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Objectives: This retrospective cohort study evaluated the effect of restorative factors on the periapical status of
well-obturated endodontically treated teeth.

Materials and Methods: The clinical/radiographic data of restorative factors were gathered from patients receiving
non-surgical root canal treatment at the Faculty of Dentistry/Mahidol University, Thailand, from October 2017 to
December 2020; only well-obturated endodontically treated teeth were included. Coronal restoration quality,
type of restoration, definitive restoration status, defective restorations during follow-up, waiting period for the
definitive restoration, post placement, and other factors associated with post-retained restorations were collected.
From the clinical/radiographic assessments, endodontic outcomes were evaluated as success (healed) or failure
(healing/disease) rate. Multivariable modified Poisson regression analyses were conducted to identify significant
risk factors to the outcome.

Results: The study analyzed 405 well-obturated endodontically treated teeth from 319 patients, 9-83 years old.
At the 29.9 + 13.9-month recall, the overall success rate (healed) was 84.4%. The restorative factors that
significantly decreased the success rate were (1) inadequate/unsealed coronal restoration, (2) temporary
(e.g. Cavit or IRM) restoration, (3) absence of a definitive restoration, and (4) >6-month waiting period for
definitive indirect restoration. For teeth with post-retained restorations, <4-mm remaining root filling and
misdirected post-space preparation significantly reduced the success rate.

Conclusions: The success rate of well-obturated endodontic treatment was 84.4%. The adequate/sealed, definitive
coronal restoration and placing an indirect restoration within 6 months improved the success rate. Moreover,
>4-mm remaining root filling and appropriate post-space preparation significantly increased the success rate.
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Introduction

Achieving the highest endodontically
treated teeth (ETT) success rate relies on the
quality of the root canal treatment (RCT) and the
coronal restoration [1-3]. An ETT is restored to
protect the remaining tooth structure against
fracture and, provide a coronal seal to prevent
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root canal reinfection. Thus, a good coronal
restoration improves RCT long-term success
(4, 5].

Most studies on the effect of restorations on
endodontic success included teeth with both
good- and poor-quality RCT [1-3, 6-9], in which
the significant factors were analyzed from
a combination of the teeth regardless of the quality
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of RCT [2, 3, 6-8]. Thus, the effect of the coronal
restoration on periapical status tended to be
partly affected by the poor RCT. The effects of
restorative factors (RFs) on endodontic outcome
could be more noticeable in a cohort study
focusing on well-obturated ETT with an appropriate
recall-period. Moreover, assessing endodontic
outcomes by evaluating dynamic changes of
periapical status over a period provides a more
effective measure of treatment success.

Many RFs affect the RCT outcome.
A definitive restoration should be immediately
placed to decrease the coronal leakage and
tooth fracture risk, potentially resulting in
periapical disease [10]. However, definitive
restoration (indirect type, such as overlay
or crown) placement may be delayed in teeth
with a questionable prognosis, or due to a waiting
list for restorative treatment. The appropriate
waiting period for the definitive restoration is
still unresolved [11, 12]. The potential effects
of different tooth/restoration parameters and
waiting periods for a definitive restoration on
the periapical health should be identified,
particularly in well-obturated ETT.

Teeth with a substantial loss of coronal
structure may require a post to provide retention
for a coronal restoration [4, 13]. The post-space
preparation may reduce the apical seal of the
root canal filling, which may influence treatment
outcome [3, 14]. Laboratory studies have found
that the apical seal of a root canal filling should be
>4-5 mm [15]. However, the acceptable remaining
length of the root canal filling was reported to be
3-4 mm in clinical studies combining both
good- and poor-quality RCT [3, 14]. Other RFs
related to the teeth with post-retained restorations,
e.g., a misdirected post preparation or a gap
between the post tip and root canal filling that
may be detrimental to the outcome, have not been
comprehensively evaluated. Thus, the effects of
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the RFs in post-retained restorations on the
endodontic outcome should be investigated in
well-obturated ETT.

No cohort studies in the impact of RFs,
particularly on the periapical status of
well-obturated ETT have been published.
Good-quality RCTs can be assumed from
well-obturated root canal fillings on radiographs
[16]. Therefore, the objective of this retrospective
cohort study was to evaluate the effects of RFs
on the periapical status of well-obturated ETT.

