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SUCCESS AND FAILURE OF ROOT 
CANAL TREATMENT
The use of the terms success and failure have 
a long tradition in dentistry. They convey 
a simple rationale for further treatment 
decisions for both clinician and patient. 
Radiographically, root canal treatment (RCT) 
has an unfavourable outcome when one of 
the following occurs:2

1. A visible lesion appears subsequent 
to treatment, or a pre-existing lesion 
increases in size

2. The lesion has remained the same size 
during the four year assessment period

3. Signs of continuing root resorption are 
present.

Root canal treatment has then failed when 
of the following is required:
1. Extraction of the tooth
2. Replacement of the root filling
3. Periradicular surgery performed on the 

tooth.

The success of a root filling is influenced 
by the tooth itself. A multi-rooted tooth is 
more technically difficult to root fill than a 
single rooted tooth because of the location 
of the tooth in the mouth and the complex 
morphology of the canal system.3 Also, radi-
ographs of single rooted teeth can be easier 
to interpret and understand than those of 
maxillary permanent molar teeth.

Root canals of teeth with apical periodon-
titis comprise of gram- negative, gram- posi-
tive and mostly anaerobic microorganism.4 
The success of a root filling can be compro-
mised if this flora is altered by the ingress of 
saliva, which would provide a culture medium 
for any bacteria remaining within the tooth 
after treatment. Therefore, the isolation of the 
tooth using a rubber dam is essential to pre-
vent further contamination of the root canal 

THE ROLE OF RADIOGRAPHS IN 
ENDODONTICS
In all endodontic cases, a good intra-oral 
parallel radiograph of the entire root and 
periapical region is mandatory. The Faculty 
of General Dental Practitioners1 recom-
mends that all root treated teeth should 
have radiographs taken immediately fol-
lowing obturation, with a further follow-up 
radiograph to assess (radiographic) heal-
ing after one year and then annually until 
(radiographically judged) healing occurs. 
The European Society of Endodontology 
Quality Guidelines2 further adds that these 
radiographs should show the root apex with 
preferably at least 2–3 mm of the periapical 
region clearly identifiable.

A pre-operative radiograph allows the 
clinician to estimate working length and 
predict the curvature of the canal sys-
tem. Radiographs come with limitations, 
however, they provide a two dimensional 
image of a three dimensional object, mak-
ing it difficult to see the number of canals 
and the direction of curvature accurately, 
and an estimation of working length often 
has to be confirmed with an apex locater. 
Furthermore, information regarding the 
quality of disinfection of the root canal 
system, and the conditions in which the 
root filling was carried out in, are not pro-
vided on a post-operative radiograph. A 
post-operative radiograph, however, does 
provide a foundation to compare future 
radiographs against in order to assess 
healing.

This article will discuss why a root filling that appears satisfactory on a radiograph may fail, and why one which appears 
unsatisfactory on a radiograph may succeed. In doing so, this article will also discuss the criteria of endodontic success 
and failure and its implications on the decision to retreat.

system, and to prevent strong intra canal 
medicaments escaping into the oral cavity.2

The success of a root filling is also depend-
ent on the chemo-mechanical disinfection 
of the entire root canal system. Root canal 
instruments open the canals wide, creating 
space for the ingress of antibacterial solu-
tions more effectively.5,6 Antibacterial solu-
tions then penetrate the apical constriction 
and remain in contact with the canal walls 
and dentine tubules for a sufficient length 
of time.5 Hsieh et al.7 briefly mentioned that 
unless the tip of the needle was able to pen-
etrate to 3 mm from the apical constriction, 
effective irrigation was not achieved. Nickel 
titanium instruments, with their character-
istic super elasticity and shape memory can 
then be used to negotiate curved canals, 
reducing the incidence of ledges and perfo-
rations. This leads to improved success rates 
in root canal treatment.

While the quality of shaping of root canals 
can be seen on a post-operative radiograph, 
Carrotte6 questioned the old technique of 
cleaning and shaping, and emphasised more 
on the importance of firstly opening and 
shaping the root canals to then create an 
effective access for antimicrobial irrigant. 
Because the complex morphology of the root 
canal system makes it impossible to render 
sterile.6 the aim, therefore, is to reduce the 
level of microorganisms and entomb the 
remaining ones with an effective three 
dimensional seal. Sodium hypochlorite is the 
irrigant of choice for this, but some micro-
organisms are more resistant to the effect of 
sodium hypochlorite than others.8

After shaping and cleaning, the canals are 
three-dimensionally filled in a process called 
obturation. By creating a hermetic seal at 
the apex, the process of obturation prevents 
entry of microorganisms into the root canal 
system from the oral cavity or via the blood 
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• Explains why root fillings which may 
look successful radiographically can fail, 
and why root fillings which may not look 
successful radiographically can succeed.

