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observed in some teeth that were apparently 

well treated. Post-treatment disease has been 

reported to occur in 5-15% of teeth with 

pre-operative apical periodontitis even when 

treatment has followed proper standards.2,6–8

The cause of post-treatment disease is 

essentially bacterial infection. This can be 

a persistent or secondary intraradicular 

infection, but in some cases it may be an 

extraradicular infection. Non-microbial 

factors have also been suggested as a 

potential cause of post-treatment disease,9 

but evidence is relatively weak as it comes 

from a few case reports.

Teeth with post-treatment apical 

periodontitis can be managed by either 

nonsurgical endodontic retreatment or 

periradicular surgery; both of which have 

high chances of restoring health of the 

periradicular tissues and maintaining the 

tooth functional in the oral cavity. This 

review article deals with the aetiological 

factors of post-treatment apical periodontitis 

and discusses the indications and basics of 

the procedures for clinical management of 

this condition.

CAUSES OF POST-TREATMENT 
APICAL PERIODONTITIS

Microbial cause –  
intraradicular infection

Post-treatment apical periodontitis is 

certainly a microbiological problem, because 

infection is present in virtually all cases 

associated with this condition, even in 

INTRODUCTION

The main objectives of endodontic treatment 

are to prevent or treat apical periodontitis 

so that the tooth can be retained in the oral 

cavity in healthy conditions. The occurrence 

of signs and/or symptoms of disease in 

association with root canal-treated teeth 

means that apical periodontitis (disease) is 

present. This is often referred to as post-

treatment apical periodontitis, which can be 

categorised as emergent (if developed after 

treatment), persistent (if persisted despite 

treatment), or recurrent (if developed after 

having healed).1 These are the same diseases 

as the primary apical periodontitis associated 

with untreated canals; the difference is the 

root canal conditions.

Post-treatment apical periodontitis is 

usually observed after endodontic treatments 

that have not followed acceptable standards 

for prevention and control of the root canal 

infection.2–5 In these cases it is not dif�cult 

to realise the cause of disease: persistent or 

secondary root canal infection resulting from 

inadequate treatment. Nevertheless, post-

treatment apical periodontitis can also be 

Endodontic treatment failure is usually characterised by the presence of post-treatment apical periodontitis, which may 

be persistent, emergent or recurrent. The major aetiology of post-treatment disease is persistent intraradicular infection, 

but in some cases a secondary intraradicular infection due to coronal leakage or an extraradicular infection may be the 

cause of failure. Understanding the causes of endodontic treatment failure is of paramount importance for the proper 

management of this condition. Teeth with post-treatment apical periodontitis can be managed by either nonsurgical 

endodontic retreatment or periradicular surgery, both of which have very high chances of restoring the health of the 

periradicular tissues and maintaining the tooth function in the oral cavity. This review article focuses on the aetiological 

factors of post-treatment apical periodontitis and discusses the indications and basics of the procedures for optimal 

clinical management of this condition.

teeth with apparently adequate root canal 

treatments. Infection is usually located 

within the root canal system (intraradicular 

infection), but in a few cases it may extend 

to the periradicular tissues (extraradicular 

infection). Depending on the time bacteria 

gained entry into the root canal, the 

intraradicular infection can be persistent 

or secondary. Persistent infection is caused 

by bacteria present at the time of the �rst 

treatment, which were not successfully 

eliminated or controlled. Persistent infection 

is the main cause of persistent post-

treatment apical periodontitis.10 Secondary 

infection is caused by bacteria not present 

in the canal before treatment but introduced 

in the canal following a breach in the aseptic 

conditions during treatment or a failure in 

the coronal seal after treatment conclusion. 

Secondary infection is possibly the main 

cause of emergent and even of recurrent 

disease, although persistent infections can 

also contribute to the latter.11

Post-treatment disease has been 

demonstrated to be highly associated with 

intraradicular infection by studies using 

microscopy,12–14 culture15,16 or molecular 

methods.17–19 Bacteria resisting the effects of 

treatment and causing persistent periradicular 

in�ammation are usually located in areas of 

dif�cult access to instruments and irrigants, 

and often in direct contact with a source 

of nutrients from the periradicular tissues. 

