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Objective. The purposes of this study were to determine what microbial flora were present in teeth after failed root canal therapy 
and to establish the outcome of conservative re-treatment. 
Study design. Fifty-four root-filled teeth with persisting periapical lesions were selected for re-treatment. After removal of the root 
filling, canals were sampled by means of advanced microbiologic techniques. The teeth were then re-treated and followed for up 
to 5 years. 
Results. The microbial flora was mainly single species of predominantly gram-positive organisms. The isolates most commonly 
recovered were bacteria of the species Enterococcus faecalis. The overall success rate of re-treatment was 74%. 
Conclusions. The microbial flora in canals after failed endodontic therapy differed markedly from the flora in untreated teeth. 
Infection at the time of root filling and size of the periapical lesion were factors that had a negative influence on the prognosis. 
Three of four endodontic failures were successfully managed by re-treatment. 
(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998;85:86-93) 

When teeth are treated by root canal therapy under 
aseptic conditions and according to accepted clinical 
principles, the success rate is generally high. Most fol- 
low-up studies on endodontic therapy report overall 
success rates of 85% to 90%. 18 

Although many failure cases are caused by technical 
problems during treatment, some cases fail even when 
apparently well treated. A number of factors have been 
identified as agents associated with failure of endodon- 
tic therapy, including extraradicular infection, foreign- 
body reactions, and true cysts. 9-11 However, most treat- 
ment failures are caused by microorganisms persisting 
in the apical parts of root canals of obturated teeth. 12 
Information on the nature of these infections is sparse, 
but studies of the microbial flora from the canals of pre- 
viously root-filled teeth with persisting periapical 
lesions have revealed that the flora differs markedly 

aprofessor and Head of Endodontics Department, Ume~ University. 
bSpecialist in Endodontics, private practice; Lec®rer, School of 
Dental Science, University of Melbourne. 
CAssociate Professor, Department of Oral and Maxillofacial Surgery, 
Urne~ University. 
dAssociate Professor, Department of Endodontics, Ume~ University. 
Received for publication July 17, 1997; accepted for publication 
Aug. 22, 1997. 
Copyright © 1998 by Mosby, Inc. 
079-2104/98/$5.00 + 0 7115186295 

particular 
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from that of untreated necrotic dental pulps. 13,14 The 
microbial flora in the canals of teeth after failed 
endodontic therapy appears to be a very limited assort- 
ment of the microorganisms that have been reported in 
untreated root canals. 15-17 It is unknown whether this 
apparent process of selection depends on a specific 
resistance of microorganisms to the antimicrobial mea- 
sures and medicaments used during treatment or on a 

ability of some microbes to survive in the 
nutritional environment of the root-filled 

In cases in which endodontic treatment fails, it is gen- 
erally agreed that the optimal approach is to undertake 
conventional re-treatment, but periapical surgery 
remains an additional or alternative option for manage- 
ment of cases in which re-treatment is not possible. 
Whether a root-filled tooth with a periapical lesion 
requires treatment depends on an assessment of whether 
the lesion is healing or not. If radiographs from the pre- 
vious treatment are available for comparison with 
follow-up radiographs, then the decision about re- 
treatment is made easier. The presence of an incomplete 
or defective root filling associated with a developing 
periapical lesion is a clear indication for re-treatment. 
Similarly, if the root filling appears defective and the 
tooth requires a new restoration, the prudent choice 
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Fig. l. Successful re-treatment: preoperative and follow-up 
of lateral incisor. Preoperative (a) shows failing endodontic 
treatment. Post-crown and root filling were removed, and 
canal was re-treated and restored. Recall radiograph taken 18 
months later (b) reveals periapical healing. 

would usually be to re-treat the previous endodontic 
treatment. For teeth in which no periapical lesion was 
present initially, the development of  a subsequent lesion 
warrants that the tooth be re-treated. For teeth with pre- 
operative lesions, the length of the postoperative period 
is an important factor in deciding whether re-treatment 
is required; this is because the lesions must be given 
enough time to heal. A follow-up period of at least 4 
years is considered desirable. 1 

