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ABSTRACT

Objectives: This study aimed to assess prospectively the clinical outcome of nonsurgical endodontic treat-
ment and identify patient- and tooth-related factors, rather than treatment-related factors, that were the
best predictors of this outcome.

Materials and Methods: The inception cohort comprised 441 teeth (320 patients) and 175 teeth (123
patients) were followed up for 1-2 years. Age, gender, presence of medical disease, number of canals, pre-
vious endodontic treatment, presence of sensitivity and pain, pulp vitality, swelling or sinus tract of pulpal
origin on the gingiva, periapical radiolucency and tendency of unilateral bite on the affected tooth were
recorded at treatment start.

Results: The outcome was classified on the basis of periapical radiolucency as healed or non healed. The
overall healed rate in these cases, including nonsurgical retreatment, was 81.1%. Four tooth-related fac-
tors had a negative impact in the bivariate analysis: previous endodontic treatment, necrotic pulp, preop-
erative gingival swelling or sinus tract of pulpal origin, and preoperative periapical radiolucency. Stepwise
logistic regression analysis including patient-, tooth-related factors and level of the root canal filling as a
treatment-related factor showed that preoperative gingival lesion (odds ratio (OR]): 4.4; p = 0.005), pre-
operative periapical radiolucency (OR: 3.6; p = 0.011), and < 1-2 mm under root filling length (OR: 9.6:
p = 0.012) were significant predictors of failure.

Conclusions: A preoperative gingival lesion of pulpal origin can influence the outcome of nonsurgical
endodontic treatment in addition to preoperative periapical radiolucency. (J Kor Acad Cons Dent 2010;
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Introduction

The outcome of endodontic treatment and its relat-
ed factors have been assessed in many studies."” The
success rate and associated factors of the tooth being
treated are important to estimate the prognosis and
provide sound evidence for treatment decisions. The
concept of evidence-based treatment has gained
increasing recognition in the last decade. The patient

should be informed regarding the possible outcome of
nonsurgical root canal therapy and the available evi-
dence on the procedure during treatment planning.
The success of nonsurgical endodontic treatment is
dependent on preoperative, intraoperative, and post-
operative factors,’® including preoperative absence of
periapical radiolucency, root filling without voids,
root filling within 2 mm of the radiographic apex, and
satisfactory coronal restoration. Of these factors, the
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pulpal and periapical diagnoses are considered the
most important. Further, the preoperative presence
versus absence of periapical radiolucency is a major
indicator of postoperative healing or failure.™

To assess the treatment outcome and elucidate the
effect of specific factors on the outcome, randomized
controlled trials are graded higher scores for the
strength of level of evidence." Treatment techniques
and instruments have been effectively evaluated in
randomized controlled studies.”"® However, the spe-
cial prospective cohort study models have been pro-
posed to assess the outcome of endodontic treatment
and elucidate the effect of various preoperative fac-
tors on the outcome in several studies.”™ A conspicu-
ous aspect of these studies was the identified incep-
tion cohort, standardized treatment procedures, and
data recording at the start of the study.

The objective of the present study was to assess
prospectively the 1- to 2- year clinical outcome of
nonsurgical endodontic treatment by one endodontist
and identify patient- and tooth-related factors rather
than treatment-related factors as the best predictors
of this outcome.

Materials and Methods
Inception of the cohort and clinical factors

The study population comprised patients who
received dental treatment between March 2006 and
December 2007 at the Department of Dentistry in
Kangdong Sacred Heart Hospital. The inception
cohort comprised 441 teeth (320 patients), which
were treated nonsurgically by one endodontic special-
ist. Data on diagnostic radiographs and clinical signs
and symptoms were collected at the start of treat-
ment. If the patient was referred by another operator
after access cavity preparation, the signs and symp-
toms were confirmed from the clinical records and the
history.

Age, gender, and the presence of medical disease
were recorded as patient-related factors. The number
of canals, initial treatment versus retreatment, pres-
ence of sensitivity and pain, pulp vitality, gingival
swelling or presence of sinus tract of pulpal origin,
preoperative apical radiolucency, and tendency for
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unilateral bite on the affected tooth were classified as
tooth-related factors. The diagnostic radiographs
(periapical radiographs or orthopantomogram) were
interpreted by an oral radiologist, and the periapical
radiographs for working length determination were
interpreted by the endodontist. A distinct radiolucent
area with loss of lamina dura (periapical index (PAI}"
score, 3-5) was considered to indicate periapical radi-
olucency, and a normal periapical condition or
widened periodontal ligament space (PAI score, 1 or
2) suggested the absence of periapical disease.

