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Introduction: Endodontic therapy has been regarded as a safe treatment option with highly promising results in
preserving natural teeth. Numerous factors may influence the longevity of endodontically treated teeth (ETT),
thus altering their success/survival rate. This study aimed to determine the survival and success rates of
endodontically treated premolars and molars with different complex restorative/prosthodontic treatments.
Materials and Methods: A total of 190 patients with an ETT were included, who had received final coronal
restoration up to 14 days after the temporary one and at least one year prior to the enrollment. The investigator
evaluated the quality of endodontic filling, coronal restoration, mobility, and proximal contacts. Data were
analyzed with multiple binary logistic regression and the Chi-Square test. Results: The average duration of follow-
up was 28.6+11.9 months. Overall, 89.4% (170/190) of the teeth survived. The overall success rate for the
investigated teeth was 70.5% (134/190). Success rates of 100% for crown, 95.7% for post and core crown (PCC),
and 94.7% for amalgam build-up with post were achieved. However, the success rates were 75%, 52.5%, and 50%
for amalgam build-up, composite build-up, and PCC with crown lengthening, respectively. The Chi-square test
revealed that there was a significant difference between the different restorations in terms of success (P<0.001).
Multiple binary logistic regression models revealed that coronal leakage (P=0.048), obturation void (P=0.037),
obturation length (P=0.020), mobility (P=0.002), type of the restoration (P<0.001), and proximal contact
(P<0.001) were significant predictors for success. However, apical lucency, root length, marginal
caries, tooth type, and post did not appear to be significant indicators of success (P>0.05).
Conclusions: ETT with minimal mobility, exhibiting underfilled obturations without visible voids,
and having received crown/PCC/amalgam build-up with a post, along with the presence of both
proximal contacts, tend to exhibit a significantly high success rate.

Keywords: Dental Amalgam; Dental Restoration Failure; Endodontic Inflammation; Endodontically Treated
Tooth; ; Pain Management; Root Canal Therapy; Survival Analysis

Introduction

of all teeth were endodontically treated. Broadly, it is equivalent to
two endodontic treatments per patient [3]. Another systematic

atients with relatively complete dentitions and dental
P awareness are increasingly turning to endodontic treatment as
a conservative treatment option [1]. Survival rates of endodontically
treated teeth (ETT) have been very high accompanying extremely
high satisfaction [2]. In a systematic review of 33 cross-sectional
studies, based on data representing over 300,000 teeth, roughly 10%

review showed that the success rates for ETT without and with
apical periodontitis were 82.8%-97.3% and 75.6%-87.77%,
respectively [4]. This rate of success is comparable with more
aggressive treatments such as extraction and implant placement.
There are various definitions for endodontic success, focusing on
clinical signs and symptoms and/or radiographic findings [5-7].
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Moreover, a large number of other studies referred to
"survival rate" rather than "success rate" [8-11]. The term
"survival" refers to a tooth that is still in situ at the follow-up visit
[6]. Exercising survival rate is substantially useful for
retrospective records that lack adequate clinical information.
For instance, in a population-based cohort study in Korea, more
than 3 million teeth were studied between 2010 and 2015 for a
5-year survival rate. It showed a 90.8% and 88.4% of 5-year
survival rate for initial root canal therapy (RCT) and re-RCT,
respectively [12].

Numerous factors have been reported in the literature that
compromise the success and survival of endodontic treatments,
such as persistence of intracanal bacteria, inadequate canal
cleaning, compromised obturation quality, overextension of
root canal filling materials, coronal leakage, missed major and
[13].
Furthermore, restorative and prosthodontic causes are claimed

minor canals, and iatrogenic procedural errors
to be the most prevalent reasons for ETT extraction [14].
Posterior ETT with minimum to moderate structural loss could
be restored by direct/indirect restorations with comparable
survival rates [15]. Despite several recommendations regarding
whether to crown ETT or use more conservative restorations,
the evidence on this topic is not conclusive yet [16].

