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The 4- to 6-yr outcome of initial (first-time) end-
odontic treatment was assessed for Phase II of the
“Toronto Study.” In total, 442 teeth were treated by
using flared preparation and vertical compaction
of warm gutta-percha or step-back preparation
and lateral compaction. With 126 teeth excluded
(discontinuers: deceased and relocated patients),
163 dropouts, and 31 extracted, 122 (48% recall)
were examined for outcome: “healed” (no apical
periodontitis [AP], signs, symptoms) or “diseased”
(AP, signs, or symptoms). Phase II was analyzed
separately and combined with Phase I (n � 242),
using Chi-square and Fisher’s exact tests (p <

0.05). The healed rate (combined sample, 85%) dif-
fered significantly for preoperative AP (absent,
93%; present, 79%), treatment technique (flared
preparation and vertical compaction, 90%; step-
back preparation and lateral compaction, 80%),
gender (females, 90%; males, 79%), number of
roots (1–92%; >2–81%), and root-filling length (ad-
equate, 87%; inadequate, 77%). Logistic regres-
sion revealed increased risk of disease for preop-
erative AP (odds ratio � 3.3) and technique (odds
ratio � 2.3). This study confirmed AP and high-
lighted treatment technique as the main predictors
of outcome in initial treatment.

Systematic research on the outcome of initial (first-time) endodon-
tic treatment is important to clinicians, who are expected to esti-
mate prognosis and base treatment decisions on sound evidence,
and also to patients undergoing treatment. In recent years, empha-
sis has been placed on evidence-based health care, and thus, also
on the levels of evidence in published studies (1). Accordingly,
only studies that rate high on the hierarchy of evidence (2–4) are
considered as a basis for projecting prognosis, whereas others are
considered to generate hypotheses. High ranking on the hierarchy

of evidence is determined by the design of the study, but also by
adherence to parameters of sound methodology (2, 3). Observa-
tional cohort studies, such as those published on the outcome of
endodontic treatment, can qualify if complying with sound
methodology.

A recent review (5) of more than 60 observational cohort studies
on the outcome and prognostic factors for initial treatment of apical
periodontitis (AP) selected or excluded studies based on compli-
ance with four methodology parameters: cohort, intervention, out-
come assessment, and analysis. Only 12 observational cohort stud-
ies conformed to at least three of the four parameters (6–17). These
selected studies form the current evidence base for the outcome
and prognosis of initial endodontic treatment. Clearly, additional
studies, consistent with adequate level of evidence, are needed to
broaden that evidence base.

The most recent of the selected studies (17) reports on Phase I
(September 1993 to December 1995) of the “Toronto Study”
project. This project, established in 1993, is a continuous investi-
gation of the 4- to 6-yr outcome of endodontic treatment performed
by graduate endodontics students. Patient recall has been divided
into 2-yr “phases.” The results regarding initial treatment for Phase
I (17) revealed that the outcome (81% overall healed rate) was
significantly better in teeth treated without the presence of AP.
With AP present, the outcome was significantly better for single-
rooted than for multirooted teeth. Several factors were associated
with a large (�10%), albeit statistically nonsignificant healing rate
differential. Two factors were of particular interest: (a) number of
treatment sessions in teeth with AP; and (b) treatment technique:
flared canal preparation and vertical compaction of warm gutta-
percha (FPVC) as described by Schilder (18, 19), or modified
step-back preparation and lateral compaction of gutta-percha
(SBLC) (20–22). The lack of significance for some of those factors
is reflective of insufficient power because of the limited sample
size of the Phase I study (17).