Endodontic procedure and tooth restoration

After conventional straight-line access cavity
preparation, instrumentation was completed in a
crown-down manner with NiTi rotary instruments
(ProFile .06/.04: Maillefer Instruments Holding Stl,
Dentsply International, Ballaigues, Switzerland) or a
combination of NiTi rotary and stainless steel hand
filing (Mani, Inc., Tochigi, Japan). During root canal
instrumentation, 5.25% NaOCl was used only as an
irrigant. The canals were filled by lateral condensa-
tion with gutta-percha and sealapex (SybronEndo,
Glendora, CA, USA). No intracanal medicament was
used between the treatment sessions, because it
could not be applied during single-visit treatment
and no root canal microbial culture was obtained.

After the endodontic treatment, the teeth were
restored with a crown (62.6%) or definitively sealed
with amalgam, glass ionomer cement, or composite
resin (37.4%). The level of the root canal filling was
measured as a treatment-related factor and scored as
0 (flush to the radiographic apex), 1 ({ 1 mm under-
filled), 2 (< 1-2 mm underfilled), or 3 (overfilled)
according to the periapical radiograph taken after
obturation. Periapical radiographic exposures were
made with YOSHIDA dental X-ray unit (Model REX
601, Toshiba, Japan) with CDR 2000 sensor (Shick
Technologies, Long island, NY, USA). The digital
radiograph images were processed and saved by
using the Computerized dental X-ray (CDX) view
(Pointnix co. Seoul, Korea). Periapical radiographs
were taken using bisecting technique and saved in a
picture archiving communication system (PACS).
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Follow up and outcome assessment

In total, 123 patients (175 teeth) were recalled at
prescheduled periods or required other dental treat-
ment after 12-24 months. The history and clinical
examinations were reviewed by the endodontist, and
the follow-up periapical radiographs were assessed
jointly by an oral radiologist and the endodontist
until a consensus was reached; the main outcome
measure was the absence (PAI score 1 or 2) or pres-
ence (PAI score, 3-5) of periapical radiolucency. On
the basis of this measure, the outcome was
dichotomized as healed or non-healed.

Statistical analysis

Outcome analysis was performed by using the tooth
as a unit of analysis. Univariate analysis involved
calculation of the frequency of variables. Bivariate
analyses (chi-square test or Fisher s exact test) were
used to examine the associations between the treat-
ment outcome and each variable, and multivariate
analysis with logistic regression analysis was used to
evaluate the combined associations of the factors.
The dependent variable in the bivariate and multi-
variate analyses was the dichotomous outcome (i.e.,
healed versus non-healed). All statistical tests were
two-tailed, and significance was set at the 5% proba-
bility level.

Results

Table 1 is a summary of the characteristics of the
treated and follow-up teeth. The patient age ranged
from 10 years to 85 years, and the number of roots
ranged from 1 to 4. These factors were analyzed as
continuous rather than categorical variables. The
level of root canal filling was categorized into 4
groups, whereas the other factors were categorized as
dichotomous variables.

The overall success rate of the follow-up cases was
81.1%. The success rate was 92% for teeth with vital
pulps, 64.1% for those with preoperative periapical
radiolucency, and 51.6% for those with preoperative
gingival swelling or sinus tract of pulpal origin. Of
the 175 teeth analyzed, 142 were classified as healed
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and 33 as non-healed with periapical radiolucency.

Among the 33 teeth classified as non-healed, the
radiolucency decreased in size or remained the same
without clinical symptoms in 15 teeth, and emerged
or increased in 18 teeth. Therefore, 157 teeth
(89.7%) were considered as functional. Of the 18
symptomatic teeth, 4 received nonsurgical endodontic
retreatment, 10 underwent endodontic surgical pro-
cedures, and 4 were extracted. The reasons for
extraction were failure of apical healing with root
fracture (1 tooth), disease of the furcation area (1
tooth), and combined periodontal problem (2 teeth).

