
19

Chapter 1

Introduction

The manipulations necessary for endodontic

treatment are delicate and meticulous yet however

skilfully and conscientiously these are carried out

they are always accompanied by the risk of causing

minor or even major health damage due to so-cal-

led “iatrogenic errors”. The sequence of in-

terdependent steps characteristic of an endodontic

treatment may be interrupted, or even fail, at any

time or stage of the process due to iatrogenic

error. These procedural errors, may in mild cases,

merely complicate conservative root canal treat-

ment or simply affect its prognosis, imposing the

necessity for periodic clinical and radiographic fol-

low-up examinations (Fig 1.1, 1.2 and 1.3). In more

serious cases, however, such damage may eventu-

ally lead to surgical endodontics (Fig 1.4) or even

to tooth extraction.

Iatrogenic errors during endodontic treatment

usually affect dental and / or periodontal tissues.

In some cases, however, they may implicate organs

quite remote from the oral cavity such as in accidents

involving swallowing or inhaling an instrument or in

cases of emphysema. Some of these errors occur re-

latively frequently and they will be described in the

Fig. 1.1. Several iatrogenic errors.
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Fig. 1.2. Unfilled-incompletely filled canals and extrusion of filling material into the periapical region.

Fig. 1.3. Mettalic foreign object into root canal. Separated spreader (a). Immediate post-obturation radiograph (b).
Fragment was bypassed. Note extrusion of guttapercha cone into the periapical area.



text with special emphasis on their commonest ca-

uses, diagnosis, treatment, influence on prognosis,

and finally their prevention. The structure of this

book, as in most clinically oriented endodontic lit-

erature, follows the principle that endodontic

therapy is a standardised and predetermined step-

by-step procedure. It is necessary, however, prior

to the main description, to outline the basic steps

of endodontic treatment in relation to the most

frequent risk factors that may be present at each

stage. For this purpose, the standard endodontic

process is presented in an outline which associates

each stage of treatment with the commonest risk

factors. The main concept is to promote the idea

that “each step of the endodontic procedure is equally

vulnerable and susceptible to iatrogenic error”.

Uncommon errors are also occasionally presented

(Fig 1.5) In order to emphasise the truth of the state-

ment, each endodontic stage is treated as a distinct

“dental act” and the potential or commonest risk

factors in each of them are described (Tables 1.1 and

1.2). 

For the purposes of this presentation, the principal

steps of endodontic treatment are defined as follows:

• Tooth isolation

• Access  cavity preparation  

• Working length  determination

• Root canal instrumentation

• Root canal disinfection

• Temporary sealing of the access cavity

• Root canal obturation

A safe aseptic technique, apart from using ste-

rilised instruments, also requires tooth isolation
from the oral environment. The only safe method

to this end is the use of a rubber dam. The place-

ment of a rubber dam, however, entails the risk of

causing iatrogenic damage (Tables 1.1 and 1.2), a

risk that increases when the tooth under therapy is

covered by a crown or it is part of a cantilever brid-

ge. However, this potential risk certainly does not

imply limited use of the rubber dam since its many
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Fig. 1.4. Surgical treatment of iatrogenic error. Perforated area (a) was sealed with injection of thermoplasticized gutta-
percha (b).

Fig. 1.5. Chemical injury. On completing the treatment, after the removal of the rubber dam, the dentist aligned the patient’s
face with fingers that had previously squeezed the cotton pellet soaked in antiseptic (courtesy of Arapostathis K).



advantages are well established and its application
should be considered practically mandatory. 

Access cavity preparation aims at giving direct
access to the pulp chamber and root canals. The shape
of the access cavity should be specifically designed
for each tooth, since it has to be adjusted accordingly to
each particular case. The shape of the pulp chamber,
the number and location of canal orifices, the
number and direction of root canals, as well as,
individualities, including anomalies of the internal
anatomy of the tooth should all be carefully
considered in order to achieve the optimum configu-
ration. On the other hand, aesthetic considerations,
as well as the principle of limiting dental tissue loss
only to what is absolutely necessary, should not be
neglected. Modifications and adjustments of the so-
called typical access cavity may be considered neces-
sary since the objectives of access preparation are:

• Easy identification of the orifices of the root

canals.

• Direct and unrestricted access of instruments

to the apex.

