 
36(3):166–173.

Kakahashi S, Stanley HR, Fitzgerald RJ. The effects 
of surgical exposures of dental pulps in germ-
free and conventional laboratory rats. Oral Surg 
Oral Med Oral Pathol. 1965 Sep; 20:340–349.

Maier K. Stand der Endodontie in zahnärztlichen 
Praxen Bayerns. Promotionsschrift, München 
1998.

Sauveur G. Improvement of the rubber dam frame.J 
Endod 1997 Dec; 23(12):765–767.

Sjogren U, Figdor D, Persson S, Sundqvist G. Infl u-
ence of infection at the time of root fi lling on the 
outcome of endodontic treatment of teeth with 
apical periodontitis. Int Endod J 1997 Sep; 

30(5):297–306. Erratum in: Int Endod J 1998 
Mar;31(2):148.

Stewardson DA, McHugh ES. Patients‘ attitudes to 
rubber dam. Int Endod J 2002 Oct; 35(10):812–
819.

Whitten BH, Gardiner DL, Jeansonne BG, Lemon 
RR.  Current trends in endodontic treatment: re-
port of a national survey. J Am Dent Assoc 1996 
Sep; 127(9):1333–1341.

Whitworth JM, Seccombe GV, Shoker K, Steele JG. 
Use of rubber dam and irrigant selection in UK 
general dental practice. Int Endod J 2000 Sep; 
33(5):435–441.

Winkler R. Kofferdam in Theorie und Praxis. Ber-
lin: Quintessenz; 1991.

Access Cavity Preparation
Baume LJ. The biology of pulp and dentine. Mono-

graphs in Oral Science. 8th ed. Basel, München, 
Paris, London, New York: S. Karger; 1980.

Beer R, Gängler P, Benkert O. Zur Entstehung und 
Klassifi kation intrapulpaler Dentinablagerungen 
– eine histopathologische Studie an gesunden 
Zähnen. Zahn-, Mund- Kieferheilkd 1987; 
75:476–478.

Cvek M, Lundberg M. Histological appearance of 
pulps after exposure by a crown fracture, partial 
pulpotomy, and clinical diagnosis of healing. 
J Endod 1983 Jan; 9(1):8–11.

Dillard CR, Barfi eld RD, Tilashalski KR, Chavers LS, 
Eleazer PD. Comparison of endodontist versus 
generalist regarding preference for postendo-
dontic use of cotton pellets in pulp chamber. J 
Endod 2002 Sep; 28(9):656–657.

Gerstner G. Tissue culture of pulpal elements. Oral 
Surg 1973; 35:110–117.

Gutmann JL, Dumsha TC, Lovdahl PE. Problem-
lösungen in der Endodontie. München: Hanser; 
1991.

Gutmann JL, Fava LR. Periradicular healing and 
apical closure of a non–vital tooth in the pres-
ence of bacterial contamination. Int Endod J 
1992 Nov; 25(6):307–311.

James VE, Schour I, Spence JM. Biology of the pulp 
and its defence. J Am Dent Assoc 1959; 56:903–
911.

Krejci I, Lutz F, Oldenburg TR. Perfekt und belas-
tungsresistent adaptierte Seitenzahnkomposit-
füllungen – eine neue Fülltechnik. Swiss Dent 
1986; 7:21–27.

Newcomb BE, Clark SJ, Eleazer PD. Degradation of 
the sealing properties of a zinc oxide-calcium 
sulfate-based temporary fi lling material by en-
trapped cotton fi bers. J Endod 2001 Dec; 
27(12):789–790.

Seltzer S, Bender IB, Ziontz M. The dynamics of 
pulp infl ammation: correlation between diag-
nostic data and actual histologic fi ndings in the 
pulp. Oral Surg 1963; 16:846–871.

Root Canal Treatment

Literaturverz_380_400.indd   384Literaturverz_380_400.indd   384 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



385References

Sonntag D, Mollaakbari K, Kook K, Stachniss V. Ein-
fl uß der zugangskavität auf Hartsubstanzverlust 
und Kanaldetektion bei humanen Frontzähnen. 
Dtsch Zahnärztl Zeitschr 2006; 61: 612–616.

Tamse A, Kaffe I, Littner MM. Statistical evaluation 
of radiologic survey of pulp stones. J Endod 
1982; 8:455–458

Vail MM, Steffel CL. Preference of temporary resto-
rations and spacers: a survey of Diplomates of 
the American Board of Endodontists. J Endod 
2006 Jun; 32(6):513–515.

Webber RT, del Rio CE, Brady JM, Segall RO. Sealing 
quality of a temporary fi lling material. Oral Surg 
Oral Med Oral Pathol 1978 Jul; 46(1):123–130.

The Dental Microscope in Endodontics
Arnold M. The dental microscope – basics for new 

and proven methods in root canal treatment. 
ENDO 2009; 3(3):205–214.

Baumann R. Endodontics and operating microscope. 
Berlin: Quintessenz; 1975 Oct; 26(10):55–58. 

Baumann R. Was bietet das Operationsmikroskop 
dem Zahnarzt? Quintessenz 1975; 26:33–34.

Nylen CO. The microscope in oral surgery: Its fi rst 
use and later development. Acta Otolaryngol 
1927; 116:226.

Schwarze T, Baethge C, Stecher T, Geurtsen W. 
Identifi cation of second canals in the mesiobuc-
cal root of maxillary fi rst and second molars 
 using magnifying loupes or an operating micro-
scope. Aust Endod J 2002 Aug; 28(2):57–60.

Vertucci FJ. Root canal anatomy of the human per-
manent teeth. Oral Surg Oral Med Oral Pathol 
1984; 58:589.

Zaugg B, Stassinakis A, Hotz P. Infl uence of magni-
fi cation tools on the recognition of simulated 
preparation and fi lling errors. Schweiz Monats-
schr Zahnmed 2004; 114(9):890–896.

Determination of Working Length
Dummer PMH, McGinn JH, Rees DG. The position 

and topography of the apical canal constriction 
and apical foramen Int Endodont J 1984; 17:192–
198.

Green D. A stereomicroscopic study of the root 
apices of 400 maxillary and mandibular anterior 
teeth. Oral Surg Oral Med Oral Pathol 1956; 
9:1224–1232.

Hess W. Zur Anatomie der Wurzelkanäle des 
 menschlichen Gebisses. 1917 Habil. Schrift, 
Zürich.

Hör D, Attin T. Die elektrische Längenbestimmung 
des Wurzelkanals. Endodontie 2001; 1:39–56.

Kobayashi C, Okiji T, Kawashima N, Suda H, Sunada 
I. A basic study on the study on the electronic 
root canal length measuring device using divi-
sion method.  Jpn J Conserv Dent 1991; 34:1442–
1448.

Kuttler Y. Microscopic investigation of root apices.  
J Am Dent Assoc 1955; 50:544–552.

Meyer W. Probleme der sogenannten Wurzelbe-
handlung. Zahnärztl Mitteilungen 1961; 51:301– 
306.

Nekoofar MH, Ghandi MM, Hayes SJ, Dummer 
PMH. The fundamental operating principles of 
electronic root canal length measurement de-
vices. Int Endod J 2006; 39:595–609.

Sunada I. New method for measuring the length of 
the root canal.  Jpn Dent Res 1962; 41:375–387.

Tronstad L. Clinical Endodontics. Stuttgart – New 
York: Thieme; 1991.

Ushiyama J. New principle and method for mea-
suring the root canal length. J Endod 1993; 
9:97–104.

Engine-driven Instrumentation 
 Systems: History and Early Develop-
ments
Paque F, Barbakow F, Peters OA. Root canal prepara-

tion with Endo-Eze AET: changes in root canal 
shape assessed by micro-computed tomography. 
Int Endod J 2005 Jul; 38(7):456–464.

Roane JB, Sabala CL, Duncanson MG Jr. The “bal-
anced force” concept for instrumentation of 
curved canals. J Endod 1985; 11(5):203–211.

van der Sluis LW, Wu MK, Wesselink PR. A com-
parison between a smooth wire and a K-fi le in 
removing artifi cially placed dentine debris from 
root canals in resin blocks during ultrasonic ir-
rigation. Int Endod J. 2005 Sep; 38(9):593–596.

van der Sluis LW, Wu MK, Wesselink PR. The effi -
cacy of ultrasonic irrigation to remove artifi cial-
ly placed dentine debris from human root canals 
prepared using instruments of varying taper. Int 
Endod J 2005 Oct; 38(10):764–768.

Power-driven Instrumentation 
 Systems: Recent Advancements
Bryant ST, Dummer PM, Pitoni C, Bourba M, Mo-

ghal S. Shaping ability of .04 and .06 taper Pro-
File rotary nickel-titanium instruments in simu-
lated root canals. Int Endod J 1999 May; 
32(3):155–164.

Hülsmann M. Wurzelkanalaufbereitung mit Nickel-
Titan-Instrumenten. Ein Handbuch. Berlin: Quint-
essenz; 2002.

Walia HM, Brantley WA, Gerstein H. An initial in-
vestigation of the bending and torsional proper-
ties of Nitinol root canal fi les. J Endod 1988; 
14(7):346–351.

Yared GM, Bou Dagher FE, Machtou P. Infl uence of 
rotational speed, torque and operator‘s profi -
ciency on ProFile failures. Int Endod J 2001 Jan; 
34(1):47–53.

Fracture of Endodontic Instruments: 
Torque and Fatigue
Blum JY, Machtou P, Micallef JP. Location of contact 

areas on rotary Profi le instruments in relation-
ship to the forces developed during mechanical 
preparation on extracted teeth. Int Endod J 1999; 
32:108–114.

Blum JY, Machtou P, Ruddle C, Micallef JP. Analysis 
of mechanical preparations in extracted teeth 
using ProTaper rotary instruments: value of the 
safety quotient. J Endod 2003; 29:567–575.

Fife D, Gambarini G, Britto LR. Cyclic fatigue of Pro-
Taper NiTi rotary instruments after clinical use. 
Oral Surg Oral Med Oral Pathol Oral Radiol En-
dod 2004; 97:251–256.

Gambarini G. Rationale for the use of low-torque 
endodontic motors in root canal instrumenta-
tion. Endod Dent Traumatol 2000; 16:95–100.

Hübscher W, Barbakow F, Peters OA. Root canal 
preparation with FlexMaster: asessment of 
torque and force in relation to canal anatomy. 
Int Endod J 2003; 36:883–890.

Li UM, Lee BS, Shih CT, Lan WH, Lin CP. Cyclic fa-
tigue of endodontic nickel titanium rotary in-
struments: static and dynamic tests. J Endod 
2002; 28:448–451.

Peters OA, Barbakow F. Dynamic torque and apical 
forces of ProFile .04 rotary instruments during 
preparation of curved canals. Int Endod J 2002; 
35:379–389.

Peters OA, Kappeler S, Bucher W, Barbakow F. 
Maschinelle Aufbereitung gekrümmter Wurzel-
kanäle: Messaufbau zur Darstellung physikalis-
cher Parameter. Schweizerische Monatsschrift 
fur Zahnmedizin 2001; 111:834–842.

Rowan MB, Nicholls JI, Steiner J. Torsional proper-
ties of stainless steel and nickel-titanium endo-
dontic fi les. J Endod 1996; 22:341–345.

Sattapan B, Nervo GJ, Palamara JEA, Messer HH. 
Defects in rotary nickel-titanium fi les after clini-
cal use. J Endod 2000a; 26:161–165.

Sattapan B, Palamara JEA, Messer HH. Torque dur-
ing canal instrumentation using rotary nickel-
titanium fi les. J Endod 2000b; 26:156–160.

Spili P, Parahos P, Messer HH. The impact of instru-
ment fracture on outcome of endodontic treat-
ment. J Endod 2005; 31:845–850.

Thompson SA. An overview of nickel-titanium al-
loys used in dentistry. Int Endod J 2000; 33:297–
310.

Ullmann C, Peters OA. Effect of cyclic fatigue on 
static fracture loads in ProTaper nickel-titanium 
rotary instruments. J Endod 2005; 31:183–187.

File Systems
Albrecht LJ, Baumgartner JC, Marshall JG. Evalua-

tion of apical debris removal using various sizes 
and tapers of ProFile GT fi les. J Endod 2004 Jun; 
30(6):425–428.

Ankrum MT, Hartwell GR, Truitt JE. K3 Endo, Pro-
Taper, and ProFile systems: breakage and distor-
tion in severely curved roots of molars. J Endod 
2004 Apr;30(4):234–237.

Baumann MA. RaCe-System. In: Hülsmann M, 
Hrsg. Wurzelkanalaufbereitung mit Nickel-Titan-
Instrumenten. Berlin: Quintessenz; 2005: 133.

Root Canal Instrumentation

Literaturverz_380_400.indd   385Literaturverz_380_400.indd   385 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



386 References

Baumann MA. The RaCe-System. Endodontic Prac-
tice 2003; 6 (3):5–13.

Bergmans L, Van Cleynenbreugel J, Beullens M, et 
al. Progressive versus constant tapered shaft de-
sign using NiTi rotary instruments. Int Endod J 
2003; 36(4):288–295.

Berruti E, Chaindussi G, Gaviglio I, Ibba A. Com-
parative analysis of torsional and bending 
stresses in two mathematical models of nickel-
titanium rotary instruments: ProTaper versus 
ProFile. J Endod 2003; 29(1):15–19.

Calberson FL, Deroose CA, Hommez GM, De Moor 
RJ. Shaping ability of ProTaper nickel-titanium 
fi les in simulated resin root canals. Int Endod J 
2004; 37(9): 613–623.

Cheung GS, Liu CS. A retrospective study of endo-
dontic treatment outcome between nickel-tita-
nium rotary and stainless steel handfi lling tech-
niques. J Endod 2009; 35: 938–943.

de Oliveira DP, Barbizam JV, Trope M, Teixeira FB. 
Comparison between gutta-percha and resilon 
removal using two different techniques in endo-
dontic retreatment. J Endod 2006 Apr; 32(4):362–
364.

Eggert C, Peters O, Barbakow F. Wear of nickel-tita-
nium lightspeed instruments evaluated by scan-
ning electron microscopy. J Endod 1999; 
25:494.

Foschi F, Nucci C, Montebugnoli L, Marchionni S, 
Breschi L, Malagnino VA, Prati C. SEM evaluation 
of canal wall dentine following use of Mtwo and 
ProTaper NiTi rotary instruments. Int Endod J 
2004; 37:832–839.

Glosson CR, Haller RH, Dove SB, del Rio CE. A com-
parison of root canal preparations using NiTi 
hand, NiTi engine-driven, and K-Flex endodon-
tic instruments. J Endod 1995; 21:146.

Guelzow A, Stamm O, Martus P, Kielbassa AM. Com-
parative study of six rotary nickel-titanium systems 
and hand instrumentation for root canal prepara-
tion. Int Endod J 2005 Oct; 38(10):743–752.

Guilford WL, Lemons JE, Eleazer PD. A comparison 
of torque required to fracture rotary fi les with 
tips bound in simulated curved canal. J Endod 
2005 Jun; 31(6):468–470.

Hübscher W, Barbakow F, Peters OA. Root-canal 
preparation with FlexMaster: canal shapes anal-
ysed by micro-computed tomography. Int Endod 
J 2003; 36, 740–747.

Hülsmann M, Bluhm V. Effi cacy, cleaning ability 
and safety of different rotary NiTi ionstruments 
in root canal treatment. Int Endod J 2004; 
37(7):468–476.

Hülsmann M, Gressmann G, Schäfers S. A compar-
ative study of root canal preparation using Flex-
Master and HERO 642 rotary NiTi instruments. 
Int Endod J 2003; 36, 358–366.

Hülsmann M, Herbst U, Schaefers F. Comparative 
study of root-canal preparation using Light-
speed and Quantec SC rotary NiTi instruments. 
Int Endod J 2003; 36:748.

Iqbal M, Banfi eld B, Lavorini A, Bachstein B. A Com-
parison of LightSpeed LS1 and LightSpeed LSX 
NiTi Rotary Instruments in Apical Transportation 
and Length Control in Simulated Root Canals.
J Endod 2007; 33:268.

Kum KY, Kazemi RB, Cha BY, Zhu Q. Smear layer 
production of K3 and ProFile Ni-Ti rotary instru-
ments in curved root canals: a comparative SEM 
study. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2006 Apr;101(4):536–541. 

Lang H, Korkmaz Y, Schneider K, Raab WH-M. Im-
pact of endodontic Treatments on the rigidity of 
the Root. J Dent Res 2006; 85:364.

Lloyd A. Roor canal instrumentation with ProFile 
instruments. Endod Topics 2005; 10:151–154.

Masiero AV, Barletta FB. Effectiveness of different 
techniques for removing gutta-percha during 
retreatment. Int Endod J 2005 Jan; 38(1):2–7.

Paqué F, Musch U, Hülsmann M. Comparison of root 
canal preparation using RaCe and ProTaper rotary 
NiTi instruments. Int Endod J 2005; 38(1):8–16.

Peters OA, Barbakow F, Peters CI. An analysis of en-
dodontic treatment with three nickel-titanium 
rotary root canal preparation techniques. Int En-
dod J 2004 Dec; 37(12):849–859.

Peters OA, Peters CI, Schoenenberger K, Barbakow F. 
ProTaper rotary root canal preparation: Effects of 
canal anatomy on fi nal shape analysed by micro 
CT. Int Endod J 2003; 36(2): 86–92.

Peters OA. Current challenges and concepts in the 
preparation of root canal systems: a review. 
J Endod 2004 Aug; 30(8):559–567.

Pettiette MT, Delano EO, Trope M. Evaluation of suc-
cess rate of endodontic treatment performed by 
students with stainless-steel K-fi les and nickel-tita-
nium hand fi les. J Endod 2001 Feb; 27(2):124–127.

Pettiette MT, Metzger Z, Phillips C, Trope M. Endo-
dontic complications of root canal therapy per-
formed by dental students with stainless-steel 
K-fi les and nickel-titanium hand fi les. J Endod 
1999 Apr; 25(4):230–234.

Schäfer E, Lohmann D. Effi ciency of rotary nickel-
titanium FlexMaster instruments compared 
with stainless steel hand K-Flexofi le – Part 1. 
Shaping ability in simulated curved canals. Int 
Endod J 2002a; 35, 505–513.

Schäfer E, Lohmann D. Effi ciency of rotary nickel-
titanium FlexMaster instruments compared 
with stainless steel hand K-Flexofi le – Part 2. 
Cleaning effectiveness and instrumentation re-
sults in severely curved root canals of extracted 
teeth. Int Endod J 2002b; 35, 514–521.

Schäfer E, Vlassis M. Comparative investigation of 
two rotary nickel-titanium instruments: ProTaper 
versus RaCe. Part 2: Cleaning effectiveness and 
shaping ability in severely curved root canals of 
extracted teeth. Int Endod J 2004; 37(4):239–
248.

Schäfer E. Effect of physical vapor deposition on 
cutting effi ciency of nickel-titanium fi les. J En-
dod 2002 Dec; 28(12):800–802.

Schäfer E. Effect of sterilization on the cutting effi -
ciency of PVD-coated nickel-titanium endodon-
tic instruments. Int Endod J 2002 Oct; 
35(10):867–872.

Schirrmeister JF, Meyer KM, Hermanns P, Alten-
burger MJ, Wrbas KT. Effectiveness of hand and 
rotary instrumentation for removing a new syn-
thetic polymer-based root canal obturation ma-
terial (Epiphany) during retreatment. Int Endod 
J 2006a; 39(2):150–156.

Schirrmeister JF, Strohl C, Altenburger MJ, Wrbas 
KT, Hellwig E. Shaping ability and safety of fi ve 
different rotary nickel-titanium instruments 
compared with stainless steel hand instrumen-
tation in simulated curved root canals. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2006b; 
101(6):807–813.

Schirrmeister JF, Wrbas KT, Meyer KM, Altenburger 
MJ, Hellwig E. Effi cacy of different rotary instru-
ments for gutta-percha removal in root canal 
retreatment. J Endod 2006c; 32(5):469–472.

Shaid DB, Nicholls JI, Steiner JC. A comparison of 
curved canal transportation with balanced force 
versus lightspeed. J Endod 24:651.

Sonntag D. Die Wurzelakanalpräparation mit dem 
Mtwo-System in der Single-Length-Technik – 
Erste Erfahrungen. Endodontie 2005; 14:271–
279.

Spanaki-Voreadi AP, Kerezoudis NP, Zinelis S. Fail-
ure mechanism of ProTaper Ni-Ti rotary instru-
ments during clinical use: fractographic analy-
sis. Int Endod J 2006; 39(3):171–178.

Spili P, Parashos P, Messer HH. The impact of in-
strument fracture on outcome of endodontic 
treatment. J Endod. 2005 Dec; 31(12):845–850.

Suter B. Wurzelkanalaufbereitung mit GT Rotary 
Files. Endodontic 1999; 8(3):247–257

Troian CH, So MV, Figueiredo JA, Oliveira EP. Defor-
mation and fracture of RaCe and K3 endodontic 
instruments according to the number of uses. 
Int Endod J 2006 Aug; 39(8):616–625.

Yao JH, Schwartz SA, Beeson TJ. Cyclic fatigue of 
three types of rotary nickel-titanium fi les in a 
dynamic model. J Endod 2006 Jan; 32(1):55–57.

Yared G, Bou Dagher F, Kulkarni K. Infl uence of torque 
control motors and the operator´s profi ciency on 
proTaper failures. Oral Surg Oral med Oral Pathol 
Oral Radiol Endod 2003; 96(2):229–232.

Yoshimine Y, Ono M, Akamine A. S-shaped canals. 
J Endod 2005 May; 31(5):373–375.

Zandbiglari T, Davids H, Schafer E. Infl uence of in-
strument taper on the resistance to fracture of 
endodontically treated roots. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2006 Jan; 
101(1):126–131.

The Hybrid Concept of Nickel- 
titanium Rotary Instrumentation

Baumann M, Roth A. Effect of experience on quality 
of canal preparation with nickel-titanium fi les. 
Oral Surg Oral Med Oral Pathol 1999; 88:714–
718.

Blum JY, Machtou P, Micallef JP. Location of contact 
areas on rotary ProFile instruments in relation-
ship to the forces developed during mechanical 
preparation of extracted teeth. Int Endod J 1999; 
32:108–114.

Dietz DB, Di Fiore PM, Bahcall JK, Lautenschlager 
EP. Effect of rotational speed on the breakage of 
Nickel-Titanium rotary fi les. J Endod 2000; 
26:68–71.

Gabel WP, Hoen M, Steiman HR, Pink FE, Dietz R. 
Effect of rotational speed on Nickel-Titanium fi le 
distortion. J Endod 1999; 25:752–754.