The chi-square test showed the statistically signifi-
cant associations of four tooth-related categorical fac-
tors, which were endodontic treatment history,
necrotic pulp status, preoperative gingival swelling or
sinus tract of pulpal origin, and periapical radiolu-
cency, with the healed rate (Table 2). Bivariate
analyses showed that gender (p = 0.63), presence of
medical disease (p = 1.00), sensitivity and pain (p
= 0.19), unilateral bite (p = 0.37), and length of
root filling (p = 0.29) were not statistically signifi-
cant.

Stepwise logistic regression analysis for the rela-
tionship of the patient- and tooth-related factors to
treatment failure showed that the presence of a pre-
operative gingival lesion and periapical radiolucency
were significantly associated with failure (Table 3). A
stepwise logistic regression analysis for the potential
of all the factors including canal filling level to pre-
vent healing showed that preoperative gingival lesion
(p = 0.005), preoperative periapical radiolucency (p
= 0.011), and < 1-2 mm underfilled root canal
obturation (p = 0.012), were significantly associated
with treatment failure, with odds ratios (ORs) of 4.4,
3.6, and 9.6, respectively (Table 4).

Discussion

In this study, the overall healed rate was calculat-
ed as 81.1% on the basis of the radiographic find-
ings, and 89.7% of the analyzed teeth were function-
al without clinical symptoms. Among the preopera-
tive factors, preoperative apical radiolucency and
preoperative gingival swelling or sinus tract of pulpal
origin were significantly associated with failure of
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Table 1. Percent frequencies of the prognostic factors

Prognostic factor

Inception cohort (441 teeth)

Analyzed sample (175 teeth)

Age®
Gender

Medical disease

No. of canals®

Previous treatment

Sensitivility and pain

Pulp vitality

Gingival lesion

Apical radiolucency

Unilateral bite

Root filling length

male/female
absent/present
1/2/3/4
initial/retreatment
absent/present
responsive/necrotic
absent/present
absent/present

absent/present

Flush with the apex

{1 mm underfilled

< 1-2 mm underfilled

Overfilled

45.8/54.2
(202/239)
83.8/16.2
(370/71)
38.5/18.17/34.6/8.2
(170/82/153/36)
76.5/23.5
(337/104)
38.5/61.5
(170/271)
44.9/55.1
(198/243)
86.3/13.7
(381/60)
61.5/38.5
(271/170)
96.4/3.6
(425/16)
46.9
(207)
48.5
(214)
3.4
(15)
1.1
(5)

37.1/62.9
(65/110)
85.7/14.3
(150/25)
40.0/21.1/30.3/8.6
(70/37/53/15)
69.7/30.3
(122/53)
48.0/52.0
(84/91)
42.9/51.1
(75/100)
82.3/17.7
(144/31)
63.4/36.6
(111/64)
94.9/5.1
(166/9)
48.0
(84)
46.3
(81)
4
(7)
1.7
(3)

* This factor was not categorized and analyzed as a continuous variable.

Table 2. Significant associations of the four tooth-related factors with the healed rate calculated by the chi-square test

Prognostic factor Healed (%) Non healed (%) p value
Previous treatment Initial 86.1 13.9

Retreatment 69.8 30.3 0.021
Pulp vitality Responsive 92 8

Necrotic 73 27 0.003
Gingival lesion Absent 87.5 12.5

Present 51.6 48.4 0.000
Apical radiolucency Absent 91 9

Present 64.1 35.9 0.000
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Table 3. Logistic regression analysis of the effect of prognostic factors without level of root canal filling on the failure

of nonsurgical endodontic treatment

Prognostic factor (Variable coding) Sig. OR 95.0% CI
Stepl Gender (female = 1) 0.149 2.07 0.77-5.56
Age® 0.072 0.97 0.94-1.00
No. of canals® 0.854 0.96 0.59-1.55
Medical disease (present = 1) 0.935 1.07 0.23-4.96
Previous treatment (retreatment = 1) 0.931 0.95 0.33-2.76
Sensitivity and pain (present = 1) 0.193 1.91 0.72-5.04
Pulp vitality (necrotic = 1) 0.461 1.68 0.42-6.64
Gingival lesion (present = 1) 0.141 2.28 0.76-6.80
Apical radiolucency (present = 1) 0.053 3.34 0.98-11.35
Unilateral bite (present = 1) 0.253 2.85 0.47-17.07
Step9 Gingival lesion (present = 1) 0.014 3.40 1.28-9.00
Apical radiolucency (present = 1) 0.009 3.46 1.36-8.81

OR, odds ratio: CI, confidence interval.