The objective of this study was to assess the outcome of initial
endodontic treatment in Phase II of the Toronto Study project,
alone and combined with Phase I. More specifically, the goal was
to elucidate with greater power the effect on the outcome of
specific preoperative, intraoperative, and postoperative factors,
indicated by Phase I as potential determinants of the outcome of
treatment and prevention of AP.
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TABLE 1. Univariate distribution of the investigated factors in the treated population

Prognostic Factor

Phase II Phase I & II

Inception Cohort
% (n � 442)

Study Sample
% (n � 122)

Inception Cohort
% (n � 847)

Study Sample
% (n � 242)

Preoperative
Age

�45 yr 51 22 52 27
�45 yr 49 78 48 73

Gender
Female 55 53 53 52
Male 45 47 47 48

Tooth type
Anterior 21 19 20 19
Posterior 79 81 80 81

Tooth location
Maxilla 50 52 52 53
Mandible 50 48 48 47

No. of roots
1 29 30 30 31
�2 72 70 70 69

Signs and symptoms
Absent 33 39 35 35
Present 67 62 65 65

Radiolucency
Absent 38 43 41 40
Present 62 57 59 60

Pulp status
Responsive 33 35 35 33
Nonresponsive 67 65 65 67

Intraoperative
Treatment sessions

1 16 18 19 19
�2 84 82 81 81

Technique
SBLC 46 46 50 49
FPVC 51 50 47 46
Other* 3 4 3 5

Root-filling length
Adequate 81 78 79 75
Short 7 6 8 8
Long 12 16 13 17

Root-filling voids
Absent 85 85 82 83
Present 15 15 18 17

Sealer extrusion
Absent 51 51 49 50
Present 49 49 51 50

Complications
Absent 84 85 84 85
Present 16 15 16 15

Temporary seal material
Temporary† 6 9 16 18
Definitive‡ 94 91 84 82

Postoperative
Restoration at follow-up

Temporary 7 7
Definitive filling 30 30
Crown 63 63

Post
Absent 59 52
Present 41 48

SBLC � modified step-back preparation, lateral compaction of gutta-percha; FPVC � flared preparation, vertical compaction of warm gutta-percha.
* Modified step-back preparation, single gutta-percha cone and Ketac-Endo sealer.
† Cavit, ZOE, IRM.
‡ Amalgam, composite resin, glass ionomer, crown.
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Based on the Phase I study results (17), it was hypothesized that
the healed rate would be significantly higher for: (a) single-rooted
than multirooted teeth; (b) treatment using FPVC than SBLC
technique; and (c) treatment of teeth presenting with preoperative
AP in two or more sessions than in one session.

MATERIALS AND METHODS

The protocol for the Toronto Study project was established
before treatment of patients was initiated. The methodology was
described in detail in the previous report (17) and followed pre-
cisely in this study. The following is a brief summary.

1. The inception cohort of 442 teeth in 371 patients comprised all
initial endodontic treatments performed from January 1996 to
December 1997. Appropriate informed consent was obtained
from all patients. Teeth requiring apexification were excluded.
Supervised graduate students provided treatment in accordance
with a structured protocol. Two treatment techniques were used:
SBLC and FPVC. In addition, a small proportion of teeth were
treated using modified step-back preparation and single gutta-

percha cone with a glass-ionomer cement sealer (Ketac-Endo,
ESPE, Seefeld, Germany). Each technique was performed only
on specific days of the week. Treatment technique was quasir-
andomized by allocating patients to clinical sessions according
to availability and convenience.

2. All preoperative and intraoperative data were uniformly re-
corded at the time of treatment by the providers of treatment and
entered into a database.

3. All patients were recalled and offered compensation for attend-
ing. Efforts were made to find relocated patients and to encour-
age nonresponders to attend. When treated teeth were noted to
be lost, patients were questioned and the records of those who
received regular care at the Faculty of Dentistry examined to
establish the reasons for extraction.

4. All follow-up examinations were performed by the Phase II-
designated examiner (M.F.), who was calibrated for use of the
Periapical Index (PAI) (23), similarly for the Phase I examiner
(S.A.) and co-investigator (S.F.) for the project. Interexaminer
and intraexaminer reliability scores were calculated. PAI scores
were dichotomized to reflect absence (PAI � 2) or presence

TABLE 2. Bivariate analysis of associations between selected factors§ and the “healed” rate, 4 to 6 years after treatment for Phase
II (n � 122) and Phases I and II combined (n � 242)

