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Introduction

Apical periodontitis (AP) is an inflammatory 
condition in the periradicular tissues that 
originates from diseases in the root canal 
system.1 This pathology has been noted to 
be widespread among societies of different 
countries.2,3 The results of longitudinal 
studies on root canal treatment (RCT) have 
been recorded with high success rates in 
teeth with no AP.4,5 As the prevalence of 
AP with an endodontic basis can create 
a public health issue in many countries, 

various epidemiological studies have been 
conducted to examine the prevalence and 
effect of endodontic treatments and the 
periapical status of endodontically treated 
teeth.6,7,8 The outcome of RCT is positively 
correlated with the root canal obturation 
quality, which maintains a hermetic seal 
against microbial ingress. However, coronal 
restoration quality may also affect the 
periapical status of endodontically treated 
teeth.7,8

Several studies examined the association 
between the type of restoration and 
periapical health.9,10,11 Previous studies 
found no statistically significant difference 
in the prevalence of AP in laboratory-
fabricated crown restorations in comparison 
to direct restorations.10,12 Failure in the root 
canal obturation quality in teeth restored 
with indirect or direct restorations may 
contribute to the difference in the findings. 
In some studies, coronal restoration quality 
was not assessed.9,11,13

In recent years, the periapical index (PAI), 
which was introduced by Ørstavik,14 has been 
the most agreed upon method to determine 
the periapical status in cross-sectional7,11 and 
clinical studies.15,16 Periapical status is one 
of the key factors in evaluating treatment 
success. A radiograph provides only static 
information of a dynamic process and a 
periapical lesion may be either increasing 
in size or healing.17 Previous studies 
demonstrated approximately two years 
is required to observe periapical changes 
on radiography after RCT.18 The present 
study can help to evaluate the treatment 
outcome, as the radiographic quality of 
root canal obturation and the clinical and 
radiographic qualities of coronal restorations 
and their relation to periapical health have 
not been examined previously in a Turkish 
subpopulation. This evaluation can help to 
determine whether improvement is needed 
in endodontic and prosthetic applications by 
clinicians.

Periapical health depends on both the quality of 
root canal fillings and prosthetic restorations.

Highlights that root canal filling quality has a 
greater effect on periapical health than prosthetic 
restoration quality.

Highlights the importance of clinical examination 
in addition to radiographic examination in the 
evaluation of prosthetic restoration quality.

Key points
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In this study, the clinical examination 
aimed to improve the quality of evaluation 
of prosthetic restoration, considering this is 
a major limitation in previously published 
studies as some of them did not evaluate 
coronal restoration clinically. This study 
evaluated the frequency of AP in both 
endodontically treated and untreated teeth 
from a selected Turkish patient group, and 
assessed the association between the quality 
of root canal fillings and prosthetic restorations 
and the periapical health of these teeth.

Methodology

This study was approved by the Ethics 
Committee of Biruni University Institutional 
Review Board (2019/29-39).

Study population
The cases in this study were the patients who 
visited the Dental School of Biruni University 
for routine dental care from January 2019 to 
June 2019.  An informed consent form was 
obtained from each patient. All the examined 
radiographs were taken in the first half of 
the year 2019 at the patients’ first visits. The 
200 patients who were 24 to 79 years old and 
fulfilling the inclusion criteria were included 
in the study. Inclusion criteria for patient 
selection were the following:
• Recently taken periapical radiographs 

from the section of prosthetic restorations 
(for further diagnosis or patient-reported 
problems) in addition to panoramic 
radiographs

• Patients with at least one ceramic restoration 
(crown, post-crown, bridge abutment and 
post-bridge abutment), regardless of their 
substructure

• Having no dental treatment (RCT and 
prosthetic restoration) for at least two years.

Exclusion criteria were the following:
• Teeth with no or temporary restorations
• Teeth with apical surgeries
• Teeth with endodontic-periodontal 

combined lesions.

Each case was recorded by age, sex, tooth 
location, tooth type, indirect restoration type 
and presence of root canal filling.

Radiographic assessment
The 1,098 teeth included in the study were 
radiographically examined for the presence 
of RCT, quality of the indirect restoration 

and periapical health. The quality of root 
canal obturation was also evaluated in 
endodontically treated teeth. Panoramic and 
digital periapical radiographs were taken by 
a dental radiologist using a Sirona Galileos 
panoramic x-ray unit (Sirona, Bensheim, 
Germany) and a phosphor plate radiography 
system (Dürr Dental, Bietigheim-Bissingen, 
Germany) using the parallel technique 
for standardisation, respectively. One 
experienced endodontist and one experienced 
prosthodontist observed the radiographs using 
the Picture Archiving and Communication 
Systems software version (1.1.1.6) for 
Windows 10 (Microsoft Corporation, 

Redmont, WA, USA) displayed on a 28-inch 
Samsung LU28H750UQMXUF monitor 
(Samsung Electronics, Seoul, South Korea) 
with a 3,840 x 2,160-pixel resolution. Before 
the assessment of the radiographic images, 
each observer participated in calibration 
training which included a series of 25 images 
that were not related to the study sample for 
calibration between observers. Cohen’s kappa 
was used for inter-observer consensus, which 
corresponded to a very good agreement 
with the value of 0.88. Any difference in the 
radiographic assessment was resolved through 
a discussion until a consensus between the two 
observers was reached.