Literaturverz_380_400.indd   386Literaturverz_380_400.indd   386 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



387References

Green EN. Microscopic investigation of root canal 
diameters. J Am Dent Assoc 1958; 57:636–644.

Grossman LI. Endodontic Practice. 8th ed. Phil-
adelphia: Lea & Febinger; 1974.

Hülsmann M. Wurzelkanalaufbereitung mit Nickel-
Titan-Instrumenten. Chapter: Kombinierte Tech-
nik. 1st ed. Berlin: Quintessenz; 2002.

Hwang HK, Jou YT, Kim S. Sealing ability of isth-
muses by different obturation techniques. J En-
dod 1998; 24:283.

Ingle JI, Taintor JF. Endodontics. 3rd ed. Philadel-
phia: Lea & Febiger; 1985:197.

Kasahara E. Experimental studies on the mechanical 
enlargement of root canals. Kanagawa Shigaku 
1988; 22:604–631.

Kasahara E, Yasuda E, Yamada H, Miyazawa A. An 
evaluation of guidelines for the apical enlarge-
ment of maxillary premolars. J Endod 1991; 
17:1–7.

Kerekes K, Tronstad L. Morphometric observations 
on the root canals of human anterior teeth. J En-
dod 1977a; 3:24–29.

Kerekes K, Tronstad L. Morphometric observations 
on the root canals of human premolars. J Endod 
1977b; 3:74–79.

Kerekes K, Tronstad L. Morphometric observations 
on the root canals of human molars. J Endod 
1977c; 3:114–118.

Knowles KL, Ibarrola JL, Christiansen RK. Assessing 
apical deformation and transportation following 
the use of LightSpeed root canal instruments. 
Int Endod J 1996; 29:113–117.

Kuttler Y. Microscopic investigation or root apexes. 
J Amer Dent Assoc 1955; 50:544–552.

Levin JA, Liu DT, Jou YT. The accuracy of two clini-
cal techniques to determine the size of the api-
cal foramen. Abstract. J Endod 1999; 25:294 
(oral presentation AAE meeting Atlanta 1999).

Luks S. Guttapercha versus silver points in the 
practice of endodontics. NY State Dent J 1965; 
31:341–350.

Moodnik RM, Dorn SO, Feldman MJ, Levey M, 
 Borden BG. Effi cacy of biomechanical instrumen-
tation: a scanning electron microscopic study. 
J Endod 1976; 2:261–266.

Roane JB, Sabala CL, Duncanson MG. The balanced 
force concept for instrumentation in curved 
 canals. J Endod 1985; 11:203–211.

Schilder H. Cleaning and Shaping the root canal. 
Dent Clinic North Amer 1974; 18:269–296.

Thomson SA, Dummer PMH. Shaping ability of 
LightSpeed rotary nickel-titanium instruments 
in simulated root canals. Part 2. I Endod 1997; 
23:742–747.

Walsch H. The hybrid concept of nickel-titanium 
rotary instrumentation. Dent Clin N Am 2004; 
48:183–202.

Weine FS. Endodontic therapy. Chapter 7: Intra-
canal treatment procedures, basic and advanced 
topics. 5th ed. St. Louis: Mosby; 1996.

Wu MK, Roris A, Barkis D, Wesselink PR. Preva-
lence and extent of long oval canals in the apical 
third. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2000; 89:739–743.

Wu MK, Barkis D, Roris A, Wesselink PR. Does the 
fi rst fi le to bind correspond to the diameter of 
the canal in the apical region? Int Endod J 2002; 
35:264–269.

Root Canal Disinfection
Ahmad M, Roy RA, Ghani Kamarudin A, Safar M. 

The vibratory pattern of ultrasonic fi les driven 
piezoelectrically. Int Endod J 1993; 26:120–124.

Barnett F, Trope M, Khoja M, Tronstad L.  Bacterio-
logic status of the root canal after sonic, ultra-
sonic and hand instrumentation. Endod Dent 
Traumatol 1985 Dec; 1(6):228–231.

Baumgartner JC, Cuenin PR. Effi cacy of several con-
centrations of sodium hypochlorite for root canal 
irrigation. J Endod 1992 Dec; 18(12):605–612.

Baysan A, Whiley RA, Lynch E. Antimicrobial effect 
of a novel Ozone-generating device on microor-
ganisms associated with primary root carious 
lesions in vitro. Caries Res 2000; 34:498–501.

Bonsor SJ, Nichol R, Reid TM, Pearson GJ. Micro-
biological evaluation of photo-activated disin-
fection in endodontics (an in vivo study). Br 
Dent J 2006 Mar 25; 200(6):337–341.

Braun A, Kappes D, Krause F, Jepsen S. Effi ciency of 
a novel rinsing device for the removal of pulp 
tissue in vitro. Int Endod J 2005; 38:923–930.

Bystroem A, Sundqvist G, Bacteriologic evaluation 
of the effect of 0.5 percent sodium hypochlorite 
in endodontic therapy. Oral Surg 1983; 55:307–
311.

Bystroem A, Sundqvist G. Bacteriologic evaluation 
of the effi cacy of mechanical root canal instru-
mentation in endodontic therapy. Scand J Dent 
Res 1981; 89:321–328.

Bystroem A, Sundqvist G. The antibacterial action 
of sodium hypochlorite and EDTA in 60 cases of 
endodontic therapy. Int Endod J 1985; 18:35–
40.

Cheung GS, Stock CJ. In vitro cleaning ability of root 
canal irrigants with and without endosonics. Int 
Endod J 1993; 26:334–343.

Dammaschkle T. Natriumhypochlorit – Eine Über-
sicht. Endodontie 2003; 12:343–352.

Gulabivala K, Stock CJR, Lewsey JD, Ghori S, Ng YL, 
Spratt DA. Effectiveness of  electrochemically ac-
tivated water as an irrigant in an infected tooth 
model. Int Endod J 2004; 37:624–631.

Haapasalo MP, Endal U, Zandi H, Coil JM. Eradica-
tion of endodontic infection by instrumentation 
and irrigation solutions. Endod Topics 2005; 
10:77–102.

Hata G, Hayami S, Weine FS, Toda T. Effectiveness of 
oxidative potential water as a root canal irrigant; 
Int Endod J 2001; 34:308–317.

Hauser V, Braun A, Frentzen M. Reinigung von 
Wurzelkanälen mit einem neuartigen hydrody-
namischen Spülsystem (RinsEndo). 20. Jahres-
tagung DGZ, Mainz 2006. 

Heckendorff M, Hülsmann M. Wirkungsweise und 
Indikationsbereich von Chelatoren – Eine Über-
sicht. Endodontie 2002; 11:123–141.

Hems RS, Gulabivala K, Ng YL, Ready D, Spratt DA. 
An in vitro evaluation of the ability of ozone to 
kill a strain of Enterococcus faecalis. Int Endod J 
2005; 38:22–29.

Hülsmann M, Hahn W. Complications during root 
canal irrigation: literature review and case re-
ports. Int Endod J 2000; 33:186–193.

Hülsmann M, Peters OA, Dummer PHM. Mechani-
cal preparation of root canals: shaping goals, 
techniques and means. Endod Topics 2005; 
10:30–76.

Hülsmann M, Rümmelin C, Schäfers F. Root canal 
cleanliness after preparation with different 
 endodontic handpieces and hand instrumenta-
tion. J Endod 1997; 23:301–306.

Hülsmann M. Die Desinfektion des endodontischen 
Systems. Endodontie 2006; 15:147–168.

Jensen SA, Walker TL, Hutter JW, Nicoll BK. Com-
parison of cleaning effi cacy of passive sonic acti-
vation and passive ultrasonic activation after 
hand instrumentation in molar root canals. J En-
dod 1999; 25:735–738.

Jori G. Photodynamic therapy of microbial infec-
tions: state of the art and perspectives. J Environ 
Pathol Toxicol Oncol 2006; 25(1–2):505–519.

Kahn FH, Rosenberg PA, Gliksberg J. An in vitro eval-
uation of the irrigating characteristics of ultra-
sonic and subsonic handpieces and irrigating 
needles and probes. J Endod 1995; 21:277–280.

Koçkapan C. Die Bedeutung der Schmierschicht bei 
der Wurzelkanalbehandlung. Endodontie 1995; 
4:33–48.

Lumley PJ, Walmsley AD. Effect of precurving on 
the performing of endosonic K-fi les. J Endod 
1992; 18:232–236.

Lussi A, Messerli L, Hotz P, Grosrey J. A new non-
instrumental technique for cleaning and fi lling 
root canals. Int Endod J 1995 Jan; 28(1):1–6.

Lussi A, Nussbacher U, Grosrey J. A novel noninstru-
mented technique for cleansing the root canal 
system. J Endod 1993 Nov; 19(11):549–553.

Lussi A, Suter B, Fritzsche A, Gygax M, Portmann P. 
In vivo performance of the new non-instrumen-
tation technology (NIT) for root canal obtura-
tion. Int Endod J 2002 Apr; 35(4):352–358.

Lussi A, Suter B, Grosrey J. In-vivo-Obturation von 
Wurzelkanälen mit der neuen Vakuumtechnik. 
Endodontie 1996; 3:189–194.

Lussi A, Suter B, Grosrey J. Obturation of root  canals 
in vivo with a new vacuum technique. J Endod. 
1997 Oct; 23(10): 629–631.

Marais JT, Williams WP. Antimicrobial effective-
ness of electro-chemically activated water as an 
endodontic irrigation solution. Int Endod J 2001; 
34:237–243.

Muselmani B, Kneist S, Glockmann E. REM-Unter-
suchung zur Reinigungswirkung von RinsEndo 
– Eine In-vitro-(Pilot) Studie. Poster, Jahres-
tagung DGZMK, Berlin 2005.

Muselmani B, Kneist S, Glockmann E. Untersu-
chungen zur Effi zienz der hydrodynamischen 
Wurzelkanalspülung mit RinsEndo – Eine In- 
vitro-Studie. Poster, 20. Jahrestagung DGZ, 
Mainz 2006.

Nagayoshi M, Fukuizumi T, Kitamura C, Yano J, 
Terashita M, Nishihara T. Effi cacy of one on sur-
vival and permeability of oral microorganisms. 
Oral Microbiol Immunol 2004; 19:240–246.

Nagayoshi M, Kitamura C, Fukuizumi T, Nishihara 
T, Terashita M. Antimicrobial effect of ozonated 

Literaturverz_380_400.indd   387Literaturverz_380_400.indd   387 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



388 References

water on bacteria invading dentinal tubules. 
J Endod 2004; 30(11):778–781.

Ørstavik D. Die Wurzelkanaldesinfektion – Eine 
Übersicht über Auffassungen und jüngste Ent-
wicklungen. Endodontie 2003; 12:343–352.

Peters OA. Challenges and concepts in preparation 
of root canal systems. J Endod 2004; 30:559–567.

Portmann P, Lussi A. A comparison between a new 
vacuum obturation technique and lateral con-
densation: an in vitro study. J Endod 1994 Jun; 
20(6):292–295.

Prader F. Die heiße Wurzelkanalspülung. Schweiz. 
Monatsschr. Zahnheilkd 1947; 57:383–402.

Sabins RA, Johnson JD, Hellstein JW. A comparison 
of the cleaning effi cacy of short-term sonic and 
ultrasonic passive irrigation after hand instru-
mentation in molar root canals. J Endod 2003; 
29:674–678.

Safavi K, Spångberg L. Chlorhexidin in der Endo dontie: 
Chemie, antimikrobielle Wirkung und mög liche In-
dikationen. Endodontie 2006; 15:171–176.

Sampson CM, Garcia F, Murra PE, Garcia-Godoy F. 
AquatineEC Hypochlorous Acid – A Safe Alterna-
tive to Sodium Hypochlorite. IADR Abstract.

Seidner S. Ein neuer Behelf zur Gangränbehand-
lung Z Stomatol 1935; 33:681–682.

Sen B, Wesselink PR, Türkün M. The smear layer: A 
phenomenon in root canal therapy. Int Endod J 
1995; 28:141–148.

Siqueira JF, Rocas IN. Mikrobiologie endodontischer 
Infektionen. Endodontie 2006; 15:109–121. 

Sjögren U, Sundqvist G. Bacteriologic evaluation of 
ultrasonic root canal instrumentation. Oral Surg 
Oral Med Oral Pathol 1987; 63:366–370.

Solovyeva AM, Dummer PMH. Cleaning effective-
ness of root canal irrigation with electrochemi-
cally activated anolyte and catholyte solutions: 
a pilot study. Int Endod J 2000; 33:494–504.

Spoleti P, Siragusa M, Spoleti M. Bacteriological 
evaluation of passive ultrasonic activation. J En-
dod 2003; 29:12–14.

Stamos DE, Sadeghi EM, Haasch GC, Gerstein H. An 
in vitro comparison study to quantitate the deb-
ridement ability of hand, sonic, and ultrasonic 
instrumentation. J Endod 1987;13:434–440.

Steier L, Rimoldi F, Beer R. Antibakterielle Wirkung 
von Ozon. Dental-Praxis XXII 2005; 9/10:271–276.

Steier L. Ozon in der Endodontie. Dental-Praxis 
XXII 2005; 5/6:1–5.

Svensäter G, Bergenholtz G. Biofi lms in endodontic 
infections. Endod Topics 2004; 9:27–36.

Torabinejad M, Khademi A, Babagoli J, Cho Y, John-
son WB, Bozhilov K, Kim J, Shabahang S. A new 
solution for the removal of the smear layer. J En-
dod 2003; 29:170–175.

van der Sluis L. Die passive Ultraschallspülung des 
Wurzelkanals. Endodontie 2006; 15:177–185.

Williams JA, Pearson GJ, Colles MJ. Antibacterial 
action of photoactivated disinfection used on 
endodontic bacteria in planktonic suspension 
and in artifi cial and human root canals. J Dent 
2006; 34:363–371.

Zhang W, Onyango O, Lin Z, Carino CM, Arora NS, 
Forde CA, Lee SS, Li Y. Ultradent Sterilox on Con-
trolling Microbial Contamination. Reducing Bio-
fi lms in DUWLs. IADR Abstract.

Intracanal Dressings
Abbott PV. Factors associated with continuing pain 

in endodontics. Aust Dent J 199; 39:157–161.
Hommez GM, Coppens CR, De Moor RJ. Periapical 

health related to the quality of coronal restorations 
and root fi llings. Int Endod J 2002; 35:680–689.

Iqbal MK, Johansson AA, Akeel RF, Bergenholtz A, 
Omar R. A retrospective analysis of factors asso-
ciated with the periapical status of restored, en-
dodontically treated teeth. Int J Prosthodont 
2003; 16: 31–38.

Ray HA, Trope M. Periapical status of endodonti-
cally treated teeth in relation to the technical 
quality of the root fi lling and the coronal resto-
ration. Int Endod J 1995; 28:12–18.

Rödig T, Hülsmann M. Die medikamentöse Einlage 
in der Endodontie. Endodontie 2005; 14:281–
301.

Rödig T. Die kombinierte Anwendung von Kalzium-
hydroxid und Chlorhexidin zur Wurzelkanaldes-
infektion. Endodontie 2006; 15:187–191.

Sathorn C, Parashos P, Messer H. Antibacterial effi -
cacy of calcium hydroxide intracanal dressing: a 
systematic review and meta-analysis. Int Endod 
J 2007; 40: 2–10.

Torabinejad M, Ung B, Kettering JD. In vitro bacte-
rial penetration of coronally unsealed endodon-
tically treated teeth. J Endod 1990; 16:566–569.

Tronstad L, Asbjørnsen K, Døving L, Pedersen I, 
 Eriksen HM. Infl uence of coronal restorations on 
the periapical health of endodontically treated 
teeth. Endod Dent Traumatol 2000; 16:218–221.

Turk BT, Sen BH, Ozturk T: In vitro antimicrobial 
activity of calcium hydroxide mixed with differ-
ent vehicles against enterococcus faecalis and 
candida albicans. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2009; 108:297–301.

Dammaschke T, Schneider U, Stratmann U, Yoo JM, 
Schäfer E. Effect of root canal dressings on the 
regeneration of infl amed periapical tissue. Acta 
Odontol Scand 2005; 63:143–152.

Dammaschke T, Witt M, Ott K, Schäfer E. Scanning 
electron microscopic investigation of incidence 
location and size of accessory foramina in pri-
mary and permanent molars. Quintessence Int 
2004; 35: 699.

El Ayouti A, Achleithner C, Löst C, Weiger R. Homo-
geneity and adaptation of a new gutta-percha 
paste to root canal walls. J Endod 2005; 31:687.

European Society of Endodontology. Quality guide-
lines for endodontic treatment: consensus re-
port of the Euroean Society of Endodontology. 
Int. Endod 2006; 39:921–930.

Friedman S, Abitbol S, Lawrence HP. Treatment out-
come in endodontics: The Toronto Study. Phase 1: 
Initial treatment. J Endod 2003; 29:787.

Gharai SR, Thorpe JR, Strother JM, McClanahan SB. 
Comparison of generated forces and apical mi-
croleakage using nickel-titanium and stainless 
steel fi nger spreaders in curved canals. J Endod 
2005; 31:198.

Gordon MPJ, Love RM, Chandler NP. An evaluation 
of .06 tapered gutta-percha cones for fi lling of 
.06 taper prepared curved root canals. Int Endod 
J 2005; 38:87.

Gound TG, Riehm RJ, Odgaard EC, Makkawy H. Effect 
of spreader and accessory cone size on density of 
obturation using conventional or mechanical lat-
eral condensation. J Endod 2001; 27:358.

Grade AC. Eugenol in Wurzelkanalzementen als 
mögliche Ursache für eine Urtikaria. Endodontie 
1995; 4:121.

Heil J, Reifferscheid G, Waldmann G, Leyhausen G, 
Geurtsen W. Genotoxicity of dental materials. 
Mutat Res 1996; 398:181.

Hembrough MW, Steiman HR, Belanger KK. Lateral 
condensation in canals prepared with nickel 
 titanium rotary instruments: an evaluation of 
the use of three different master cones. J Endod 
2002; 28:516.

Hoen MM, LaBounty GL, Keller DL. Ultrasonic 
endo dontic sealer placement. J Endod 1988; 
14:169.

Holcomb JQ, Pitts DL, Nicholls JI. Further investiga-
tion of spreader loads required to cause vertical 
root fracture during lateral condensation. J En-
dod 13:277.

Jeffrey IWM. An investigation into movement of 
sealer during placement of gutta-percha ponts. 
Int Endod J 1986; 19:21.

Leonardo MR, da Silva LAB, Almeida WA, Utrilla LS. 
Tissue response to an epoxy resin-based root 
 canal sealer. Endod Dent Traumatol 1999; 15:28.

Lertchirakarn V, Palamara JE, Messer HH. Load and 
strain during lateral condensation and vertical 
root fracture. J Endod 1999; 25:99.

Matsumoto K, Ionue K, Matsumoto A. The effects of 
newly developed root canal sealers on rat dental 
pulp cells in primary culture. J Endod 1989; 
15:60.

Morfi s AS. Vertical root fractures. Oral Surg Oral 
Med Oral Pathol 1990; 69:631.

Ørstavik D, Kerekes K, Eriksen HM. Clinical perfor-
mance of three endodontic sealers. Endod Dent 
Traumatol 1987; 3:178.

Root Canal Filling

Literaturverz_380_400.indd   388Literaturverz_380_400.indd   388 17.08.2010   10:51:06 Uhr17.08.2010   10:51:06 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



389References

Peak JD, Hayes SJ, Bryant ST, Dummer PM. The out-
come of root canal treatment. A retrospective 
study within the armed forces (Royal Air Force). 
Br Dent J 2001; 190:140.

Pitts DL, Matheny HE, Nicholls JI. An in vitro study 
of spreader loads required to cause vertical root 
fracture during latral condensation. J Endod 
1983; 9:544.

Rödig T, Attin T, Hülsmann M. Die Wurzelkanal-
sealer AH 26, AH Plus und RoekoSeal – Eine 
 Literaturübersicht. Endodontie 2005a; 14:153.

Rödig T, Hülsmann M, Paqué F. Adhäsive Wurzel-
kanalfüllmaterialien – Eine Literaturübersicht. 
Endodontie 2005b; 14:363.

Schäfer E, Göhring C. Untersuchungen zur Normie-
rung von Wurzelkanalinstrumenten und Gutta-
percha-Stiften. Endodontie 1993; 2:269.

Schäfer E, Zandbiglari T. Solubility of root-canal 
sealers in water and artifi cial saliva. Int Endod J 
2003; 36:660.

Schäfer E. Wurzelkanalfüllmaterialien. Dtsch Zahn-
ärztl Z 2000; 55:15.

Shipper G, Teixeira FB, Arnold RR, Trope M. Peri-
apical infl ammation after coronal microbial in-
oculation of dog roots fi lled with gutta-percha 
or resilion. J Endod 2005; 31:91.

Simons J, Ibanez B, Friedman S, Trope M. Leakage 
after lateral condensation with fi nger spreaders 
and D-11-spreaders. J Endod 1991; 17:101.

Siqueira JF, Rocas IN, Lopes HP, de Uzeda M. Coro-
nal leakage of two root canal sealers containing 
calcium hydroxide after exposure to human 
 saliva. J Endod 1999; 25:14.

Slaus G, Bottenberg P. A survey of endodontic prac-
tice amongst Flemish dentists. Int Endod J 2002; 
35:759.

Spangberg LSW, Barbosa SV, Lavigne GD. AH 26 re-
leases formaldehyde. J Endod 1993; 19:596.

Stellungnahme der DGZMK und DGZ: Wurzelka-
nalfüllpasten und -füllstifte. Dtsch Zahnärztl Z 
2000; 55:9.

Tagger M, Katz A, Tamse A. Apical seal using GPII 
method in straight canals compared with lateral 
condensation with or without sealer. Oral Surg 
Oral Med Oral Pathol 1994; 78:225.

Tamse A, Fuss Z, Lustig J, Kaplavi J. An evaluation of 
endodontically treated vertically fractured teeth. 
J Endod 1999; 25:506.

Teixeira FB, Teixeira ECN, Thompson JY, Trope M. 
Fracture resistance of roots endodontically 
treated with a new resin fi lling material. J Am 
Dent Assoc 2004; 135:646.

Tepel J, Darwisch el Sawaf M, Hoppe W. Reactioin 
of infl amed periapical tissue to intracanal medi-
caments and root canal sealers. Endod Dent 
Traumatol 1994; 10:233–238.

Wesselink PR. Die Wurzelkanalfüllung (II). Endo-
dontie 1995; 4:269.