Prognostic Factor

Phase II Phase I & II

n
Healed
(% n)

p Value n
Healed
(% n)

p Value

Preoperative
Gender

Female 65 92 0.058* 126 90 0.025*
Male 57 81 116 79

Tooth type
Anterior 47 92 0.15*
Posterior 195 83

No. of roots
1 36 94 0.146† 76 92 0.036*
�2 86 84 166 81

Radiolucency
Absent 52 94 0.038* 98 93 0.004*
Present 70 81 144 79

Intraoperative
Treatment sessions

1 22 96 0.3†
�2 100 85

Technique
SBLC 56 80 0.031* 120 80 0.042*
FPVC 61 93 110 90
Other‡ 5 100 12 83

Root-filling length
Adequate 181 87 0.05*
Inadequate 61 77

Complications
Absent 104 89 1† 206 86 0.079*
Present 18 78 36 75

Postoperative
Restoration at follow-up

Definitive 113 89 1†
Temporary 8 63

SBLC � modified step-back preparation, lateral compaction of gutta-percha; FPVC � flared preparation, vertical compaction of warm gutta-percha.
* Chi-squared test.
† Fisher’s exact test.
‡ Modified step-back preparation, single gutta-percha cone and Ketac-Endo sealer.
§ Only factors associated with a healed rate differential of �10% presented.
Bold type face highlights statistical significance.
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(PAI � 3) of AP. The tooth was the unit of evaluation, with
multirooted teeth assigned the highest score of all roots.

5. Outcome assessment was based on clinical and radiographic
measures, and the periapical tissues classified as “healed” (ab-
sence of AP, signs, and symptoms other than tenderness to
percussion), or as having “disease” (presence of AP, signs, or
symptoms). Teeth presenting without clinical signs or symptoms
were considered “functional” regardless of the PAI score.

6. Power analyses were performed (not shown) based on the Phase
I study results (17) to estimate the required sample size for
investigating specific factors with 80% power and 5% signifi-
cance. For example, 100 recalled teeth per group were required
to substantiate a 17% difference in the outcome related to
treatment technique (SBLC versus FPVC) in teeth with AP.

Analysis

Statistical analysis was performed on both the data of this study
(Phase II) and the combined data from Phases I and II. It included
univariate description using percent frequencies and bivariate as-
sociations between the treatment outcome and preoperative, intra-
operative, and postoperative factors, using Chi-square test of pro-
portions and Fisher’s exact test. Multivariate analysis to evaluate
joint associations among various factors was performed on the
combined data only, using logistic regression models. The depen-
dent variable in all analyses was the dichotomous outcome, healed
versus disease. All tests were performed as two-tailed and inter-
preted at the 5% significance level. Analysis of the complete
sample was followed by stratified analyses of teeth treated without
or with preoperative AP, both for the Phase II study data and the
combined data. All investigated factors are listed in Table 1.

RESULTS

Cohen’s kappa score for interexaminer agreement between the
Phase II examiner (M.F.) and the Phase I examiner (S.A.) as well as
the co-investigator (S.F.) were both � � 0.8. The intraexaminer agree-
ment was � � 0.8. These scores indicated “good agreement” (24).

Phase II Sample

The inception cohort of 371 patients and 442 teeth was
distributed into the following categories: (a) discontinuers (ex-
cluded), 126 teeth from 4 deceased and 105 relocated patients
who could not be contacted; (b) dropouts, 163 teeth from 11
patients who declined recall and 121 patients who did not
respond; and (c) attending, 153 teeth (48% recall rate) from 130
patients, including 122 teeth examined for outcome (study sam-
ple) and 31 extracted teeth (3 for advanced periodontal disease,
12 for restorative considerations, 16 for unknown reasons). The
examined study sample is compared to the inception cohort in
Table 1. Response bias analysis with respect to preoperative
radiolucency (Chi-square � 0.97; df � 1; p � 0.32), as well as
other factors (results not shown), revealed that the two popu-
lations did not differ significantly.

At the end point of the Phase II study, 106 teeth (87%) were
classified as healed and 16 as having disease. The bivariate anal-
ysis (Table 2) identified only two statistically significant associa-
tions with a higher healed rate for treatment without preoperative
AP than with AP, and treatment using FPVC than SBLC. Five
additional factors were associated with “large” (�10%) healed rate
differentials that were not statistically significant.