A number of studies 1's'18-2° have retrospectively eval- 
uated the success rates of  re-treatment. However, few 
prospective studies have been established to determine 
the outcome of endodontic re- treatment. One aim of the 
present study was to determine the success rate of  re- 
treatment and identify factors that might influence the 
prognosis. Another aim was to obtain data on the com- 
position of  the microbial flora in previously root-filled 
teeth with persisting periapical lesions by means of  
sophisticated anaerobic culturing techniques. The teeth 
were re-treated and then followed over 5 years to deter- 
mine the outcome of  re-treatment and to evaluate the 
factors that might influence the prognosis. 

MATERIAL AND METHODS 
Clinical material 

Fifty-four teeth were selected for re-treatment. All of  
the teeth were asymptomatic, had been previously root- 
filled, and showed radiographic evidence of periapical 
bone lesions. The teeth had histories of  root canal treat- 
ment more than 4 to 5 years earlier; in some cases the 

Fig. 2. Failed re-treatment: preoperative and follow-up of 
canine. Preoperative (a) reveals failing endodontie treatment. 
Canine has radiolucent restoration at distal cervical margin; 
adjacent first premolar tooth has carious lesion that was sub- 
sequently restored with amalgam. Endodontic treatment was 
redone, but review radiograph taken 15 months later (b) 
shows no sign of healing. The tooth was followed for more 
than 5 years after endodontic re-treatment; incomplete heal- 
ing was observed (e). 

teeth had been regularly followed for 2 years, during 
which time there had been no signs of  healing. Apart 
from one case that had been poorly obturated, all teeth 
had root fillings that appeared to reach a reasonable 
radiographic standard. Figs. 1 and 2 are representative 
of the radiographic standard of most root fillings in this 
study. Five of  the teeth were two-rooted with two root 
canals; other teeth had one root canal. Radiographic 
examination was by the paralleling technique with 22 x 
35 mm Kodak Ultraspeed film (Kodak) in a film hold- 
er. 21 The size of each lesion was calculated as an aver- 
age of the lesion's largest dimension and the perpendic- 
ular to the largest dimension. 

Endodontic re-treatment 
When the tooth had a combined post, core, and 

crown, the entire unit was removed with a crown 
remover (Auto Abdicator, Alex Dental, Sweden) where 
possible. In other cases, the crown had to be removed 
before the post could be extracted with a post remover 
(JS Sj6dings, Kista, Sweden). Rubber dam was then 
applied, and an aseptic technique was used throughout 
the endodontic treatment. The tooth, clamp, and sur- 
rounding parts of  the rubber dam were cleaned with 
30% hydrogen peroxide and then swabbed with 5% 
iodine tincture. 13 After the tincture had dried, the tooth 
surface was swabbed with 5% sodium thiosulphate 
solution to inactivate the iodine tincture so that rem- 
nants of  iodine would not influence the bacteriologic 
sampling. 13 The root filling was removed by instrumen- 
tation with burs and files and without the use of chemi- 
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cal solvents. Measurement radiographs were taken to 
determine the canal length and to ensure that all gutta- 
percha had been removed. Sterile saline solution was 
then introduced into the canal by syringe; this was done 
carefully so that the canal would not be overfilled. The 
canal was then instrumented so that material could be 
obtained from the walls. An initial bacteriologic sample 
was taken from the root canal by soaking up the fluid 
with charcoaled paper points. The root canals were left 
empty to allow any surviving bacteria in the root canal 
to multiply to a level that would be detectable at a sub- 
sequent appointment. The cavities were sealed with 
sterile foam pellets (3M, St Paul, Minn.) and zinc 
oxide-eugenol cement at least 4 mm deep. 

At a second visit 7 days later, bacteriologic samples 
were taken after removal of the temporary filling. The 
root canals were then instrumented by means of hand 
files and irrigation with 0.5% sodium hypochlorite solu- 
tion. After final irrigation the root canals were filled 
with calcium hydroxide paste (Calasept; Scania Dental 
AB, Knivsta, Sweden) by means of a spiral paste-filler. 
The access cavities were sealed with zinc oxide- 
eugenol cement at least 4 mm thick. 