Materials and Methods

The study was conducted in accordance
with the Declaration of Helsinki. This retrospective
cohort study was approved by the Institutional
Review Board of the Faculty of Dentistry and
Faculty of Pharmacy, Mahidol University, Bangkok,
Thailand (MU-DT/PY-IRB 2021/097.0212).

Sample size calculation

The sample size was determined using
Stata/MP software version 16.1 (Stata Corp.,
College Station, TX, USA) with a statistical
power=80% and a significance level=0.05,
based on a clinical study [3]. The data of the
teeth with good-quality RCT revealed a 90.1%
success rate for the teeth with adequate coronal
restorations and a 61.2% success rate for those
with inadequate restorations. The calculated
sample size was >95 teeth: 77 teeth with adequate
restorations, and 18 teeth with inadequate
restorations.

Data acquisition from the clinical and radiographic
records

The clinical/radiographic data were
collected from the dental records and periapical
radiographs of the patients who received
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non-surgical RCT (NSRCT) at the Endodontic
Clinic, Faculty of Dentistry/Mahidol University,
Bangkok, Thailand, from October 2017 to
December 2020.

Inclusion criteria

The inclusion criteria were well-obturated,
endodontically treated permanent teeth with
mature root formation in patients with an American
Society of Anesthesiologists (ASA) physical
status | or I, and had a minimum follow-up period
of 12 months. The dental records/radiographs
were adequate for evaluating root canal obturation
quality, periapical status, and RFs. The root canal
filling quality was evaluated as previously
described [16], where good root canal obturation
met the following criteia: (a) root canal filling
within 0—2 mm from the radiographic apex,
and (b) homogenous root canal filling density.
After complete RCT, interim or definitive coronal
restorations were performed according to
the restorative plan with different waiting periods.

Exclusion criteria

The exclusion criteria were teeth with
a history of traumatic injury, root resorption,
advanced periodontal disease, crack, root
fracture, or root perforation.

The data from the clinical records/
radiographs comprised age, sex (male/female),
tooth type (anterior/premolar/molar), tooth location
(maxilla/mandible), RCT type (primary/
retreatment), preoperative periapical lesion
(absent/present), lesion size (no lesion/<5 mm/
>5 mm, based on the longest distance) [17], and
tooth structure loss (surfaces). Moreover,
the restorative and timing factors were defined
as follows:

« Quality of the coronal restoration at
the last recall was assessed based on dental
records of clinical and radiographic evaluations
of restoration integrity [3, 9, 16, 18] at follow-up
examination, according to the following criteria:

" Adequate seal: Restorations with
radiographically intact margins and
no evidence of fractures, cracks,
recurrent caries, or marginal discoloration
as noted in the clinical records.

" Inadequate seal: Restorations with
detectable signs of overhangs,
fractures, cracks, poor marginal fit,
open margins, recurrent caries, or
absence of a coronal restoration.

» Type of restoration at the last recall was
categorized as indirect restoration (cuspal
coverage-overlays or crowns), direct resin
composite, or temporary restoration (temporary
filling with Cavit/IRM/glass-ionomer cement, or
temporary crown/bridge).

» Status of the definitive restoration according
to the pre-operative plan (absent/present).

« Defective restorations during the follow-up
period (no/yes) including caries, fractures,
dislodgement, and restoration repair.

« Waiting period from root canal obturation
to definitive restoration (<6 months/>6 months).
For teeth that had not received a definitive
restoration, the waiting period was determined
until the last recall.

« Post placement (absent/present).

For teeth with post placement, additional

information was collected:

" Post type (metallic/non-metallic post).

" Remaining root canal filling length
(<4 mm or >4 mm).

" Extension of the post in relation to
the root length: coronal third,
middle third, or apical third [19, 20].

" Post width at the apical end of
the post [21] as a ratio of the root
width and categorized as < '/, or > '/,
of the root width [20, 22]. For a tooth
with two root canals in a single root,
the post width was not determined.
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" Gap between the post and gutta-percha
(absent/present).
" Misdirection of the post (absent/present).