Wilson BL, Baumgartner JC. Comparison of spreader 
penetration during lateral compaction of .04 and 
.02 taperd gutta-percha. J Endod 2003; 29:828.

Wu MK, Tigos E, Wesselink PR. An 18-month longi-
tudinal study on a new silicon-based sealer, RSA 
RoekoSeal: a leakage study in vitro. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2002; 
94:499.

Vertical Compaction of Warmed 
 Gutta-percha

Blum JY, Machtou P, et al. Analysis of forces devel-
oped during obturations. Wedging effect: Part II. 
J Endod 1998; 24(4):223–228.

Casanova F. Understanding of some clinically sig-
nifi cant physical properties of Kerr sealer through 
investigation. Master Thesis, Boston University, 
1975.

Farzaneh M, Abitbol S, et al. Treatment outcome in 
endodontics-the Toronto Study. Phase II: initial 
treatment. J Endod 2004; 30(5):302–309.

Forgione S. A documentation of healing of overfi lled 
cases in teeth with lesions of endodontic origin 
following treatment using the B.U. Endodontique 
Technique. Thesis, Boston University, 1986.

Goodman A, Schilder H, et al. The thermomechani-
cal properties of gutta-percha. Part IV. A thermal 
profi le of the warm gutta-percha packing proce-
dure. Oral Surg Oral Med Oral Pathol 1981; 
51(5):544–551.

Hess W. Anatomy of the root canals of the teeth of 
the permanent dentition. New York: William 
Wood & Co;1925.

Nafafi nejad M. Evaluation of dimensional changes 
of several root canal sealers. Master Thesis, Bos-
ton University, 1985.

Schilder H. Filling root canals in three dimensions.
Dent Clin North Am 1967; 723–744.

Schilder H. Cleaning and shaping the root canal. 
Dent Clin North Am 1974; 18(2):269–296.

Schilder H, Goodman A, et al. The thermomechani-
cal properties of gutta-percha. Part V. Volume 
changes in bulk gutta-percha as a function of 
temperature and its relationship to molecular 
phase transformation. Oral Surg Oral Med Oral 
Pathol 1985; 59(3):285–296.

Sweatman TL, Baumgartner JC, et al. Radicular 
temperatures associated with thermoplasticized 
gutta-percha. J Endod 2001; 27(8): 512–515.

Wesselink P. Root fi lling techniques. In: Bergen-
holtz G, Horsted-Bindslev P, et al. Textbook of 
Endodontology. Oxford: Blackwell Munksgaard; 
2003.

West J. The relationship between the three-dimen-
sional endodontic seal and endodontic failure. 
Masters thesis, Boston University,1975.

Wu M K, Kastakova A, et al. Quality of cold and warm 
gutta-percha fi llings in oval canals in mandibular 
premolars. Int Endod J 2001; 34(6):485–491.

Yared GM, Bou Dagher FE. Infl uence of plugger 
penetration on the sealing ability of vertical 
condensation. J Endod 1995; 21(3):152–153.

System B/Obtura
Blum JY, Cathala C, Machtou P, Micallef JP. Analysis 

of the endogrammes developed during obtura-
tions on extracted teeth using System B. J Endod 
2001; 27;661–665.

Bowman CJ, Baumgartner JC. Gutta-percha obtura-
tion of lateral grooves and depressions. J Endod 
2002; 28:220–223.

Buchanan LS. The continuous wave of condensa-
tion obturation technique. Endontics Volume II, 
Il Tridente, 2005.

Buchanan LS. The continuous wave of condensa-
tion technique: a convergence of conceptual and 
procedural advances in obturation. Dentistry 
Today 1994; 80:5. 

Cathro PR, Love RM. Comparison of MicroSeal and 
System B/Obtura II obturation techniques. Int 
Endod J 2003; 36:876–882.

Davalou S, Gutmann JL, Nunn MH. Assessment of 
apical and coronal root canal seals using con-
temporary endodontic obturation and restor-
ative materials and techniques. Int Endod J 1999; 
32:388–396.

de Chevigny C, Dao TT, Basrani BR, et al. Treatment 
outcome in endodontics: The Toronto Study – 
Phase 4: Initial Treatment. J Endod 2008; 
34:258–263.

Diemer F, Sinan A, Calas P. Penetration depth of 
warm vertical gutta-percha pluggers: impact of 
apical preparation. J Endod 2006; 32:123–126.

Farzaneh M, Abitbol S, Lawrence HP, Friedman S. 
Treatment outcome in endodontics – The To-
ronto Study. Phase II: Initial Treatment. J Endod 
2004; 30:302–309.

Goldberg F, Artaza LP, De Silvio A. Effectiveness of 
different obturation techniques in the fi lling of 
simulated lateral canals. J Endod 2001; 27:362–
364.

Goodman A, Schilder H, Aldrich W. The thermo-
mechanical properties of gutta-percha. Part IV. A 
thermal profi le of the warm gutta-percha pack-
ing procedure. Oral Surg Oral Med Oral Pathol 
1981; 51:544–551.

Jacobson HLJ, Xia T, Baumgartner JC, et al. Micro-
bial leakage evaluation of the continuous wave 
of condensation. J Endod 2002; 28:269–271.

Keçeci AD, Çelik Ünal G, en BH. Comparison of 
cold lateral compaction and continuous wave of 
obturation techniques following manual or ro-
tary instrumentation. Int Endod J 2005; 38:381–
388.

Lea CS, Apicella MJ, Mines P, Yancich PP, Parker 
MH. Comparison of the obturation density of 
cold lateral compaction versus warm vertical 
compaction using the continuous wave of con-
densation technique. J Endod 2005; 31:37–39.

Marlin J, Schilder H. Physical properties of gutta-
percha when subjected to heat and vertical con-
densation. Oral Surg Oral Med Oral Pathol 1973; 
36:872–879.

Marquis VL, Dao T, Farzaneh M, Abitbol S, Fried-
man S. Treatment Outcome in Endodontics: The 
Toronto Study. Phase III: Initial Treatment . J En-
dod 2006; 32:299–306.

Schilder H. Filling root canals in three dimensions. 
Dent Clin North Am 1967; 11:723–744.

Silver GK, Love RM, Purton DG. Comparison of two 
vertical condensation obturation techniques: 
Touch ‘n Heat modifi ed and System B. Int Endod 
J 1999; 32:287–295.

Smith RS, Weller RN, Loushine RJ, Kimbrough WF. 
Effect of varying the depth of heat application 
on the adaptability of gutta-percha during warm 
vertical compaction. J Endod 2000; 26:668–
672.

Literaturverz_380_400.indd   389Literaturverz_380_400.indd   389 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



390 References

Tani-Ishii N, Teranaka T. Clinical and radiographic 
evaluation of root-canal obturation with Obtura 
II. J Endod 2003; 29:739–742.

van Zyl SP, Gulabivala K, Ng Y-L. Effect of customi-
zation of master gutta-percha cone on apical 
control of root fi lling using different techniques: 
an ex vivo study. Int Endod J 2005; 38:658–666.

Venturi M, Pasquantonio G, Falconi M, Breschi L. 
Temperature change within gutta-percha in-
duced by the System-B Heat Source. Int Endod J 
2002; 35:740–746.

Villegas JC, Yoshioka T, Kobayashi CH, Suda H. In-
tracanal temperature rise evaluation during the 
usage of the System B: replication of intracanal 
anatomy. Int Endod J 2005; 38:218–222.

Wu M-K, Kašt’áková A, Wesselink PR. Quality of 
cold and warm gutta-percha fi llings in oval ca-
nals in mandibular premolars. Int Endod J 2001; 
34:485–495.

Yared GM. Bou Dagher FE. Infl uence of plugger 
penetration on the sealing ability of vertical 
condensation. J Endod 1995; 21:152–153.

Thermafi l
Baumann MA. Obturation des Wurzelkanalsys-

tems. Quintessenz 2005; 56: 1031–1041.
Camerucci D. Dental gutta percha, characteristics 

of four different brands of GT cones, Microseal; 
Maillefer cones and Thermafi l. Master thesis, 
University of Rome La Sapienza, 2003.

Cantatore G. Root canal obturation and root integ-
rity. Endoodntic Practice 2006; 9(1):9–19.

Guigand M, Glez D, Sibayan E, Cathelineau GJM. 
Comparative study of two canal obturation tech-
niques by image analysis and EDS microanalysis. 
Brit Dent J 2005;198:707–711.

Johnson WB. A new gutta-percha technique. J En-
dod 1978; 4:184.

Levitan ME, Himel VT, Luckey JB. The effect of in-
sertion rates on fi ll length and adaptation of a 
thermoplasticized gutta-percha technique. J En-
dod 2003; 29:505–508.

Pommel L, Camps J. In vitro apical leakage of sys-
tem B compared with other fi lling techniques. 
J Endod 2001; 27:449–451.

Gutta-percha Substitute: Resilon
Biggs SG, Knowles KI, Ibarrola JL, Pashley DH. An in 

vitro assessment of the sealing ability of resilon/
epiphany using fl uid fi ltration. J Endod 2006 
Aug; 32(8):759–761.

Chivian N. Resilon – the missing link in sealing the 
root canal. Compend Contin Educ Dent 2004 
Oct; 25(10A):823–824.

de Oliveira DP, Barbizam JV, Trope M, Teixeira FB. 
Comparison between gutta-percha and resilon 
removal using two different techniques in 
 endodontic retreatment. J Endod 2006 Apr; 
32(4):362–364.

Epley SR, Fleischman J, Hartwell G, Cicalese C. 
Completeness of root canal obturations: Epipha-
ny techniques versus gutta-percha techniques. 
J Endod 2006 Jun; 32(6):541–544.

Ezzie E, Fleury A, Solomon E, Spears R, He J. Effi cacy 
of retreatment techniques for a resin-based root 

canal obturation material. J Endod 2006 Apr; 
32(4):341–344.

Gesi A, Raffaelli O, Goracci C, Pashley DH, Tay FR, 
Ferrari M. Interfacial strength of Resilon and 
gutta-percha to intraradicular dentin. J Endod 
2005 Nov; 31(11):809–813.

Miner MR, Berzins DW, Bahcall JK. A comparison of 
thermal properties between gutta-percha and a 
synthetic polymer based root canal fi lling mate-
rial (Resilon). J Endod 2006 Jul; 32(7):683–686.

Onay EO, Ungor M, Orucoglu H. An in vitro evalua-
tion of the apical sealing ability of a new resin-
based root canal obturation system. J Endod 
2006 Oct; 32(10):976–978.

Patel DV, Sherriff M, Ford TR, Watson TF, Mannocci 
F. The penetration of RealSeal primer and Tub-
liseal into root canal dentinal tubules: a confocal 
microscopic study. Int Endod J 2007 Jan; 
40(1):67–71.

Sagsen B, Er O, Kahraman Y, Orucoglu H. Evaluation 
of microleakage of roots fi lled with different 
techniques with a computerized fl uid fi ltration 
technique. J Endod 2006 Dec; 32(12):1168–1170.

Shipper G, Orstavik D, Teixeira FB, Trope M. An 
evaluation of microbial leakage in roots fi lled 
with a thermoplastic synthetic polymer-based 
root canal fi lling material (Resilon). J Endod 
2004 May; 30(5):342–347.

Shipper G, Teixeira FB, Arnold RR, Trope M. Peria-
pical infl ammation after coronal microbial in-
oculation of dog roots fi lled with gutta-percha 
or resilon. J Endod 2005 Feb; 31(2):91–96.

Skidmore LJ, Berzins DW, Bahcall JK. An in vitro 
comparison of the intraradicular dentin bond 
strength of Resilon and gutta-percha. J Endod 
2006 Oct; 32(10):963–966.

Stratton RK, Apicella MJ, Mines P. A fl uid fi ltration 
comparison of gutta-percha versus Resilon, a 
new soft resin endodontic obturation system. 
J Endod 2006 Jul; 32(7):642–645.

Stuart CH, Schwartz SA, Beeson TJ. Reinforcement 
of immature roots with a new resin fi lling mate-
rial. J Endod 2006 Apr; 32(4):350–353.

Susini G, About I, Tran-Hung L, Camps J. Cytotoxi-
city of Epiphany and Resilon with a root model. 
Int Endod J 2006 Dec; 39(12):940–944.

Tay FR, Hiraishi N, Pashley DH, Loushine RJ, Weller 
RN, Gillespie WT, Doyle MD. Bondability of Resi-
lon to a methacrylate-based root canal sealer. 
J Endod 2006 Feb; 32(2):133–137.

Tay FR, Loushine RJ, Lambrechts P, Weller RN, 
 Pashley DH. Geometric factors affecting dentin 
bonding in root canals: a theoretical modeling 
approach. J Endod 2005 Aug;31(8):584–589.

Tay FR, Loushine RJ, Monticelli F, Weller RN,  Breschi 
L, Ferrari M, Pashley DH. Effectiveness of resin-
coated gutta-percha cones and a dual-cured, hy-
drophilic methacrylate resin-based sealer in ob-
turating root canals. J Endod 2005 Sep; 
31(9):659–664.

Tay FR, Loushine RJ, Weller RN, Kimbrough WF, 
 Pashley DH, Mak YF, Lai CN, Raina R, Williams 
MC. Ultrastructural evaluation of the apical seal 
in roots fi lled with a polycaprolactone-based 
root canal fi lling material. J Endod 2005 Jul; 
31(7):514–519.

Tunga U, Bodrumlu E. Assessment of the sealing 
ability of a new root canal obturation material. 
J Endod 2006 Sep; 32(9):876–878.

Ungor M, Onay EO, Orucoglu H. Push-out bond 
strengths: the Epiphany-Resilon endodontic ob-
turation system compared with different pair-
ings of Epiphany, Resilon, AH Plus and gutta-
percha. Int Endod J 2006 Aug; 39(8):643–647.

Versiani MA, Carvalho-Junior JR, Padilha MI, Lacey 
S, Pascon EA, Sousa-Neto MD. A comparative 
study of physicochemical properties of AH Plus 
and Epiphany root canal sealants. Int Endod J 
2006 Jun; 39(6):464–471.

Williams C, Loushine RJ, Weller RN, Pashley DH, 
Tay FR. A comparison of cohesive strength and 
stiffness of Resilon and gutta-percha. J Endod 
2006 Jun; 32(6):553–555.

GuttaFlow
Bouillaguet S, Wataha JC, Lockwood PE, Galgano C, 

Golay A, Krejci I. Cytotoxicity and sealing prop-
erties of four classes of endodontic sealers eval-
uated by succinic dehydrogenase activity and 
confocal laser scanning microscopy. Eur J Oral 
Sci 2004 Apr; 112(2):182–187.

Bouillaguet S, Wataha JC, Tay FR, Brackett MG, 
Lockwood PE. Initial in vitro biological response 
to contemporary endodontic sealers. J Endod 
2006 Oct; 32(10):989–992. Epub 2006 Jul 26.

Brackett MG, Martin R, Sword J, Oxford C, Ruegge-
berg FA, Tay FR, Pashley DH. Comparison of seal 
after obturation techniques using a polydi-
methylsiloxane-based root canal sealer. J Endod 
2006 Dec;32(12):1188–1190. Epub 2006 Oct 13.

Çobankara FK, Altinöz HC, Ergani O, Kav K, Belli S. 
In vitro antibacterial activities of root-canal 
sealers by using two different methods. J Endod 
2004 Jan; 30(1):57–60.

Ebert J, Petschelt A. Sealing ability of a new silicone-
based sealer under different conditions. In: Ab-
stracts of research posters and papers presented 
at the Eighth Congress of the European Society of 
Endodontology, 12–14 June 1997, Göteborg, 
 Sweden. Int Endod J 1998 May; 31(3):189–220. 

El Ayouti A, Achleithner C, Löst C, Weiger R. Homo-
geneity and adaptation of a new gutta-percha 
paste to root canal walls. J Endod 2005 Sep; 
31(9):687–690.

Eldeniz AU, Mustafa K, Ørstavik D, Dahl JE. Cyto-
toxicity of new resin-, calcium hydroxide- and 
silicone-based root canal sealers on fi broblasts 
derived from human gingiva and L929 cell lines. 
Int Endod J 2007 May; 40(5):329–337. Epub 
2007 Feb 19.

Gerosa R, Pongione G, Testarelli L, Gallottini L, 
Gambarini G. Cytotoxicity of a new experimen-
tal endodontic sealer: a comparative study. 11th 
Biennial Congress of the European Society of En-
dodontology October 2–4, 2003 Athens, Greece, 
P 34.

Miletic I, Devcic N, Anic I, Borcic J, Karlovic Z, 
 Osmak M. The cytotoxicity of RoekoSeal and AH 
plus compared during different setting periods. 
J Endod 2005 Apr; 31(4):307–309.

Literaturverz_380_400.indd   390Literaturverz_380_400.indd   390 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



391References

Conventional Postendodontic 
 Therapy
Akisli I, Özcan M, Nergiz I. Effect of surface condi-

tioning techniques on the resistance of resin 
composite core materials on titanium posts. 
Quintessence Int 2003; 34:766–771.

Bolla M, Muller-Bolla M, Borg C, et al. Root canal 
posts for the restoration of root fi lled teeth. Co-
chrane Database Syst Rev 2008; 3: CD004623.

Cohen BI, Pagnillo MK, Newman I, et al. Cyclic fa-
tigue testing of fi ve endodontic post designs 
supported by four core materials. J Prosthet 
Dent 1997; 78:458–464.

Hofmann M. Das ER-Stift-Wurzelaufbausystem, 
Materialkundliche Untersuchungen. Dtsch Zahn-
ärztl Z 1985; 40: 1169–78.

Hofmann M. Retention durch Wurzelkanalstifte. 
Dtsch Zahnärztl Z 1988; 43:819–828. 

Isidor F, Brøndum K, Ravnholt G. The infl uence of 
post length and crown ferrule length on the re-
sistance to cyclic loading of bovine teeth with 
prefabricated titanium posts. Int J Prosthodont 
1999; 12:78–82.

Lambjerg-Hansen H, Asmussen E. Mechanical 
properties of endodontic posts. J Oral Rehabil 
1997; 24:882–887.

Maccari PC, Cosme DC, Oshima HM, et al. Fracture 
strength of endodontically treated teeth with 
fl ared root canals and restored with different post 
systems. J Esthet Restor Dent 2007; 19:30–36.

Morgano SM. Restoration of pulpless teeth: Appli-
cation of traditional principles in present and fu-
ture contexts. J Prosthet Dent 1996; 75:375–380.

Nergiz I, Schmage P, Özcan M, Platzer U. Effect of 
length and diameter of tapered posts on the re-
tention. J Oral Rehabil 2002; 29:28–34. 

Nergiz I, Schmage P, Platzer U, McMullan-Vogel 
CG. Effect of different surface textures on reten-
tive strength of tapered posts. J Prosthet Dent 
1997; 78:451–457. 

Ørstavik D, Nordahl I, Tibballs JE. Dimensional 
change following setting of root canal sealer 
materials. Dent Mater 2001 Nov; 17(6):512–519.

Roggendorf M, Ebert J, Petschelt A. Microleakage 
of a new gutta-percha root canal fi lling material. 
Abstract R46. Int Endod J 2002 Jan; 35(1):79–
119.

Roggendorf MJ, Ebert J, Petschelt A, Frankenberger 
R. Infl uence of moisture on the apical seal of 
root canal fi llings with fi ve different types of 
sealer. J Endod 2007 Jan; 33(1):31–3. Epub 2006 
Oct 13.

Roggendorf MJ, Ebert J, Schulz C, Petschelt A. Micro-
leakage evaluation of polyvinylsiloxane-based 
endodontic fi lling materials using various fi lling 
methods. AADR-Abstract #971, J Dent Res 2003; 
82 (Special Issue A). 

Schäfer E, Zandbiglari T. Solubility of root canal 
sealers in water and artifi cial saliva. Int Endod J 
2003 Oct; 36(10):660–669.

Taranu R, Wegerer U, Roggendorf MJ, Ebert J, 
Petschelt A, Frankenberger R. Leakage analysis 
of three modern root fi lling materials after 90 
days of storage. Abstract R31, Int Endod J 2005 
Dec; 38(12):914–948.

Whitworth JM, Baco L. Coronal leakage of sealer-
only backfi ll: an in vitro evaluation. J Endod 
2005 Apr; 31(4):280–282.

Wu MK, Tigos E, Wesselink PR. An 18-month longi-
tudinal study on a new silicon-based sealer, RSA 
RoekoSeal: a leakage study in vitro. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2002; 
Oct; 94(4):499–502.

Coronal Seal/Leakage
Ray HA, Trope M. Periapical status of endodonti-

cally treated teeth in relation to the technical 
quality of the root fi lling and the coronal resto-
ration. Int Endod J 1995; 28(1):12–18.

Ricucci D, Bergenholtz G. Bacterial status in root-
fi lled teeth exposed to the oral environment by 
loss of restoration and fracture or caries—a histo-
bacteriological study of treated cases. Int Endod 
J 2003; 36(11):787–802.

Saunders WP, Saunders EM. Assessment of leakage 
in the restored pulp chamber of endodontically 
treated multirooted teeth. Int Endod J 1990; 
23(1):28–33.

Swanson K, Madison S. An evaluation of coronal 
microleakage in endodontically treated teeth. 
Part I. Time periods. J Endod 1987; 13(2):56–59.

Tronstad L, Asbjornsen K, Doving L, Pedersen I, 
 Eriksen HM. Infl uence of coronal restorations on 
the periapical health of endodontically treated 
teeth. Endod Dent Traumatol 2000; 16(5):218–
221.

Pfeiffer P, Schmage P, Nergiz I. Bending resistance 
of prefabricated titanium posts following mol-
ten cast core attachment. Oper Dent 2004; 
29:404–409.

Pfeiffer P, Schmage P, Schulz A, Nergiz I. Bending 
resistance of unit cast posts-and-cores com-
pared to noble posts following molten cast core 
attachment. J Oral Rehabil 2006; 33:125–130.

Ray HA, Trope M. Periapical status of endodonti-
cally treated teeth in relation to the technical 
quality of the root fi lling and the coronal resto-
ration. Int Endod J 1995; 28:12–18.

Reill MI, Rosentritt M, Naumann M, Handel G. In-
fl uence of core material on fracture resistance 
and marginal adaptation of restored root fi lled 
teeth. Int Endod J 2008; 41: 424–30.

Rosentritt M, Fürer C, Behr M, et al. Comparison of 
in vitro fracture strength of metallic and tooth-
coloured posts and cores. J Oral Rehabil 2000; 
27:595–601.