At a third appointment 7 to 14 days later, the dressing 
was rinsed out of the canals with sterile saline solution. 
The canal was lightly filed to remove loose calcium 
hydroxide remnants, and a postmedication sample was 
taken. The root canals were filled with gutta-percha by 
means of the lateral condensation technique. A master 
cone was adapted to the canal by dipping it in rosin- 
chloroform, and then multiple accessory cones were lat- 
erally condensed after having been softened in chloro- 
form. A zinc o~ide-eugenol plug with a thickness of 1 
mm to 2 turn was applied over the root filling. 
Subsequent restoration of the tooth was performed 
without rubber dam isolation and with a nonasept ic  
technique. 

Bacteriologic sampling 
Bacteriologic samples were obtained from the root 

canals in a procedure similar to that described previous- 
ly. e2-25 The initial sample, taken at the first appointment 
after the previous root filling had been removed, was 
taken in a liquid thioglycolate medium (11260; 
Baltimore Biological Laboratories, Cockeysville, Md.) 
supplemented with agar to prevent oxygen diffusion. 26 
This medium is highly effective in reducing oxygen so 
that toxic intermediates of oxygen do not accumulate 
even if the medium is exposed to oxygen for a short 
while. 27 

At the second appointment three samples were taken 
from each canal. Two samples were taken in peptone 
yeast extract glucose broth (PYG) 28 and one sample 
in the agar-supplemented thioglycolate medium. 
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Precautions were taken to avoid oxygen contamination 
of the PYG broth. 29 At the third appointment the sam- 
ple taken before root filling was deposited in the agar- 
supplemented thioglycolate medium. 

Microbiologic examination of the samples 
All samples were introduced into an anaerobic box 

with an atmosphere of 10% hydrogen and 5% carbon 
dioxide in nitrogen. One of the PYG broth tubes was 
agitated in a mechanical mixer until the paper points 
disintegrated, and tenfold serial dilutions were made in 
buffered salt solution. 28 Aliquots from the PYG broth 
and from each of the dilutions were inoculated onto 
blood agar plates. 28 The plates were incubated in the 
box at 37 ° C for at least 10 days and were observed 
daily for growth. If  no growth had occurred after 1 
week, new blood agar plates were inoculated from the 
other PYG broth. A root canal sample was considered to 
be free of living bacteria when no growth was observed 
on the plates inoculated from the PYG broth tubes and 
in the agar-supplemented thioglycolate medium. 

When growth occurred, different colony morphotypes 
on the blood agar plates were isolated. The bacterial 
isolates were identified according to standard meth- 
ods. 28'30-34 The identity of some strains was confirmed 
by comparison of the mobility of their soluble proteins 
in sodium dodecyl sulphate-polyacrylamide gel elec- 
trophoresis 35 to that of reference strains. 

Follow-up examination 
Patients were recalled yearly for clinical and radi- 

ographic examination. At the recall appointments the 
type of restoration and any clinical signs or symptoms 
associated with the teeth were recorded. Radiographs 
were taken with the same x-ray unit by means of the 
long cone technique and a standardized exposure and 
processing to obtain optimal diagnostic quality of the 
radiographs. Strindberg's criteria were used to judge the 
success rate of the therapyJ Briefly, treatment was con- 
sidered successful when either the contours, width, and 
structure of the periodontal margin were normal or the 
periodontal contours were widened mainly around an 
excess of filling material. All cases in which those cri- 
teria were not fulfilled were judged as unsuccessful. 
The cases were followed for 5 years if complete healing 
had not taken place earlier. Radiographs were analyzed 
separately by two trained independent observers using a 
light-box with variable illumination and a magnification 
viewer. 36 When there was disagreement, the two 
observers discussed the case in an effort to come to a 
consensus. If the observers still disagreed on a particu- 
lar case, the opinion of a third specialist was taken as 
final. 
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Statistical analysis 
A two-tailed t-test was used to calculate the correla- 

tion between initial size of the lesions and outcome of 
the treatment. Fisher's exact test (one-tailed) was used 
when the influence of infection on the outcome of treat- 
ment was calculated. 