Outcome assessment

The radiographic images were imported into
the ImagedJ software (National Institute of Health,
Bethesda, MD, USA) and adjusted for brightness/
contrast/angulation. One examiner (N.P.)
performed all radiographic interpretations after
calibration twice with a set of 30 periapical
radiographs within a two-week interval. Cohen’s
Kappa coefficient was used to assess the
intra-examiner reliability until achieving almost
perfect agreement (k=0.81-0.99) [23]. In the
present study, the intra-examiner reliability score
was 0.917.

The outcomes were evaluated based on
the patients’ clinical/radiographic information
using Friedman and Mor’s criteria [24] and
categorized as: ‘healed’ (normal clinical/
radiographic appearance), ‘healing’ (reduced
periapical radiolucency size and no clinical
signs/symptoms), and ‘disease’ (persistent or
new periapical radiolucency, with or without
clinical signs/symptoms). The outcome was
grouped into two categories: success (healed)
or failure (healing/disease) following Strindberg’s
criteria [25]. For multi-rooted teeth, the overall
outcome was evaluated from the root with
the worst periapical status. Additionally, the
functional rate was assessed, indicating the teeth
with a normal clinical presentation, regardless of
their radiographic appearance.

Statistical analysis

Stata/MP software version 16.1 (Stata Corp.)
and SPSS software version 26.0 (IBM, New York,
NY, USA) were utilized for data analysis.
The treatment outcome distributions were reported
as frequency and percentage. Modified Poisson
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regression analyses, using univariable and
multivariable models, identified the potential risk
factors to the outcome and risk ratios with
a significance level at 5% (p<0.05). The effect
of the waiting period for the definitive restoration
on the outcome based on restoration types was
also investigated.

Results

Among 3,538 teeth with NSRCT, 825 teeth
had follow-up data. Based on the criteria,
517 teeth (62.7%) were initially included, of which
112 teeth were excluded. Finally, 405 teeth with
a well-obturated root canal filling, comprising
116 anterior teeth, 145 premolars, and 144 molars
(219 maxillary and 186 mandibular teeth),
from 319 patients remained for periapical status
outcome determination (Figure 1).

Approximately two-thirds of the patients
were females (208/319 patients). The patients
had a median age of 54 years (interquartile
range 43-63 years). The patients were divided
into two groups (<60 years and >60 years) in
the age effect analysis.

With a mean recall period of 29.9 + 13.9
months (12.1-64.5 months), 342/405 teeth
(84.4%) with a well-obturated root canal
filling were success (healed) while 63/405 teeth
(15.6%) were failure (healing and disease).
In the failure group, 18 teeth (4.5%) were in the
healing stage with a reduced periapical
radiolucency size, and 45 teeth (11.1%) were
diseased with a persistent, enlarged, or
newly emerged periapical radiolucency.
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3,538 mature permanent teeth received
non-surgical root canal treatment from
October 2017 to December 2020.

Follow-up data were available for 825 teeth.

517 teeth met the inclusion criteria:

« Patients with ASA physical status classification | or Il.
« Well-obturated root canal-treated teeth.

« A minimum follow-up period of 12 months.

« Adequate clinical data and periapical radiographs.

112 teeth were excluded due to:
« Traumatic injuries (16 teeth)
« Root resorption (12 teeth)
- Root fractures (2 teeth)
« Advanced periodontal disease (19 teeth)
+ Cracked teeth (41 teeth)
» Root perforations (22 teeth).

v

Outcome analysis of the periapical status
in 405 teeth from 319 patients.

Figure 1

Flow chart illustrating the recruitment process of the teeth that received non-surgical endodontic

treatment and different coronal restorations based on the inclusion and exclusion criteria.

The restoration types at the last recall were
indirect restorations (194 teeth, 47.9%), direct resin
composite (186 teeth, 45.9%), and temporary
restorations (25 teeth, 6.2%). Moreover, 69.1%
(280 teeth) were restored with definitive restorations
following the treatment plan, either indirect
restorations or resin composite. Additionally,
91.6% (371 teeth) had adequate-seal coronal
restorations, and 47.2% (191 teeth) received definitive
restorations within 6 months. During the follow-up
period, 44 teeth (10.9%) required repair/replacement
of the defective restorations. There were 172 teeth
(42.5%) with post-retained restorations (Table 1).