• Creation of an appropriate shape and space for

the temporary seal.

• Easy insertion of the filling  materials and of

the instruments utilised for  the root canal ob-

turation.

The crucial role of access cavity preparation is

evident since, following diagnosis, it is the first stage

of root canal treatment. An iatrogenic error at this

stage regarding the position, shape, depth or extent

of the cavity may determine the entire outcome of

the treatment since it may lead on to additional ia-

trogenic errors, a kind of domino effect.

Upon completion of the access cavity preparation

and before proceeding to root canal instrumentation,

it is important to determine the working length. The

accurate and precise determination of the root canal

length is a key factor in the success of endodontic

treatment. It is of paramount importance since it

forms the basis of safe and successful instru-

mentation and obturation. Several methods have be-

en proposed and used3,4,15. Some are either very time

consuming or require the use of mathematical equa-

tions6,38. Others depend on the experience of the

practitioner and on his tactile ability to feel the apical

constriction through the endodontic instruments.

This ability is enhanced when the coronal and middle

third of the canal have been already instrumented.

Finally, other length determination methods require

the use of electronic devices. In order to characterise

a method of length determination as satisfactory, it

has to be accurate, easy-to-use, fast, and repeatable

(see: Length determination methods. In: Chapter 8.

Erroneous length instrumentation). A false length

determination may lead to instrumentation short of

or beyond the apical foramen, which will inevitably

lead to iatrogenic damage (Tables 1.1 and 1.2). 

The objectives of root canal instrumentation
have been summarised in the expression “cleaning

and shaping”, introduced by Schilder47. In this con-

text, cleaning refers to the removal of all the con-

tents of the root canal system before and during

shaping. Shaping refers to the specific cavity form of

the root canal that facilitates a complete obturation.

To ensure appropriate biomechanical pre-

paration and to limit the risk of iatrogenic errors,

some basic principles have to be respected:

• Root canal instrumentation must always be per-

formed under conditions of tooth isolation.

• All instruments used  in the canals must be

sterilised.

• Endodontic instruments should come from the

same manufacturing company and be of the sa-

me design. Despite all standardisation efforts,

even instruments with the same ISO number

may differ in diameter and shape, depending

on the manufacturer13,36.

• The access cavity must allow free and uninhibi-

ted penetration of the instruments into the root

canals all the way to the apical foramen.

• Root canals must always be instrumented in a

wet environment.

• Curved root canals should be instrumented u-

sing pre-curved instruments. This does not app-

ly to Ni-Ti instruments.

• The narrowest cross-sectional diameter of the

prepared root canal should be at its terminus

(the only exceptions being cases with internal

resorption or with unusual bulges in their shape).

• The apical foramen should remain intact.

The established sequence and, hence, interde-

pendence of the stages in root canal treatment un-

derline the importance of canal instrumentation.

The latter has been repeatedly characterised in the

literature as the most important step in endodontic

therapy since, in simple words, there is no way to

achieve a sterile, hermetic obturation if the root

canal has not been appropriately prepared. Simi-

larly, root canal instrumentation cannot be consi-
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dered separately from endodontic access cavity

preparation and may lead to minor corrections in

cavity design. Nevertheless, access cavity preparati-

on may be regarded as an easier-to-perform task

since there is usually direct and immediate vision

of the working field. It is rather easy, therefore, to

modify and adjust the entry cavity shape during the

process to fit the particular situation. This is not

the case with canal instrumentation where impo-

rtant parameters, such as, the direction and shape

of the canal, can only be assessed radiographically

or by sensing after initiation of the instrumentati-

on, and even then with limited accuracy. Indeed,

root canal instrumentation is the “first among

equals” of the important stages and definitely the

most time-consuming stage of root canal treat-

ment. Imperfections in obturation of perfectly pre-

pared canals are biologically acceptable, while in-

sufficient instrumentation of a contaminated root

canal facilitates the development of periapical lesi-

ons. In the process of instrumentation a number of

risk factors are involved that subsequently could

lead to serious damage (Tables 1.1. and 1.2.).