RESULTS 
The bacterial species recovered from 24 of 54 canals 

after removal of the previous root filling are presented 
in Table I. In 20 cases there was growth from both the 
sample taken at the initial appointment and the sample 
taken at the second appointment. In one case bacteria 
(Peptostreptococcus micros and Fusobacterium nuclea- 
turn) grew from the sample taken at the first appoint- 
ment but not from the samples taken at the second 
appointment. In three cases microorganisms were 
recovered from the samples taken at the second appoint- 
ment, after the root canals had been left empty but not 
in the initial sample. The microorganisms isolated from 
these three root canals were Streptococcus intermedius, 
Streptococcus parasanguis, Lactobacillus catenaforme, 
and Candida albicans. 

In 19 cases a single species was present, in 4 cases 
there were two species present (S. intermedius and L. 
catenaforme, Eubacterium alactolyticum and 
Propionibacterium acnes, P. micros and Streptococcus 
mitis, P. micros and E nucleatum), and in one case there 
was a polymicrobial infection consisting of four species 
(Streptococcus anginosus, Eubacterium timidum, 
Propionibacterium propionicum, and Bacteroides gra- 
cilis). In all nine cases in which Enterococcus faecalis 
was isolated, it was the only microorganism present in 
the canal. 

Fifty of the 54 treated cases (93%) were available for 
recall. Thirty-seven of the lesions healed completely 
and 13 cases were judged as failures--a success rate of 
74%. A successfully treated case is shown in Fig. 1, and 
an example of a case where the periapical lesion per- 
sisted is shown in Fig. 2. 

Eighteen of 24 teeth (75%) from which bacteria were 
isolated after removal of the root filling healed com- 
pletely, and 19 of the 26 teeth from which there were no 
cultivable microorganisms healed--a success rate of 
73%. The difference between the outcomes for the two 
groups was not statistically significant. The success rate 
for the teeth from which E. faecalis was isolated after 
removal of the earlier root filling was somewhat lower 
(66%) than the average for the whole material. 

In samples taken at the time of root filling, microor- 
ganisms were recovered from six root canals. Four of 
the lesions associated with these teeth did not heal. 
Three of these teeth contained bacteria of the species 
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Table I. Microorganisms recovered from canals after 
removal of root filling 

Microbial species No. of  cases 

Enterococcus faecalis 9 
Streptococcus anginosus 2 
Streptococcus constellatus 1 
Streptococcus intermedius 1 
Streptococcus mitis 1 
Streptococcus parasanguis 1 
Peptostreptococcus micros 2 
Actinomyces israelii 3 
Pseudoramibacter alactolyticus* 1 
Eubacterium timidum 1 
Lactobacillus catenaforme 1 
Propionibacterium acnes 1 
Propionibacterium propionicum 1 
Fusobacterium nucleatum 1 
Bacteroides graciIis 3 
Candida albicans 2 

*Formerly Eubacterium alactolyticum. 

E. faecalis and the fourth root canal harboured 
Actinomyces israelii. In the two teeth in which there 
was healing of the periapical lesion, strains of E. fae- 
calis had been isolated at the time of root filling. Of the 
teeth with no recoverable microorganisms at the time of 
root filling, 35 of 44 teeth healed--a success rate of 
80%. Although there were a small number of teeth that 
contained bacteria at the time of root filling, there was 
a statistically significant difference (p = 0.033) in suc- 
cess rates between the teeth that had yielded positive 
bacteriologic samples at the time of root filling (33%) 
and those that had not (80%). 

The initial size of the periapical lesions appeared to 
have an influence on the outcome of treatment. The 
mean size of all initial lesions was 4.2 mm (range, 2-13 
ram). The initial mean size of the lesions that healed 
was 3.7 mm (range, 2-6.5 mm); the initial mean size of 
the lesions that persisted was 5.6 mm (range, 2.5-13 
mm). The difference in size between the lesions that 
healed and those that did not heal was statistically sig- 
nificant at p = 0.034. 