The univariable analysis (Table 1) showed
no significant difference in treatment outcomes
between the sex and age groups. The significant
preoperative factors to the treatment outcome
were the type of RCT (p=0.021), preoperative
periapical lesion (p<0.001), and lesion size
(p<0.001). The significant RFs were the quality
and type of restoration at the last recall (p<0.001),
presence of a definitive restoration (p=0.047),
restorative defect during the follow-up period
(p=0.001), and waiting period for a definitive
restoration (p=0.001). However, post placement
did not significantly affect the treatment outcome.
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Table 1 The characteristics and distributions of the demographic data, preoperative, restorative, and
timing factors with univariable analysis of treatment outcome in 405 teeth.

Factors Success Failure Crude 95%Cl of  p-value
(Healed) (Healing + Risk Risk
Disease) Ratio Ratio
n (%) n (%)

Sex

Male (n=154) 129 (83.8) 25 (16.2) 1.07 0.73-1.58 0.722

Female (n=251) 213 (84.9) 38(15.1) 1
Age

< 60 years (n=253) 217 (85.8) 36 (14.2) 1

> 60 years (n=152) 125 (82.2) 27 (17.8) 1.25 0.85-1.83 0.253
Type of RCT*

Primary treatment (n=352) 302 (85.8) 50(14.2) 1

Retreatment (n=53) 40 (75.5) 13 (24.5) 1.73 1.09-2.74  0.021*
Preoperative periapical lesion*®

Absent (n=118) 110 (93.2) 8 (6.8) 1

Present (n=287) 232(80.8) 55(19.2) 2.83 1.62-4.92 <0.001*
Periapical lesion size*

No lesion (n=118) 110 (93.2) 8 (6.8) 1

<5 mm (n=148) 129 (87.2) 19 (12.8) 1.89 1.03-3.48  0.040*

>5 mm (n=139) 103 (74.1) 36 (25.9) 3.82 217-6.72 <0.001*
Restored surfaces'

1 surface (n=51) 45 (88.2) 6 (11.8) 1

2 surfaces (n=144) 123 (85.4) 21 (14.6) 1.24 0.64-2.42 0.529

> 2 surfaces (n=148) 129 (87.2) 19 (12.8) 1.09 0.55-2.15 0.800
Quality of coronal restoration at the
last recall*

Adequate seal (n=371) 329 (88.7) 42 (11.3) 1

Inadequate seal (n=34) 13 (38.2) 21 (61.8) 5.46 3.76-7.91 <0.001*
Restoration type at the last recall*

Indirect restoration (n=194) 167 (86.1) 27 (13.9) 1

Direct composite (n=186) 160 (86.0) 26 (14.0) 1.01 0.67-1.51 0.983

Temporary (n=25) 15 (60.0) 10 (40.0) 2.87 1.67-4.96 <0.001*
Definitive restoration status®

Absent (n=125) 100 (80.0) 25(20.0) 1.47 1.00-2.16  0.047*

Present (n=280) 242 (86.4) 38 (13.6) 1
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Table 1 The characteristics and distributions of the demographic data, preoperative, restorative, and
timing factors with univariable analysis of treatment outcome in 405 teeth. (continued)

Factors Success Failure Crude 95%Cl of  p-value
(Healed)  (Healing + Risk Risk
Disease) Ratio Ratio
n (%) n (%)

Restoration defect during the
follow-up period*®

No (n=361) 311 (86.1) 50 (13.9) 1

Yes (n=44) 31 (70.4) 13 (29.6) 2.13 1.35-3.38  0.001*
Waiting period for the definitive restoration*

<6 months (n=191) 171 (89.5) 20 (10.5) 1

> 6 months (n=214) 171 (79.9) 43 (20.1) 1.92 1.29-2.86  0.001*
Post placement

Absent (n=233) 195 (83.7) 38 (16.3) 1.12 0.76-1.65 0.557

Present (n=172) 147 (85.5) 25(14.5) 1

*Statistically significant factors determined by univariable analysis.
"Missing data was observed for this factor in 62 teeth due to a lack of information in the clinical records.