Sahafi  A, Peutzfeldt A, Asmussen E, Gotfredsen K. 
Bond strength of resin cement to dentin and to 
surface-treated posts to titanium alloy, glass fi -
ber, and zirconia. J Adhes Dent 2003; 5:153–
162.

Schmage P, Özcan M, McMullan-Vogel C, Nergiz I. 
The fi t of tapered posts in root canals luted with 
zinc phosphate cement: A histological study. 
Dent Mater 2005; 21:787–793.

Schmage P, Sohn J, Nergiz I, Özcan M. Various con-
ditioning methods for root canals infl uencing 
the tensile strength of titanium posts. J Oral Re-
habil 2004; 31:890–894.

Schmage P, Sohn J, Özcan M, Nergiz I. Effect of sur-
face treatment of titanium posts on the tensile 
bond strength. Dent Mater 2006; 22:189–194.

Schwartz RS, Robbins JW. Post placement and res-
toration of endodontically treated teeth: a liter-
ature review. J Endod 2004; 30:289–301.

Smith CT, Schumann N. Restoration of endodonti-
cally treated teeth: A guide for the restorative 
dentist. Quintessence Int 1997; 28:457–462.

Adhesive-retained, Fiber-reinforced 
Composite Posts

Arvidson K, Wróblewski R. Migration of metallic 
ions from screwposts into dentin and surround-
ing tissues. Scand J Dent Res 1978; 86:200–205.

Balbosh A, Kern M. Effect of surface treatment on 
retention of glass-fi ber endodontic posts. J Pros-
thet Dent. 2006; 95(3):218–223.

Balbosh A, Ludwig K, Kern M. Comparison of tita-
nium dowel retention using four different luting 
agents. J Prosthet Dent. 2005; 94(3):227–233.

Bitter K, Meyer-Lueckel H, Priehn K, Kanjuparambil 
JP, Neumann K, Kielbassa AM. Effects of luting 
agent and thermocycling on bond strengths to 
root canal dentine. Int Endod J 2006; 39(10):809–
818.

Boschian Pest L, Guidotti S, Pietrabissa R, Gagliani M. 
Stress distribution in a post-restored tooth using 
the three-dimensional fi nite element method. 
J Oral Rehabil 2006; 33:690–697.

Braga NM, Paulino SM, Alfredo E, Sousa-Neto MD, 
Vansan LP. Removal resistance of glass-fi ber and 
metallic cast posts with different lengths. J Oral 
Sci. 2006; 48(1):15–20.

Chieffi  N, Sadek F, Monticelli F, Goracci C, Grandini 
S, Davidson C, Tay FR, Ferrari M. Effect of dentin 
adhesives used as sealers and provisional ce-
mentation on bond strength of a resin cement to 
dentin. Am J Dent 2006; 19(2):91–95.

Creugers NH, Mentink AG, Fokkinga WA, Kreulen 
CM. 5-year follow-up of a prospective clinical 
study on various types of core restorations. Int 
J Prosthodont 2005; 18(1):34–39.

Dietschi D, Ardu S, Rossier-Gerber A, Krejci I. Ad-
aptation of adhesive post and cores to dentin 

Postendodontic Procedures

Literaturverz_380_400.indd   391Literaturverz_380_400.indd   391 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



392 References

after in vitro occlusal loading: evaluation of post 
material infl uence. J Adhes Dent 2006 Dec; 
8(6):409–419.

Edelhoff D, Weber M, Spiekermann H, Marx R.  PVD-
Beschichtung für verbesserte Retention glas-
faserverstärkter Wurzelkanalstifte. Schweiz 
Monats schr Zahnmed 2006; 116(10):992–999.

Fokkinga WA, Kreulen CM, Vallittu PK, Creugers 
NHJ. A structured analysis of in vitro failure loads 
and failure modes of fi ber, metal, and ceramic 
post-and-core systems. Int J Prosthodont 2004; 
17:476–482.

Gesi A, Magnolfi  S, Goracci C, Ferrari M. Compari-
son of two techniques for removing fi ber posts. 
J Endod 2003; 29(9):580–582.

Goodacre CJ, Spolnik KJ. The prosthodontic manage-
ment of endodontically treated teeth: A literature 
review. Part II. Maintaining the apical seal. J Pros-
thod 1995; 4:51–53.

Grandini S, Goracci C, Monticelli F, Ferrari M. 
 Fatigue resistance and structural characteristics 
of fi ber posts: Three-point bending test and SEM 
evaluation. Dent Mater 2005; 21(5):75–82.

Holm-Pedersen P, Lang NP, Müller F. What are the 
longevities of teeth and oral implants? Clin Oral 
Impl Res 2007; 18(Suppl 3):15–19.

Lassila LV, Tanner J, Le Bell AM, Narva K, Vallittu 
PK. Flexural properties of fi ber reinforced root 
canal posts. Dent Mater. 2004; 20(1):29–36.

Magni E, Mazzitelli C, Papacchini F, Radovic I, Go-
racci C, Coniglio I, Ferrari M. Adhesion between 
fi ber posts and resin luting agents: a microtensile 
bond strength test and an SEM investigation fol-
lowing different treatments of the post surface. 
J Adhes Dent. 2007; 9(2):195–202.

Morgano SM, Brackett SE. Foundation restorations 
in fi xed prosthodontics: Current knowledge and 
future needs. J Prosthet  Dent 1999;82:643–657.

Muniz L, Mathias P. The infl uence of sodium hy-
pochlorite and root canal sealers on post reten-
tion in different dentin regions. Oper Dent 2005; 
30(4):533–539.

Nergiz I, Schmage P, Platzer U, McMullan-Vogel 
CG. Effect of different surface textures on reten-
tive strength of tapered posts. J Prosthet Dent 
1997; 78(5):451–457.

Patyk A, Friedrich M, Attin T. Untersuchungen des 
Lichttransfers von Glasfaserstiften und der daraus 
resultierenden Polymerisation des Befestigungs-
komposits. Dtsch Zahnärztl Z 2005; 60(5):253–
257.

Perdigao J, Gomes G, Lee IK. The effect of silane on 
the bond strengths of fi ber posts. Dent Mater 
2006; 22:752–758.

Pereira JR, de Ornelas F, Conti PC, do Valle AL. Effect 
of a crown ferrule on the fracture resistance of en-
dodontically treated teeth restored with prefabri-
cated posts. J Prosthet Dent 2006; 95:50–54.

Perez BE, Barbosa SH, Melo RM, Zamboni SC, Ozcan 
M, Valandro LF, Bottino MA. Does the thickness 
of the resin cement affect the bond strength of a 
 fi ber post to the root dentin? Int J Prosthodont 
2006 Nov–Dec; 19(6):606–609.

Saunders WP, Saunders EM. Coronal leakage as a 
cause of failure in root-canal therapy – a review. 
Endod Dent Traumatol 1994; 10:105–108.

Schmitter M, Huy C, Ohlmann B, Gabbert O, Gilde 
H, Rammelsberg P. Fracture resistance of upper 
and lower incisors restored with glass fi ber rein-
forced posts. J Endod 2006; 32:328–330.

Torbjorner A, Fransson B. A literature review on 
the prosthetic treatment of structurally compro-
mised teeth. Int J Prosthodont. 2004;17(3):369–
376.

Vichi A, Grandini S,  Ferrari M. An SEM evaluation 
of several adhesive systems used for bonding 
 fi ber posts under clinical conditions. Dent Mat 
2002;18:495–502.

Watzke R, Naumann M. Homogeneity of the ce-
ment-interface of adhesive luting materials and 
glass fi ber posts. IADR Meeting June 28th–July 1st 
2006, Brisbane, Australia, IADR Abstract # 066.

Wrbas KT, Kampe MT, Schirrmeister JF, Altenburger 
MJ, Hellwig E. Tooth-coloured adhesive inserted 
fi ber posts are used to restore endodontically 
treated teeth. Schweiz Monatsschr Zahnmed. 
2006; 116(1):18–24.

Wu MK, Pehlivan Y, Kontakiotis EG, Wesselink PR. 
Microleakage along apical root fi llings and ce-
mented posts. J Prosthet Dent 1998;79:264–
269.

Clinical Methods with Glass-fi ber 
Posts

Duret B, Reynaud M, Duret F. New concept of coro-
noradicular reconstruction: the Composipost (1). 
Chir Dent Fr 1990; 22;60(540):131–141.

Duret B, Reynaud M, Duret F. A new concept of 
corono-radicular reconstruction, the Composi-
post (2). Chir Dent Fr 1990; 6;60(542):69–77.

Fredriksson M, Astback J, Pamenius M, Arvidson K. 
A retrospective study of 236 patients with teeth 
restored by carbon fi ber-reinforced epoxy resin 
posts. J Prosthet Dent 1998; 80(2):151–157.

Ferrari M, Vichi A, Mannocci F, Mason PN. Retro-
spective study of the clinical performance of fi ber 
posts. Am J Dent 2000; 13(Spec No):9B–13B.

Grandini S, Goracci C, Tay FR, Grandini R, Ferrari M. 
Clinical evaluation of the use of fi ber posts and 
direct resin restorations for endodontically treat-
ed teeth. Int J Prosthodont 2005;18(5):399–404.

Kuttler S, McLean A, Dorn S, Fischzang A. The impact 
of post space preparation with Gates-Glidden 
drills on residual dentin thickness in distal roots 
of mandibular molars. J Am Dent Assoc 2004; 
135(7):903–909.

Lewis R, Smith BGN. A clinical survey of failed post 
retained crowns. British Dental Journal 1988; 
165:95–97.

Peroz I, Blankenstein F, Lange KP, Naumann M. Re-
storing endodontically treated teeth with posts 
and cores – a review. Quintessence Int 2005; 
36(9):737–746.

Peters OA. Current challenges and concepts in the 
preparation of root canal systems: a review. 
J Endod 2004;30(8):559–567.

Porciani PF, Grandini S, Papacchini F, Goracci C, 
Ferrari M. The fi t of two fi ber posts into the root 
canal space enlarged with rotary NiTi fi les at 
four different levels. IDSA 2006.

Schmage P, Ozcan M, McMullan-Vogel C, Nergiz I. 
The fi t of tapered posts in root canals luted with 
zinc phosphate cement: A histological study. 
Dent Mater 2005; 21(9):787–793.

Endodontic Retreatment Procedures
Allen RK, Newton CW, et al. A statistical analysis of 

surgical and nonsurgical endodontic retreatment 
cases. J Endod 1989; 15(6):261–266.

Bramante CM, Betti LV. Effi cacy of Quantec rotary 
instruments for gutta-percha removal. Int Endod 
J 2000 33(5): 463–467.

De Moor RJ, Hommez GM, et al. Periapical health 
related to the quality of root canal treatment in a 
Belgian population. Int Endod J 2000; 33(2):113–
120.

Farzaneh M, Abitbol S, et al. Treatment outcome in 
endodontics: the Toronto study. Phases I and II: 
Orthograde retreatment. J Endod 2004; 30(9):
627–633.

Farzaneh M, Abitbol S, et al. Treatment outcome in 
endodontics-the Toronto Study. Phase II: initial 
treatment. J Endod 2004; 30(5):302–309.

Friedman S. Treatment outcome and prognosis of 
endodontic therapy. Essential Endodontology. D. 
Orstavik and T. J. Pitt Ford, Blackwell Science 
Ltd; 1998: 367–402.

Friedman S. Considerations and concepts of case 
selection in the managment of post-treatment 
endodontic disease (treatment failure). Endo-
dontic Topics 2002;1:54–78.

Goldberg F. Relation between corroded silver points 
and endodontic failures. J Endod 1981; 7(5):224–
227.

Heithersay G. Invasive cervical resorption. Endo-
dontic Topics 2004; 7:73–92.

Kirkevang LL, Horsted-Bindslev P. Technical as-
pects of treatment in relation to treatment out-
come. Endodontic Topics 2002; 2:89–102.

Kois JC. The restorative-periodontal interface: bio-
logical parameters. Periodontol 2000 1996; 
11:29–38.

Kvist T. Endodontic retreatment: Aspects of deci-
sion making and clinical outcome. Swedish 
Dent. J. 2001, Supplement 144.

Lindemann MP, Yaman, et al. Comparison of the ef-
fi ciency and effectiveness of various techniques 
for removal of fi ber posts. J Endod 2005; 
31(7):520–522.

McDonald MN, Vire DE. Chloroform in the endo-
dontic operatory. J Endod 1992; 18(6): 301–303.

Molven O, Halse A, et al. Periapical changes follow-
ing root-canal treatment observed 20–27 years 
postoperatively. Int Endod J 2002; 35(9):784–
790.

Nair PN. On the causes of persistent apical perio-
dontitis: a review. Int Endod J 2006; 39(4):249–
281.

Orstavik D. Time-course and risk analyses of the 
development and healing of chronic apical peri-
odontitis in man. Int Endod J 1996; 29(3):150–
155.

Ross SE, Garguilo A, et al. The surgical management 
of the restorative alveolar interface (II). Int J Peri-
odontics Restorative Dent 1983; 3(4):8–19.

Literaturverz_380_400.indd   392Literaturverz_380_400.indd   392 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



393References

Endodontic Surgery
Chong BS, Pitt Ford T. Root-end fi lling materials: 

rationale and tissue response. Endod Topics 
2005 (11):114–130.

Chong BS, Pitt Ford TR, Hudson MB. A prospective 
clinical study of Mineral Trioxide  Aggregate and 
IRM when used as root end fi lling materials in 
dendodontic surgery. Int Endod J. 2003 Aug; 
36(8): 520–526.

Friedman S. The prognosis and expected outcome 
of apical surgery. Endod Topics 2005(11):219–
262.

Hess W. Zur Anatomie der Wurzelkanäle des 
 menschlichen Gebisses mit Berücksichtigung 
der feineren Verzweigungen am Foramen api-
cale. Habilitationsschrift,  Zürich 1917.

Jensen SS, Nattestad A, Egdo P, Sewerin I, Munks-
gaard EC, Schou S. A prospective, randomized, 
comparative study of resin composite and glass 
ionomer cement for retrograde root fi lling. Clin 
Oral Investig. 2002 Dec;6(4): 236–243.

Löst C. Endochirurgische Therapie. In: Heidemann 
D (Hrsg). Endodontie. 4. Aufl . München: Urban &
Fischer; 2001: 217–229.

Mead C, Javidan-Nejad S, Mego ME, Nash B, Tora-
binejad M. Levels of evidence fort he outcome of  
endodontic surgery.  J Endod 2005 Jan; 31(1):19–
24.

Parashos P, Messer HH. Rotary instrument fracture 
and its consequences. J Endodo. 2006 Nov; 
32(11):1031–1043.

Partsch C. Über Wurzelresection. Dtsch Mschr 
Zahnheilk 1899;17:348.

Velvart P. Papilla base incision: a new approach to 
recession free healing of the  interdental papilla 
after endodontic surgery. Int Endod J 2002 May; 
35(5):453–460.

Weiger R, Axmann-Krcmar D, Lost C. Prognosis of 
conventional root canal treatment reconsidered. 
Endod Dent Traumatol 1998 Feb; 14(1):1–9.

Weiger R. Erfolgsaussichten einer Wurzelkanalbe-
handlung. Quintessenz 2005 Okt; 10:1055–1064.

Zetterqvist L, Hall G, Holmlund A. Apicectomy: a 
comparative clinical study of amalgam and glass 
ionomer cement as apical sealants. Oral Surg 
Oral Med Oral Pathol. 1991; 71(4):489–491.

Ruddle CJ. Nonsurgical endodontic retreatment. 
In: Cohen S, Burns RC. Pathways of the Pulp. 8th 
ed. St. Louis: Mosby; 2002; 875–929.

Ruddle CJ. Nonsurgical retreatment. J Endod 2004; 
30(12):827–845.

Ruddle, CJ. Microendodontic nonsurgical retreat-
ment. Microscopes in endodontics. D. C. o. N. 
Am. 1997; 41:429.

Schwartz RS, Robbins JW. Post placement and res-
toration of endodontically treated teeth: a liter-
ature review. J Endod 2004; 30(5): 289–301.

Serper A, Ucer O, et al. Comparative neurotoxic ef-
fects of root canal fi lling materials on rat sciatic 
nerve. J Endod 1998; 24(9): 592–594.

Sjogren U, Hagglund B, et al. Factors affecting the 
long-term results of endodontic treatment.
J Endod 1990; 16(10): 498–504.

Sorensen JA, Engelman MJ. Ferrule design and frac-
ture resistance of endodontically treated teeth. 
J Prosthet Dent 1990; 63(5):529–536.

Strindberg L. The dependence of the results of root 
canal therapy on certain factors. An analytic 
study based on radiographic and clinical follow-
up examinations. Acta Odontol Scand 1956; 
14(21):1.

Vranas RN, Hartwell GR, et al. The effect of endo-
dontic solutions on resorcinol-formalin paste. 
J Endod 2003; 29(1):69–72.

Wilcox LR. Endodontic retreatment with halo-
thane versus chloroform solvent. J Endod 1995; 
21(6): 305–307.

Wilcox LR, Krell KV, et al. Endodontic retreatment: 
evaluation of gutta-percha and sealer removal 
and canal reinstrumentation. J Endod 1987; 
13(9):453–457.

Figure Sources for this Chapter
Fig. 39.57: Dr. Holm Reuver, Weinstr. 201, D 67434 

Neustadt
Fig. 39.60: Velvart P. Surgical retreatment. In: Ber-

genholtz G, Hørsted-Bindslev P, Reit C, eds. Text-
book of endodontology. Oxford: Blackwell Munks-
gaard, 2003: 312–26

Fig. 39.63: Velvart P, Peters CI, Peters OA. Soft tis-
sue management: suturing and wound closure. 
Endo dontic Topics 11: 2005, 179–95

Fig. 39.69: Velvart P. Surgical retreatment. In: Ber-
genholtz G, Hørsted-Bindslev P, Reit C, eds. Text-
book of endodontology. Oxford: Blackwell Munks-
gaard, 2003: 312–26

Fig. 39.71: Velvart P. Surgical retreatment. In: Ber-
genholtz G, Hørsted-Bindslev P, Reit C, eds. Text-
book of endodontology. Oxford: Blackwell Munks-
gaard, 2003: 312–26

Fig. 39.73: Velvart P. Papilla base incision: a new 
 approach to recession-free healing of the inter-
dental papilla after endodontic surgery. Int en-
dod J 35: 2002, 453–60

Fig. 39.74: Velvart P, Ebner-Zimmermann U, Ebner 
JP. Comparison of papilla healing following sulcu-
lar full-thickness fl ap and papilla base fl ap in 
endo dontic surgery. Int Endod J 36: 2003, 653–
59

Fig. 40.1 links: Velvart P. Surgical retreatment. In: 
Bergenholtz G, Hørsted-Bindslev P, Reit C, eds. 
Textbook of endodontology. Oxford: Blackwell 
Munksgaard, 2003: 312–26

Fig. 40.1 rechts: Velvart P. Surgical retreatment. In: 
Bergenholtz G, Hørsted-Bindslev P, Reit C, eds. 
Textbook of endodontology. Oxford: Blackwell 
Munksgaard, 2003: 312–26

Fig. 40.4: Velvart P. Surgical retreatment. In: Bergen-
holtz G, Hørsted-Bindslev P, Reit C, eds. Textbook 
of endodontology. Oxford: Blackwell Munksgaard, 
2003: 312–26

Fig. 40.5: Velvart P. Surgical retreatment. In: Bergen-
holtz G, Hørsted-Bindslev P, Reit C, eds. Textbook 
of endodontology. Oxford: Blackwell Munksgaard, 
2003: 312–26

Fig. 40.16: Velvart P. Surgical retreatment. In: Ber-
genholtz G, Hørsted-Bindslev P, Reit C, eds. Text-

book of endodontology. Oxford: Blackwell Munks-
gaard, 2003: 312–26

Fig. 40.22: Häkkinen L, Uitto V-J, Larjava H. Cell 
 biology of gingival wound healing. Periodontol 
2000 24: 2000, 127–52

Fig. 40.23: Velvart P, Peters CI. Soft tissue manage-
ment in endodontic surgery. J Endod 31: 2005, 
4–16

Fig. 40.24: Velvart P, Peters CI, Peters OA. Soft tissue 
management: suturing and wound closure. Endo-
dontic Topics 11: 2005, 179–95

Fig. 40.25: Velvart P, Peters CI. Soft tissue manage-
ment in endodontic surgery. J Endod 31: 2005, 
4–16

Fig. 40.26: Velvart P, Peters CI, Peters OA. Soft tis-
sue management: suturing and wound closure. 
En dodontic Topics 11: 2005, 179–95

Traumatology
Amiri-Jezeh M, Rateitschak E, Weiger R, Walter C. 

The impact of the margin of restorations on peri-
odontal health – a review. Schweiz Monatsschr 
Zahnmed 2006; 116(6): 606–613.

Andreasen FM, Noren JG, Andreasen JO, Engel-
hardtsen S, Lindh-Stromberg U. Long-term sur-
vival of fragment bonding in the treatment of 
fractured crowns: a multicenter clinical study. 
Quintessence Int 1995a; 26(10):669–681.

Andreasen JO, Andreasen FM, Andersson L. Text-
book and color atlas of traumatic injuries to the 
teeth. 4th ed. Copenhagen: Munksgaard; 2007.

Andreasen JO, Andreasen FM, Mejare I, Cvek M. 
Healing of 400 intra-alveolar root fractures. 1. 
Effect of pre-injury and injury factors such as 
sex, age, stage of root development, fracture 
type, location of fracture and severity of disloca-
tion. Dent Traumatol 2004a; 20(4):192–202.

Andreasen JO, Andreasen FM, Mejare I, Cvek M. 
Healing of 400 intra-alveolar root fractures. 2. 
Effect of treatment factors such as treatment de-
lay, repositioning, splinting type and period and 
antibiotics. Dent Traumatol 2004b; 20(4):203–
211.

Andreasen JO, Barrett EJ, Kenny DJ. Is anti-resorp-
tive regenerative therapy working in case of re-
plantation of avulsed teeth? Dent Traumatol 
2005; 21(6):344–346.

Additional Topics

Literaturverz_380_400.indd   393Literaturverz_380_400.indd   393 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



394 References

Andreasen JO, Borum MK, Jacobsen HL, Andreasen 
FM. Replantation of 400 avulsed permanent in-
cisors. 2. Factors related to pulpal healing. 
Endod Dent Traumatol 1995b; 11(2):59–68.

Borum MK, Andreasen JO. Therapeutic and eco-
nomic implications of traumatic dental injuries 
in Denmark: an estimate based on 7549 patients 
treated at a major trauma centre. Int J Paediatr 
Dent 2001; 11(4):249–258.