Of the 106 teeth classified as healed, 3 presented with slight
tenderness to percussion. Of the 16 teeth classified as having disease,
4 (25%) presented signs and symptoms of which 1 demonstrated a
sinus tract and a PAI score of 1. Thus in total, 115 teeth (103 healed
and 12 having disease) of 122 examined (94%) were free of any signs
or symptoms, or fully functional. Of 15 teeth with PAI � 3, the lesion
was smaller compared with the preoperative size (5 teeth, 33%),
unchanged (4 teeth, 27%), or increased/new (6 teeth, 40%).

Of 52 teeth treated without preoperative AP, 49 (94%) remained
healed. Stratified analysis (Table 3) identified only two factors
associated with large healed rate differentials but no statistical
significance. Of 70 teeth treated with preoperative AP, 57 (81%)
had healed. Stratified analysis (Table 4) identified only one statis-
tically significant association with a higher healed rate for treat-
ment using FPVC than SBLC. Eight additional factors were asso-
ciated with large healed rate differentials that were not statistically
significant.

TABLE 3. Stratified bivariate analysis of associations between selected factors* and the “healed” rate in teeth treated without
preoperative apical periodontitis, 4 to 6 years after treatment in Phase II (n � 52) and Phases I and II combined (n � 98)

Prognostic Factor

Phase II Phase I & II

n
Healed
(% n)

p Value n
Healed
(% n)

p Value

Preoperative
Gender

Female 30 100 0.07† 58 97 0.118†
Male 22 86 40 87

Intraoperative
Complications

Absent 81 95 0.098†
Present 17 82

Postoperative
Restoration at follow-up

Definitive 47 96 1†
Temporary 5 80

* Only factors associated with a healed rate differential of �10% presented.
† Fisher’s exact test.
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Combined Phase I and II Sample

The combined examined sample included 242 teeth (50% recall
rate) from 215 patients. Once again, response bias analysis with
respect to preoperative radiolucency (Chi-square � 0.18; df � 1;
p � 0.67), as well as other factors (results not shown), revealed that
this combined sample and the total inception cohort (847 teeth in
715 patients) did not differ significantly (Table 1).

Of the combined sample, 205 teeth (85%) were classified as healed
and 37 as having disease. A total of 231 teeth (202 healed and 29
having disease) of the 242 examined (95%) were free of any signs and
symptoms, or fully functional. Of 36 teeth with PAI � 3, the lesion
was smaller compared with the preoperative size (16 teeth, 45%),
unchanged (8 teeth, 22%), or increased/new (12 teeth, 33%).

The bivariate analysis (Table 2) identified only five statistically
significant associations with a higher healed rate for females than
males, treatment without preoperative AP than with AP, single-
rooted than multirooted teeth, treatment using FPVC than SBLC,
and adequate root-filling length (0–2 mm from the root end) than
inadequate length (longer or shorter). Two additional factors were
associated with large healed rate differentials without statistical
significance.

Logistic regression analysis (Table 5) identified the presence of
preoperative AP and the treatment technique as the only significant
predictors of the outcome with odds ratios of 3.29 and 2.29,
respectively. The potential confounding of the result pertaining to
treatment technique by other factors shown to be associated with
large differentials in outcome was examined and excluded (Table

TABLE 4. Stratified bivariate analysis of associations between selected factors* and the “healed” rate, in teeth treated with
preoperative apical periodontitis, 4 to 6 years after treatment in Phase II (n � 70) and Phases I and II (n � 144) combined