In this retrospective observational study, we aimed to
evaluate treatment outcomes of RCT, including survival and
success rates of the enrolled teeth, and to clarify the prognostic
factors contributing to RCT success and ETT survival in the
premolar and molar teeth (including mobility grade, proximal
contacts, apical periodontitis, obturation void and length, type
of the restoration, presence of post, coronal leakage, and
marginal caries). The null hypothesis indicates no significant
difference in survival or success rate of ETT based on the

endodontic or prosthodontic treatments they received.
Materials and Methods

This study conformed to the recommendations of the
Strengthening the Reporting of Observational Studies in
(STROBE)
epidemiology studies [17], and was approved by the Ethics
Committee of Shahid Beheshti University of Medical Sciences
(IR.SBMU.RIDS.REC.1394.137). fully
informed about the advantages and disadvantages of the follow-

Epidemiology statement for observational

Participants ~ were
up X-ray and data confidentiality. Written consent was taken
from each patient, containing the authorization to take an X-ray.

With the assumption of a confidence interval of 95% and a
standard error of 0.07, a minimum sample size of 170
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participants was calculated for the present study using the PASS
11 software (NCSS, LLC. Kaysville, Utah, USA), according to a
similar study [18]. It was increased to 190 participants,
considering expected losses and refusals of 10%. Using the
convenience sampling method, samples were made up of
patients attending the Department of Endodontics, School of
Dentistry, Shahid Beheshti University of Medical Sciences,
Tehran, Iran.

All enrolled patients had at least one posterior ETT that was
carried out by endodontic postgraduate students with inclusion
criteria as follows: (1) final restoration was placed up to two
weeks after temporary restoration, and (2) passing at least one
year after the restoration delivery at the time of enrollment.
Exclusion criteria of participants consisted of: (1) exhibition of
any underlying diseases, (2) occurrence of root fracture, external
or internal resorption, broad periapical lesions (score 4 and 5 of
the periapical index [19]), or history of trauma on the tooth, and
(3) generalized periodontal disease.

A periapical radiograph with parallel technique (XCP;
extension cone paralleling using Rinn system) using the MinRay
radiography unit (Sordex, Helsinky, Finland), was taken from
each patient and controlled for proper density and contrast and
appearance of at least 3 mm of periapical tissues. The data were
collected through an oral questionnaire, clinical examination
(CE), and radiological assessment (RA). The data were
investigated by one examiner. The investigator assessed
different variables for each participant in three categories: 1.
General factors: mobility grade (through CE) and proximal
(through CE). 2.
anatomical root length through RA; using a digital caliper

contacts Endodontic-related factors:
(Mitutoyo, Kawasaki, Japan), apical periodontitis (through RA;
considered positive if an increased or sustained lucency was
evident in comparison to the X-ray recorded at the time of
treatment), and obturation void and length (through RA and a
digital caliper). Obturation length was deemed appropriate if the
ending was at a distance of 0-2 mm from the apex, underfilled
when it was more than 2 mm short of the apex, and overfilled if
the material extruded beyond the apex [20]. 3. Restorative- and
prosthodontic-related factors: type of the restoration (through
CE and RA), presence of post (through RA), coronal leakage
(through RA; presence of a gap between the restoration and
tooth), and marginal caries (through CE and RA).

Statistical analysis was carried out using SPSS 25 (IBM Statistics
for Windows, Version 25.0. Armonk, NY, USA). All statistical
tests were interpreted at a 0.05 significance level. Binary
logistic regression models were run to explore significant
covariates on the success. The covariates comprised apical lucency,
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Figure 1. The successful and failed cases of each coronal restoration. CL: crown lengthening; PCC: post and core crown

obturation length and void, root length, coronal leakage, tooth
type, restoration type, presence of post, marginal caries,
mobility grade, and proximal contact. Furthermore, Chi-
square test was used to compare gender, type of the tooth and
restoration, apical lucency, post, coronal leakage, marginal
caries, obturation void, and proximal contact between the
successful and failed cases.