Areas of bacterial persistence include the 

very apical part of the root canal, lateral 

canals, apical rami�cations, isthmuses and 
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• Identify the possible causes of post-
treatment apical periodontitis and 
approach these cases accordingly.

• Recognise the alternatives for 
management of teeth with post-
treatment apical periodontitis.

• Understand the technical dif�culties in 
performing retreatment
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dentinal tubules.11,12,14,20–22 Bacterial bio�lms 

are commonly seen in most of these areas.13

The outcome of treatment has been shown 

to be negatively affected when bacteria 

persist in the root canals at the time of 

�lling.23,24 This indicates that residual bacteria 

can survive in treated canals for many years 

and induce or sustain periradicular tissue 

in�ammation. Actually, there are strong 

reasons to believe that persistent rather than 

secondary infections are the most common 

cause of post-treatment disease. In other 

words, contrary to the assumption that 

coronal leakage (secondary infection) plays 

a major role in treatment failure, evidence 

is mounting that post-treatment disease is 

mostly caused by bacteria that persisted 

in the root canal system after the initial 

treatment. This is based on the following 

findings: a) biopsy specimens of teeth 

with post-treatment disease usually reveal 

a bacterial infection located at the apical 

third of the canal, but not extending along 

the entire length of the canal walls (which 

would be suggestive of coronal leakage, 

that is, secondary infection);14 b) positive 

cultures of root canal samples taken at the 

time of �lling project a poor outcome – this 

indicates a persistent infectious problem;24 

c) the incidence of post-treatment disease 

is higher in teeth with pre-operative 

apical periodontitis than in teeth with no 

lesion – should secondary infection due to 

coronal leakage be the most signi�cant cause 

of post-treatment disease, the failure rates 

for the treatment of vital and necrotic teeth 

would be the same – and they are not.2,5,6,8,25

The fact that persistent infections are 

the major cause of post-treatment apical 

periodontitis does not preclude secondary 

infections due to coronal leakage from being 

responsible for poor outcome in some cases. 

A good example is emergent disease, like 

the one developing in teeth that were vital 

at the time of treatment but developed an 

apical periodontitis lesion in the period 

following conclusion of treatment. Because 

cross-sectional studies indicate that the best 

outcome is achieved in teeth with adequate 

root canal �llings associated with adequate 

coronal restorations,3,4,26 it is advisable to 

treat the tooth as a continuum, placing a 

well-adapted permanent coronal restoration 

as soon as possible after �nishing root canal 

treatment.

Microbial cause –  
extraradicular infection

Apical periodontitis is basically 

characterised by an in�ammatory response 

to intraradicular infection and represents an 

attempt of the host to prevent the spread 

of the infection to the alveolar bone and 

other body sites. In most situations, this 

in�ammatory barrier succeeds in con�ning 

the infectious process to the canal, but there 

are certain circumstances in which bacteria 

may overcome this barrier and establish 

an infection beyond the boundaries of the 

apical foramen. Extraradicular infections are 

usually associated with acute in�ammation, 

clinically characterised by an abscess with 

accompanying pain and swelling, or a sinus 

tract. However, it has been suggested that in 

some cases an extraradicular infection may 

be associated with chronic in�ammation 

and lead to endodontic treatment failure. 