Prognostic Factor

Phase II Phase I & II

n
Healed
(% n)

p Value n
Healed
(% n)

p Value

Preoperative
Age

�45 yr 15 92 0.436‡
�45 yr 55 78

Tooth type
Anterior 33 88 0.16†
Posterior 111 77

Tooth location
Maxilla 33 88 0.19†
Mandible 37 76

No. of roots
1 22 91 0.204‡ 49 90 0.021†
�2 48 77 95 74

Pulp status
Responsive 64 83 1‡
Nonresponsive 6 67

Intraoperative
Treatment sessions

1 17 70 0.351†
�2 127 80

Technique
SBLC 34 73 0.049† 69 72 0.018†
FPVC 34 91 68 88
Other§ 2 7 71

Root-filling length
Adequate 106 83 0.057†
Inadequate 38 68

Sealer extrusion
Absent 34 77 0.185†
Present 36 89

Complications
Absent 60 83 1‡ 125 81 0.231‡
Present 10 70 19 68

Postoperative
Restoration at follow-up

Definitive 67 84 0.086‡
Temporary 3 33

Post
Absent 44 86 0.209‡ 84 83 0.145†
Present 26 73 60 73

SBLC � modified step-back preparation, lateral compaction of gutta-percha; FPVC � flared preparation, vertical compaction of warm gutta-percha.
* Only factors associated with a healed rate differential of �10% presented.
† Chi-squared test.
‡ Fisher’s exact test.
§ Modified step-back preparation, single gutta-percha cone and Ketac-Endo sealer.
Bold type face highlights statistical significance.
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6). As expected, sealer extrusion was significantly more frequent
with treatment using FPVC than SBLC. To further clarify the
clinical significance of treatment technique, calculation (not
shown) of the “numbers needed to treat” (25) was performed. It
revealed that for every 11 teeth treated using FPVC rather than
SBLC, one undesirable outcome (disease) was prevented.

Of 98 teeth treated without preoperative AP, 92 (94%) remained
healed. Stratified analysis (Table 3) identified only two factors
associated with large healed rate differentials but no statistical
significance. Of 144 teeth treated with AP present, 114 (79%) had
healed. Stratified analysis (Table 4) identified only two statistically
significant associations with a higher healed rate for single-rooted
than multirooted teeth, and treatment using FPVC than SBLC. Five
additional factors were associated with large healed rate differen-
tials but no statistical significance.

DISCUSSION

This prospective, observational cohort study assessed the 4- to
6-yr outcome of initial endodontic treatment for the second phase
of the modular Toronto Study project. As suggested previously
(17), the study design conformed to parameters of sound method-

ology (5). The cohort was enrolled at a uniform point—time of
intervention—regardless of prognosis or complicating factors. The
majority of the patients was referred from the undergraduate clinic
because of expected technical difficulty or after complications had
occurred mid-treatment. Few patients were referred from the emer-
gency clinic, and even fewer from general dentists in the commu-
nity. These specific patterns of patient referral suggested the results
of this study might not be generalized beyond the selected study
cohort.

The recall rate of 48% in the Phase II study was comparable to
that in Phase I (51%) and below that required for high level of
evidence (2). The high number of relocated (discontinuers) and
nonresponding (dropout) subjects suggested the study cohort was
heterogeneous and transient. Indeed, in a previous epidemiological
study (26) conducted on first-time patients at the University of
Toronto Faculty of Dentistry, the cohort was characterized by a
large percentage of immigrants. However, because the examined
study sample did not differ significantly from the inception cohort,
the study apparently was not subject to response bias.

Close supervision of the treatment providers by qualified prac-
ticing endodontists (6:1 ratio) suggested that treatment decisions
were consistent with those made by clinicians in specialty prac-
tices. Treatment procedures conformed to a predetermined proto-
col and accepted standard of care. Rotary instrumentation and
microscopes, the most recent additions to the endodontic arma-
mentarium, were not yet used at the time Phase II patients were
treated. Such adjuncts may have affected the results, but to what
extent is speculative.

The examiners in Phases I and II were calibrated and blinded to
the preoperative status of the teeth to ascertain uniform assessment
of outcome (17). The dichotomized outcome classification ex-
cluded an “incomplete healing” or “uncertain” category, such as
was used in several of the selected studies (7, 8, 15, 16). This was
in keeping with the observation period of more than 4 yr by which
time healing is expected to be complete (6). Nevertheless, reduc-
tion in lesion size among teeth having disease also was reported, as
a basis for further interpretation of the reported results. As previ-
ously suggested (27), tenderness to percussion, when presenting
alone, was not interpreted as a sign of AP considering that it also
can result from traumatic occlusion, food impaction, and periodon-
tal disease.