Of the 50 cases that could be followed-up, most (37) 
were filled within 0.5 to 2 mm from the radiographic 
apex. Nine were filled flush with the apex, and four had 
root-filling excesses of less than 1 mm. There was no 
statistical difference in outcome with respect to the 
root-filling level. 

DISCUSSION 
Most cases of endodontic failure are thought to 

involve a continuing infection of the root canal system 
that results in a chronic periapical lesion after treatment, 
yet few studies have evaluated the bacteria associated 
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Table II. Success rates for nonsurgical endodontic re- 
treatment 

Follow-up Success rate 
Study (year) period (yr) (%) 

Strindberg I (1956) 4 66* 
7 84* 

Grahn~n and Hansson 2 (1961) 5 65* 
Engstrrm et al. 37 (1964) 4 74* 
Molven 6 (1976) 3.5 64 t 
Molven and Halse y (1988) 10-17 71 t 
Bergenholtz et al. TM (1979) 2 48 t 
Allen et all  9 (1989) 0.5-1.0 73* 
Sj6gren et al.8 (1990) 8-10 62 t 
van Nieuwenhuysen et al. 2° (1994) 0.5-2.0 72 
Sundqvist et al. (this study) 5 74 t 

*Includes pulpotomized teeth, with and without periapical lesions. 
tOnly root-filled teeth with periapical lesions. 
¢Excludes cases treated by surgery. 

with failed endodontic treatment. This study used 
advanced bacteriologic techniques on previously root- 
filled teeth to determine which microorganisms are 
associated with endodontic failures. The outcome of 
endodontic re-treatment was evaluated by long-term 
follow-up. This work has shown that the nature of the 
infection in previously treated cases differs markedly 
from that in untreated cases. It has also confirmed that 
a lower success rate applies to teeth that have undergone 
re-treatment than to untreated teeth with apical peri- 
odontitis. Two factors that were shown to have a nega- 
tive influence on the prognosis are the presence of 
infection at the time of root filling and the size of the 
periapical lesion. 

Seventy-four percent of Cases healed after endodontic 
re-treatment. This figure compares favorably with pre- 
vious follow-up studies of non-surgical re-treatment of 
root-filled teeth with periapical lesions (Table II). It 
should be noted that some studies that have reported 
similar or higher success rates included cases of re- 
treatment of pulpotomized teeth without lesions 1,2,37 or 
had follow-up periods too short to have allowed the 
repair process to stabilize. 19,2° In this and earlier stud- 
ies 8,38 the periapical healing was rather slow in some 
cases; a follow-up period of at least 4 to 5 years was 
necessary for full reconstitution of the periodontal con- 
tour. Strindberg I noticed that some cases actually 
healed in the period between a 4-year follow-up and a 
later check at 7 years (Table II). 

There is surprisingly limited information on the 
microorganisms that can persist in the root canal fol- 
lowing obturation. In this and previous studies 13,14 the 
microbial flora detected in root-filled canals could be 
characterized as monoinfections of predominantly 
gram-positive microorganisms, with approximately 
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Table III. Bacteriologic findings in root-filled teeth 
with periapical lesions 

MoIander Sundqvist 
MOller 13 et al. 14 et al. 

Finding (1966) (1994) (this study) 

Bacterial species per 
root canal with bacteria 1.6 1.7 1.3 

Anaerobic bacteria* 51 39 42 
Gram-positive bacteria* 80 ND 87 
E. faecalis t 29 46 38 