Most direct resin composite and indirect a much lower healed rate (38.2%). In the sub-analysis,
restorations exhibited an adequate seal at 90.3%  the healed rates of the indirect restorations, direct
and 95.9% respectively, while 32% of the temporary  resin composite, and temporary restorations with
restorations had an inadequate seal. The teeth  aninadequate seal markedly decreased to 62.5%,
with adequate restorations had an 88.7% healed 33.3%, and 25%, respectively, compared with
rate, while those with inadequate restorations had  adequately sealed restorations (Table 2).

Table 2 The types and the quality of the coronal restorations on treatment outcomes.

Restoration type Quality of coronal restoration
Adequate seal Inadequate seal

Success Failure Success Failure
(Healed) (Healing + (Healed) (Healing +

Disease) Disease)

n (%) n (%) n (%) n (%)

Indirect restoration (n=194) 162 (87.1) 24 (12.9) 5 (62.5) 3 (37.5)
Direct resin composite’ (n=186) 154 (91.7) 14 (8.3) 6 (33.3) 12 (66.7)

Temporary restoration' (n=25) 13 (76.5) 4 (23.5) 2 (25.0) 6 (75.0)
Total (n=405) 329 (88.7) 42 (11.3) 13 (38.2) 21 (61.8)

"The combination of direct resin composite restorations for both interim and definitive restorations.
"The combination of temporary filling and temporary crown/oridge.
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The factors with p<0.25 in the univariable
analysis were analyzed using the multivariable
analysis of the outcome in 405 teeth (Table 3).
Two factors, having a periapical lesion and
lesion size were associated; therefore, only the
periapical lesion size was included in the
multivariable model. From the multivariable
analysis, the quality/type of coronal restoration
at the last recall, definitive restoration status,
waiting period for definitive restoration, periapical

lesion size, and RCT type significantly influenced
the outcome.

In the multivariable analysis, the teeth with
endodontic retreatment demonstrated
a significantly lower healed rate compared
with those with primary RCT (p=0.008). Periapical
lesions size >5 mm was associated with
a significantly lower healed rate compared with
those with no lesion or lesions <5 mm (p<0.001
and 0.013 respectively). The healed rate was

Table 3 The multivariable analysis of the factors with p-value <0.25 in the univariate analysis (n=405 teeth).

Factors

Type of RCT**
Primary treatment
Retreatment

Periapical lesion size**
No lesion
<5mm
>5mm

Quality of the coronal restoration at the last recall**
Adequate seal
Inadequate seal

Restoration type at the last recall**
Indirect restoration
Direct resin composite restoration
Temporary restoration

Definitive restoration status**
Absent
Present

Restoration defect during the follow-up period
No
Yes

Waiting period for the definitive restoration**
<6 months
> 6 months

**Statistically significant factors determined by multivariable analysis.
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Adjusted 95%Cl p-value
Risk Ratio of Risk Ratio
1
1.76 1.16-2.66 0.008**
1
2.02 1.16-3.52 0.013**
4.38 2.61-7.35 <0.001**
1
5.38 3.56-8.13 <0.001**
1
1.19 0.69-2.05 0.529
2.77 1.29-5.95 0.009**
2.20 1.07-4.49 0.031**
1
1
1.08 0.69-1.68 0.740
1
1.78 1.07-2.94 0.026**
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significantly lower in the teeth with inadequate-
seal restorations than in those with adequate-seal
restorations (p<0.001, risk ratio=5.38). Teeth with
temporary restorations had significantly lower
healed rates than those with direct resin
composite and indirect restorations (p=0.002 and
0.009; risk ratio=2.32 and 2.77, respectively).
The absence of a definitive restoration significantly
decreased the healed rate compared with
its presence (p=0.031, risk ratio=2.20). The waiting
period for a definitive restoration longer than
6 months significantly decreased the healed
rate compared with those completed within
6 months (0=0.026, risk ratio=1.78).