This condition may be associated with a 

biofilm formation on the external root 

surface,27 sometimes showing calculus-

like calci�cations,28 or forming cohesive 

actinomycotic colonies within the body of 

the lesion.9,29

The extraradicular infectious process 

can be dependent on or independent 

of the intraradicular infection.30 The 

dependent infection is the one maintained 

by constant proliferation and invasion 

of the periradicular tissues by bacteria 

present in the intraradicular infection. This 

represents a continuum of intraradicular 

and extraradicular infection in which the 

latter component is constantly challenged 

and combated by host defences and cannot 

sustain itself without the intraradicular 

component. Independent extraradicular 

infections are those that are no longer 

fostered by an intraradicular infection and as 

such may not respond to adequate root canal 

treatment. So far, there is no clear evidence 

that an extraradicular infection can exist 

as a self-sustained process independent of 

the intraradicular infection.21 In a histologic 

Fig. 1a  Mandibular �rst molar in a 39-year-old woman. The tooth had been root canal-
treated eight years before. A radiolucency is present on the mesial root apex. Retreatment 
was scheduled; Figs. 1b and c  It was not possible to negotiate the mesial canals to their 
full length because of a ledge; Fig. 1d  After a total of 108 days of calcium hydroxide 
medication (three changes), the canals were �lled and the crown restored; Fig. 1e  Two years 
later the patient presented with a �are-up. The radiolucency had remained the same size; 
Fig. 1f  Apicoectomy was scheduled and a cone-beam computed tomography scan was 
performed to ascertain the relationship of the root apex with the mandibular nerve; Fig. 1g  
Cross-cut sections of the removed mesial root apex, taken approximately at the level of 
the line in 1f. An isthmus connecting the two main canals is present (Taylor’s modi�ed 
Brown and Brenn, original magni�cation × 16), with an enlarged area (1 h) clogged with a 
thick bio�lm (×100); Fig. 1i  High power view from the area indicated by the left arrow in 
(1 h). Condensations of �lamentous bacterial forms and accumulation of in�ammatory cells 
(×400); Fig. 1j  High power view from the area indicated by the right arrow in (1 h). The 
lumen is occupied by a thick bacterial bio�lm at this level (×400)
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study, Ricucci et  al.14 evaluated several 

treated teeth with post-treatment apical 

periodontitis and could not detect any case 

of independent extraradicular infection. 

In the few cases that bacteria were found 

invading the in�amed periradicular tissues, 

concomitant intraradicular infection was 

also observed. While not so common, 

extraradicular bacteria were more frequent 

in symptomatic teeth.

Non-microbial cause –  
fact or myth?

Sophisticated molecular biology techniques 

have demonstrated that most, if not all, 

of the root canals of teeth with post-

treatment apical periodontitis are associated 

with intraradicular or extraradicular 

infections.17,18,31 Morphological studies also 

con�rm that intraradicular infection is the 

major cause of post-treatment disease.12,14 

Nevertheless, there are some few case reports 

that suggest that some lesions may not 

heal because of endogenous or exogenous 

non-microbial factors.9 Endogenous causes 

purportedly include cholesterol crystals 

and true cysts, whereas exogenous causes 

comprise foreign-body reactions to apically 

extruded filling materials, paper points 

or food.14,32 In most of these cases it is 

very dif�cult to rule out the concomitant 

presence of infection as the cause of disease. 

Therefore, the participation of non-microbial 

factors as the exclusive cause of treatment 

failure has still to be consistently proven.

Procedural errors and  
post-treatment disease

Procedural errors, such as fractured 

instrument, ledge, perforation, over�lling 

and so on, are not the direct cause of the post-

treatment disease.33,34 In most of the cases 

infection is also present and is responsible 

for the persistent or emergent in�ammation. 

The major problem with a procedural 

accident arising during chemomechanical 

procedures is when it prevents or makes 

it difficult for the clinician to properly 

disinfect the apical part of the root canal. 

Consequently, the potential for treatment 

failure in association with a procedural 

accident relates to the treatment of teeth 

with infected root canals. For instance, if 

not manageable, a fractured instrument 

or a ledge may impede instruments and 

irrigants from reaching the most apical part 

of the canal, leaving bacteria in this area 

unaffected by the disinfection procedures 

(Fig. 1).