Fig. 1  Maxillary first premolar with adequate RCT and adequate indirect restoration

Fig. 2  Mandibular first premolar with inadequate RCT and inadequate indirect restoration
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Endodontic treatment assessment
The endodontically treated teeth were 
classified in accordance with the radiographic 
assessment of the root canal obturation. Multi-
rooted teeth were grouped by the root canal 
with the most inadequate obturation. Root 
canal obturations were categorised as either 
adequate or inadequate based on the European 
Society of Endodontology guidelines19 and the 
following criteria by Barrieshi-Nusair et al.:20

1. Adequate root canal obturation: root canal 
obturations ending within 2 mm from the 
radiological apex with no visible voids 
and consistent tapers from the coronal to 
the apical part of the filling, with a good 
reflection of the canal shape with no 
iatrogenic errors (Fig 1)

2. Inadequate root canal obturation: 
underfilled, overfilled, or poorly condensed 
root canal fillings and cases with inadequate 
preparation tapers and iatrogenic errors 
such as ledge, perforation and fractured 
instrument presence (Fig. 2).

Indirect coronal restoration assessment
The quality of ceramic restorations was 
evaluated radiographically and clinically. The 
radiographic and clinical assessments were 
accomplished in accordance with the criteria 
by Tronstad et  al.8 and Lundegren et  al.,21 
respectively. Intraoral evaluation was reported 
as follows:
1. Adequate  indirec t  res torat ion : 

radiographically intact ceramic restoration 
without any commentary on the clinical 

assessment record8,21 (Figures 1 and 3)
2. Inadequate indirect restoration: ceramic 

restoration with overhangs, open margins 
or caries detected on radiograph or 
commentary on the clinical assessment 
record8,21 (Figures 2 and 3).

Periapical status assessment
Periapical status was assessed using the PAI 
introduced by Ørstavik et al.14 The appearance 
of the apical third and periradicular 
tissues on radiographs was examined and 
the classification was made according to 
Strindberg22 as follows:
1. Healthy teeth (PAI 1, 2): normal contour 

and width of the periodontal ligament space 
or widened periodontal ligament space in 
case of overfilled obturation22 (Fig. 2)

2. Diseased teeth (PAI 3, 4, 5): any recognisable 
periapical radiolucency22 (Fig. 3).

Teeth with multiple roots were categorised 
with regards to the root with the worst 
assessment.

Statistical analysis
The data were analysed with the IBM SPSS 
Statistics 22 (IBM SPSS, Turkey) programme. 
Chi-squared test, Fisher’s exact chi-squared 
test and continuity (Yates’s) correction were 
used to analyse the differences between the 
data groups. Logistic regression analysis was 
performed for the multivariate analysis. The 
level of statistical significance was set to 5% 
(p <0.05).

Results

The 1,098 teeth of the 200 patients were 
examined in this study. Among the patients, 
110 (55%) were women and 90 (45%) were 
men. The age range was 24–79  years and 
the average age band was 47.67 + 11.68. The 
study parameters according to sex, age, tooth 
location, tooth type, restoration type, quality of 
prosthetic restoration, presence of RCT, quality 
of RCT and periapical health status are shown 
in Table 1.

In terms of sex, the presence of AP was not 
found to be statistically significant (p >0.05). 
With regards to age groups, periapical pathosis 
(13.5%) was significantly higher in the cases 
of the 40–49 age range (p = 0.002; p <0.05), 
with an increased AP risk of 1.94 times. In 
the 60–69 and 70–79 age groups, periapical 
pathosis was found to be statistically lower 
than that in the other age groups (p <0.05). 
Regarding the effect of types of restorations 
on periapical health, there was no statistical 
significance between both crowns and bridge 
abutments and restorations with posts and 
no posts (p >0.05). Considering quality of 
restoration on periapical health, the inadequate 
prosthetic restorations were found to be less 
healthy than the adequate ones (p = 0.003; p 
<0.05), with an increased AP risk of 2.21 times. 
Teeth with RCT had a statistically higher rate 
of AP (15.8%), with an increased AP risk of 
2.59 times (p <0.001) (Table 1). In terms of 
quality of RCT, inadequately root-filled teeth 
(24.1%) were significantly unhealthier than the 
adequately root-filled teeth (p <0.001), with 
an increased AP risk of 15.55 times (Table 1).