Waiting period < 1 month
B Waiting period > 1 month

100 p=0.547
Il
88.3%
80 84.6%
Q
© 60
»
?
3
S 40
n
20
0

(a) Direct composite groups

Figure 2

In the subgroup analysis (Figure 2) on
the waiting period for a definitive restoration in
the direct composite groups (86 teeth), 69.8%
(60 teeth) were completed within 1 month. In the
direct composite subgroups, no significant
difference in the treatment outcomes was
observed between the teeth with waiting periods
within and longer than one month (p=0.547).
Of the 319 teeth planned for indirect definitive
restorations, 60.8% (194 teeth) received indirect
restorations at the last recall. The subgroup
analysis revealed that the teeth that received
a definitive restoration after 6 months had
a significantly lower healed rate compared
with those completed within 6 months (p=0.011,
risk ratio=1.93).

Waiting period < 6 month
[l Waiting period > 6 month

100 * p=0.011
1
[
- 89.9%
80.5%
Q
T 60
2]
@
3
] 40
n
20
0]

(b) Indirect restoration groups

The success rate in the subgroup analysis on the waiting period for the definitive restorations

in the (a) direct resin composite groups and (b) indirect restoration groups (*: p<0.05-

significant).
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The presence of restorative defects during
the follow-up period did not significantly affect
the treatment outcome (p=0.74). During the
follow-up period, 44 teeth had restoration
defects, the defective restorations in 40 teeth
(90.9%) were repaired immediately after detection.
At the last recall, 31 teeth with adequate-seal
restorations showed an 87.1% healed rate
that was markedly higher than those (13 teeth)
with inadequate-seal restorations (30.8%)
(Figure 3).

In the 172 teeth with the post-retained
restorations, no root perforation was found
after post-space preparation. The overall healed
rate of the well-obturated ETT with post-retained

restorations was 85.5%. For the remainder,
2.3% (4 teeth) were healing, and 12.2% (21 teeth)
exhibited disease. For the risk factors analysis,
the RFs with p<0.25 in the univariable analysis
were included into a multivariable model of
172 teeth with post-retained restorations
(Table 4). The multivariate analysis identified
two significant factors to the outcomes: <4-mm
remaining root canal filling and post misdirection.
Teeth with <4-mm remaining root canal filling or
with post misdirection had significantly lower
healed rates compared with the teeth with a root
canal filling =4 mm (p=0.001, risk ratio=3.79)
or without post-misdirection (p=0.006, risk
ratio=2.74).

M 87.1% success (healed rate) of teeth with adequate seal
B 12.9% failure of teeth with adequate seal

B 30.8% success (healed rate) of teeth with inadequate seal
B 69.2% failure of teeth with inadequate seal

Adequate seal
(31 teeth)

27 teeth

Inadequate seal

(13 teeth) siesth

4 teeth

20 30 40

Number of teeth

Figure 3 The treatment outcome of 44 teeth that presented with defective restorations during the

follow-up period (requiring repair or replacement) based on the quality of the coronal

restoration at the last recall.
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Table 4 The characteristics and distributions of the restorative factors after univariable

and multivariable analysis of the endodontic outcomes in 172 teeth with post-retained

restorations.

Factors Success Failure Risk Ratio Univariable Multivariable analysis
(Healed) (Healing + analysis
(n=147) Disease)
(n=25)
n (%) n (%) Crude Adjusted 95%Cl of p-value 95%Cl of p-value
Risk Ratio Risk Ratio
Type of post
Metallic post (n=28) 24 (85.7) 4 (14.3) 1
Non-metallic post (n=144) 123 (85.4) 21 (14.6) 1.02 - 0.46-2.28 0.960 - =
Post length
Coronal third (n=7) 6 (85.7) 1(14.3) 1.09 1.95 0.24-4.92 0911 0.35-10.85 0.444
Middle third (n=145) 126 (86.9) 19 (13.1) 1 1.45 0.57-3.67 0.436
Apical third (n=20) 15(75.0) 5(25.0) 1.91 1 0.91-3.99 0.086
Post width (n=115)"
< 1/3 root width (n=105) 88(83.8) 17 (16.2) 1
> 1/3 root width (n=10) 8 (80.0) 2 (20.0) 1.24 - 0.39-3.86 0.716 - -
Remaining root filling**
<4 mm (n=23) 15(65.2) 8(34.8) 3.05 3.79 1.65-5.63 <0.001 1.71-8.41 0.001**
>4 mm (n=149) 132 (88.6) 17 (11.4) 1 1
Gap between the post and
root filling
Absent (n=124) 108 (87.1) 16 (12.9) 1 1
Present (n=48) 39 (81.3) 9(18.7) 1.45 1.46 0.79-2.68 0.232 0.80-2.66 0.212
Misdirected of post**
Absent (n=158) 138 (87.3) 20 (12.7) 1 1
Present (n=14) 9 (64.3) 5(35.7) 2.82 274 137-56.82 0.005 1.34-557 0.006*