There is also a misconception related to 

failures associated with over�llings. Although 

in the past the toxicity of the root �lling 

materials had been considered as the cause 

of persistent in�ammation when apically 

extruded,35 it has been currently accepted 

that the apical extent of root canal �llings 

seems to have no correlation with treatment 

failure, provided infection is absent.24,36 Most 

of the contemporary materials used for root 

canal obturation are either biocompatible 

or show significant cytotoxicity only 

before setting.37,38 Therefore, the tissue 

injury caused by extruded sealers is usually 

only transient. Disease associated with 

over�lled root canals is generally caused 

by a concomitant infection in cases where 

a proper apical seal is missing, favouring 

nutrient supply to residual bacteria in the 

canal, or when infected dentinal debris are 

projected extraradicularly as a result of 

previous overinstrumentation.1

MANAGEMENT OF POST-
TREATMENT APICAL 
PERIODONTITIS

Indication: retreatment or surgery

Cross-sectional studies performed in 

different countries indicate a clear 

association between teeth with substandard 

root canal treatment and post-treatment 

apical periodontitis.3,4,26 Whereas the 

potential for success reaches 85-95% when 

the root canal is treated following acceptable 

standards, poorly-treated teeth exhibit less 

than 40-50% success. Still lower rates are 

observed in cases with inadequate coronal 

restoration. Therefore, a substandard root 

canal treatment can be regarded as the 

most predictable risk factor for persistent or 

emergent apical periodontitis.

Endodontic treatment of teeth with apical 

periodontitis usually shows a lower success 

rate than teeth with no lesion at the time 

of treatment.8,39 This is mostly related to 

the presence of infection in the root canal 

system and the difficulties to eliminate 

or control it. Apical periodontitis lesions 

usually take six  months to two  years to 

heal completely, but some cases can take 

even longer. It is almost a consensus that 

if an apical periodontitis lesion has not 

healed after four years, there is no reason 

to wait longer for revision of the root canal 

procedures. Actually, if after one year of 

follow-up a lesion remains the same size or 

even expands, or if it emerges in a tooth with 

no previous apical disease, then management 

is indicated.40

When facing a case of post-treatment 

disease, the clinician should consider 

two main questions: can the tooth be saved? 

Is it worth saving the tooth? Conditions like 

advanced periodontal disease, root fracture 

and unrestorability may contraindicate 

attempts to save the tooth, while prosthetic 

planning or the patient´s desire may make 

tooth saving efforts not worthwhile. Once the 

decision-making process points to positive 

answers to these two questions the next step 

is to decide whether management of post-

treatment apical periodontitis will be done 

by root canal retreatment or periradicular 

surgery. It has been shown that teeth 

with inadequate root canal treatment and 

available coronal access are good candidates 

for retreatment. Surgery may be the best 

option in the following circumstances: teeth 

with well-treated canals where retreatment 

offers no better prognosis; retreatment is 

not feasible because coronal access to the 

apical canal is impossible or with high 

risk of accidents (extensive restorations, 

fractured instruments, perforations, ledges, 

etc); teeth that have already been subjected 

to retreatment; and cases where there is a 

need for biopsy.

Technical aspects of  
endodontic retreatment

The main reasons for failure of primary 

endodontic treatment are of microbiologic 

nature; therefore, the success of retreatment 

procedures will depend upon proper (re)

disinfection and reduction of the bacterial 

load. Nonetheless, retreatment procedures 

may present several technical challenges.

Case selection, dif�culty assessment 
and pre-treatment evaluation

Retreatment represents a reasonable 

treatment option if the reason(s) for 

failure of primary root canal treatment 

can be identi�ed, which is not possible 

in all cases.33,40 Retreatment should be 

considered only for teeth in which technical 

management seems feasible, periodontal 

support is suf�cient and the tooth can be 

restored to function. Retreatment may 

also be indicated as a preventive and pre-

emptive treatment in teeth without apical 

periodontitis or clinical symptoms but with 

questionable quality of the primary root 

canal treatment.41

The reason for failure may not be clinically 

and radiographically discernible in some 

treated teeth. In these cases, the use of cone 

beam computed tomography (CBCT) may be 

of great help to reveal the probable cause 

of post-treatment disease, including missing 

or additional canals, poorly prepared/�lled 

canal, root fractures, perforations, and 

aberrant anatomical variations.42 Thus, 

CBCT may be indicated as a valuable adjunct 

diagnostic tool in some retreatment cases. 

Unfortunately, radiographic and CBCT 

investigations give no information about 

disinfection.