Bryson EC, Levin L, Banchs F, Abbott PV, Trope M. 
Effect of immediate intracanal placement of 
 Ledermix Paste(R) on healing of replanted dog 
teeth after extended dry times. Dent Traumatol 
2002; 18(6):316–321.

Cvek M. A clinical report on partial pulpotomy and 
capping with calcium hydroxide in permanent 
incisors with complicated crown fracture. 
J Endod 1978; 4(8):232–237.

Cvek M. Prognosis of luxated non-vital maxillary 
incisors treated with calcium hydroxide and 
fi lled with gutta-percha. A retrospective clinical 
study. Endod Dent Traumatol 1992; 8(2):45–55.

Cvek M, Cleaton-Jones PE, Austin JC, Andreasen JO. 
Pulp reactions to exposure after experimental 
crown fractures or grinding in adult monkeys. 
J Endod 1982; 8(9):391–397.

Lang B, Pohl Y, Filippi A. Tooth transplantation. 
 Schweiz Monatsschr Zahnmed 2003; 113(11):
1178–1199.

Lekic PC, Kenny DJ, Barrett EJ. The infl uence of 
 storage conditions on the clonogenic capacity of 
periodontal ligament cells: implications for tooth 
replantation. Int Endod J 1998; 31(2):137–140.

Olsburgh S, Jacoby T, Krejci I. Crown fractures in the 
permanent dentition: pulpal and restorative 
considerations. Dent Traumatol 2002; 18(3):103–
115.

Pohl Y, Filippi A, Kirschner H. Results after replan-
tation of avulsed permanent teeth. I. Endodontic 
considerations. Dent Traumatol 2005a; 21(2):80–
92.

Pohl Y, Filippi A, Kirschner H. Results after replan-
tation of avulsed permanent teeth. II. Periodon-
tal healing and the role of physiologic storage 
and antiresorptive-regenerative therapy. Dent 
Traumatol 2005b; 21(2):93–101.

Pohl Y, Wahl G, Filippi A, Kirschner H. Results after 
replantation of avulsed permanent teeth. III. 
Tooth loss and survival analysis. Dent Traumatol 
2005c; 21(2):102–110.

Reis A, Francci C, Loguercio AD, Carrilho MR, 
 Rodriques Filho LE. Re-attachment of anterior 
fractured teeth: fracture strength using different 
techniques. Oper Dent 2001; 26(3):287–294.

Schatz JP, Joho JP. A retrospective study of dento-
alveolar injuries. Endod Dent Traumatol 1994; 
10(1):11–14.

Stankiewicz NR, Wilson PR. The ferrule effect: a 
literature review. Int Endod J 35(7):575–581.

Trope M (2002). Clinical management of the avulsed 
tooth: present strategies and future directions. 
Dent Traumatol 2002; 18(1):1–11.

WHO – World Health Organisation. International 
Classifi cation of Diseases (ICD), 10th Revision; 
2006.

Tooth Resorption
Andreasen JO.  Relationship between surface and 

infl ammatory resorption and changes in the 
pulp after replantation of permanent incisors in 
monkeys. J Endod 1981; 7:294–301.

Filippi A, Pohl Y, von Arx T. Treatment of replace-
ment resorption with Emdogain – a prospective 
clinical study. Dent Traumatol. 2002;18:138–
143.

Goldberg F, Massone EJ, Esmoris M, Alfi e D. Com-
parison of different techniques for obturating 
experimental internal resorptive cavities. Endod 
Dent Traumatol. 2000; 16:116–121.

Heithersay GS. Clinical, radiologic, and histopatho-
logic features of invasive cervical resorption. 
Quintessence Int 1999a; 30:27–37.

Heithersay GS. Invasive cervical resorption: an 
analysis of potential predisposing factors. Quint-
essence Int 1999b; 30:83–95.

Heithersay GS. Treatment of invasive cervical re-
sorption: an analysis of results using topical ap-
plication of trichloracetic acid, curettage, and 
restoration. Quintessence Int 1999c; 30:96–110.

Ne RF, Witherspoon DE, Gutmann JL. Tooth resorp-
tion. Quintessence Int 1999; 30:9–25.

Schjøtt M, Andreasen JO. Emdogain does not pre-
vent progressive root resorption after replanta-
tion of avulsed teeth: a clinical study. Dent 
 Traumatol 2005; 21:46–50.

Tronstad L. Root resorption-etiology, terminology 
and clinical manifestations. Endod Dent Trau-
matol 1988; 4:241–252.

Trope M, Moshonov J, Nissan R, Buxt P, Yesilsoy C. 
Short vs. long-term calcium hydroxide treat-
ment of established infl ammatory root resorp-
tion in replanted dog teeth. Endod Dent Trau-
matol 1995; 11:124–128.

Trope M. Root resorptions due to dental trauma. 
Endodontic Topics 2002; 1:79–100.

Perforations
Alhadainy HA: Root perforations. A review of lit-

erature. Oral Surg Oral Med Oral Pathol 1994; 
78:368–374.

Alhadainy HA, Himel VT. An in vitro evaluation of 
plaster of Paris barriers used under amalgam 
and glass ionomer to repair furcation perfora-
tions. J Endod 1994; 20:449–452.

American Association of Endodontists. Glossary of 
Endodontic Terms. 7th ed. Chicago; 2003.

Eleftheriadis GI, Lambrianidis TP. Technical quality 
of root canal treatment and detection of iatro-
genic errors in an undergraduate dental clinic. 
Int Endod J 2005. 38:725–734.

Fuss Z, Trope M. Root perforations: classifi cation 
and treatment choices based on prognostic fac-
tors. Endod Dent Traumatol 1996; 12:255–264.

Jamani KD, Fayyad MA. A radiographic study of the 
prevalence of endodontically treated teeth and 
procedural errors of root canal fi lling. Odontos-
tomatol Trop 2005; 28:29–33.

Kerekes K, Tronstad L. Long-term results of endo-
dontic treatment performed with a standard-
ized technique. J Endod 1979; 5:83–90.

Kvinnsland I, Oswald RJ, Halse A, Gronningsaeter 
AG. A clinical and roentgenological study of 55 

cases of root perforation. Int Endod J 1989; 
22:75–84.

Lee SJ, Monsef M, Torabinejad M. Sealing ability of 
a mineral trioxide aggregate for repair of lateral 
root perforations. J Endod 193; 19:541–544.

Lemon RR. Nonsurgical repair of perforation de-
fects. Internal matrix concept. Dent Clin North 
Am 1992; 36:439–457.

Main C, Mirzayan N, Shabahang S, Torabinejad M. 
Repair of root perforations using mineral triox-
ide aggregate: a long-term study. J Endod 2004; 
30:80–83.

Neaverth EJ, Swindle R. A serious complication 
 following the inadvertent injection of sodium 
hypochlorite outside the root canal system. 
Compendium 1990; 11:474–481.

Pitt Ford TR, Torabinejad M, McKendry DJ, Hong 
CU, Kariyawasam SP. Use of mineral trioxide ag-
gregate for repair of furcal perforations. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 
1995; 79: 756–763.

Poi WR, Sonoda CK, Salineiro SL, Martin SC. Treat-
ment of root perforation by intentional reim-
plantation: a case report. Endod Dent Traumatol 
1999; 15:132–134.

Reeh ES, Messer HH. Long-term paresthesia fol-
lowing inadvertent forcing of sodium hypochlo-
rite through perforation in maxillary incisor. 
Endod Dent Traumatol 1989; 5:200–203.

Regan JD, Witherspoon DE, Foyle DM. Surgical re-
pair of tooth and root perforations. Endodontic 
Topics 2005; 11:152–178.

Shuman IE. Repair of a root perforation with a 
 resin-ionomer using an intentional replantation 
technique. Gen Dent 1999; 47:392–395.

Witton R, Henthorn K, Ethunandan M, Harmer S, 
Brennan PA. Neurological complications follow-
ing extrusion of sodium hypochlorite solution 
during root canal treatment. Int Endod J 2005; 
38:843–848.

Yeung P, Liewehr FR, Moon PC. A quantitative com-
parison of the fi ll density of MTA produced by two 
placement techniques. J Endod 2006; 32:456–
459.

Bleaching Discolored Teeth
Amato M. Serena Scaravilli M, Farella M, Riccitiello 

F. Bleaching teeth treated endodontically: long-
term evaluation of a case series. J Endodont 
2006; 32:376.

Attin T. Sicherheit und Anwendung von Bleich-
therapien mit Carbamidperoxid. Dtsch Zahnärztl 
Z 1998; 53:11.

Attin T, Hannig C, Wiegand A, Attin R. Effect of 
bleaching on restorative materials and restora-
tions – a systematic review. Dent Mater 2004; 
20:852.

Attin T, Paque F, Ajam F, Lennon AM. Review of the 
current status of tooth whitening with the walk-
ing bleach technique. Int. Endod J 2003; 36:313.

Buchalla W, Attin T. External bleaching therapy 
with activation by heat, light or laser – a system-
atic review. Dent. Mater 2007; 23:586.

Friedman S. Internal bleaching: Long-term out-
comes and complications. J. Am. Dent. Assoc. 
1997; 128:51.

Literaturverz_380_400.indd   394Literaturverz_380_400.indd   394 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



395References

Glockner K, Ebeleseder K. Indikationen und Grenz-
fälle für das Bleichen von devitalen Frontzähnen. 
Quintessenz 1993; 44:519.

Harrington GW, Natkin E. External resorption asso-
ciated with bleaching of pulpless teeth. J Endo-
dont 1979; 5:344.

Heithersay GS. Invasive cervical resorption: an 
analysis of potential predisposing factors. Quint-
essence Int 1999; 30:83.

Heller D, Skriber J, Lin LM. Effect of intracoronal 
bleaching on external cervical root resorption. 
J Endodont 1992; 18:145.

Lado EA, Stanley HR, Weisman MI. Cervical resorp-
tion in bleached teeth. Oral Surg Oral Med Oral 
Pathol 1983; 55:78.

Madison S, Walton R. Cervical root resorption fol-
lowing bleaching of endodontically treated teeth. 
J Endodont 1990; 16:570.

Rotstein I, Friedman S, Mor C, Katznelson J, Sommer 
M, Bab I. Histological characterization of bleach-
ing-induced external root resorption in dogs. 
J Endodont 1991; 17:436.

Wiegand A, Buchalla W, Attin T. Bewertung neuer 
Applikationsmethoden in der externen Bleich-
therapie. Zahnärztl Mitt 2006; 96:1296.

Endodontics in the Deciduous 
 Dentition
Al-Zyer M, Straffon L, Feigel R. Indirect pulp treat-

ment of primary posterior teeth: a retrospective 
study. Pediatr Dent 2003; 29:36.

Dean J, Mack R, Fukkerson B, Sanders B. comparison 
of electrosurgical and formocresol pulpotomy 
procedures in children. Int J Paediatr Dent 2002; 
12:177–183.

DGZMK: wissenschaftliche Stellungnahme: Endo-
dontie im Milchgebiss 2002.

Duggal M, Nooh A, High A. response of the primary 
pulp to the infl ammation: a review of the Leeds 
studies and challenges for the future. Eur J Pae-
diatr Dent 2002; 3:111–114.

Eidelmannn E, Holan G, Fuks A. Mineraltrioxide 
aggregate vs. Formocresol in pulpotomized pri-
mary molars: a preliminary report. Pediatr Dent 
2001;23:15–18.

Einwag J, Pieper K. Kinderzahnheilkunde. 2. Auf-
lage. München: Urban und Schwarzenberg; 
2002.

Elliott R, Roberts M, Burkes J, Philips C. Evaluation 
of the carbon dioxide laser on vital human pri-
mary pulp tissue. Pediatr Dent 1999; 21:327–
331.

Fei A, Udin R, Johnson R. A clinical study of ferric 
sulphate as a pulpotomy agent in primary teeth. 
Ped Dent 1991; 13:327–332.

Fuks A, Eidelmann E, Cleaton-Jones P, Michaeli Y. 
Pulp response to ferric sulphate, diluted fomro-
cresol and IRM in pulpotomized primary  baboon 
teeth. ASDC J Dent Child 1997; 64:254–259.

Fuks A. Current concepts in vital primary pulp 
therapy: Eur J Paediatr Dent 2002; 3:115–120.

Fuks A. Vital pulp therapy with new materials for 
primary teeth: new directions and treatment 
perspectives. Pediatr Dent 2008; 30:211–219.

Garcia-Godoy F. Clinical evaluation of glutaralde-
hyde pulpotomies in primary teeth. Acta odon-
tol Pediatr 1983; 4:41–44.

Garcia-Godoy F. Evaluation of an iodoform paste in 
root canal therapy for infected primary teeth. 
J Dent Child 1997; 54:30–34.

Ibricevic H, Al-Jame Q. Ferric sulphate and formo-
cresol in pulpotomy of primary molars: long 
term follow-up study. Eur J Paediatr Dent 2003; 
4:28–32.

Ketley C, Goodmann J. Formocresol toxicity: is there 
a suitable alternative for pulpotomy of primary 
molars? Int J Paediatr Dent 1991; 2:67–72.

Kielbassa A, Muller U, Munz I, Monting J. clinical 
evaluation of the measuring accuracy of root zx 
in primary teeth. Oral Surg Oral Med Oral Pahol 
Oral Radiol Endod 2003; 95:94–100.

Kopel H. Considerations for the direct pulp cap-
ping procedure on primary teeth: a review of 
the literature. J Dent Child 1992; 59:141–149.

LLewelyn D. UK national guidelines in paediatric 
dentistry: the pulp treatment of the primary 
dentition. In J Paediatr Dent 2000; 10:248–252.

Loh A, O´Hoy P. Evidence-based assessment: evalu-
ation of the formocresol versus ferric sulphate 
primary molar pulpotomy. Pediatr Dent 2004; 
26:401–409.

Mortazavi M. Comparison of zinc oxide and 
eugenol and Vitapex for root canal treatment of 
necrotic primary teeth. Int J Paed Dent 2004; 
14:417–424.

Nadin G, Goel B, Yeung C, Glenny A. Pulp treatment 
for extensive decay in primary teeth. Cochrane 
Database Syst Rev (1):CD003220; 2003.

Nurko C, Garcia-Godoy F. Evaluation of a calcium 
hydroxide / iodoform paste (Vitapex) in root ca-
nal therapy for primary teeth. J Clin Pediatr Dent 
1999; 23:289–294.

Öbig: Bodenwinkler A, Sax G, Städtler P. Zahnstatus-
erhebung bei Sechsjährigen in Österreich; 2001.

Pieper K. Epidemiologische Begleituntersuchun-
gen zur Gruppenprophylaxe 2004. Gutachten. 
Deutsche Arbeitsgemeinschaft für Jugendzahn-
pfl ege e.V. (DAJ). Bonn; 2005.

Prush R. Relationship between formocresol pulpo-
tomies on primary teeth and enamel defects on 
their permanent successors. J Am Dent Assoc 
1977; 94:698–700.

Rodd H, Waterhouse P, Fuks A, Fayle A, Moffat M. 
Pulp therapy for primary molars. Int J Pediatr 
Dent 2006; 16 Suppl.1:15–23.

Rosendahl B. Endodontische Behandlung von 
Milchzähnen – eine Übersicht. Endodontie 2000; 
4: 273–288.

Sadrian R, Coll J. a long-term follow-up on the re-
tention rate of zinc oxide eugenol fi ller after pri-
mary tooth pulpectomy. Ped Dent 1993; 15:249–
256.

Salako N, Joseph B, Ritwik P, Salonen J, John P, 
 Junaid T. Comparison of bioactive glass, mineral 
trioxide aggregate, ferric sulphate, and formo-
cresol as pulpotomy agents in rat molar. Dent 
Traumatol 2003; 19:314–320.

Sonmez D, Sari S, Cetinbas T. A comparison of four 
pulpotomy techniques in primary molars: a 
long-term follow-up. J Endod 2008; 34:950–955.

Spedding R. Incomplete resorption of resorbable 
zinc oxide root canal fi llings in primary teeth: 
report of two cases. J Dent Child 1985; 52:214–
216.

Speer W. Kavitätenpräparation an Milchzähnen. 
Öst Z Stomatol 1979; 76:22–26.

Sweet C. Procedure for treatment of exposed and 
pulpless deciduous teeth. J Am Dent Assoc 1930; 
17:1150–1153.

Takushige T, Cruz E, Asgor M, Hoshino E. Endodon-
tic treatment of primary teeth using a combina-
tion of antibacterial drugs. Int J Endod 2004; 
37:132–138.

Trairatvorakul C, Chunlasikaiwan S. Success of pul-
potomy with zinc-oxide-eugenol vs calcium 
 hydroxide/iodoform paste in primary molars: a 
clinical study. Pediatr Dent 2008; 30:303–307.

van Waes HJM, Stöckli PW. Kinderzahnmedizin. 
Stuttgart: Thieme; 2001.

Waterhouse P. Formocresol and alternative primary 
molar medicaments: a review. Endod Dent Trau-
matol 1995; 11:157–162.

Wiegand A, Hülsmann M. Pulpotomie im Milch-
gebiss – eine Standortbestimmung. Endodontie 
2005; 14:177–192.

Wetzel W. Folgen apikaler Milchzahnerkrankun-
gen auf Mineralisation und Durchbruch blei-
bender Zähne. Dtsch Zahnärztl Z 1986; 41:179–
182.

Zarzar P, Rosenblatt A, Takahashi C, Takeuchi P, 
Costa Jun L. Formocresol mutagenicity following 
primary tooth pulp therapy: an in vivo study. 
J Dent 2003; 31:479–485.

Endodontics in the Mixed Dentition
American Academy of Pediatric Dentistry Clinical 

Affairs Committee-Pulp Therapy Subcommittee; 
American Academy of Pediatric Dentistry Coun-
cil on Clinical Affairs. Guideline on pulp therapy 
for primary and young permanent teeth. Pediatr 
Dent 2005–2006; 27 (7 Reference Manu-
al):130–134.

Andreasen JO, Farik B, Munksgaard EC. Long-term 
calcium hydroxide as a root canal dressing may 
increase risk of root fracture. Dent Traumatol 
2002 Jun; 18 (3):134–137.

Andreasen JO, Munksgaard EC, Bakland LK; Com-
parison of fracture resistance in root canals of 
immature sheep teeth after fi lling with calcium 
hydroxide or MTA. Dent Traumatol 2006 Jun; 22 
(3):154–156.

Barrieshi-Nusair KM, Qudeimat MA. A prospective 
clinical study of mineral trioxide aggregate for 
partial pulpotomy in cariously exposed perma-
nent teeth. J Endod 2006 Aug; 32 (8):731–735. 
Epub 2006 Jun 23.

Barrieshi-Nusair KM, Qudeimat MA. A prospective 
clinical study of mineral trioxide aggregate for 
partial pulpotomy in cariously exposed perma-
nent teeth. J Endod 2006; 32(8):731–735.

Cvek M, Mejare I, Andreasen JO. Conservative 
 endodontic treatment of teeth fractured in the 
middle or apical part of the root. Dent Traumatol 
2004 Oct; 20(5):261–269.

Literaturverz_380_400.indd   395Literaturverz_380_400.indd   395 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



396 References

Dominguez Reyes A, Munoz Munoz L, Aznar  Martin 
T. Study of calcium hydroxide apexifi cation in 26 
young permanent incisors. Dent Traumatol. 2005 
Jun; 21(3):141–145.

El-Meligy OA, Avery DR. Comparison of apexifi ca-
tion with mineral trioxide aggregate and calcium 
hydroxide. Pediatr Dent 2006 May–Jun; 28(3):
248–253.

El-Meligy OA, Avery DR. Comparison of mineral 
trioxide aggregate and calcium hydroxide as 
pulpotomy agents in young permanent teeth 
(apexogenesis). Pediatr Dent 2006 Sep–Oct; 28 
(5):399–404.

Farsi N, Alamoudi N, Balto K, Al Mushayt A. Clinical 
assessment of mineral trioxide aggregate (MTA) 
as direct pulp capping in young permanent 
teeth. J Clin Pediatr Dent 2006; 31(2):72–76.

Felippe MC, Felippe WT, Marques MM, Antoniazzi 
JH. The effect of the renewal of calcium hydro-
xide paste on the apexifi cation and periapical 
healing of teeth with incomplete root formation. 
Int Endod J 2005 Jul; 38(7):436–442.

Felippe WT, Felippe MC, Rocha MJ. The effect of 
mineral trioxide aggregate on the apexifi cation 
and periapical healing of teeth with incomplete 
root formation. Int Endod J 2006 Jan; 39(1):2–9.

Hargreaves KM, Geisler T, Henry M, Wang Y. Re-
generation potential of the young permanent 
tooth: what does the future hold? Pediatr Dent 
2008; 30(3):253–260.

Herforth A, Seichter U, Steveling I. vergleichende 
Nachuntersuchungen von konservativen und 
chirurgischen Wurzelkanalbehandlungen im 
 jugendlichen Alter. Dtsch Zahnärztl. Z 1985; 
40:949.

Mejare I, Cvek M. Partial pulpotomy in young per-
manent teeth with deep carious lesions. Endod 
Dent Traumatol 1993 Dec; 9(6):238–242.

Rafter M. Apexifi cation: a review. Dent Traumatol 
2005 Feb; 21(1):1–8. 

Ranly DM, Garcia-Godoy F. Current and potential 
pulp therapies for primary and young perma-
nent teeth. J Dent 2000 Mar; 28 (3):153–161. 

Ridell K, Matsson L, Mejare I. Background factors 
associated with endodontic treatment due to 
caries in young permanent teeth. Acta Odontol 
Scand 2007 Aug; 65(4):219–223.

Ridell K, Matsson L, Mejàre I. Background factors 
associated with endodontic treatment due to 
caries in young permanent teeth. Acta Odontol 
Scand 2007; 65(4):219–223.

Rodd HD, Boissonade FM, Day PF. Pulpal status of 
hypomineralized permanent molars. Pediatr Dent 
2007; 29(6):514–520.

Schröder U. Evaluation of healing following experi-
mental pulpotomy of intact human teeth and 
capping with calcium hydroxide. Odont Rev 1972; 
23:329. 

Schröder U. Effect of an extra-pulpal blood-clot on 
healing following experimental pulpotomy and 
capping with calcium hydroxide. Odont Rev 
1973; 24:257.

Schröder U. Reaction of human dental pulp to ex-
perimental pulpotomy and capping with calci-
um hydroxiede. Odont Rev 1973; 24:1.

Sheehy EC, Roberts GJ. Use of calcium hydroxide 
for apical barrier formation and healing in non-
vital immature permanent teeth: a review. Br 
Dent J 1997 Oct 11; 183 (7):241–246. 