Results

A total of 190 teeth from 190 patients (96 males and 94 females)
were studied in the present study. The mean age of the
participants was 33.83+12.51 years (95% CI: 32.04-35.62). The
mean follow-up time was 28.62+11.91 months (minimum=12,
maximum=65). The total survival rate of the teeth was 89.4%
(170/190). Nine, seven, and four teeth were extracted for
prosthodontic, periodontal, and endodontic reasons,
respectively. Success rate of the survived teeth was 78.8%
(134/170). The overall success rate for all investigated teeth was
70.5% (134/190).

In total, 23% and 18% of the teeth were solely restored with
composite and amalgam build-ups, respectively. Post and core
crown (PCC), with or without crown lengthening (CL),
accounted for 7% and 27% of the teeth, respectively. Single

crown and amalgam build-up with post was used for 12% and

11% of the teeth. Success rates were 100%, 95.7%, and 94.7%
for crown, PCC, and amalgam build-up with post, respectively.
However, for amalgam build-up, composite build-up, and PCC
with crown lengthening (CL), the success rates were 75%,
52.5%, and 50%, respectively (Figure 1). The Chi-square test
revealed a significant difference between the success rates of
different restorations (P<0.001).

Chi-Square tests showed that coronal leakage (odds ratio
(OR): 0.136, P<0.001), obturation void (OR: 0.326, P=0.003),
obturation length (P<0.001), mobility (P<0.001), apical
lucency (OR: 0.107, P<0.001), marginal caries (OR: 0.354,
P=0.006), post (OR: 3.185, P=0.005), and proximal contact
(P<0.001) were significantly different in the successful and
failed cases (Table 1).

As shown in Table 2, multiple binary logistic regression
models showed that significant covariates on success were as
follows: obturation void (P=0.037) and type of restoration
(P<0.001) were associated with 13.1 and 3.2 times higher odds
of predicting success, respectively. Moreover proximal contact
problems (P<0.001), coronal leakage (P=0.048), suboptimal
obturation length (P=0.020), and mobility (P=0.002) could
significantly reduce the odds of success by 98%, 92%, 77%, and
76%, respectively. However, apical lucency, root length,
marginal caries, tooth type and post were not significant
predictors for the success (P>0.05).
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Table 1. Success rates, subjects’ number and P-values of Chi-Square tests yielded for each variable

Study characteristic n Success rate Unadjusted odds ratio P-value
(95% CI) for success

Gender Male 87 75.9% 0.693 (0.329-1.459) 0.333
Female 83 81.9% (F/M)
Mand. molar 54 722 %
Mand. premolars 31 67.7 %

Tooth type - 0.935
Max. molars 58 72.4%
Max. premolars 47 68.1%

Obturation veid Absent 98 86.7% 0.326 (0.152-0.701) 0.005"
Present 72 68.05% (P/A)
Underfilled 125 90.4%

Obturation length Flush 25 60% - <0.001*
Overfilled 20 30%

Apical lucency Absent 32 87% 0.107 (0.054-0.256) <0.001*
Present 138 43.8% (P/A)

Coronal leakage Absent 109 90.8% 0.136 (0.060-0.310) 0,001
Present 61 57.4% (P/A)

Marginal caries Absent 117 84.6% 0.354 (0.166-0.755) 0.006*
Present 53 66% (P/A)

Post Absent 92 70.7% 3.185 (1.393-7.281) 0.005"
Present 78 88.5% (P/A)
Two 82 97.6%

Number of proximal contacts One 69 66.7% - <0.001*
None 19 42.1%
Grade 0 53 90.6%

Mobility Grade 1 88 81.8% _ T
Grade 2 26 53.8%
Grade 3 3 0%

*: Statistically significant; 95% CI: 95% confidence interval; Mand; Mandibular; Max.: Maxillary; F/M: Female/Male; P/A: Present/Absent

Table 2. Results of binary logistic regression models for the included covariates