This study benefited from the ability to combine the samples
from Phases I and II of the Toronto Study project. The double
sample size facilitated assessment of the effect of the investigated
factors on the outcome of treatment, having better power than that
of either phase alone. The comparable univariate distribution of the
different factors in the two cohorts suggested that neither cohort
had a specific effect on the results.

Based on clinical and radiographic outcome measures, the over-
all healed rate for the combined sample (Phases I and II) was 85%.
If only the radiographic measure was used, the healed rate would
have remained 85%, demonstrating the asymptomatic nature of
posttreatment AP (5). Conversely, using only the clinical measure,
95% of the teeth would have been classified as having a favorable
outcome. Thus, the absence of symptoms is insufficient as a
measure of healing. Patients should be encouraged to attend fol-
low-up examinations after endodontic treatment to assess the out-
come, even if they are asymptomatic. Nevertheless, absence of
symptoms does allow the tooth to remain “functional.” This di-
mension of outcome should not be overlooked when communicat-
ing to patients the benefits associated with endodontic treatment
vis-à-vis tooth extraction and replacement.

TABLE 5. Logistic regression model of the outcome of initial
endodontic treatment, 4 to 6 years after treatment for Phases

I & II (n � 242)

Predictor
Adjusted

Odds Ratio

95%
Confidence

Interval
p Value

Preoperative radiolucency
(0 � absent, 1 � present)

3.29 1.35–8.05 0.009

No. of roots
(0 � single, 1 � multiple)

2.35 0.91–6.09 0.078

Root-filling technique
(0 � FPVC, 1 � SBLC)

2.29 1.04–5.05 0.04

SBLC � modified step-back preparation, lateral compaction of gutta-percha; FPVC �

fared preparation, vertical compaction of warm gutta-percha.
Bold type face highlights statistical significance.

TABLE 6. Bivariate analysis between selected factors and
treatment technique

Prognostic Factor
Treatment Technique

p Value*
FPVC n (%) SBLC n (%)

Gender
Female 58 (53) 61 (52) 0.929
Male 52 (47) 56 (48)

No. of roots
1 35 (32) 33 (28) 0.553
�2 75 (68) 84 (72)

Radiolucency
Absent 42 (38) 49 (42) 0.57
Present 68 (62) 68 (58)

Root-filling length
Adequate 85 (77) 84 (72) 0.334
Inadequate 25 (23) 33 (28)

Sealer extrusion
Absent 42 (38) 66 (57) 0.005
Present 68 (62) 50 (43)

FPVC � flared preparation, vertical compaction of warm gutta-percha; SBLC � mod-
ified step-back preparation, lateral compaction of gutta-percha.

Bold type face highlights statistical significance.
* Chi-squared test.
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In teeth treated without preoperative AP, the healed rate was
94% (combined sample)—in the middle of the range (88–97%)
reported in previous studies (6–8, 11, 12). None of the analyzed
factors significantly affected this outcome. Clearly, with the lim-
ited sample size of teeth treated without preoperative AP in the
present study, the relatively small difference associated with these
factors could not be substantiated statistically.

In teeth treated with preoperative AP present, the healing rate
was 79%—also in the middle of the previously reported range
(73–90%) (6–16). It is noteworthy that 45% (combined sample) of
the teeth having disease at follow-up demonstrated reduced lesions
relative to the preoperative size. Although size reduction does not
suggest that the lesion has healed, it may be a sign of slow-
progressing healing. In a recent study (28), as many as 6% of teeth
that had persistent AP 10 yr after treatment have been observed to
completely heal 10 to 17 yr later. This finding should be commu-
nicated to patients to emphasize the need for extended follow-up as
long as complete healing has not been observed.