* This factor was not categorized and analyzed as a continuous variable.

Table 4. Stepwise logistic regression analysis of the effect of prognostic factors with level of root canal filling on
the failure of nonsurgical endodontic treatment

Prognostic factor (Variable coding) Sig. OR 95.0% CI
Stepl Level of (flush = 0) 0.051
root, canal filling (flush = 0/ 1 mm underfilled) 0.292 1.69 0.64-4.47
(flush = 0/< 1-2 mm underfilled) 0.008 15.63 2.04-119.51
(flush = 0/overfilled) 0.203 6.54 0.36-117.98
Gender (female = 1) 0.205 0.52 0.19-1.44
Age’ 0.053 0.97 0.94-1.00
No. of canals® 0.513 0.84 0.49-1.42
Medical disease (present = 1) 0.789 1.24 0.25-6.11
Previous treatment (retreatment = 1) 0.914 1.06 0.35-3.25
Sensitivity and pain (present = 1) 0.090 2.42 0.87-6.72
Pulp vitality (necrotic = 1) 0.470 1.69 0.41-6.94
Gingival lesion (present = 1) 0.065 2.92 0.94-9.11
Apical radiolucency (present = 1) 0.060 3.38 0.95-12.02
Unilateral bite (present = 1) 0.186 3.44 0.55-21.47
Step9 Level of (flush = 0) 0.075
root canal filling (flush = 0/ 1 mm underfilled) 0.206 1.80 0.72-4.49
(flush = 0/< 1-2 mm underfilled) 0.012 9.56 1.64-55.54
(flush = 0/overfilled) 0.326 3.71 0.27-50.81
Gingival lesion (present = 1) 0.005 4.42 1.58-12.38
Apical radiolucency (present = 1) 0.011 3.55 1.34-9.43

OR, odds ratio; CI, confidence interval.

* This factor was not categorized and analyzed as a continuous variable.
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nonsurgical endodontic treatment.

On the basis of the radiographic findings, the suc-
cess rate was 92% for the teeth with vital pulps, but
69.8% for those with previous endodontic treatment.
These rates evaluated by using periapical radi-
ographs, might be overestimated because the validity
of using PAI scores for all tooth positions except
maxillary incisor region was reported to be question-
able.” It was also suggested that recall rates should
be considered in the outcomes of longitudinal
studies.” The success rate in the present study is
questionable because the recall rate was 39.7%.
However, the results of the relative impact of the
prognostic factors in this study are not meaningless
because the frequencies of the predisposing factors in
the analyzed sample were similar to those in the
total population (Table 1).

In the present study, the endodontist confirmed
that the successful cases were clinically asympto-
matic and functional without preoperative symptoms
when they were followed up. The symptomatic
unhealed cases underwent nonsurgical endodontic
retreatment, apical surgery, or extraction. The inves-
tigated prognostic factors were clinical signs and
symptoms, which were independent from the radi-
ographic diagnosis except for preoperative apical
radiolucency. Bender and Seltzer”* have indicated
that clinical symptoms such as pain, swelling, and
presence of a sinus tract can occur without radi-
ographic evidence of bone destruction. The clinically
detectable factors indicating the pulpal and periapical
state are more important because a patient s ques-
tions regarding the success rate and prognosis of root
canal therapy should be answered during treatment
planning.

More than 90% of the teeth without a preoperative
periapical lesion were clinically healthy, whereas only
64.1% with a preoperative periapical radiolucency
healed in this study. These results are in agreement
with earlier findings that teeth with apical periodon-
titis have a significantly lower success rate than
those without such lesions.” Stepwise logistic
regression analysis revealed that preoperative apical
radiolucency was important for predicting treatment
failure, with an OR of 3.6 (p = 0.011): in other
words, teeth with diseased periapical status have a
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3.6 times greater risk of failure than those with a
normal periapex. This OR is similar to the values
reported in the Toronto studies,*” but lower than
that found in other studies.”""”'