It is generally accepted that meticulous istrumenta-

tion under heavy irrigation with NaOCl  drastically re-

duces bacteria in the root canals. Despite restrictions

on its use, mainly due to its toxic effects on soft tissues

and its failure to penetrate root canal abnorma-

lities43,49, NaOCl remains the most widely advocated

irrigant44. It can eliminate all micro-organisms in the

root canal system including spore-forming bacteria and

viruses, maintaining its microbicidal effect even in dilu-

ted concentrations7,20,21,25,52. In this respect, the role of

antiseptics is quite limited. There is no antiseptic in any

quantity that can possibly substitute for instrumentati-

on or “correct” its inadequacies and shortcomings. Irri-

gation related risks are mostly due to irrigant’s: in-

advertent extrusion into periapical tissues,  to leakage

to adjacent or even distant tissues, to allergic reactions

or finally due to their increased concentration in the

environment.

The main cause of persistent root canal infection

is incomplete removal of the bacterial substrate.

The use of potent antiseptics, therefore, would have

very limited results as long as pulp tissue residuals

remain as a substrate for micro-organisms. For this

reason, it is recommended that antiseptics be used

with caution during root canal treatment39. Actual-

ly, potent caustic solutions are not indicated becau-

se they are more harmful than useful, frequently

causing periapical inflammation. The preferred so-

lutions must create aseptic conditions in the root ca-

nal system and exercise the least possible inflamma-

tory action. The irritative action depends on the ty-

pe and quantity of the antiseptic, the way it has be-

en used, the size of the apical foramen and the type

of the temporary sealing material.

Antiseptics are also commonly used in endodon-

tics in order to relieve interappointment pain in the

course of endodontic therapy. It has been shown, ho-

wever, that no antiseptic, eugenol and cresatin inclu-

ded, gives better results in alleviating pain than a dry

cotton pellet placed in the pulp chamber21,32.

Despite the controversy and although the

prevailing view suggests a limited role for antibac-

terial agents, their use in modern endodontics is

still widespread, dictated by clinical conditions in

everyday practice.

• There is always some degree of clinical uncer-

tainty as to whether all debris and bacteria have

been removed from the root canal system.

• After instrumentation, there may be bacteria

still remaining deep inside dentinal tubules con-

stituting an important reservoir from which root

canal infection or reinfection may occur 40. The-

se bacteria can grow in the empty root canal if

no intracanal medicament is used between appo-

intments9,10.

• Antibacterial agents act as a barrier against ex-

ternal re-infection due to incorrect placement

of the temporary sealing material17.

• They may have some microbicidal effect on the

bacteria of the lateral root canals. The ability of

contaminated material in lateral canals to recon-

taminate a thoroughly instrumented root canal

has not been experimentally proven. Similarly,

the ability of antiseptics to eliminate bacteria in

lateral canals can only be speculated on. The use

of antibacterial agents in canals with vital pulp is

mostly dictated by their known action against ex-

ternal re-infection.

Finally, it is important to remember that, when

antiseptics are used39:

• They may act as antigens.

• They may act as inflammatory agents on the api-

cal tissues.

• They may penetrate into the blood circulation. 

In conclusion, antimicrobial agents may contribu-
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TABLE  1.1.

Dental procedure and  related risk factor
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Dental procedure Risk factor involved

Isolation Allergic reactions to the rubber dam

Trauma of dental and periodontal tissues

Access cavity preparation Malpositioned, inadequate or overextended access cavity

Incomplete instrumentation

Inadequate obturation

Crown perforation

Root perforation

Tooth discoloration

Fractured instruments

Ledge formation

Working length determination Incomplete instrumentation

Foramen perforation

Aspiration or swallowing of  instruments

Extrusion of filling material

Acute apical periodontitis

Ledge formation

Canal blockage

Underfilling of root canal

Root canal instrumentation Incomplete instrumentation

Root perforation

Foramen perforation

Aspiration or swallowing of  instruments

Emphysema

Vertical root fracture

Fractured  instrument

Acute apical periodontitis

Clepsydra-like preparation

Ledge formation

Canal blockage

Root canal disinfection Tooth discoloration

Emphysema

Acute apical periodontitis

Irritation of mucosa due to antiseptic leakage

Temporary seal Acute apical periodontitis

Irritation of mucosa due to antiseptic leakage

Root canal obturation Incomplete obturation

Tooth discoloration

Emphysema

Vertical fracture

Acute apical periodontitis

Underfilling

Overfilling
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Risk factor Dental procedure