Before starting retreatment, the teeth 
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should also be checked for potential 

treatment challenges and problems that 

might occur during treatment: inaccessible 

root canals, additional and previously 

undetected root canals, blockages, ledges, 

perforations, fractured instruments, severe 

curvatures, internal or external resorptions, 

irremovable root filling material, posts 

or cores (Fig.  2) and many more.41,43 The 

radiograph has to be analysed with regard 

to changes in original root canal anatomy, 

since severe modifications of original 

anatomy (for example, straightening, apical 

transportation, ledging) can present technical 

problems that cannot be overcome and will 

compromise the prognosis.44 If any of these 

problems are anticipated (and communicated 

to the patient), dif�culty, time frame, costs, 

and chance for success can be calculated 

more realistically. Nevertheless, it should be 

considered, and also communicated to the 

patient, that under certain circumstances 

the decision may have to be changed, aims 

and methods of treatment be rede�ned, and 

occasionally extraction and implantation 

selected as the preferable option during any 

stage of retreatment.

Coronal restoration

Although retention of an existing coronal 

restoration allows easier placement of 

rubber dam and does not necessitate a new 

temporary coverage of the tooth, removal 

of the restoration offers several important 

advantages: improved inspection of the 

pulp chamber; easier access and improved 

possibilities to detect additional root canals, 

fractures, dentinal cracks or caries; increased 

control of tooth margins; and better 

evaluation of the quantity and integrity of 

the residual tooth substance (Fig. 3).45 If a 

restoration cannot or shall not be removed 

due to several reasons (for example, margins 

look intact, cost considerations, patient does 

not agree) the pulp chamber and the margins 

of the restorations have to be controlled 

thoroughly for caries and imperfections that 

might result in bacterial contamination of 

the root canals.46

Removal of posts and cores

If the tooth to be retreated is restored with 

a metal post, the radiograph should be 

checked for the type of post: cast post or 

prefabricated post. It should be considered 

that removal of massive cast posts and cores 

sometimes is associated with a risk of crack 

initiation47 and subsequent root fracture. 

Following reduction in the size of the core, 

the post can be loosened and removed with 

ultrasonics.43 In cases of a prefabricated 

post, screwed or cemented, the core material 

has to be removed and the pulp chamber 

Core material?

Remaining hard tissue?

Perforation?

Silver cones?

Uninstrumented canal?

Ledge?

Blockage?

Apical periodontitis?

Fig. 2  Diagnostic radiograph demonstrating the presence of several challenges and problems 
that may arise during endodontic retreatment, including unknown core material, unknown 
amount of remaining sound coronal dentine, perforation, silver cones, undetected and un�lled 
mesial root canal, ledges, uninstrumented root canal areas, apical blockages, and apical 
periodontitis lesions

g ih
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Figs. 3a and b  25-year-old woman with a history of repeated abscesses in her right 
mandible, with swelling and pain. Tooth 4.6, restored with a crown, was asymptomatic at the 
visit. A radiograph showed that the tooth had been root canal-treated, but the apical distal 
canal was clearly untreated and the mesial canals underinstrumented. The tooth was restored 
with a well-�tted metal-ceramic crown; Fig. 3c  Endodontic retreatment was scheduled. 
The crown was removed and access to the canals was achieved. Note how the isolation 
was implemented; Fig. 3d  Obturation materials were removed, and new working lengths 
established; Fig. 3e  Appearance of the pulp chamber just before root canal obturation; 
Fig. 3f  The canals were obturated after 48 days of Ca(OH)

2
 medication with cold gutta-

percha laterally compacted and sealer; Fig. 3g  Postoperative radiograph; Fig. 3h  Two-year 
follow-up radiograph. Only a minor radiolucency is present on the mesial root; Fig. 3i  
Radiograph taken after ten years. Normal periradicular conditions
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be cleaned. With the aid of an appropriate 

ultrasonic instrument, the majority of posts 

can be loosened within 15-30  minutes, 

depending on the length and friction of 

the post and the intensity of the ultrasonic 

energy applied.48

Adhesively inserted glass or quartz �bre 

posts have to be drilled out using burs for 

post space preparation or modi�ed Gates-

Glidden burs with cut off tips (Fig. 4). Great 

care should be taken to prevent excessive 

removal of root dentine. In cases with 

cemented posts, a layer of hard cement 

should be expected apically to the post, 

preventing further deeper penetration of 

instruments in the root canal. This cement 

layer can be removed using ultrasonic tips 

in most cases.