Simon S, Rilliard F, Berdal A, Machtou P. The use of 
mineral trioxide aggregate in one-visit apexifi -
cation treatment: a prospective study. Int Endod 
J 2007 Mar; 40(3):186–197.

Immunopathogenesis of 
 Periradicular Disease

Bletsa A, Heyeraas KJ, Haug SR, Berggreen E. IL-1α 
and TNF-α expression in rat periapical lesions 
and dental pulp after unilateral sympathectomy. 
Neuroimmunomod 2004; 11:376–384. 

Buckley M, Spångberg LSW. The prevalence and 
technical quality of endodontic treatment in an 
American subpopulation. Oral Sur Oral Med Oral 
Path Oral Radiol and Endod 1995; 79:92–100.

Chugal NM, Clive JM, Spångberg LSW. Endodontic 
infection: Some biologic and treatment factors 
associated with outcome. Oral Sur Oral Med Oral 
Pathol Oral Radiol and Endod 2003; 96:81–90.

Dai SM, Nishioka K, Yudoh K. Interleukin (IL) 18 
stimulates osteoclast formation through syn-
ovial T cells in rheumatoid arthritis: comparison 
with IL1β and tumor necrosis factor α. Ann 
Rheum Dis 2004; 63:1379–1386. 

de Moor RJG, Hommez GMG, De Boever JG, Delmé 
KIM, Martens GEI. Periapical health related to 
the quality of root canal treatment in a Belgian 
population. Int Endod J 2000;33:113–120.

Dewhirst FE, Stashenko PP, Mole JE, Tsurumachi T. 
Purifi cation and partial sequence of human os-
teoclast-activating factor: identity with inter-
leukin 1β. J Immunol 1985; 135:2562–2568.

Hofbauer LC, Lacey DL, Dunstan CR, Spelsberg TC, 
Riggs BL, Khosla S. Interleukin-1β and tumor 
 necrosis factor-α, but not interleukin-6, stimu-
late osteoprotegerin ligand gene expression in 
human osteoblastic cells. Bone 1999; 25:255–
259. 

Horiba N, Maekawa Y, Abe Y, Ito M, Matsumoto T, 
Nakamura H. Correlations between endotoxin 
and clinical symptoms or radiolucent areas in 
infected root canals. Oral Sur Oral Med Oral 
Pathol 1991; 71:492–495.

Kabak Y,  Abbott PV. Prevalence of apical periodon-
titis and the quality of endodontic treatment in 
an adult Belarusian population. Int Endod J 2005; 
38 :238–245. 

Kawashima N, Okiji T, Kosaka T, Suda H. Kinetics of 
macrophages and lymphoid cells during the de-
velopment of experimentally induced periapical 
lesions in rat molars: A quantitative immuno-
histochemical study. J Endod 1996; 22:311–316.

Kawashima N, Stashenko P. Expression of bone-
resorptive and regulatory cytokines in murine 
periapical infl ammation. Arch Or Biol 1999; 
44:55–66. 

Khabbaz MG, Anastasiadis PL, Sykaras SN. Deter-
mination of endotoxins in the vital pulp of hu-
man carious teeth: Association with pulpal pain. 
Oral Sur Oral Med Oral Pathol Oral Radiol and 
Endod 2001; 91:587–593.

Kuo ML, Lamster IB, Hasselgren G. Host mediators 
in endodontic exudates. I. Indicators of infl am-
mation and humoral immunity. J Endod 1998; 
24:598–603.

Lim GC, Torabinejad M, Kettering J, Linkhardt TA, 
Finkelman RD. Interleukin 1-beta in symptom-
atic and asymptomatic human periradicular le-
sions. J Endod 1994; 20:225–227. 

Loftus JJ, Keating AP, McCartan BE. Periapical status 
and quality of endodontic treatment in an adult 
Irish population. Int Endod J 2005; 38 :81–86. 

Marending M, Peters OA, Zehnder M. Factors af-
fecting the outcome of orthograde root canal 
therapy in a general dentistry hospital practice. 
Oral Sur Oral Med Oral Pathol Oral Radiol and 
Endod 2005; 99:119–124.

Mattison GD, Haddix JE, Kehoe JC, Progulske-Fox 
A. The effect of Eikenella corrodens endotoxin 
on periapical bone. J Endod 1987; 13:559–565.

Negishi J, Kawanami M, Ogami E. Risk analysis of 
failure of root canal treatment for teeth with in-
accessible apical constriction. J Dent 2005; 
33:399–404. 

Nelson-Filho P, Leonardo MR, Silva LAB, Assed S. 
Radiographic evaluation of the effect of endo-
toxin (LPS) plus calcium hydroxide on apical and 
periapical tissues of dogs. J of Endod 2002; 
28:694–696.

O’Brien EA, Williams JHH, Marshall MJ. Osteopro-
tegerin ligand regulates osteoclast adherence to 
the bone surface in mouse calvaria. Biochem 
Biophys Res Comm 2000; 274: 281–290.

Petersson K, Petersson A, Olsson B, Hakansson J, 
Wennberg A. Technical quality of root fi llings in 
an adult Swedish population. Endod Dent Trau-
mat 1986; 2:99–102.

Radics T, Kiss C, Tar I, Márton IJ. Interleukin-6 and 
granulocyte-macrophage colony-stimulating fac-
tor in apical periodontitis: correlation with clini-
cal and histologic fi ndings of the involved teeth. 
Oral Microbiol Immunol 2003; 18:9–13.

Safavi KE, Rossomando EF.  Tumour necrosis factor 
identifi ed in periapical tissue exudates of teeth 
with apical periodontitis. J Endod 1991; 17:12–14.

Shimauchi H, Takayama S, Narikawa-Kiji M, 
Shimabukuro Y, Okada H. Production of inter-
leukin-8 and nitric oxide in human periapical 
lesions. J Endod 2001; 27:749–752.

Spangberg LS. Endodontics today: a turn-of-the-
century refl ection. (editorial) Oral Sur Oral Medi 
Oral Pathol Oral Radiol Endod 2000; 89:659. 

Suzuki N, Okiji T, Suda H. Enhanced expression of 
activation-associated molecules on macrophages 
of heterogeneous populations in expanding peri-
apical lesions in rat molars. Arch Oral Biol 1999; 
44:67–79.

Takeichi O, Saito I, Okamoto Y, Tsurumachi T, Saito 
T. Cytokine regulation on the synthesis of nitric 
oxide in vivo by chronically infected human poly-
morphonuclear leukocytes. Immunology 1998; 
93:275–280. 

Tani-Ishii N, Kuchiba K, Osada T, Watanabe Y, Um-
emoto T. Effect of T-cell defi ciency on the forma-
tion of periapical lesions in mice: Histological 
comparison between periapical lesion forma-
tion in BALB/c and BALB/c nu/nu mice. J Endod 
1995b; 21:195–199. 

Literaturverz_380_400.indd   396Literaturverz_380_400.indd   396 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



397References

Taylor PC. Antibody therapy for rheumatoid arthri-
tis. Curr Op Pharmacol 2003; 3:323–328.

Tsuneishi M, Yamamoto T, Yamanaka R. Radio-
graphic evaluation of periapical status and prev-
alence of endodontic treatment in an adult Japa-
nese population. Oral Sur Oral Med Oral Pathol 
Oral Radiol and Endod 2005; 100:631–635.

Wang CY, Stashenko P. Characterization of bone-
resorbing activity in human periapical lesions. 
Journal of Endodontics 1993; 19:107–111.

Endodontology and General Sys-
temic Health
Arnett JH, Ennis LM. Dental infection and systemic 

disease. Amer J Med Sci 1933; 185:777–787.
Beechen II, Laston DJ, Garbarino VE. Transitory 

bacteremia as related to the operation of vital 
pulpotomy. Oral Surg Oral Med Oral Pathol 1956; 
9:902–905.

Bernhardt H, Hench PS. Bacteriology of the blood 
in chronic infectious arthritis. J Infect Dis 1931; 
49:489–493.

Bieniek KW, Riedel HH. Bacterial foci in the teeth, 
oral cavity and jaw – secondary effects (remote 
action) of bacterial colonies with respect to bac-
teriospermia and subfertility in males. Androl 
1993; 25:159–162.

Billings F. Chronic focal infections and their etio-
logic relations to arthritis and nephritis. Arch Int 
Med 1912; 9:484–498.

Blake FAS, Sigert J, Wedl J, Gbara A, Schmeltzle R. 
The acute orbit: etiology, diagnosis, and therapy. 
J Oral Maxillofac Surg 2006; 64:87–93.

Bulut M, Balci V, Akköse Ş, Armağan E. Fatal de-
scending necrotising mediastinitis. Emerg Med J 
2004; 21:122–123. 

Burket LW, Burn CG. Bacteremias following dental 
extraction. Demonstration of source of bacteria 
by means of a nonpathogen (Serratia marce-
scens). J Dent Res 1937; 16:521–530.

Buttke TM, Shipper G, Delano O, Trope M. C-reac-
tive protein and serum amyloid A in a canine 
model of chronic apical periodontitis. J Endod 
2005; 31:728–732.

Candura F. Formaldehyde-induced anaphylaxis after 
dental treatment? Cont Derm 1991; 25: 335.

Caplan DJ. Epidemiologic issues in studies of the 
association between apical periodontitis and 
systemic health. Endod Topics 2004; 8:15–35.

Cecil RL, Angevine MD. Clinical and experimental 
observations on focal infection with an analysis 
of 200 cases of rheumatoid arthritis. An Int Med 
1938; 12:577–584.

Cecil RL, Archer BH. Chronic Infectious arthritis; an 
analysis of 200 cases. Am J Med Sci 1927; 173:
258–270.

Dawson M, Olmstead M, Boots RH. Bacteriologic 
investigations on the blood, synovial fl uid and 
subcutaneous nodules in rheumatoid (chronic 
infectious) arthritis. Arch Int Med 1932; 49:173–
180.

Debelian GJ, Olsen I, Tronstad L. Profi ling of Propi-
onibacterium acnes recovered from root canal 
and blood during and after endodontic treat-
ment. Endod Dent Traumatol 1992; 8:248–254.

Debelian GJ, Olsen I, Tronstad L. Bacteremia in con-
junction with endodontic therapy. Endod Dent 
Traumatol 1995; 11:142–149.

Debelian GJ, Olsen I, Tronstad L. Electrophoresis of 
whole cell soluble proteins of micro-organisms 
isolated from bacteremias in endodontic thera-
py. Eur J Oral Sci 1996; 104:540–546.

Debelian GJ, Eribe ER, Olsen I, Tronstad L. Ribotyp-
ing of bacteria from root canal and blood of pa-
tients receiving endodontic therapy. Anaerobe 
1997; 3:237–243.

Debelian GJ, Olsen I, Tronstad L. Anaerobic bacter-
emia and fungemia in patients undergoing en-
dodontic therapy: an overview. Ann Periodont 
1998; 3:281–287.

Dietrich T, Garcia RI. Associations between peri-
odontal disease and systemi disease: Evaluating 
the strength of the evidence. J Periodont 2005; 
76:2175–2184.

Easlick K. An evaluation of the effect of dental foci 
of infection on health. J Am Dent Assoc 1951; 
42:615–630.

Elliot SD. Bacteremia and oral sepsis. Proceed Roy 
Soc Med 1939; 32:747–755.

Ensign DC. Oral focal infection: its status today, 
with particular reference to arthritis. J Oral Surg 
1945; 3:89–101.

Fenton CC, Kertesz T, Baker G, Sándor GKB. Necro-
tizing fasciitis of the face: A rare but dangerous 
complication of dental infection. J Canad Dent 
Assoc 2004; 70:611–615.

Forner L, Larsen T, Kilian M, Holmstrup P. Incidence 
of bacteremia after chewing, toothbrushing and 
scaling in individuals with periodontal infl am-
mation. J Clin Periodont 2006; 33:401–407.

Freyberg RH. Focal infection in relation to rheu-
matic diseases: a critical appraisal. J Am Dent 
Assoc 1946; 33:1101–1108.

Frisk F, Hakeberg M, Ahlqwist M, Bengtsson C. En-
dodontic variables and coronary heart disease. 
Acta Odontol Scand 2003; 61:257–262.

Geurtsen W, Leyhausen G. Biological aspects of 
root canal fi lling materials- histocompatibility, 
cytotoxicity, and mutagenicity. Clin Oral Inves 
1997; 1:5–11.

Giuliani M, Lajolo C, Deli G, Silveri C. Inferior alveo-
lar nerve paraesthesia caused by endodontic 
pathosis: A case report and review of the litera-
ture. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2001; 92:670–674. 

Green AW, Flower EA, New NE. Mortality associat-
ed with odontogenic infection. Brit Dent J 2001; 
190:529–530.

Holman WL. Focal infection and elective localiza-
tion. Arch Pathol Lab Med 1928; 5:68–136.

Huang TT, Liu TC, Chen PR, Tseng FY, Yeh TH, Chen 
YS. Deep neck infection: Analysis of 185 cases. 
Head and Neck 2004; 26:854–860. 

Huang TT, Tseng FY, Liu TC, Hsu CJ, Chen YS. Deep 
neck infection in diabetic patients: comparison 
of clinical picture and outcomes with nondia-
betic patients. Otolaryngol Head and Neck Surg 
2005; 132:943–947.

Hughes RA. Focal infection revisited. Brit J Rheu-
matol 1994; 33:370–377.

Hunter W. Oral Sepsis as a cause of disease. Brit 
Med J1900; 2:215–216.

Hunter W. The coming of age of oral sepsis. Brit 
Med J 1921; I:859.

Iwama A, Morimoto T, Tsuji M, et al. Increased 
number of anaerobic bacteria in the infected 
root canal in type 2 diabetic rats. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 2006; 
101:681–686.

Jansson L, Lavstedt S, Frithiof L. Relationship be-
tween oral health and mortality rate. J Clin Peri-
odont 2002; 29:1029–1034.

Jones NW, Newsom SJ. Experimentally produced 
focal infection in relation to cardiac structure. 
Arch Pathol 1931; 13:392–414.

Kennedy DR, Hamilton TR, Syverton JT. Effects on 
monkeys of introduction of haemolytic Strepto-
cocci into root canals. J Dent Res 1957; 36:496–
506.

Koch F, Breil P, Marroquin BB, Gawehn J, Kunkel M. 
Abscess of the orbit arising 48h after root canal 
treatment of a maxillary fi rst molar. Int Endod J 
2006; 39:657–664.

Kragsbjerg P, Rydman H. Recurrent pneumococcal 
bacteraemia and meningitis in an asplenic adult 
with possible unusual focus. Scandinavian J In-
fec Dis 2001; 33:706–708.

Krall EA, Abreu Sasa C, Garcia C, Nunn ME, Caplan 
DJ, Garcia RI. Cigarette smoking increases the 
risk of root canal treatment. J Dent Res 2006; 
85:313–317.

Marending M, Peters OA, Zehnder M. Factors af-
fecting the outcome of orthograde root canal 
therapy in a general dentistry hospital practice. 
Oral Surg Oral Med Oral Pathol Oral Radiol En-
dod 2005; 99:119–124.

Márton IJ, Kiss C. Infl uence of surgical treatment of 
periapical lesions on serum and blood levels of 
infl ammatory mediators. Int Endod J 1992; 
25:229–233. 

Mattila KJ, Pussinen PJ, Paju S. Dental infections 
and cardiovascular diseases: A review. J Perio-
dont 2005; 76:2085–2088.

Mayo MD. Mouth infection as a source of systemic 
disease. J Am Med Assoc 1914; 63:2025–2026.

McGaw T. Periodontal disease and preterm deliv-
ery of low-birth-weight infants. J Canad Dent 
Assoc 2002; 68:165–169.

Meinig GE. Root Canal Cover-Up. California: Bion; 
2004. 

Meurman JH. Dental infections and general health. 
Quintessence Int 1997; 28:807–811.

Miller WD. An introduction to the study of the 
bacteriopathology of the dental pulp. Dent Cos-
mos  1894; 36:505–528.

Mitchell DF, Helman EZ. The role of periodontal 
foci of infection in systemic disease: an evalua-
tion of the literature. J Am Dent Assoc 1953; 
46:32–53.

Morse DR. Infection-related mental and inferior 
alveolar nerve paraesthesia: literature review 
and presentation of two cases. J Endod 1997; 
23:457–460.

Murray CA, Saunders WP. Root canal treatment 
and general health: A review of the literature. 
Int Endod J 2000; 33:1–18.

Literaturverz_380_400.indd   397Literaturverz_380_400.indd   397 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



398 References

Navazesh M, Mulligan R, Sobel S. Toxic shock and 
Down Syndrome in a dental patient : A case re-
port and review of the literature. Spec Care in 
Dent 1994; 14:246–251.

Navazesh M, Mulligan R. Systemic dissemination 
as a result of oral infection in individuals 50 
years of age and older. Spec Care in Dent 1995; 
15:11–19.

Newman HN. Focal Infection. J Dent Res 1996; 
75:1912–1919.

Ozmeric N. Localised alveolar bone necrosis fol-
lowing the use of an arsenical paste: a case re-
port. Int Endod J 2002; 35:295–299. 

Pappa H, Jones DC. Mediastinitis from odontogenic 
infection. A case report. Brit Dent J 2005; 198:
547–548.

Payne LZ, Wolfe SW. Septic arthritis in a normal 
interpharyngeal joint following a dental proce-
dure. J Hand Surg 1994; 19:815–816.

Quensell BT, Alves M, Hawkinson Jr RW, et al. The 
effect of human immunodefi ciency virus on en-
dodontic treatment outcome. J Endod 2005; 
31:633–636.

Ramey JT, Lockey RF. Preseptal cellulitis secondary 
to a dental infection. Allergy Clinical Immunol-
ogy International. J World Allergy Org 2006; 
18:20–21.

Reimann H, Havens WP. Focal infection and sys-
temic disease: a critical appraisal. J Am Med 
 Assoc 1940; 114:1–6.

Rhein ML, Krasnow F, Gies W.  A prolonged study 
of the electrical treatment of dental focal infec-
tions – a preliminary report. Dent Cosmos 1926; 
68:971–981. 

Rhoads PS, Dick GF. Roentgenographically negative 
pulpless teeth as foci of infection: results of 
quantitative cultures. J Am Dent Assoc 1932; 
157:1884–1893.

Richards JH. Bacteremia following irritation of foci 
of infection. J Am Med Assoc 1932; 99:1496–
1497.

Riggio MP, Aga H, Murray CA, Jackson MS, Lennon 
A, Hammersley N, Bagg J. Identifi cation of bacte-
ria associated with spreading odontogenic in-
fections by 16S rRNA gene sequencing. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2007; 
103:610–617.

Rosenow EC. The relation of dental infection to sys-
temic disease. Dent Cosmos 1917; 59:485–491.

Ross WS, Rogers K. An experimental investigation 
of pulp extirpation. A preliminary report. Brit 
Dent J 1943; 74, 253–257.

Savarrio L, Mackenzie D, Riggio M, Saunders WP, 
Bagg J. Detection of bacteremias during non-
surgical root canal treatment. J Dent 2005; 
33:293–303.

Scannapieco FA, Bush RB, Paju S. Periodontal dis-
ease as a risk factor for adverse pregnancy out-
comes. A systematic review. An Periodont 2003; 
8:70–78.

Scully C, Ng YL, Gulabivala K. Systemic complica-
tions due to endodontic manipulations. Endod 
Topics 2003; 4:60–68.

Shuster M. Relationship of arthritis to oral diagno-
sis, defocalization and streptococcus vaccine 
therapy. Am J Orthodont Oral Surg 1941; 27:149–
156.

Siminoski K. Persistent fever due to occult dental 
infection: case report and review. Clin Infec Dis 
1993; 16:550–550.

Spratt DA. Signifi cance of bacterial identifi cation 
by molecular biology methods. Endod Topics 
2004; 9:5–14.

Stoll T, Stucki G, Bruhlmann P, Vogt M, Gschwend 
N, Michel BA. Infection of a total knee joint pros-
thesis by Peptostreptococcus Micros and Propi-
onibacterium Acnes in an elderly RA patient: 
Implant salvage with long term antibiotics and 
needle aspiration/irrigation. Clin Rheumatol 
1996; 15:399–402.

Sugita EL. Microbiology of endodontics. In: Ingle JI, 
Bakland LK (eds.). Endodontics. 4th ed. Philadel-
phia: Williams and Wilkins; 1994: 622–623.

Single Versus Multiple Appointment 
Root Canal Treatment

DiRenzo A, Gresla T, Johnson BR, Rogers M, Tucker 
D, BeGole EA. Postoperative pain after 1- and 
2-visit root canal therapy. Oral Surg Oral Med 
Oral Pathol Endod 2002; 93:605–610.

Fava LR. A comparison of one versus two appoint-
ment endodontic therapy in teeth with non- 
vital pulps. Int Endod J 1989 Jul; 22(4):179–183.

Fox J, Atkinson JS, Dinin AP, et al. Incidence of pain 
following one-visit endodontic treatment. Oral 
Surg Oral Med Oral Pathol 1970; 30:123–130.

Genet JM, Wesselink PR, Thoden van Velzen SK. 
The incidence of preoperative and postoperative 
pain in endodontic therapy. Int Endod J 1986; 
19:221–229.

Mulhern JM, Patterson SS, Newton CW, Ringel AM. 
Incidence of post-operative pain after one-ap-
pointment endodontic treatment of asymptom-
atic pulpal necrosis in single-rooted teeth. J En-
dod 1982; 8:370–375.

Oliet S. Single visit endodontics: a clinical study. 
J Endod 1983;9: 147–152.

Peters LB, Wesselink PR. Periapical healing of 
 endodontically treated teeth in one and two 
 visits obturated in the presence or absence of 
detectable microorganisms. Int Endod J 2002 
Aug; 35(8):660–667.

Roane JB, Dryden JA, Grimes EW. Incidence of post-
operative pain after single- and multiple-visit 
endodontic procedures. Oral Surg Oral Med Oral 
Pathol 1983 Jan; 55(1):68–72.

Sathorn C, Parashos P, Messer HH. Effectiveness of 
single- versus multiple-visit endodontic treat-
ment of teeth with apical periodontitis: a sys-
tematic review and meta-analysis. Int Endod J 
2005 Jun; 38(6):347–355.

Siqueira JF, Lopes HP. Mechanisms of antimicrobial 
activity of calcium hydroxide: a critical review. 
Int Endod J 1999; 32:361–369.

Sjogren U, Figdor D, Spangberg L, Sundqvist G. The 
antimicrobial effect of calcium hydroxide as a 
short-term intracanal dressing. Int Endod J 1991 
May; 24(3):119–125.