The effect of the treatment technique on outcome has been
the subject of debate for many years (8, 29). Although numerous
in vitro studies have compared different techniques (30 –33),
FPVC and SBLC have not been directly compared for treatment
outcome in a prospective manner. Thus, the Toronto Study
project seems to be the first such attempt. The treatment tech-
nique emerged as the only factor significantly affecting the
outcome, other than preoperative presence or absence of AP, as
confirmed both by the bivariate (10% higher healing rate for
FPVC) and the multivariate analyses. The potential confound-
ing effect of this result by other factors was excluded. The
healing rate differential associated with the treatment technique
was greater in teeth treated with preoperative AP than in those
treated without AP, and significance was confirmed only for the
former group. Clearly then, the significant effect of the treat-
ment technique on outcome was specific to teeth with preoper-
ative AP. The FPVC technique, as taught in the Graduate
Endodontics Clinic at the University of Toronto, strictly ad-
hered to the original description by Schilder of the cleaning and
shaping protocol (19) and vertical compaction of warm gutta-
percha (18) using Kerr Pulp Canal Sealer (Kerr, Romulus, MI).
The main alternative technique taught (SBLC) comprised step-
back cleaning and shaping (20), often modified to include
extensive apical reaming (21), and lateral compaction of gutta-
percha (22) with Roth’s 801 sealer (Roth International Ltd.,
Chicago, IL). Because the database was designed for entries of
the root-filling technique, but not the cleaning and shaping
protocol, the effect of the cleaning and shaping component
could not be differentiated from that of the root-filling compo-
nent. Thus, the technique described by Schilder (18, 19), as a
complete concept, yielded a better outcome than SBLC. How-
ever, because this study was not designed specifically to com-
pare the two treatment techniques, e.g. it was not a randomized,
controlled trial, the result can only be considered as suggestive.
Clearly, this novel finding requires corroboration by further
studies, including future phases of the Toronto Study. Ulti-
mately, the effect of the treatment technique on the outcome
will have to be confirmed by future randomized, controlled
trials.

Three factors, two preoperative and one intraoperative, were
shown by the bivariate analysis to significantly affect the outcome;
however, their effect was not substantiated by the multivariate
analysis. These three factors are discussed below; their prognostic
importance requires further investigation.

The outcome differed for single-rooted and multirooted teeth, as
previously observed in the Phase I study (17) only for teeth with
preoperative AP. Whether reflecting the complexity of eliminating
root canal infection in the multirooted teeth or just the use of the
tooth as the unit of evaluation (5), this finding suggested a practical
application: clinicians can better appraise patients of the prognosis
by citing the expected healing rate for the specific tooth type, rather
than an average healing rate for single-rooted and multirooted
teeth. It should be noted, however, that this finding was contrary to
that of Strindberg (6) and Engström et al. (7).

Gender has not been found to significantly affect the outcome
in the selected studies (11, 17). The potential confounding effect
of other factors on this finding was assessed and excluded (tests
not shown), and no explanation could be offered for this
observation.

The outcome also differed for the apical extent of the root
filling. “Adequate” was defined as 0 to 2 mm short of the radio-
graphic root end, whereas shorter or longer extents were grouped
as “inadequate.” Only 25% of the teeth had inadequate root-filling
length, and among these, approximately two-thirds were long.
Extrusion of the root filling beyond the apex has been shown
previously to adversely affect the outcome in teeth with preoper-
ative AP (6–8, 11). Indeed, the largest healing rate differential
related to root-filling length (15%) was observed among teeth with
AP. It has been suggested that this adverse effect could be a result
of over-instrumentation and subsequent transportation of contam-
inated debris periapically (5, 11, 34), rather than the periapical
extrusion of the root-filling material per se.

Large (�10%) differences in outcome, although not statistically
significant, were associated with eight additional factors. It is
expected that with the completion of successive phases of the
Toronto Study project, the increased sample size will eventually
allow assessment of the true prognostic value, if any, of these
factors. Most factors assessed, however, were associated with only
small (�10%) and nonsignificant differences in outcome. This
observation was consistent with the majority of previous selected
studies that have found the following factors did not affect out-
come: age (8), tooth location (15), preoperative symptoms (9, 11,
15), periodontal condition (11), occurrence of intra-appointment
flare-ups (8, 9, 11), and final restoration after endodontic therapy
(13).
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