Removal of gutta-percha

Many techniques for removal of gutta-

percha have been described in the endodontic 

literature, including rotary instruments made 

of stainless steel or nickel-titanium.49 The 

use of Gates-Glidden burs is usually very 

effective in removing gutta-percha from the 

coronal part of the root canal, while the use 

of stainless-steel hand �les or rotary nickel-

titanium instruments has been advocated 

for the middle and apical parts of the canal. 

Some manufacturers even have developed 

and marketed special retreatment �les. These 

instruments have an active cutting tip that 

rapidly and effectively screws into the gutta-

percha �lling mass. It should be regarded 

that the use of such instruments bears a high 

risk of ledging. Rotary removal of gutta-

percha using nickel-titanium instruments 

signi�cantly decreases the time spent to 

reach the working length and remove the 

bulk of the �lling material, but may also 

include a certain risk of instrument fracture.

It is important to point out that no 

technique is able to remove gutta-percha and 

sealer completely.49,50 Numerous studies have 

shown that, regardless of the retreatment 

technique and instruments, residues of the 

previous �lling material remain on the root 

canal walls.51–53 Such residual material has 

the potential to interfere with disinfection, 

by physically impeding irrigants and 

medicaments from reaching bacteria in some 

areas of the canal system.1

Solvents

Several different solvents have been 

recommended for softening gutta-percha 

and facilitation of penetration of the �lling 

material with �les. Because chloroform, 

the most effective solvent, is carcinogenic 

and no longer recommended,43,49 eucalyptol 

seems to be the solvent of choice. Dissolved 

by the solvent, softened gutta-percha can 

disseminate into the intricacies of the root 

canal system and make complete removal 

much more dif�cult or even impossible. 

Consequently, the use of solvents should 

strictly be restricted to cases in which 

penetration of the gutta-percha seems 

impossible, and should never be considered 

in the apical part of the root canal. Softening 

of gutta-percha can also be achieved by 

the use of heat, which can be delivered to 

the root canal via the tip of the unit for 

thermoplasticised obturation.

Carrier-based �lling materials

Carrier-based filling materials, such as 

Therma�l or Guttacore, can be removed 

with hand instruments introduced alongside 

the carrier. Once inserted to a suf�cient 

depth, the instrument (preferably one  or 

two Hedström �les) can be used to pull out 

the carrier.

Additional root canals

It has been shown that in many cases of 

retreatment, additional root canals can be 

detected and veri�ed as a possible origin of 

treatment failure.54 Therefore, in each case 

the pulp chamber �oor has to be searched 

thoroughly for previously undetected ori�ces 

(Fig.  5). Illumination and magni�cation, 

both optimally delivered by a dental 

operating microscope, and dryness of the 

working �eld are important prerequisites; in 

some cases, staining (methylene blue), the 

‘champagne test’ (bubbles appearing from 

ori�ces following application of sodium 

hypochlorite), or transillumination can be 

used additionally.

Determination of  
the working length

The main goal of the endodontic retreatment 

of failed cases should be to get access to 

the remaining bacteria that are causing 

the post-treatment disease. Therefore, the 

ideal working length should be established 

apically to the frontline of infection.1 As the 

most advanced front of infection cannot be 

determined clinically, it should be advisable 

to reach the very apical part of the root canal 

with instruments, irrigants and medicaments; 

care should be taken to avoid passage of 

instruments and antimicrobial substances to 

the periradicular tissues, which might cause 

unnecessary injury.