Acute apical periodontitis Working length determination
Root canal instrumentation
Root canal disinfection
Temporary seal
Root canal obturation

Allergy to rubber dam Isolation

Aspiration or swallowing of instruments Working length determination
Root canal instrumentation

Canal blockage Root canal instrumentation

working length determination

Clepsydra like preparation Working length determination
Root canal instrumentation

Crown perforation Access cavity preparation

Discoloration of the tooth Access cavity preparation
Root canal disinfection
Root canal obturation

Emphysema Root canal irrigation
Root canal instrumentation
Root canal obturation

Erroneous assessment of the extent of the Root canal instrumentation
instrumentation

Fractured instrument Access cavity preparation
Root canal instrumentation

Incomplete obturation Access cavity preparation
Root canal instrumentation
Root canal obturation

Incomplete instrumentation Access cavity preparation
Working length determination
Root canal instrumentation

Instrumentation short of the apex Working length determination
Root canal instrumentation
Access cavity preparation

Irritation of mucosa by antiseptic leakage Root canal disinfection
Temporary seal

Malpositioned, inadequate or overextended cavity  access Access cavity preparation

Overfilling Working length determination
Root canal obturation

Root perforation Access cavity preparation
Root canal instrumentation

Trauma of dental and periodontal tissues Isolation

Underfilling Working length determination
Root canal obturation

Vertical root fracture Root canal instrumentation
Root canal obturation

TABLE  1.2.

Risk factor and the dental procedure  where it may arise



te to eradicating residual root canal micro-organisms

after completion of the instrumentation and to li-

miting or reducing the risk of re-infection due to

improper temporary sealing. Their careful and frugal

use, therefore, is recommended with the caveat

that irritation or any other form of adverse effect

should be avoided in order to minimise the risk of

iatrogenic damage during root canal disinfection

(Tables 1.1. and 1.2.).

Calcium hydroxide is the recommended and most

widely used antibacterial agent in modern endodon-

tics. Although the mechanisms of its antimicrobial ac-
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Fig. 1.6. Diagnostic error. The dentist based on the periapical radiograph(a) and skipping vitality tests started access cavity
preraration of the maxillary right lateral incisor. When the patient reacted he referred him for apicoectomy!!! On a second
oblique view of the area (b) the causative tooth was identified and the central incisor was treated (c). Six year recall
examination revealed complete osseous healing and preservation of vitality of the lateral incisor (d).



tivity are not well understood50, as a disinfectant it rates

higher than most chemical antimicrobial agents because:

• It has been shown that calcium hydroxide in the root

canal for 7 days results in eradication of all bacte-

ria remaining after instumentation51.

• It has been found to be particularly effective against

some bacteria related to intense cinical symptoms,

such as B. melaningenicus, and P. pigmentalis16.

However in some infections calcium hydroxide

may not be the optimal root canal medicament,

enterococci and yeasts have both been shown to

tolerate an alkaline environment56,57.

• Its antimicrobial action can last for weeks9.

• It disolves necrotic residual tissues23

• Its action is so effective that infected root canals

properly instrumented under copious NaOCI irri-

gation and dressed with calcium hydroxide, can be

obturated in the second session 8,9,11.

Calcium hydroxide removal prior to final obturati-

on is routinely accomplished by mechanical and che-

mical cleansing. In an in vitro study on the efficiency

of removal of calcium hydroxide dressing from the

root canal by mechanical and chemical means (en-

dodontic files, NaOCl, chelating agent, normal saline)

no method was found efficient in removing the entire

dressing, leaving a considerable amount covering the

canal walls31. Residual calcium hydroxide left intraca-

nally has been shown to interact with zinc oxide eugenol

based sealers compensating ZnO-eugenol chelate for-

mation by forming calcium eugenolate35; additionally

it might aggravate apical microleakage jeopardising

the outcome of the treatment. 