"Missing data in 57 teeth because the post width could not be determined.

**Statistically significant factors determined by multivariable analysis.

Discussion

This retrospective cohort study is the first to
identify the effect of RFs on endodontic outcomes
in ETT showing good root canal obturation on
periapical radiographs. Most previous studies
had a cross-sectional design that investigated the

RFs to the outcome in the teeth with both good and
poor RCT [1-3, 6-9, 11, 12, 16, 26-30]. However,
our present study was designed by including
only teeth with well-obturated root canals and
excluding teeth with poor root canal obturation.
This study design enabled a more accurate
assessment of the actual effect of RFs on treatment
outcomes. In addition, this retrospective study
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evaluated the outcomes over a recall period of
more than 12 months to monitor the dynamic
changes in periapical status, which provided
a more effective outcome assessment than
the evaluation at a single time point.

This study studied on the RFs affecting
the outcome, but limitedly focused on well-
obturated ETT, reflecting the controlled quality of
endodontic treatment. All endodontic procedures
were performed under aseptic conditions
with proper root canal disinfection before the
obturation. The procedures included rubber dam
isolation, root canal disinfection through
mechanical preparation; intracanal irrigation
with sodium hypochlorite; and antimicrobial
intracanal medication with calcium hydroxide,
which significantly reduced the bacterial
load within the root canals [31-33]. After the
disinfection, root canal obturation was well
performed to achieve apical seal to prevent
reinfection. It could not be denied that not only the
quality of coronal restoration but also the quality
root canal treatment strongly affected the
periapical status of ETT [2, 3, 6, 7, 34, 35].

In the cross-sectional studies, 74-91%
success rates were reported for the teeth with
well-obturated root canals [1-3, 6-9, 16, 30].
Our retrospective study found an 84.4% success
(healed) rate at the 30-month recall, similar
to previous results. However, 4.5% of the teeth
(n=18) in the failure group were in the healing
stage. Of these teeth, 14 teeth had large
preoperative periapical lesions. An extended
follow-up of 3-4 years or longer may be required
for the complete healing of large lesions [36, 371,
which would likely increase the healed rate.
In our study with an overall functional rate of
88.9%, none of the healing teeth had clinical
signs/symptoms. These healing teeth might heal
completely when evaluated using a longer recall
period.
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This study identified four significant RFs on
the outcome of well-obturated ETT. The most
impactful factor was the quality of the coronal
restoration with the highest risk ratio (5.38),
indicating inadequate restorations led to more
RCT failures, consistent with previous studies
[1-3, 6, 27-29, 38, 39]. Good coronal restorations
provide a seal to prevent bacterial leakage
[4, 5, 37, 40, 41], enhancing the highest treatment
success in combination with good RCT [2, 3].

The restoration types were categorized in
our study into direct resin composite, indirect
restorations, and temporary restorations.
Most temporary restorations used Cavit and IRM.
Laboratory studies [42, 43] showed that these
temporary fillings should be used in sufficient
thickness, avoid excessive occlusal force, and for
a short period to prevent dislodgement or
coronal leakage. The temporary restorations in
our study were unintentionally used for over
12 months due to the patients not attending
the restorative appointment. Consequently,
the temporary restoration group had a significantly
lower healed rate than the other restoration
groups, indicating that prolonged use of the
temporary restoration negatively impacted the
outcome. Additionally, the inadequate-seal
temporary restorations subgroup had higher
failure rates than the adequate-seal subgroup.