In many clinical cases access to the apical 

foramen is blocked by �lling material or 

dentinal debris, which may be very dif�cult 

or even impossible to remove. Nevertheless, 

an attempt should be made to render the root 

canal free of debris and �lling material and 

to regain access to the apical foramen. This 

ba c
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Fig. 4a  50-year-old woman seeking treatment for recurrent abscess episodes in her left 
upper jaw. The maxillary �rst premolar had been root canal-treated approximately six years 
before. A buccal sinus tract was present; Fig. 4b  A large mesio-occlusal-distal (MOD) 
composite restoration was present and a carbon �bre post could be seen at the occlusal 
surface; Fig. 4c  A radiograph revealed an inadequate root canal treatment with the apical 
canals untreated; there was a post in the palatal canal; Fig. 4d  Endodontic retreatment was 
scheduled. After rubber dam isolation the core material was removed and the post drilled 
out with burs for post space preparation in the coronal portion, and with ultrasonic diamond 
tips in the deepest part; Fig. 4e  Working length determination. The two canals joined in a 
common apical canal. After instrumentation the canals were medicated with Ca(OH)

2
 paste in 

saline; Fig. 4f  The patient returned after one week. The sinus tract had disappeared and the 
tooth was comfortable; Fig. 4g  The canals were obturated
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should be determined both electronically and 

radiographically. The radiograph will provide 

the clinician with important information 

on the presence and nature of curvatures, 

presence of ledges and other obstacles, as 

well as additional root canals and remaining 

�lling material. Moreover, if the apical part 

of the root canal is still blocked by gutta-

percha and the apical foramen is not patent 

no correct electronic measurement should 

be expected.

Re-preparation

Following removal of the �lling material, 

mechanical preparation of the root canal 

aims at elimination of residual bacterial 

bio�lms and preparation of a root canal 

shape that can be adequately obturated. 

Nevertheless, over-preparation and 

weakening of the root with the subsequent 

risk of initiation or perpetuation of dentinal 

cracks should be avoided.55 The greatest 

challenge in many cases can be found at the 

transition between the previously prepared 

and obturated areas and the unprepared/

unobturated apical root canal spaces. 

Blockages or ledges can be found in this 

area and occasionally cannot be managed or 

corrected. There is no evidence as to which 

size re-preparation should be performed. 

Good access to infected root canal spaces 

and complete removal of the previous �lling 

material should be important determinants 

for the �nal preparation size.50 To ensure 

increased canal cleanliness and disinfection 

as a consequence of maximal elimination 

of the previous endodontic �lling material 

and incorporation of areas that contain 

persistent bio�lms, the root canal should be 

enlarged to sizes larger than it was in the 

previous treatment. Obviously, this should 

be accomplished without compromising the 

integrity of the root and predisposing the 

root to fracture.

Disinfection

It has been shown that teeth with persistent 

or secondary infections present with 

a microbiological profile distinct from 

primary infections.1,56 Species may be 

more resistant to some medications and/or 

may be located in areas that are dif�cult 

to reach with instruments. Consequently, 

the disinfection strategy has to take these 

aspects into consideration. At present, using 

sodium hypochlorite as the main irrigant 

(from 0.5% to 5.25% concentration), which 

has a strong antimicrobial activity and the 

ability to dissolve organic matter, followed 

by ethylenediaminetetraacetic acid (EDTA) 

for removal of the smear layer can be 

recommended as the basic protocol. Adding a 

�nal rinse with 2% chlorhexidine or passive 

ultrasonic irrigation for activation of sodium 

hypochlorite seems to be an interesting 

strategy to improve disinfection.57–59 

Furthermore, the use of interappointment 

medication with a calcium hydroxide paste is 

still recommended to maximise disinfection, 

especially of areas more distant to the 

main root canal.59–61 Actually, there is an 

urgent need for development of therapeutic 

protocols that can predictably treat the 

infected root canal as a system, reaching 

the anatomic intricacies where bacteria can 

spread and remain unaffected by currently 

available treatment procedures.20 Some 

technologies have been proposed that may 

improve root canal disinfection, including 

laser (photon-induced photoacoustic 

streaming) activation of irrigants,62 the 

self-adjusting �le system,63,64 and negative 

pressure systems for delivery of irrigants.65 

Although they may be potentially bene�cial 

for retreatment cases or avoiding the need 

for retreatment, there is a need for clinical 

studies con�rming this potential.