Sjogren U, Figdor D, Persson S, Sundqvist G. Infl u-
ence of infection at the time of root fi lling on the 
outcome of endodontic treatment of teeth with 
apical periodontitis. Int Endod J. 1997 Sep; 
30(5):297–306. Erratum in: Int Endod J 1998 
Mar; 31(2):148.

Trope M. Flare-up rate of single-visit endodontics. 
Int Endod J. 1991 Jan; 24(1):24–26.

Trope M, Delano EO, Orstavik D. Endodontic treat-
ment of teeth with apical periodontitis: single 
vs. multivisit treatment. J Endod 1999 May; 
25(5):345–350.

Weiger R, Rosendahl R, Lost C. Infl uence of calcium 
hydroxide intracanal dressings on the prognosis 
of teeth with endodontically induced periapical 
lesions. Int Endod J 2000 May; 33(3):219–226.

Yoldas O, Topuz A, Isci AS, Oztunc H. Postoperative 
pain after endodontic retreatment: single- ver-
sus two-visit treatment. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 2004 Oct; 98(4):483–
487.

Outcomes of Endodontic Treatment
Chen SC, Chueh LH, Hsiao CK, Tsai MY, Ho SC, Chiang 

CP. An Epidemiologic study of tooth retention 
 after nonsurgical Endodontic treatment in a large 
population in Taiwan. J Endod 2007; 33(3):226–
229.

Friedman S, Lustnann J, Shaharabany V. Treatment 
results of apical surgeryin premolar and molar 
teeth. J Endod 1991; 17:30–33.

Friedman S. Prognosis of initial Endodontic therapy. 
Endod Topics 2002; 2:59–88.

Friedman S. The prognosis and expected outcome 
of apical surgery. Endod Topics 2005; 11:219–
262.

Gorni FGB, Gagliani MM. The outcome of Endo-
dontic retreatment: a 2 year follow-up. J Endod 
2004; 30:1–4.

Grung B, Molven O, Halse A. Periapical surgery in a 
Norwegian county hospital: follow-up fi ndings 
of 477 teeth. J Endod 1990; 16:411–417.

Lazarski MP, Walker WA, Flores CM, Schindler WG, 
Hargreaves KM. Epidemiological evaluation of 
the outcomes of nonsurgical root canal treat-
ment in a large cohort of insured dental patients. 
J Endod 2001; 27:791–796.

Salehrabi R, Rotstein I. Endodontic treatment out-
comes in a large patient population in the USA: 
an epidemiological study. J Endod 2004; 30:846–
850.

Strindberg LZ. The dependence of the results of 
pulp therapy on certain factors. An analytic 
study based on radiographic and clinical follow-
upexamination. Acta Odontol Scand 1956; 
14:Suppl. 21.

Literaturverz_380_400.indd   398Literaturverz_380_400.indd   398 17.08.2010   10:51:07 Uhr17.08.2010   10:51:07 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



401Index

■ Index  Note: page numbers in italics refer to fi gures and tables

A
abscess

buccal  – 352
endodontic infection 27 –
endodontic retreatment  – 282
mixed dentition 363 –
periradicular  – 281
phoenix 71 –
submandibular  – 33
see also periapical abscess

access cavity preparation 109–121
build-up restorations 110 –
instrument sets  – 112
obliterated root canal orifi ces 118–119 –
restoration  – 119
shape 113 –
straight-line access 117 –
structural weakening of tooth 114 –
temporary restoration 111 –

acoustic microstreaming 85
acoustic streaming 199
acrylic resin carriers, gutta-percha 

fi llings 295
acrylic resin paste removal 293
Actinomyces (actinomycosis) 28
adaptive immune responses 366
AH 26 sealer 224
AH Plus sealer 224
allergic reactions

eugenol 224 –
irrigation solutions 203 –

amalgam 314
aminopenicillin + β-lactamase inhibitor 64
analgesia, chronic pain 63
anatomy 43–58

CT 44–45 –
lateral canals  – 214
MRI 43, 46 –
special cases 58 –
variations 47 –
see also mandibular teeth; 
maxillary teeth

anesthesia see local anesthesia
ankylosis 333, 335, 339
antibacterial solutions 84
antibiotics 64, 332, 343
antigen presenting cells (APCs) 23
antimicrobial effect of lasers 91
apex, access to 292–297
apex locators 134–135, 136

Endox system 206 –
apexifi cation, mixed dentition 363–364
apical breakdown, transient 361
apical canal

blockade 194 –
diameter 180, 181 –

apical cavity, drying 312
apical constriction 131, 135
apical enlargement 182–183
apical fi nish 185
apical foramen 6, 135

transported  – 285
apical leakage 254
apical lesions, apicectomy 303
apical LightSpeed preparation 184
apical osteolysis 207
apical periodontitis 14

acute 16–17, 25 –
emergency 72–73 –

fi stulous tract  – 27
apicectomy 303 –
bacterial infection  – 22
chronic 18–19,  – 34

microbiota 24 –
diagnostic tests  – 34
emergency 72–73 –
endodontic retreatment  – 285
etiology 22 –
granulation tissue  – 19
healing of lesion  – 193, 278
mental nerve paresthesia 51 –
pathogenesis 23 –
persistence  – 278
prevention 278 –
primary 24–25 –
radiographic appearance  – 22
root canal restoration loss  – 191
secondary infection 71 –

apical pre-enlargement 182
apical preparation 180, 182–185
apical root canal, anatomic variations 47
apicectomy 301–303, 309, 310

angle of resection 309,  – 310
cracks  – 310
fractures  – 310
healing 316–317 –
indications for 302–303 –
operative factors 318 –
procedure 89 –
prognosis 318–319 –
resection surface evaluation  – 310
retrograde fi lling 312–315 –
suturing  – 316, 317
vertical releasing incision  – 317
wound closure 316–317 –
see also fl aps, surgical

AquatineEC Endodontic Cleanser 209
articaine 60
Aseptim-(SciCan) laser 210
avulsion 330–331

ankylosis 333 –
replacement resorption prevention 339 –
replantation of tooth 330, 331 –
tooth resorption 333 –

B
bacteremia 27, 371

systemic health 370 –
bacteria / bacterial infection

apical periodontitis  – 22
acute 25 –
chronic 24 –

biofi lm 189,  – 190
hypochlorous acid action 208 –
methylene blue effect 211 –
ultrasonically activated irrigation 198 –

capsule  – 25
culture  – 27
dentin  – 190
detection  – 21
extraradicular 28 –
Gram staining  – 29
intracellular  – 15
lipopolysaccharide 366 –
microscopic examination  – 27
planktonic 189, 198 –
posttreatment endodontic infection 26 –
pulp –

exposure 324 –

necrosis 70, 71 –
bacterial load reduction 191
bacterial toxins 10, 13
bacteria-tight temporary restoration 219, 220
bacteriocin 15
balanced force technique 180
behavioral management, children 354
biofi lm 189, 190

hypochlorous acid action 208 –
methylene blue effect 211 –
ultrasonically activated irrigation 198 –

biologic width 266, 279
bite test, selective 34
bleaching discolored teeth 347–350

cervical resorption 348, 349 –
external 347 –
internal 347, 348–349,  – 350

bone
alveolar 367 –
resorption 23,  – 33, 335
vertical loss  – 36
see also osseous entries

bubble formation
microbubbles 85 –
noninstrumentation technique  –
of disinfection 214

buccal abscess 352
build-up restorations 110
bupivacaine 60
burs

diamond 112, 114, 309 –
pulp chamber opening 112, 114 –
Roto Pro 290 –
see also Gates-Glidden bur

C
calcium hydroxide

acute apical periodontitis 73 –
apexifi cation 363,  – 364
bleaching discolored teeth  – 350
deciduous dentition  – 357, 358
dressing  – 66, 84, 218
effi cacy 190 –
infl ammatory root resorption 336 –
mixed dentition 363,  – 364
pulp capping  – 65, 324
pulpectomy  – 358
root canal treatment single  – versus 
multiple appointments 373–374
sealer 224 –

calcium phosphate deposits 121
calcium sulfate, perforation repair 345
Canal-Finder system 140, 141
Canal-Leader 2000 system 140
Candida albicans 30
canines

deciduous  – 351
mandibular  – 49
maxillary  – 48

cardiovascular disease 370–371
endocarditis prophylaxis  – 64

Cavit, bacteria-tight temporary 
restoration 219, 220

cavitation 85, 87
noninstrumentation technique  –
of disinfection 214

CD4+ T-helper cells 365
cellulitis, endodontic infection 27
cement
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glass-fi ber posts 274 –
removal from root canal 293 –
root canal posts 260, 267 –

cementoblasts 330
cementum, dislocation injuries 332
chelators, irrigation solution 196
children

dental treatment 354 –
dislocation injuries 329, 332 –
local anesthesia 354 –
mixed dentition 361–364 –
rubber dam use  – 354, 356
trauma 321, 322 –
see also deciduous dentition

chlorhexidine
acute apical periodontitis 73 –
adverse effects 203 –
intracanal dressings 218 –
irrigation solution 84, 196 –
root canal dressing gel 84 –

chlorhexidine digluconate 195
chloroform 224, 292, 295
chlorphenol 218
cigarette smoking 372
citric acid, photo-activated disinfection 

combination 211
clindamycin 64
complement degradation 15, 17
complement reaction 11
composite cement 260
composite resin see resin composite adhesive
compressed air, adverse reactions 203
computed tomography (CT)

2D  – 45
3D 43, 44,  – 45
cone beam 40–41 –
diagnostic for endodontic surgery 304 –
endodontal anatomy 43, 44–45 –
micro-CT 45 –
tuned aperture 44 –
volume  – 44

cone fi t 232–233
constant time imaging (CTI) 46
coronal leakage 254–257

endodontic retreatment 276 –
coronal reference point 131
coronal restoration

healthy tooth hard structure 256 –
quality 255,  – 257
temporary 219,  – 220

coronal seal 254–257
corticosteroids, sealers 223
cotton pellets, temporary restoration 111
cracked tooth syndrome 37
crown

fracture –
with pulpal involvement 324–325 –
without pulpal involvement 323 –

prefabricated stainless steel 357 –
see also coronal entries

crown-down technique 70, 74, 153, 155
Nickel-titanium (NiTi) instruments 178, 179 –
ProTaper fi les 168 –
taper lock 178 –

cutaneous fi stula, odontogenic infection 33
cysts, infected 275
cytokines 365, 366, 368

D
deciduous dentition 351–360

anterior teeth 359 –
calcium hydroxide  – 357
contraindicated treatments 357 –

dental caries 357 –
dentin 357 –
diagnosis 352 –

radiographic 353 –
extraction 360 –
fractured teeth  – 359
goals of endodontics 352 –
hemostasis 356,  – 358
infections 352, 353 –
morphology  – 351
pulpectomy 358–359, 360 –
pulpotomy 355–357, 360 –
radiography 353 –
resorption  – 353, 357
root canal fi lling 360 –
trauma  – 359
working length determination 358, 359 –

dendritic cells 23
dental caries 7

arrested 8 –
bacterial infection in root canal 14–15 –
deciduous dentition 357 –
excavation  – 66
hidden  – 361
lesions 65 –
mixed dentition  – 361
progression  – 16, 23
pulp exposure 9 –
pulpal tissue necrosis 12–13 –
reversible pulpitis 8 –
root perforations 340 –

dental microscope 123–130
balance 124 –
comparison of makes  – 130
construction 124 –
endodontic retreatment 286 –
ergonomics 125 –
functions 124 –
illumination 128, 130 –
instrumentation 128, 129 –
light 124 –
magnifi cation 124, 128, 129, 130, 305 –
microsurgery use 305 –
optics 124 –
selection 130 –
support stands 124 –

dental primordia 3
dentin 3

bacteria  – 15
conditioning  – 350
conductivity 135 –
deciduous teeth 357 –
formation 5 –
infection  – 190
intrapulpal 120 –
laser penetration 91 –
nerve fi bers 4 –
pink spot on coronal 334 –
reparative 2 –
structure  – 190

dentin ledge removal 117
dentinal tubules 33, 216
dentinoclasts 332
depot-phoresis device 200, 201
devitalization pastes 67
diabetic patients 372
Diaket sealer 224, 314
diamond burs 112, 114, 309
diffusionless phase change 78
digital volume tomography (DVT) 44
disease process, progression/remission 7
disinfection see noninstrumentation technique 

of disinfection; root canal disinfection

disinfector, thermal 83
dislocation injuries 322, 329, 332
dissolving solutions 94
DNA microarrays 29, 30
dowel-lock method 263
downpack 126, 127
doxycycline 332
dressings, medicated 84

E
eddy current 85
EDTA

AquatineEC Endodontic Cleanser  –
combination 209
glass-fi ber post insertion preparation 272 –
irrigation solution 196 –

electrochemically activated water (ECA) 
208–209

electronic impedance 135
Elements Obturation Unit 240, 243
Emdogain 339
emergency endodontics 65–74, 321

apical periodontitis 72–73 –
pulpal diagnosis 66 –
pulpal tissue devitalization 67 –
vital pulp 68–69 –

enamel formation disturbances 361
enamel organ 3
Endo Access Burs 112
endocarditis prophylaxis 64
endodontic bite plate 41
endodontic diagnosis 31–38

bimanual palpation 33 –
clinical examination 32 –
diagnostic tests 34 –
differential diagnosis 36 –
examination 33 –
fractures 37 –
medical history 32 –
pulp tests 35 –
radiographic examination 38 –

endodontic failure 285, 375
 etiology 283, 284–285
endodontic operatory 286
endodontic origin lesions 276, 277, 282

primary with secondary periodontal  –
lesions 280

endodontic pluggers 231, 234
back-packing 243 –
continuous wave heat 241, 242 –

endodontic probe, access cavity 
preparation 115, 118

endodontic retreatment 94–95, 275–298
access to apex 292–297 –
coronal leakage 276 –
decision criteria 276,  – 277, 278–279, 
280–282, 283, 284–285
endodontic origin lesions 276,  – 277, 282
no retreatment indicated  – 277
nonsurgical  – 377
orthograde  – 302, 303
osseous regeneration  – 282
perforation  – 284
periradicular infl ammation persistence 278 –
planning 275, 276 –
preliminary  – 277
restoration retention/removal 287 –
restorative problems  – 281
root canal access 287–291 –
root canal post removal 288–291 –
separated instrument removal 296–297 –
silver point removal 294 –
surgical 378,  – 379
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technical aspects 286 –
tooth saving 279 –
transported foramina 298 –
treatment failure 278 –

endodontic surgery 301–319
contraindications  – 302
crown-root fracture 326 –
dental microscope 305 –
diagnosis 304 –
fl aps 306–308, 316,  – 317
healing 316–317 –
intraoperative factors 318 –
local anesthesia 306 –
microsurgical procedures 89 –
perforation defects 346 –
pre-/postoperative factors 318 –
prognosis 318–319 –
radiographic evaluation 304 –
retreatment 378,  – 379
retrograde fi lling 312–315 –
retrograde preparation 311 –
root resection 301 –
soft-tissue management 306–308 –
suturing  – 316, 317
vertical releasing incision  – 317
wound closure 316–317  –
see also apicectomy

endodontic treatment
classifi cation of degrees of diffi culty 47 –
decision making 32 –

endodontics cart 286
Endo-Eze handpiece 141
ENDOfl ash system 139
Endolift system 139, 140, 141
Endoplaner system 139
Endosolve 293
Endox system 200, 206–207
EndoZ burs 112, 114
enzyme test set 30
epinephrine, local anesthetic 306
Epiphany sealer 225
epithelial rest cells of Malassez 20
epoxy resin sealers 224, 269
Essential Dental Systems 141
ethylenediaminetetraacetic acid see EDTA
eucalyptol 292
eugenol 224, 269, 293, 313
Excalibur system 139
extraction, deciduous dentition 360
extraradicular infections 275

F
fatigue, cyclic 146, 149
fermentation set 30
ferrule effect 256, 260, 266, 279
ferrule preparation 266
fi broblasts 2
fi brodentin 2, 120
fi le systems 145, 152–175

Alpha system 152–153 –
categorization  – 175
comparative studies  – 174
FlexMaster 154–155 –
K3 system 156–157 –
LightSpeed instruments  – 83, 158
Mtwo 160–161 –
ProFile system 162–163, 165 –
ProSystem GT fi les 164–165 –
ProTaper fi les 165, 166–169 –
ProTaper Universal fi les 170–171 –
RaCe fi les 172–173 –
S-Apex fi les 172–173 –
in vitro experiments 174–175 –

fi mbriae 366
fi stula

acute apical periodontitis 72 –
endodontic failure  – 285
endodontic infection spread 27 –
following apicectomy  – 311
surgical intervention  – 303, 304
vertical root fracture  – 285

fl aps, surgical 306–308, 316, 317
Flexicut 77
FlexMaster fi le 154–155
Flexofi le 77
Flexogate 77
Flexoreamer 77
Flex-R-File 77
focal infection theory 369, 370
foramina, transported 298
foreign-body reactions 275
four-handed technique 125
fractured teeth 37

apicectomy  – 310
composite resin build-up  – 325
crown –

with pulpal involvement 324–325 –
without pulpal involvement 323 –

crown-root 326–327 –
deciduous dentition  – 359
enamel-dentin  – 323
reattachment of fragments 323,  – 325
risk with root canal posts  – 281
trauma 322 –

fractures
root 328 –

endodontic retreatment  – 285
gutta-percha sealer application 228 –
vertical 37 –

root canal instrumentation 142,  –
146–149, 175
see also instruments, fractured

free oxygen radicals 212
friction 148
fungicidal solutions 84
Fusobacterium nucleatum 21

G
Gates-Glidden bur 117, 119, 296, 297
gel electrophoresis 29, 30
gingiva, determination of attached 307
Giromatic system 139, 140
glass-fi ber posts 272–274

positioning 270–271 –
prefabricated  – 269

glass ionomer cement 65, 224
bacteria-tight temporary restoration 219 –
build-up restoration 110 –
retrograde fi lling 314 –
temporary restoration  – 111

Gram staining of bacteria 29
Gram-negative bacteria 366, 368
Gram-positive bacteria 366, 368
GuttaFlow sealer 225, 252–253
gutta-percha 92–93

acrylic resin carriers 295 –
application of heated 129 –
carrier-based fi llings 295 –
chemical dissolution 292 –
contraindication in deciduous teeth 357 –
heated vertical compaction technique 93 –
removal 95, 272, 292 –
System B/Obtura 240–247 –

gutta-percha points 92, 93
accessory 227 –
GuttaFlow sealer 253 –

K3 fi le system 156 –
master points 226 –

gutta-percha sealer 223, 224, 225
apexifi cation 363, 364 –
apicectomy 315 –
back-packing 237, 243 –
cement 235 –
cone –

cementing 235 –
fi t 241 –
preparation 232–233 –

continuous wave technique 246 –
down-packing 236, 242 –
heat carrier 236 –
heating 230–231, 244–246 –
hydraulic forces  – 236
lateral compaction 226–228, 247 –
leakage 246 –
master cone 232–233 –
mechanical objectives of Schilder  – 230
mixed dentition 363, 364 –
overextended root canal fi lling  – 233
overfi lling versus overextension 238 –
Schilder philosophy  – 230
substitute 250,  – 251
Thermafi l system 248–249 –
thermal profi le  – 236
tug back 233 –
underfi lling 238 –
vertical compaction 228, 229–239, 247 –

H
H fi les 94
halothane 292
healing

apicectomy 316–317 –
rate 376 –

HealOzone generator 212
heated vertical compaction technique 93
Hedström (H) fi les 76

endodontic retreatment 94 –
gutta-percha removal 292 –
root canal straight-line access 117 –
rotary movement 146 –

Heliapical 77
Helifi le 77
hemosiderin 33
host immune response 365
hydrogen peroxide

adverse effects 203 –
bleaching 347, 348, 349 –
canal orifi ce location 118 –
irrigation solution 196 –

hypochlorous acid 208–209

I
IMD 9X system 139
immune reaction/response 23, 365, 366

carious exposure of pulp  – 9
immune response mediators 367
immunoglobulins 15, 20
infections 26, 27

deciduous teeth 352, 353 –
extraradicular 275 –
focal infection theory 369, 370 –
odontogenic with cutaneous fi stula 33 –
root canal 370–371 –
root resorption 332 –
systemic disease 370–371 –
techniques for studying microbiota 29,  – 30
wound in surgical procedures 254 –
see also abscess; bacteria / bacterial infection
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infl ammation / infl ammatory reaction
acute 23 –
acute irreversible pulpitis 10 –
mineralization 121 –
periapical 11, 278 –
periradicular 278 –
pulpal 8, 31 –

infl ammatory disease 64, 285
infl ammatory mediators 367, 368
infraorbital nerve block anesthesia 60
injection syringe 62
innate cellular immune system 365
innate immune responses 366
instruments

cleaning  – 83
conventional 76–77 –
dental microscope use 128, 129 –
fractured  – 88–89, 95, 285
hybrid 77 –
removal of separated 296–297 –
sonic 85, 86,  – 141
staging platform creation  – 296, 297
ultrasonic 85, 86–89 –
see also nickel titanium (NiTi) instruments

interferon γ (IFN-γ) 365, 366
interleukin 1 (IL-1) 18, 23, 365, 366, 367, 368
interleukin 6 (IL-6) 368
interleukin 8 (IL-8) 368
interradicular radiolucency 36
intracanal dressings 218–219, 220
intracoronal barrier creation 256
Intra-Endo 3-LDSY system 139, 140
intraosseous anesthetic injection 62
intrapulpal anesthetic injection 62
IRM cement 312–313, 355
irrigation 195, 197

adverse effects 202–203 –
deciduous dentition 358 –
electrochemically activated water 208–209 –
glass-fi ber post insertion preparation 272 –
heat development 206, 207 –
mechanical 204–205 –
new systems 200–201 –
pressure-suction technique 204 –
pulpitis 189 –
root canal –

conditioning for post insertion 268 –
post removal 289 –
preparation 190 –

sonic/ultrasonically activated 198–199 –
irrigation needle, depth of penetration 197
irrigation solutions 84, 196–197

adverse effects 202–203 –
endodontic retreatment 94 –
heated  – 84, 197
photosensitive 210 –
see also chlorhexidine; EDTA; hydrogen 
peroxide; MTAD; sodium hypochlorite

Ivory rubber dam punch 100

K 
K drills (K reamer) 76
K fi les 76, 86, 115, 119, 128, 129
K3 fi le system 156–157
KaVo-ENDOfl ash system 141
Kerr Pulp Canal Sealer 235
K-Flex 77