• Identifies clinical techniques which may 
contribute to the success of a root filling

• Provides advice on retreatment options 
when a tooth with a radiographically 
successful root filling fails.
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system, and prevents the ingress of tissue 
fluid. Although this is very important, lit-
erature states other features such as shaping, 
cleaning and disinfecting the canals alone 
could produce favourable outcomes.6 This 
questions the significance of a radiographi-
cally well obturated root filling to the overall 
success of endodontic treatment. To support 
this, Dubrow9 suggested obturation was not 
required for the healing of radiographic peri-
apical areas if there was an adequate seal 
maintained towards the oral cavity. Klevant 
and Eggink10 cleaned and shaped a number 
of root canals. The experimental group was 
not obturated, though they ensured an effec-
tive well sealed coronal restoration. Healing 
occurred in all cases.

Carrotte6 discusses (Fig. 1) a lower right 
first molar presenting with a large periradic-
ular lesion. The canal system was shaped and 
cleaned, with an inter-visit dressing of cal-
cium hydroxide placed. The patient did not 
return for further treatment for 6 months, 
where a radiograph was taken (Fig. 2) show-
ing evidence of bony repair, and a return of 
a normal periodontal ligament around the 
apex and furcation area was seen.

On the contrary, (Fig. 3) is a radiograph of a 
lower left second molar taken 12 months after 
RCT, showing an apparently effective obtura-
tion and successful root filling, yet no evi-
dence of healing of the periradicular lesion.6

In 1995, Ray and Trope11 found that root 
treated teeth with a radiographically poor 
obturation, but a good coronal restoration 
had a better prognosis than teeth with a good 
obturation and poor restoration. To ensure a 
high quality coronal restoration, the coronal 
seal margins need to be assessed clinically 
as well as radiographically. This is supported 
by Tickle et al.12 who categorised root filled 
teeth into two main groups according to the 
status of their root filling and the type of 
restoration placed after the root filling. The 
results showed that optimal and suboptimal 
root fillings had very similar failure rates 
and that a crown provided a greater survival 
rate than plastic intra coronal restorations. 

Therefore, a radiographically unsatisfactory 
root filling can still be successful if the coro-
nal restoration is good.

As commonly acknowledged, root fill-
ings can take up to three clinical sessions 
to complete. Throughout this, temporary 
restorations are placed using temporary 
restorative materials to provide a coronal 
seal. While temporary restorative materials 
have good sealing properties, delays in plac-
ing a definitive coronal restoration can cause 
recontamination13 as temporary restorative 
materials often dissolve in the presence of 
saliva14 and lose their seal. Although the 
type of temporary restoration is not visible 
radiographically, it is important to under-
stand that its long term use could affect the 
long term success of a root filling even if it 
is satisfactory radiographically.

The majority of patients suffering from 
periradicular periodontitis are prescribed 
RCT because RCT addresses the microbial 
contamination of the entire root canal sys-
tem.6 Cases of elective root canal treatment, 
however, have no periapical pathology15 and 
they have a good prognosis, as the canals 
are easy to access and are not infected. The 
success rate for teeth with periradicular peri-
odontitis pre-operatively, which were sub-
sequently root filled, is 58-86%, compared 
to a 93-97% success rate of teeth without 
periapical periodontitis pre-operatively.16 

There is little information regarding the 
effects of medical conditions (such as HIV) or 
the effects of medically compromised patients 
(such as those on immunosuppressant ther-
apy) on healing after endodontic procedures. 
For example, Quesnell et al.17 compared per-
iradicular healing of HIV positive and HIV 
negative patients one year after endodontic 
treatment and found no statistical differ-
ences between the two groups with respect 
to degree of periradicular healing. However, 
Fouad18 found that patients with diabetes had 
increased periodontal disease in endodonti-
cally involved teeth and a reduced likelihood 
of success in endodontic treatment in cases 
with preoperative periradicular lesions.