Outcome of retreatment

In teeth with post-treatment disease, the 

success rate of retreatment as revealed by 

well-controlled studies ranges from 62% to 

84%.2,6,15,66 The approximately 10-20% lower 

success rate of retreatment as compared with 

initial treatment is very likely to be related 

to the following: inability of completely 

removing the previous obturation or 
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Figs. 5a and b  52-year-old man whose maxillary left �rst molar had been root canal-treated 
in one visit three months before. The patient declared that the buccal sinus tract never 
disappeared after the treatment and the tooth was painful. For these reasons the tooth 
was not restored permanently; Figs. 5c and d  Periapical radiographs, taken with different 
angulations, showed that the canals had been poorly instrumented and obturated, and a 
large radiolucency was present around the mesio-buccal root apex. Endodontic retreatment 
was scheduled; Fig. 5e  Following isolation with a rubber dam and removal of the temporary 
restoration and remaining restorative materials, abundant carious tissue appeared on the 
pulp chamber �oor and in the rest of the cavity; Fig. 5f  After a �rst cleaning of the cavity, 
a �ssure appeared connecting the mesiobuccal and the palatal root canal ori�ces; Fig. 5g  
Removal of the dentin projections covering this �ssure with ultrasonic diamond tips revealed 
that additional canals were present in the mesial root, which could be negotiated with 
#10 �les. Note the calci�cation adhered to the pulp chamber �oor; Fig. 5h  Dentinal septa 
separating the ori�ces of these extra canals were carefully eliminated so that there was only 
one ribbon-shaped canal at the entrance of the mesial root; Fig. 5i  In the mesial root the 
uninstrumented canal (MB2) was found ending considerably short of the radiographic apex; 
Fig. 5j  Removal of the obturation material in the mesio-buccal canal and working length 
determination; Fig. 5k  The canals were obturated after three weeks of Ca(OH)

2
 medication; 

during this period the tooth became asymptomatic and the sinus tract had disappeared; 
Fig. 5l  Follow-up radiograph taken after three years and seven months. The radiolucency on 
the mesial root disappeared completely. The tooth is comfortable
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correcting previous errors, which may limit 

access to residual bacteria; dif�culties to 

reach persistent bacteria located in areas 

distant from the main root canal; and 

resistance of persistent bacteria to the 

antimicrobials used.1

Retreatment of teeth with post-treatment 

disease that had previous root canal 

obturation categorised as inadequate presents 

a signi�cantly better outcome than well-

treated teeth.66 This is because these teeth 

have a greater chance to be properly cleaned, 

disinfected and �lled during retreatment. 

Adequately treated root canals that fail 

have also a good chance to fail again after 

retreatment, because the persistent infection, 

which is the main cause of failures, is usually 

located in areas unaffected by instruments, 

irrigants and possibly the intracanal 

medication. During retreatment there is 

a high chance for these bacteria to still 

remain untouched. Bacteria in extraradicular 

infections can also be a possible cause of 

failure and will not be affected by retreatment 

procedures. Because post-treatment disease 

in adequately treated teeth may not respond 

so well to retreatment, periradicular surgery 

may then arise as a good therapeutic 

alternative. Studies have reported a high 

success rate for surgery (87%-92%) when 

performed using magni�cation, ultrasonic 

root-end preparation, and root-end �llings 

with materials such as mineral trioxide 

aggregate (MTA), intermediate restorative 

material (IRM) or Super ethoxy benzoic acid 

(SuperEBA).67,68

CONCLUDING REMARKS

In conclusion, like primary apical 

periodontitis, post-treatment apical 

periodontitis is a disease caused by 

intraradicular and sometimes extraradicular 

infections. Endodontic retreatment of these 

cases presents several treatment challenges 

and constitutes a treatment modality of its 

own, differing in many aspects from primary 

endodontic treatment. Proper case selection 

and pre-operative treatment planning are 

important for a good prognosis of retreatment, 

which is, however, 10-20% lower than for 

primary treatment. Periradicular surgery also 

arises as a viable alternative to retreatment 

in some cases or as the last attempt to save 

the tooth and re-establish health.
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