Covariate B SEof B Adjusted OR (95% CI) P-value
Tooth type -0.176 0.268 0.839 (0.496-1.418) 0.512
Obturation void 2.575 1.234 13.135 (1.168-147.752) 0.037*
Obturation length -1.464 0.631 0.231 (0.067-0.797) 0.020*
Apical lucency -0.273 0.862 0.761 (0.141-4.118) 0.752
Coronal leakage -2.493 1.26 0.083 (0.007-0.982) 0.048*
Marginal caries -0.239 0.773 0.787 (0.173-3.582) 0.758
Post -0.159 0.771 0.853 (0.188-3.864) 0.837
Proximal contacts -3.707 0.726 0.025 (0.006-0.102) <0.001*
Mobility -1.39 0.451 0.249 (0.103-0.603) 0.002*
Root length -0.224 0.137 0.800 (0.611-1.046) 0.102
Type of the restoration 1.185 0.331 3.272 (1.710-6.259) <0.001*

* Statistically significant, B: Unstandardized regression weight, SE: Standard Error, OR: Odds Ratio, CI: Confidence Interval
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Discussion

The results of this observational study indicated that general
(mobility and proximal contacts), endodontic (obturation void
and length), and restorative/prosthodontic (coronal leakage,
type of the restoration, and proximal contacts) variables may
influence the treatment success. Hence, the null hypothesis was
rejected.

The tooth was chosen as the smallest study unit in this
study. Using roots/canals as the study unit may introduce bias,
as endodontic failure is frequently not due to a single
root/canal [21]. Delayed placement of the final restorations has
a detrimental effect on the survival of ETT [22]. Hence, only
teeth receiving the final restoration < 2 weeks after the
temporary ones were included in this study. Findings of this
study showed an 89.4% survival rate for posterior ETT with a
mean follow-up of more than two years. Amongst extracted
teeth in this study, the most common reason for extraction was
prosthodontic reasons, concurring with a previous study [14].
Previous studies with follow-up periods ranging from two to
ten years reported 86%-93% survival rates for ETT [23]. A
population-based cohort study on more than 2.8 million teeth
in Korea showed a 90.8% five-year survival rate for ETT [12].
Lépez-Valverde et al. reported a cumulative survival rate of
97%, 81%, 76% and 68% after 10, 20, 30, and 37 years of follow-
up, respectively [24]. The relatively high survival rate of
nonsurgical endodontic treatment makes it an effective
method for maintaining natural teeth. Furthermore, the
survival/success rate for vital pulp therapies and regenerative
endodontics have been reported high. Success rate of full
pulpotomy using CEM cement was reported very high in teeth
with [25].
Additionally, the overall survival rates for the endodontic

calcified or non-calcified pulp chambers
regeneration procedures ranged from 94% and 100% [26].
Endodontic

endodontic treatments in this study. Similarly, a prospective

postgraduate students carried out the
study with a follow-up of two to four years reported a survival
rate of 95.4%, with endodontic postgraduate students carrying
out the treatments [27]. The difference in the survival rates
could be explained by the differences in study designs (i.e.,
retrospective/prospective/clinical trials), samples (teeth with
simple/sophisticated treatments), and treatment features
(quality of endodontic treatment and restoration).
Endodontic outcome studies used a variety of different
measures to determine the treatment success. The functional
theory [5], one of the simplest measures, was used in this study.
It refers to the asymptomatic status of a functioning tooth as a

success, regardless of any apical pathology revealed on X-rays
[5]. The success rate of 78.8% in this study was similar to the
previous findings of ~80% to 90% with different follow-up
periods [24, 27-29]. This notably high success rate suggests that
if a root canal treatment is possible, it may be better than more
aggressive treatment options such as an implant [24, 28].
Numerous studies have demonstrated a substantial
correlation between poor root filling quality and ETT failure
[30-32]. Correspondingly, our findings suggested that an
insufficiently obturated root (underfilled) with no discernible
void was a strong predictor of success. Even though this
finding was consistent with earlier research [33-35], some
[32, 35].
Garcia-Guerrero et al. found that short length filling was a

authors reported contradictory evidence
significant predictor for failure, even when an optimal grade of
tapering and homogeneity were present [32].