ND, Value not given. 
*Percent of isolated bacteria. 
tpercent of canals with bacteria 

equal proportions of facultative and obligate anaerobes 
(Table III). This composition differs markedly from that 
seen in infections of the untreated canal, which typical- 
ly have a polymicrobial flora with approximately equal 
proportions of gram-negative and gram-positive bacte- 
ria and are dominated by obligate anaerobes. 15-17,22-24 
While selective pressures exist in the untreated canal 
that favor the establishment of a very restricted group of 
the oral flora, 17,39 special conditions must also apply to 
microorganisms that can persist in the root-filled canal. 
These include the capacity of some microorganisms to 
withstand antibacterial measures during cleaning and 
medication and to survive in an environment in which 
there are scant available nutrients and in which cooper- 
ative relationships with other bacteria are minimal. Very 
few bacteria appear to have such a capacity. Although 
the bacteriologic conditions of the previous endodontic 
therapy were in most cases not known, in all but one 
case the treatment appeared to have reached a radi- 
ographically reasonable standard. The number of 
species isolated from re-treatment cases is probably 
contingent on the quality of the initial endodontic treat- 
ment. Teeth with poor treatment are more likely to have 
a flora similar to that found in untreated canals than are 
teeth with apparently well-cleaned canals, and teeth 
with poor treatment are also more likely to contain a 
greater number of species. In the present study one case 
was included in which the previous root filling was of 
very low quality; this was the only canal that contained 
a polymicrobial flora. 

The common recovery of E. faecalis from the root 
canals of teeth in which the previous treatment has 
failed is notable. Enterococci are not favored by the 
conditions in the untreated canal, and when present they 
usually make up a very small proportion of the initial 
flora in the root canal. 17,24,40-42 E. faecalis appears to be 
highly resistant to the medicaments used during treat- 
ment and is one of the few microorganisms that has 
been shown in vitro to resist the antibacterial effect of 
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calcium hydroxide. 24,43-46 Enterococci have also been 
shown to have an ability to survive in root canals as sin- 
gle organisms without the support of other bacteria. 4° In 
this study, E. faecalis was isolated in 38% of teeth that 
had recoverable microorganisms, which suggests that it 
is an important agent in endodontic failure. The fact that 
E. faecalis is not normally present or is present in very 
low numbers in an untreated'case indicates that E. fae- 
calis can enter the canal, survive the antibacterial treat- 
ment, and then persist after obturation. A recen t  study 47 
found a higher proportion of E. faecalis in teeth whose 
canals lacked an adequate seal for a period during the 
treatment or were treated over 10 or more visits, which 
is consistent with earlier suggestions that E. faecalis 
usually enters the canal during treatment. 48 When E. 
faecalis is present in low numbers initially, it can usual- 
ly be eliminated; however, once established in the root 
canal system it is a difficult organism to eradicate. 
Another microorganism, Candida albicans, was present 
in two of the previously root-filled teeth. Although 
fungi have occasionally been reported in untreated 
cases, 49 they have been found in cases in which treat- 
ment had been protracted, 5° and they have been associ- 
ated with endodontic failures. 12 Like bacteria of the 
species E. faecalis, these microorganisms appear to 
have an ability to utilize opportunities created by the 
removal of other microbes and also to have the capaci- 
ty to grow in the low-nutrient environment of the treat- 
ed canal. 

Nineteen of the 26 cases in which no microorganisms 
were isolated from the previously root-filled teeth 
healed after re-treatment. The most plausible explana- 
tion for the healing observed in these cases is that 
microorganisms were present and had maintained the 
periapical lesion, and that the infection had been man- 
aged by the antimicrobial measures applied during re- 
treatment. Because no microorganisms were detected in 
the samples, this raises the question of whether the bac- 
teriologic methods have been reliable. Although it is 
possible that some microorganisms could have been 
lost, the sampling and cultivation techniques used in 
this study have previously been shown to be highly 
effective in the isolation and recovery of extremely oxy- 
gen-sensitive bacteria.15,a6,51 If the number of microor- 
ganisms was very low, then they may not have been 
recovered by the sampling technique. However, a more 
likely explanation is that microorganisms, while pre- 
sent, were inaccessible to sampling. Microbes may hide 
in anatomic branches of the root canal system or in api- 
cal areas that may have been obliterated during the pre- 
vious treatment. Furthermore it cannot be ruled out that 
the microorganisms might have been eliminated when 
the previous root filling was removed, even though this 

was done mechanically and without solvents. 
Bacteriologic sampling from previously filled root 
canals is certainly difficult under these circumstances, 
but there is no reason to suspect that the microorgan- 
isms isolated in this and similar studies 13,14 are unrep- 
resentative of the flora in root-filled teeth with persist- 
ing periapical lesions. 