Endodontic treatment is usually performed over

more than one session. Temporary seal of the access
cavity is, therefore, necessary in order to protect the

pulp cavity between appointments. It prevents the

antiseptic from leaking into the oral cavity, a possible

cause of mucosal irritation, and prevents saliva from

entering into the pulp cavity, a common cause of

contamination and infection of the root canal. Sever-

al temporary filling materials, such as gutta-percha,

zinc oxide with eugenol, zinc-phosphate cement,

I.R.M., Cavit-G, Caviton and others, have been tho-

roughly studied by many researchers under different

conditions1,2,5,14,19,27,29,34,37,41,42,45,53,58. The only is-

sue on which researchers unanimously agree, is that

no material among those currently used can meet all

requirements of an ideal temporary filling mater-

ial1,2,5,34,45,53. Discrepancies in literature findings, es-

pecially regarding particular properties of temporary

filling materials, may be easily explained since they can

be attributed to the different experimental designs,
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Fig. 1.7.  Δreatment planning errors. It is nearly impossible to rationalize all these root canal treatments performed in a
period of two months on this 28 year old lady, who according to her dental history visited her dentist for prosthetic restoration
of a missing maxillary premolar. It  is also interesting to note that in the year 1999 silver cones were used as a filling material.



1. Anderson RW, Powell BJ, Pashley DH. Microleakage

of three temporary endodontic restorations. J En-

dod 1988; 14: 497.

2. Anderson RW, Powell BJ, Pashley DH. Microleakage

of IRM used to restore endodontic access prepa-

rations. Endod Dent Traumatol 1990; 6: 137.

3. Best EJ, Gervasio WR, Sowle JT, Winter KL, Gurney BF.
A new method of tooth length determination for

endodontic practice. Dent Digest 1960; 66: 450.

4. Bregman RC. A mathematical method of determining

methods, and conditions adopted depending on the

protocol of each study. Clearly, several independent

variables, such as temperature19,41, mastication

forces34, contact with antiseptics5,45,58, time31, and

many more have an impact on temporary filling ma-

terial properties and their sealing ability. For example,

the sealing capacity of IRM can be reduced dramati-

cally by increasing the powder to liquid ratio required

for the preparation of the obturating mixture2.

Access cavity sealing, although a relatively simple

procedure compared to the delicate manipulations

required for instrumentation and root canal obtu-

ration may also cause iatrogenic errors. Its apparent

simplicity may be deceptive for the overconfident prac-

titioner since, if the temporary seal is not properly ef-

fected especially in relation to the oposing and adja-

cent teeth, it leads to iatrogenic damage with severe

consequences and intense symptomatology (Tables 1.1

and 1.2).

Proper temporary seal of the access cavity is

important even after the completion of root canal

treatment. Coronal microleakage can adversely

affect the long-term prognosis of the therapy46.

Studies have shown that exposure of the coronal

part of obturated canals to oral fluids may result in

recontamination of the root canal18,24,54. Among

the variables which affect coronal microleakage

are the type of sealer and the obturation technique

employed33, the presence of smear layer12, and the

presence of post space preparation18,28.

The final stage of endodontic treatment is the

obturation of root canals with a volumetrically

stable biocompatible material. A variety of mate-

rials have been used for this purpose. Gutta-per-

cha however, remains the dominant filling materi-

al in modern endodontics. Regarding obturation

techniques, several have been used, lateral com-

paction* being the most commonly employed.

The most popular types of sealers are based on

zinc oxide and eugenol (Grossman’s sealer, Kerr

sealer, Procosol, Tubliseal, Roth). Epoxy resin

(AH-26), polyvinil resin (Diaket), calcium hydro-

xide sealers (CRCS, Sealapex, Apexit), plastic

containing cements (Endofill, Hydron- Endose-

al), glass ionomer cements (Fuji I, Keatac-Endo,

Endion) and silicon (RSA Roeko seal) are some

of the eugenol-free sealers.

Risks during root canal obturation (Tables 1.1

and 1.2) usually relate to the level of the obturation

in relation to the radiographic terminus of the canal

(underfilled, overfilled, underextended, over-

extended obturation of root canal), or the “quality”

of the obturation (incomplete obturation). They

may also implicate the force exercised upon the

spreader / plugger during lateral and / or vertical com-

paction (vertical fractures) and, finally, the coronal

overextension of the filling material in the pulp

chamber (tooth discoloration).
Diagnostic errors resulting in treatment of the

wrong tooth (Fig 1.6) as well as errors in treatment

planning (Fig 1.7) are not included in this text.

28 RISK MANAGEMENT IN RCT

* The fifth edition of the Glossary - Contemporary Terminology for Endodontics by the American Association of

Endodontists  emphasises the use of the word compaction instead of the previously used condensation. This word is used

throughout this book.
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