There is no difference in post-operative 
healing in young and old patients after 
RCT.19 This is because vascularity is criti-
cal to healing and periradicular blood flow 
in healthy individuals is not impaired with 
age.20 Smoking, however, does have an 
adverse effect on vascularity and, therefore, 
on wound healing.21 When the host is com-
promised, or if invading microorganisms are 
sufficiently pathogenic, disease can develop 
and healing can be delayed. Pathogens such 
as bacteria which remain in root canals or 
in periradicular sites due to inadequate dis-
infection can survive, colonise and evade 
host defence mechanisms such as neutro-
phils, complement and antibodies.22 This can 
delay endodontic healing.

RETREATMENT
Before deciding to retreat, it is important to 
use a long enough observation period after 
treatment has been completed. Healing of 
periapical tissues is a dynamic process and 
it is possible that a premature evaluation of 
periapical healing may occur if the repair 
process has not yet stabilised.23 Signs and 
symptoms of infection should be analysed 
as well.

If the patient had a root filling carried out 
by another clinician which was radiographi-
cally satisfactory but then failed, the current 
clinician will need more information about 
the endodontic treatment carried out. The 
following questions could be considered:
• Where was the initial RCT performed? It 

may have been carried out in a dental 
hospital, general or specialist practice. 

• What techniques were used during RCT? 
Questioning the patient on the use of 
rubber dam, the number of radiographs 
taken and irrigant odours (for example, 
bleach) during disinfection24 will help 
the clinician determine the quality of the 
root filling and whether an improvement 
can be made on retreatment.

• What is the functionality of the tooth in 
the mouth?

Fig. 2  Evidence of bony repair and a return 
to normal periodontal ligament space around 
the root apex and furcation area. Reproduced 
with permission from Carrotte P. Br Dent J 
2004; 197: 181–183 (Ref. 6)

Fig. 1  Pre- operative radiograph of LR6. 
A large radiolucent area associated with 
the root apex and furcation area is seen.  
Reproduced with permission from Carrotte P. 
Br Dent J 2004; 197: 181–183 (Ref. 6) 

Fig. 3  Post- operative radiograph of LL7. 
RCT was carried out 12 months previously, 
with a seemingly effective obturation, 
without healing of the peri- radicular lesion.  
Reproduced with permission from Carrotte P. 
Br Dent J 2004; 197: 181–183 (Ref. 6)
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If the root filling looks radiographically 
unsatisfactory but is successful, then it 
would be beneficial to further monitor this 
given that the quality of shaping and obtura-
tion of the canals are not the only determin-
ing features of endodontic success, though 
they may be the only features presented on 
an endodontic radiograph.

CONCLUSION
Similar failure rates for teeth with radio-
graphically optimal and suboptimal root fill-
ings suggest RCT is not as technique sensitive 
as once thought. Although radiographs pro-
vide valuable information, a more unequivo-
cal approach of outcome measurement should 
be used. For example, a longer radiographic 
observation period, assessing signs and symp-
toms of infection, such as pain and discom-
fort, analysing clinical notes and questioning 
the patient to determine the conditions in 
which treatment was conducted.

The following features, which are integral 
to the success of a root filling, may not be 
visible on a post-operative radiograph: the 
quality of disinfection; the appropriateness 
of medicaments used; signs of apical peri-
odontitis pre-operatively; the use of rubber 
dam to prevent contamination of the root 
canals by saliva; and also the quality of 
intermediate temporary coronal restorations.

Features that are visible on a radiograph 
which influence success include the number 
and curvature of canals and the angula-
tion and position of the tooth in the oral 
cavity. The quality of shaping of the canals 
with instrumentation is also visible, but 
should precede chemical disinfection of 
the canal system. A well condensed radio-
paque obturation is important, but studies 
suggest complete healing can occur with-
out any obturation, provided the canals are 

effectively disinfected followed by a good 
coronal seal.

When subjected to stresses, the true char-
acter of the root-filled tooth may be surpris-
ing. There is limited evidence to suggest that 
root fillings can fail due to the stresses of age 
as there is little change in vascularity and 
nerve supply with aging. There is no con-
clusive evidence that the stresses of HIV and 
immunosuppressant therapy on the immune 
system affect post-operative healing.

It is difficult to decide to retreat a tooth 
based only on a post-operative radiograph 
unless a long enough observation period is 
assessed. A clinician is unlikely to extract a 
tooth with a radiographically unsatisfactory 
root filling, or replace its root filling, unless 
the patient is experiencing recurrent severe 
symptoms. Therefore, the outcome measure 
used should include what is most relevant to 
the clinician and most suitable to patients.
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