Interproximal contact areas play a pivotal role in
maintaining interdental papilla, which directly affects the level
of the

survival/success rate of the ETT [36]. As per our findings, higher

underlying crestal bone, and guarantees the
mobility grades and fewer proximal contacts were associated
with a higher failure rate. Grades 0 and 1 mobility were
associated with acceptable success rates of 90.6% and 81.8%,
respectively. Nevertheless, the success plunged in teeth with
grades 2 and 3 mobility to 53.8% and 0%, respectively. Similar to
our findings, another retrospective investigation revealed that
the absence of mobility was associated with higher rates of
periapical healing [37]. Furthermore, when both mesial and
distal teeth were present, the success rate was 97.6%. The
success, however, fell to 66.7% when one of the mesial or distal
adjacent teeth was absent and to 42.1% when both were absent.
These results corroborated earlier evidence [38].

The value of the coronal seal in obtaining success is
debatable. According to a prospective cohort research, the
quality of the coronal restoration did not affect the treatment
outcome [35]. Later, another study showed that coronal filling
quality influenced the treatment outcome [39]. However, its
effect was reported to be of lesser impact than the root canal
filling quality. Success rates of 90.8% and 57.4% were found in
teeth without and with coronal leakage, respectively. The
number of recognized parameters affecting endodontic
outcomes exceeds twenty [14, 21, 27, 30, 31, 34, 37]. Controlling
these variables is extremely difficult, if not impossible, and this
multidimensional aspect of endodontic success may account for
the divergent results. Although the difference is statistically
significant, neither coronal leakage nor marginal caries were
significant indicators of failure in regression models.
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Furthermore, the type of restoration was a significant
predictor of success. The best results were seen with crown,
PCC, and amalgam build-up with post. Amalgam and composite
build-ups, on the other hand, did not yield a high success rate.
Similar to our findings, a previous study found that teeth with
composite/amalgam build-ups were 2.29 times more expected to
be extracted than those that received crowns [40]. Moreover, the
survival rate of endodontically treated anterior teeth having
unrestorable fracture which restored with full coverage crown
was significantly higher than teeth restored with direct resin
composite [41]. PCC+CL had the worst success amongst
different coronal restorations. It has been shown that at 10-year
follow-up, ETT that received the CL procedure after the
endodontic treatment were roughly 2.3 times more prone to
extraction compared with ETT that did not require the CL
procedure [42]. According to the regression results, the presence
of a post did not predict success in this study. Pontoriero et al.
stated that when the placement of a post is related to the residual
amount of the crown, its use does not change the final outcome
of the ETT [43]. However, the increased retention given by a
post must be weighed against the loss of healthy dental tissue,
which might further deteriorate the tooth. It is thought that the
more coronal tooth structural loss a post compensates, the more
valuable it becomes [44]. The decision of when to place a post
mainly depends on the coronal hard tissue loss, the tooth type,
and the final restoration. However, the current literature does
not define the precise level of structure loss at which a post
contributes to the survival of an ETT. Nonetheless, when
complex restorations are indicated, as in this investigation,
current evidence justifies the use of posts [44].

One limitation of this study is the involvement of multiple
operators in performing the treatments. Future studies should use
the same design and be conducted by a single operator to ensure
treatment consistency. Another limitation is the small sample size,
which can be addressed by conducting larger-scale studies.

Conclusions

Within the limitations of this study, both endodontic and
prosthodontic grounds could play vital roles in achieving
treatment success. Underfilled obturation without noticeable
void, crown/PCC/amalgam build-up with post, presence of
proximal contacts, and absence of high grades of mobility were
significant predictors for the

success in nonsurgical

endodontically treated posterior teeth.
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