The presence of infection at the time of re-obturation 
significantly increased the success rate of teeth under- 
going re-treatment. Teeth that had positive bacteriolog- 
ic samples at the time of root filling had a success rate 
of just 33%, whereas those that had negative samples 
had a success rate of 80%. Although there was a small 
number of teeth in the groups, this observation is con- 
sistent with the findings of a recent study 52 that showed 
a 26% lower success rate for teeth that were infected at 
the time of obturation. This finding emphasizes the 
importance of targeting the re-treatment to the total 
elimination of microorganisms from the root canal sys- 
tem. 

Long-term follow-up of the teeth revealed that the 
outcome of treatment was influenced by the size of the 
periapical lesions before re-treatment. Teeth with larger 
lesions had a poorer prognosis than teeth with smaller 
lesions; a similar tendency has been reported in other 
studies, 2°,37 although their material was insufficient for 
statistical evaluation. This finding stands in contrast to 
observations in untreated teeth in which the preopera- 
tive size of the lesions had no influence on the outcome 
of endodontic treatment, s The likelihood that a lesion is 
a cyst increases with the size of the lesion53,54; there is 
a possibility that if some of the lesions were radicular 
cysts, this could have influenced the re-treatment out- 
come. 

Conceivably, the two variables that were shown here 
to influence treatment outcome--infection at the time 
of root filling and initial size of the lesion--may be 
linked or may influence one another. However, statisti- 
cal analysis showed no correlation between bacteria at 
the time of root filling and size of the periapical lesion, 
regardless of whether all cases or just the failure cases 
were considered. This indicates that the two variables 
influence the outcome separately and are independent 
of one another. 

In a previous study 12 histologic analysis of tissue 
specimens from periapical lesions refractory to conven- 
tional endodontic therapy revealed that the major cause 
of root canal treatment failures was microorganisms 
persisting in the apical parts of root canals of root-filled 
teeth. Bacteria can also prevent the healing of periapical 
lesions by establishing themselves in the periapical tis- 
sue. Two species, A. israelii and Propionibacterium 
propionicum, are known to have the ability to establish 
such extraradicular infections. 9,55,56 In the present 
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study, samples taken at the time of root filling revealed 
that one of the root canals harbored A. israelii at the 
time of root filling. The lesion associated with this tooth 
did not heal, probably because of a persistence of A. 
israelii in the periapical tissues. 

The results of  the present study show that three of 
four cases with previous root fillings and persisting 
periapical lesions can be successfully managed by con- 
servative endodontic re-treatment. One in four lesions 
did not heal after re-treatment, and it is not known 
whether the cause was a persisting infection that might 
have been inaccessible to instrumentation. Extra- 
radicular infections, cysts, and extruded filling materi- 
als that cause foreign-body reactions are additional fac- 
tors that can adversely affect periapical healing after 
conventional endodontic re-treatment. 1°,11,57 The 
importance of  conservative re-treatment of canals 
before surgery has been illustrated in a study 5s that 
showed a re-treatment success rate 24% higher in cases 
of failed endodontic treatment in which antibacterial 
measures and refilling of the canal preceded apical 
surgery than in cases in which apical surgery was the 
only procedure performed. These results, in conjunction 
with the outcomes obtained in the present study, suggest 
that it is possible to attain very high success rates when 
both the intraradicular and the extraradicular causes of 
failure of endodontic treatment are well managed. The 
high success rate obtained in the present study suggests 
that defective root fillings should, when possible, be 
conventionally re-treated and then supplemented, if no 
signs of healing are apparent, with apical surgery. 

We thank Mrs. Lilian Palmquist and Mrs. Sonia Andersson 
for their excellent clinical assistance. 
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