Having a definitive restoration significantly
improved the treatment outcomes in our study.
ETT require appropriate definitive restorations,
either direct or indirect restorations, to provide a better
coronal seal and tooth protection compared with
interim or temporary restorations [44]. In our study,
teeth with direct (resin composite) and indirect
(overlay/crown) definitive restorations showed
very high healed rates (97.7% and 95.9%,
respectively). For teeth waiting for definitive
restorations, any problems with the interim
restorations tended to negatively affect the outcome.
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The waiting period for definitive restorations
significantly influenced the treatment outcomes.
The teeth restored <6 months had a higher healed
rate than those restored >6 months. The delay in
definitive restorations placement increased the
risk of coronal leakage, tooth fracture, and other
failures, thus overall success decreased.

In the present study, the waiting period for
a definitive indirect restoration was generally
longer than that for a direct resin composite
restoration. The teeth definitively restored with
direct resin composites were usually completed
<1 month after root canal obturation. Teeth restored
with direct resin composite >1 month later had
a reduced healed rate; however, the difference
was not significant. Hence, teeth should be
definitively restored with direct composite as
planned within one month after RCT to prevent
the risk of failure.

For the teeth planned for indirect definitive
restorations, a waiting period >6 months
significantly lowered the healed rate compared
with those restored <6 months. Among the
diseased teeth, 76% (34 teeth) had received
the definitive restoration >6 months, and 44.4%
(20 teeth) had unrestorable tooth fractures
requiring tooth extraction. Therefore, unnecessarily
delayed definitive indirect restorations placement
increased the risk of coronal leakage and tooth
fracture, adversely affecting the periapical status
of the teeth.

The defective interim restorations did not
significantly affect the treatment outcomes.
This was because regular follow-ups were
conducted to monitor and correct small interim
restoration defects before they enlarged, causing
significant coronal leakage or fracture. Thus, interim
restoration defects did not increase the risk of
treatment failure if they were repaired immediately
after detection [10].

The presence of a post did not significantly
impact the treatment outcome in well-obturated
ETT. However, the post-space preparation
may compromise the apical seal of a root canal
filling. In this study, inadequate remaining
gutta-percha and post misdirection had
a significant adverse effect on the outcome.
Remaining gutta-percha <4 mm negatively
impacts endodontic outcomes by compromising
the apical seal, as shown clinically by Thampibul
et al. [3] and supported by laboratory findings,
in which >4-5 mm of gutta-percha should
remain to ensure an adequate apical seal [15, 22].
In our study, half of the failed teeth with misdirected
posts had <4-mm remaining root canal filling,
which might explain the impact of a misdirected
post-space preparation on the outcomes.
In contrast, all successful misdirected-post teeth
had >4 mm of apical seal.

For ETT with post-retained restorations,
studies demonstrated the negative impact of
detecting a gap between the post and root
canal filling on the treatment outcomes [45, 46].
However, our study did not find this effect on
the endodontic outcome. This may be because
most of the gap-detected teeth had a gap <1 mm
and still had an adequate length of remaining
root canal filling >4 mm without other post
placement defects. Therefore, the combination
of an apical seal from adequate remaining
gutta-percha and coronal seal from the
intra-radicular restoration led to successful
outcomes.

Conclusion

Well-obturated ETT demonstrated a high
success (healed) rate (84.4%) and functional rate
(88.9%). However, the success could be
compromised by an inadequate-seal coronal
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restoration, absence of a definitive restoration,
long-term temporary restoration, and delayed
placement of a definitive indirect restorations for
over 6 months. For the teeth with post-retained
restorations, high success (85.5%) and functional
(87.8%) rates were found. The success was
adversely affected by <4 mm of remaining
gutta-percha and post misdirection.

Highlights

« This retrospective cohort study in
endodontically well-treated teeth reported the
restorative factors affecting endodontic success.

« A definitive coronal restoration, either
direct or indirect type, should be placed as soon
as possible after RCT.

« If indirect restoration (crown) is planned
but has to be delayed, the waiting period should
not exceed 6 months.

« In teeth with post-retained restorations,
the post-space must be carefully prepared to
ensure a minimum of 4-mm remaining root canal
filling and not deviate from the root canal path.

» Maintaining regular follow-up of ETT with
direct restorations is essential to ensure the
integrity and coronal seal.
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