In addition to apical radiolucency, preoperative gin-
gival swelling and sinus tract of pulpal origin had a
significant effect on the nonsurgical endodontic treat-
ment; the least favorable healed rate (51.6%) was
associated with this factor. This result is similar to
the success rate for teeth with sinus tracts reported
by Chugal et al. (40.7%, p { 0.001)." In that study,
the preoperative presence of a sinus tract was classi-
fied into a group that included necrotic pulp and
chronic apical periodontitis. In the present study, in
addition to the presence of a sinus tract, a gingival
lesion, including swelling of the gingiva and face, was
analyzed as an independent variable, because these
signs and symptoms were not associated with other
clinical symptoms in all cases.

Every tooth, in this study, was obturated when the
previous symptoms except periapical radiolucency
had been disappeared. The cases were excluded if
they could not obturated because of the persistent
symptoms. However, 10 unhealed teeth were symp-
tomatic at recall and required periapical surgery. Of
these, 7 had a preoperative gingival problem. This
result equates to 22.6% of the teeth with a preopera-
tive gingival lesion requiring apical endodontic
surgery, whereas 9.4% (6 teeth) with preoperative
periapical periodontitis underwent surgical treat-
ment. These finding suggest that the presence of a
gingival problem of pulpal origin can be as decisive
for predicting treatment failure as the presence of
preoperative apical radiolucency. Therefore, addition-
al surgical endodontic treatment should be consid-
ered in patients with preoperative gingival swelling
or sinus tract of pulpal origin during initial treatment
planning.

The treatment factors considered in the majority of
the previous studies on nonsurgical root canal treat-
ment were associated with canal obturation, regard-
ed as the most important factor in nonsurgical
endodontic treatment.”*** Multivariate analysis in
the present study showed that the level of the root
canal filling was also indispensable to the treatment
outcome and that the canal should be filled within 1
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mm of the radiographic apex. However, a significant
association between the treatment outcome and this
factor was not obtained by the chi-square test, even
if the level of canal filling was divided into adequate
(¢ 1 mm underfilled) or inadequate (< 1-2 mm
underfilled or overfilled). In contrast, the impact of
inadequate canal obturation on treatment failure was
a prominent and significant factor in the logistic
regression analysis, despite the greater 95% confi-
dence interval (Table 4). These results suggest that
the presence of various treatment related-factors
alters the impact of preoperative variables on treat-
ment outcome in stepwise logistic regression analy-
sis. The comparison of relative impact could be
obtained in the stepwise logistic regression analysis
by elimination of the least significant independent
variables.

Some reviewers of studies concerning the outcome
of root, canal treatment concluded that it is desirable
to standardize aspects of the study design, data
recording, and presentation format of outcome data.*’
However, it is difficult to standardize the study
design to evaluate all prognostic factors because sta-
tistical analysis of the affecting factors is influenced
by the number of these factors included. In this
study, the result of the logistic regression analysis
without the treatment-related factor was slightly dif-
ferent from that including the factor (i.e., level of
root canal filling).

A prospective cohort study design was chosen
because clinical and radiographic examinations of the
preoperative factors are the most common procedures
used to predict the outcome of root canal therapy
prior to treatment. However, the level of evidence
obtained with the data is limited owing to the lack of
randomization and the predetermined treatment pro-
tocol. To ascertain the validity and reliability of these
findings, further studies are needed by using a
greater number of teeth with preoperative gingival
swelling and sinus tract, presence of sensitivity and
pain, tendency of unilateral occlusion, or other preop-
erative symptoms. Randomized clinical trials should
also be performed to evaluate treatment-related fac-
tors such as canal enlargement and obturation tech-
niques, intracanal medicaments, and instruments for
effective disinfection.
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Conclusions

The overall healed rate of nonsurgical endodontic
treatment by one endodontist was 81.1% on the
basis of the radiographic findings, with 89.7% of the
teeth being functional. Among the clinically
detectable preoperative factors, preoperative apical
radiolucency and preoperative gingival swelling or
sinus tract of pulpal origin were significantly associ-
ated with the failure of nonsurgical endodontic treat-
ment. Therefore, randomized clinical trials with the
predetermined protocol regarding these symptoms
are needed to improve success rates of root canal
treatment.
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