L 
lasers 90–91

disinfection 200, 201 –
photosensitive disinfection solution  –
activation 210

LavEndo 83
Ledermix 218, 347
lidocaine 60
LightSpeed eXtra (LSX) 159
LightSpeed instruments 83, 158, 159

apical preparation 184 –
lipopolysaccharide 366
lipoprotein 366
local anesthesia 59–64

antioxidants 60 –
children 354 –
endodontic surgery 306 –
infi ltration 61 –
intrapulpal injection 62 –
nerve block  – 60, 61
side effects 62 –
superfi cial 61 –
technique 61–62 –
vasoconstrictors 60 –

local anesthetic solutions 59, 60
lymphocytes 18, 20
lysosomal enzymes 10, 13 6

M 
macrolides 64
macrophages 17, 20, 23, 365, 366
magnetic resonance imaging (MRI) 43, 46
Maillefer 77
major histocompatibility complex (MHC), 

class II molecules 23
mandible, four-handed technique 125
mandibular anesthesia 62
mandibular teeth

anterior 49 –
canine anatomy  – 49
dental microscope for treatment 125 –
incisor anatomy 49 –
molars 56–57, 58,  – 127

access cavity 113 –
pulp  – 2
pulp horns 57 –

pain referral 31 –
premolar anatomy 51 –

martensitic change 78
Masseram System 290
master apical fi le 180
matrix metalloproteinases (MMPs) 367
maxillary anesthesia 60, 62
maxillary sinusitis 36
maxillary teeth

anatomy 48 –
canine anatomy  – 48
dental microscope for treatment 125 –
incisors  – 48, 113
molars –

access cavity 113 –
access opening 53 –
anatomy 52, 53, 54–55,  – 126
root canal straight-line access  – 117

pain referral 31 –
premolars 50, 113 –
trauma 322 –

memory alloys 78
memory T cells 23
mental nerve, paresthesia in apical 

periodontitis 51
mepivacaine 60
methylene blue 118, 211, 311
microbiology 21–29, 30
microbubbles 85
microcannula 297
microleakage 255, 256, 257

see also coronal leakage

microscope see dental microscope
microsurgical procedures 89
mineral trioxide aggregate (MTA) 

cement 129, 314, 315, 325, 364
perforation repair 342,  – 343, 344–345

mineralized tissue deposits 121
mixed dentition 361–364
molar-incisor hypomineralization (MIH) 361
molars

congenitally missing  – 353
deciduous  – 351

contraindicated treatment 357 –
infection-elicited osteolysis 353 –
loss  – 352
pulpectomy 358–359 –

mixed dentition  – 361
see also mandibular teeth, molars; 
maxillary teeth, molars

MTA see mineral trioxide aggregate (MTA) 
cement

MTAD irrigation solution 196, 197
Mtwo system 160–161, 272
mucoperiosteal full-thickness fl ap 306, 308

N
nerve block 59, 60, 61
nervous system, neuronal plasticity 63
neutrophilic granulocytes 10, 13, 17, 20
nickel titanium (NiTi) alloys 78–83

crystal structure 147 –
fracture 146 –

nickel titanium (NiTi) fi les 45, 119
chip space 81, 82 –
cross-section 82–83 –
cutting edge 80, 81, 82 –
cutting effi ciency 79, 83 –
design 80–81 –
ISO standardization 83 –
retreatment 95 –
root canal access 117, 119 –
rotary  – 115
taper 81, 83 –
tips 80, 83 –

nickel titanium (NiTi) instruments 146–147
fracture 146 –
glass-fi ber post insertion 272 –
hybrid concept 177–186 –

apical preparation 182–185 –
curvature 186 –

power-driven 142–145 –
rotary 177–186 –
see also fi le systems

Nitinol 79
55-Nitinol 78
noninstrumentation technique of dis-

infection 200, 201, 214–215, 216–217

O 
Obtura pistol 236, 237
Obtura-II system 237, 247
Obtura-III gun 240, 243
occlusal analysis 34
odontoblastic processes 3, 5, 8, 37
odontoblasts 2, 3, 5, 6
odontoclastic cells, bone resorption 33
odontogenic infection, cutaneous fi stula 33
oral disease, systemic disease 

relationship 369, 370–371
orthodontic braces, rubber dam 

application 108
orthodontic treatment 321
osseous defect 282, 285

Sachwortverz_401_407.indd   404Sachwortverz_401_407.indd   404 12.08.2010   14:25:22 Uhr12.08.2010   14:25:22 Uhr

WWW.HIGHDENT.IR 

همیار دندانسازان و دندانپزشکان



405Index

osseous destruction 18
osseous regeneration 282
osteoclasts 23, 339
osteoprotegerin (OPG) 367
outcomes of endodontic treatment 

375–378, 379
ozone 200, 201, 212, 213

P
pain 31, 37, 63, 65, 66

following root canal instrumentation 74 –
irreversible pulpitis 68 –
Ledermix application 218 –
pulpal tissue necrosis 70 –

palatal swelling, acute apical periodontitis 72
palpation, tenderness to 34
paper points, temporary restoration 111
papilla base fl ap 307, 308, 317
papilla healing 307, 308
paraformaldehyde 67, 223
passive ultrasonic irrigation (PUI) 87
pastes

removal from root canal 293 –
sealers 223, 224–225 –

pathogen-associated molecular patterns 
(PAMPs) 365

pathogens 30, 365
see also bacteria / bacterial infection

patient information 32
penicillin V 64
percussion 31, 34, 335

tests  – 361
perforation 340–346

antibiotic treatment 343 –
apical migration of epithelial  –
attachment 340
calcium sulfate repair  – 345
classifi cation  – 340
complications 343 –
composite defi nitive restoration  – 345
composite seal  – 341
diagnosis 341 –
endodontic retreatment  – 284
fi xed bridge abutment  – 346
furcal area of multirooted teeth  – 344, 345
localizing  – 344
MTA repair 342,  – 343, 344–345
repair 340, 341, 342,  – 343, 344–345, 346
sodium hypochlorite penetration 343 –
subgingival  – 341
surgical management 346 –

periapical abscess 17, 19, 23, 34, 71
periapical actinomycosis 28
periapical lesions 279, 303
periapical radiolucency, persistence 275
periapical tissue, scarred healing 275
periodontal disease 36, 279

see also apical periodontitis
periodontal lesions, primary endodontic 

lesions 280
periodontal ligament 62, 339

necrosis 333 –
space 17 –
tooth avulsion 330, 331 –

periodontal pocket 338
perio-endo lesion, combined 279, 280
periradicular abscess 281
periradicular disease

immunopathogenesis 365–368 –
systemic infection association 370–371 –

periradicular infl ammation, persistence 278
periradicular tissue, endodontic diagnosis 31
Peruvian balsam 224

phagocytosis 10, 11, 15
phoenix abscess 71
photo-activated disinfection (PAD) 210–211
pluggers 231, 234, 241, 242, 243
polyketone sealer 224
polymerase chain reaction (PCR) 28, 29, 30
polymorphonuclear granulocytes 17, 18
Porphyromonas gingivalis 21
postendodontic therapy 260–263

retreatment 94–95, 275–298 –
root canal posts 260–274 –

preodontoblasts 3
Prevotella intermedia 21
ProFile system 162–163
prostaglandins 23
prosthetically treated teeth, rubber dam 

application 108
ProSystem GT fi les 164–165
ProTaper fi les 165, 166–169, 181, 182, 183

Universal 170–171 –
pseudoelasticity 78
pulp 2–6

anatomy 43–58 –
antigen presenting cells 23 –
caries penetration  – 14
carious exposure 9 –
connective tissue 5, 6 –
coronal 2, 4–5, 48, 68–69 –
devitalization 67 –
dislocation injuries 329 –
embryonic development 3 –
endodontic diagnosis 31 –
extirpation 65, 68, 69, 347 –
infl ammatory reaction 8, 31 –
intrapulpal hemorrhage 33, 347 –
local anesthetic injection 62 –
microabscesses 23 –
mineral deposits 121 –
necrosis 12–13,  – 16, 18, 23

diagnostic tests  – 34
dislocation injuries 329 –
emergency 70–71 –
mixed dentition 363 –
root canal disinfection 189 –
root fractures  – 328
tooth discoloration 347 –
obliteration  – 14
regenerative potential 362 –
root canal (radicular) 2, 6, 9, 69 –
traumatic exposure 324–325 –
vitality maintenance 362 –

pulp bur 112
pulp canal obliteration, root fractures 328
pulp capping 65, 90, 324, 362
pulp chamber 111, 112–113, 114, 115

hemorrhage  – 352, 360
mandibular teeth 49, 51 –
maxillary teeth 48, 50, 52, 53 –

pulp exposure, mixed dentition 361
pulp polyp 33
pulp stones 57, 115, 120, 121
pulp tests 35, 36
pulpal diagnosis 66
pulpectomy, deciduous dentition 358–359, 

360
pulpitis

aperta 9 –
deciduous dentition 358 –
differential diagnosis  – 36
Endox system irrigation 207 –
hyperplastic  – 33
irreversible 10–11,  – 34, 66, 68
irrigation 189 –

pathogenesis 23 –
reversible 8,  – 34

pulpoblasts 2
pulpocytes 5
pulpotomy 69, 356

deciduous dentition 355–357, 360 –
mixed dentition 362 –
partial 324–325 –

pyrexia of unknown origin 371

R
RaCe fi les 172–173
Racer system 139, 140
radicular cysts 20, 282
radiography 39–41

analog 40–41 –
conventional  – 44
deciduous dentition 353 –
diagnostic 38, 39–41, 304 –
digital sensor technology 40, 41 –
dose 39 –
endodontic retreatment 286 –
fi lm holders 39, 41 –
indications 40 –
intraoral periapical 40 –
quality 39 –
root canal orifi ces 58 –
working length determination 132–133 –

radiolucency 36, 275, 375, 376
Raschkow plexus 4
RealSeal sealer 225, 250
receptor activator of nuclear factor-κΒ ligand 

(RANKL) 367
rectangular fl ap 306
Resilon root canal fi lling material 121, 250, 251
resin composite adhesive 65, 110, 261
resorcinol-formaldehyde-acrylic base 293
resorption see root, resorption; 

tooth resorption
restoration

problems in endodontic retreatment  – 281
retention/removal 287 –
temporary 111 –

bacteria-tight 219,  – 220
Retroplast 314
rheumatoid arthritis 369, 370
RinsEndo system 200, 201, 204–205
root

development in mixed dentition 362 –
perforation ( – see perforation)
resection 301 –
resorption –

dislocation injuries 332 –
external 279, 332 –
external infl ammatory 333, 335, 336 –
infection-related 332 –

root canal 14–15, 16–17, 254
3D CT  – 45
access 287–291 –

straight-line 117 –
accessory in maxillary molars 53 –
anatomic variations 47,  – 247, 302

special cases 58 –
anatomy 43–58,  – 132
apical preparation 180 –
arborization  – 247
average diameter  – 47
backfi ll  – 126, 127
bacterial infection 14–15, 16–17, 254 –
blockage 194 –
cement removal 293 –
cleaning 87 –
cross sections  – 174
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debris  – 192, 194–195
dentin layer –

disinfection  – 91
removal 119 –
reparative 69 –

dilaceration  – 247
drying  – 84, 218, 235

post insertion 268 –
infl ammatory mediators 367 –
ledge formation prevention 199 –
length determination  – 89, 121
mandibular anterior teeth 49 –
mandibular molar 56–57 –
mandibular premolars 51 –
maxillary anterior teeth 48 –
maxillary molars 52, 54–55 –
accessory canals 53 –
maxillary premolars 50 –
microorganism invasion 254 –
mineral deposits 121 –
models  – 174
necrosis  – 14
obliteration 120–121 –

by reparative dentin 69 –
obturation 131,  – 159, 215, 216–217
orifi ces –

detection 116,  – 120
exposure 115 –
identifi cation 116 –
obliterated 118–119 –
widening 119 –

paste removal 293 –
preparation 180 –
pus discharge 73 –
reconstruction  – 190
reinfection  – 255
retreatment 94–95 –
shaping 87 –
shaping the body 181 –
smear layer 194–195 –

removal 255 –
straight-line access 117 –
taper 181, 182–183 –
transported  – 285, 298

root canal disinfection 87, 189–220
adverse effects 202–203 –
dentin layer  – 91
depot-phoresis  – 200, 201
effi cacy 197 –
goals 195 –
intracanal dressings 218–219,  – 220
lasers 91, 200, 201 –
limitations 190–191 –
new systems 200–201 –
noninstrumentation technique 200, 201,  –
214–215, 216–217
ozone 200, 201, 212,  – 213
photo-activated 210–211 –
possibilities 190–191 –
protocol 192–193 –
temporary coronal restoration 219,  – 220
vacuum pumps 200, 201 –
see also irrigation

root canal fi lling 121, 223–257
acute apical periodontitis  – 72
avulsion  – 331
cement coating 235 –
continuous wave technique 246 –
coronal seal/leakage 254–257 –
deciduous dentition 360 –
force 228 –
GuttaFlow sealer 225, 252–253 –
gutta-percha sealer 223, 224, 225 –

back-packing 237, 243 –
cone 232–233, 235, 241 –
continuous wave technique 246 –
down-packing 236, 242 –
lateral compaction 226–228, 247 –
leakage 246 –
master cone 232–233, 241, 244 –
overfi lling  – versus overextension 238
System B 240–247 –
Thermafi l system 248–249 –
underfi lling 238 –
vertical compaction 228, 229–239, 247 –

leakage 246, 254–257 –
mixed dentition 363 –
overextended  – 233
overfi lling  – versus overextension 238
paste 293 –
pluggers 231, 234 –
pulp necrosis  – 70, 71
RealSeal sealer 225,  – 250
reinstrumentation 89 –
Resilon  – 121, 250, 251
Schilder technique 229–239 –
shaping 229 –
System B 240–247 –
Thermafi l system 248–249 –
tooth discoloration 347,  – 348
underfi lling 238,  – 277

endodontic retreatment  – 285
wound infection 254 –
see also sealers

root canal instrumentation 139–220
apical fi nish 185 –
apical preparation 180, 182–185 –
bacteremia 27, 371 –
clutch 143 –
crown-down technique 70, 74, 153, 155 –

gutta-percha removal 292 –
NiTi instruments 178, 179 –
ProTaper fi les 168 –
taper lock 178 –

CT use 45 –
curvature 186 –
cyclic fatigue 146, 149 –
debris  – 192
ending 131 –
engine-driven systems 139–141 –
fi ber-reinforced post 267 –
fi le systems 145, 152–175 –
forces 148 –
fracture 142, 146–149,  – 148, 175
friction 148 –
intracanal dressings 218–219,  – 220
microfl ora elimination 189, 190 –
necrotic pulp 70 –
pain following 74 –
power-driven systems 142–145 –
pulpal tissue devitalization 67 –
pulpitis  – 66
rotation 146, 148, 149 –
single-length technique 179 –
size 133 –
stainless-steel 146–147 –
step-back technique 179 –
stoppers  – 132
taper 181, 182–183 –
taper lock 178 –
tissue remnants  – 191
torque 142, 148 –

control  – 143, 144, 148
load reduction 183 –

torque-control motors 144,  – 145
torque-limited 142–144,  – 145

torsion overloading 146 –
see also fi le systems; nickel titanium (NiTi) 
instruments

root canal posts 260–274
active screw-type 260 –
adhesive-retained fi ber-reinforced  –
composite 264–271

adhesive insertion 268–271 –
biologic width  – 266
light transmission  – 264
positioning 270–271 –
post space creation 266–267 –
preparation 266–267 –
retreatment 291 –
systems  – 264

cementing 260, 267 –
ceramic  – 264, 265
composite  – 264, 265
coronal build-up 261 –
custom-cast and core build-up 262 –
dowel-lock method 263 –
glass-fi ber –

clinical methods 272–274 –
lateral compaction technique 273–274 –
positioning 270–271 –
prefabricated  – 269

indirect procedure 267 –
materials  – 264, 265
passive tapered 260 –
post surface conditioning 269 –
post-retained build-ups 267 –
prefabricated –

glass-fi ber 269 –
titanium  – 261

radiopacity  – 265
removal  – 265, 288–291
root canal conditioning 268–269 –
tapered 260 –
temporary restoration cementation 267 –
tooth fracture risk  – 281
two or more-piece post-and-core  –
build-ups 263
zirconium silicate 291 –

root canal treatment 69, 70–71, 99–135
access cavity preparation 109–121 –
apical correction  – 126
bacteremia 371 –
crown-root fracture 326,  – 327
dental microscope 123–130 –
failure  – 191
multiple appointment 373–374 –
replacement resorption prevention  – 339
retreatment 193 –

no retreatment indicated  – 277
nonsurgical 377 –
surgical 378,  – 379

rubber dam 99–108 –
single appointment 373–374 –
timing 278 –
working length determination 131–136 –

rotation 146, 148, 149
Roto Pro burs, root canal post removal 290
RSA RoekoSeal Automix 225
rubber dam 99–108

application 103–107 –
bow technique 103 –
clamp fi rst 107 –
rubber dam sheet fi rst 106 –
special cases 108 –
wing technique 104–105 –

artifi cial latex 100 –
coronal leakage avoidance 256 –
extraoral frames 102 –
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healing rate 376 –
hole making 100 –
latex-free 100 –
pediatric use  – 354, 356
pretreatment preparation 102 –
pulpotomy 356 –
slit technique  – 354

rubber dam clamps 101
rubber dam forceps 102
rubber dam tray 102
Ruddle Post Removal System 290
Russian pastes 293

S
S fi les 77
saline solution electrolysis 208, 209
S-Apex fi les 172–173
Schilder pluggers 231, 234
Schilder puffs 238
Schilder technique of root canal fi lling 

229–239
2Seal paste 224
Sealapex sealer 224
sealers 223–225

corticosteroid-containing 223 –
eugenol 269 –
invasive cervical resorption 337 –
leakage avoidance 256 –
paraformaldehyde-containing 223 –
pastes 223, 224–225 –
retrograde fi lling in surgery 312–315 –
spreaders 226–227 –

semiconductor sensor 41
semilunar fl ap 308
sensibility tests 361
shaping 229
shear stress 85
silicone sealer 225
silver points 133, 294
single-length technique 179
sinus tract 33, 346
Sirona diode laser 90
SIRONiTi APEX handpiece 145
SIRONiTi handpiece 142, 143
smear layer 194–195
sodium disulfi de 60
sodium hydroxide 209
sodium hypochlorite

acceleration by ozone 212 –
adverse effects 202–203 –
canal orifi ce location 118 –
heated 197 –
irrigation solution 84, 190,  – 195, 196, 358
noninstrumentation technique 214 –
passive ultrasonic irrigation 87 –
pulp chamber irrigation  – 115
RinsEndo system 200,  – 201
tissue penetration through perforation 343 –
ultrasonically activated irrigation  – 199

sodium perborate 348, 349
sonic activated irrigation 198–199
sonic root canal instruments 85, 86, 141
sonic toothbrush 87
sonic treatments 85–86

see also ultrasonic entries
splints 328, 329, 331, 339
stainless steel, crystal structure 147
stainless-steel instrument fracture 146
stepback technique 179
Sterilox generator 208
stoppers 132
Streptococcus haemolyticus 371
stromal cells 366

Stropko irrigator 235, 289
submandibular abscess 33
submarginal fl ap 306, 317
subodontoblastic layer 2, 4
SuperEBA 312–313, 314
surgery see endodontic surgery
suturing, apicectomy 316, 317 
symbiotic relationships 15
System B / Obtura root canal fi lling 240–247

backfi lling 240 –
back-packing 243 –
cone fi t 241 –
down-packing 242 –
heat source 240 –
master cone 241, 244 –

systemic health 369–373

T
TACT (tuned aperture CT) 44
taper lock 178 
techniques for studying 29, 30
test procedures 29
tetracycline 332
T-helper cells 18, 365
Thermafi l (TF) system 248–249, 295
tiger clamps 101
titanium nitride coating 79, 153
titanium posts 261, 263
Toll-like receptors (TLRs) 365
tooth

bleaching of discolored 347–350 –
healthy hard structure for restoration  –
placement 256
mobility 34, 352 –
retention rate 376 –
saving 279 –
see also fractured teeth; fractures

tooth buds 3
tooth mobility tests 352
tooth resorption 333–339

avulsion 333 –
classifi cation 333 –
deciduous teeth  – 353, 357
diagnosis 334–335 –
external 333, 363 –
internal 333, 334, 336 –
invasive cervical 333, 334, 337–338 –
replacement 333, 335, 339 –
root perforations 340 –
see also root, resorption

torque 142, 148
torsion

overloading 146 –
resistance 148 –

Touch’n Heat device 231
transient apical breakdown 361
transillumination 34
trauma 321–332

avulsion 330–331 –
children 321, 322 –
composite resin build-up  – 325
crown fracture –

with pulpal involvement 324–325 –
without pulpal involvement 323 –

crown-root fractures 326–327 –
deciduous dentition  – 359
dislocation injuries 322, 329 –
maxillary teeth 322 –
mixed dentition  – 361
orthodontic treatment 321 –
prognosis 321 –
pulp exposure 324–325 –
pulp tests 35 –

root fractures 328 –
WHO classifi cation 322 –

triangular fl ap 306
trichloroacetic acid, invasive cervical 

resorption treatment 337, 338
tumor necrosis factor α (TNF-α) 365, 366, 367, 

368
Turner tooth 352, 357

U
ultrasonic activation, AquatineEC Endodontic 

Cleanser 209
ultrasonic fi les 88, 94, 311
ultrasonic root canal instruments 141
ultrasonic systems 85, 86–89

retrograde preparation for surgery 311 –
root canal post removal  – 289
root canal retreatment  – 94

ultrasonic tips 87, 129
ultrasonically activated irrigation 198–199, 

272
Unifi les 77

V
vacuum pumps, disinfection 200, 201, 215
vasoconstrictors 60
virulence factors 366

W
walking bleach technique 347, 348–349, 350
watch winding and pull technique 180
working length determination 131–136

deciduous dentition 358, 359 –
electronic method 134–135 –
measured value transfer 136 –
radiographic measurement 132–133 –
tactile determination 134 –

World Health Organization (WHO)
analgesic ladder  – 63
classifi cation of dental trauma 322 –

wound closure, surgical 316–317, 356
wound infection, surgical procedures 254

X
xylol 224

Z
zinc oxide eugenol cement 65, 66, 312–313

pulpectomy  – 358
pulpotomy  – 355
sealer 224 –
treatment failure in deciduous teeth  – 357

zinc oxide phosphate cement 260, 261
zirconium silicate posts 291
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