The results of the backward stepwise 
logistic regression analysis are presented in 
Table 2. According to this analysis, teeth with 
inadequate prosthetic restorations and RCT 
had an increase in AP risk of 6.41 and 20.74 
times, respectively.

Restoration quality in teeth with adequate 
RCT had no statistical significance on AP 
(p >0.05) (Table 3). On the other hand, 
endodontically treated teeth with bridge 
abutment (15.8%) (OR  =  2.44) were found 
to have significantly higher rates of AP than 
those without endodontic treatment (7.1%) (p 
<0.001) (Table 4).

Discussion

According to the radiographic evaluation of 
the prevalence of AP, 8.9% of the examined 
indirectly restored teeth were unhealthy 

Fig. 3  Intraoral image of adequate maxillary posterior bridge restoration and inadequate 
mandibular posterior bridge restoration
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regardless of RCT. Various studies from 
different countries showed a similar AP 
prevalence to that in this study, ranging from 
2% to 18.9%.7,14,23 Conversely, Üreyen Kaya 
et al.16 found the prevalence of AP to be 1.2% 
in their study, which examined all the present 
teeth in the oral cavity independent from any 
restorations or RCT, thus explaining the lower 
AP prevalence. The patients who were within 
the age range of 40–49 years were found to 
have the most percentage of AP, and those in 
the age range of 60–69 years and 70–79 years 
were found to have a healthier periapex in 
our study. Although various studies found the 
highest AP prevalence in different age groups, 

the age of 40 and upwards had the highest risk 
of AP.12,24,25 The differences in the results of the 
studies can be explained by the variations in 
population selection, dental care habits and 
examination parameters.

Studies on coronal restoration quality and 
periapical health in teeth with RCT examined 
only radiographs to assess the quality of 
coronal restoration.7,11 The present study 
considered radiographic examination to be 
fundamental but not sufficient alone, as clinical 
examination was also performed to eliminate 
the constraint of the two-dimensional 
vision of radiographs. The radiographic 
and clinical qualities of coronal restorations 

and RCT affect periapical health.7,9,26 In the 
present study, the clinical status of indirect 
restorations was also examined to eliminate 
the limitations of radiographic analysis 
for the evaluation of marginal adaptation 
and coronal leakage. According to our 
results, inadequate restoration quality was 
statistically significant on AP by increasing 
the risk 2.21 times. Tronstad et al.8 reported 
that the coronal leakage caused by inadequate 
restorations was significantly related to the 
failure of RCT. According to a previous 
study, the quality of coronal restoration was 
more important in periapical health than 
the radiographic quality of RCT.9 However, 

Feature
N (%)

Total Healthy Diseased
OR 95% CI P

N (%) N (%)

Sex
Female 596 (54.3) 552 (92.6) 44 (7.4)

1.512 0.996–2.295 **0.051
Male 502 (45.7) 448 (89.2) 54 (10.8)

Age (years)

20–29 20 (1.8) 20 (100) 0 (0) 0.909 0.892–0.926 †0.247

30–39 234 (21.3) 214 (91.5) 20 (8.5) 0.942 0.563–1.575 ‡0.921

40–49 226 (24.2) 230 (86.5) 36 (13.5) 1.944 1.257–3.007 **0.002*

50–59 324 (29.5) 290 (89.5) 34 (10.5) 1.301 0.840–2.015 **0.238

60–69 146 (13.3) 140 (95.9) 6 (4.1) 0.401 0.172–0.933 ‡0.042*

70–79 108 (9.8) 106 (98.1) 2 (1.9) 0.176 0.043–0.723 ‡0.011*

Location
Mandibular 458 (41.7) 422 (92.1) 36 (7.9)

1.257 0.818–1.932 **0.295
Maxilla 640 (58.3) 578 (90.3) 62 (9.7)

Tooth type

Anterior 252 (23) 234 (92.9) 18 (7.1) 0.737 0.433–1.254 ‡0.315

Canine 190 (17.3) 172 (90.5) 18 (9.5) 1.083 0.633–1.853 ‡0.879

Premolar 354 (32.2) 318 (89.8) 36 (10.2) 1.245 0.809–1.918 **0.319

Molar 302 (27.5) 276 (91.4) 26 (8.6) 0.947 0.592–1.515 **0.821

Restoration type

Crown 118 (10.7) 108 (%91.5) 10 (%8.5)
1.065 0.538–2.111 ‡0.991

Bridge abutment 980 (89.2) 892 (%91.0) 88 (%9.0)

Post 38 (3.4) 32 (%84.2) 6 (%15.8)
0.507 0.207–1.244 †0.142

No post 1060 (96.5) 968 (%91.3) 92 (%8.7)

Restoration quality
Adequate 382 (34.8) 362 (94.8) 20 (5.2)

2.213 1.332–3.677 ‡0.003*

Inadequate 716 (65.2) 638 (89.1) 78 (10.9)

RCT
Absent 832 (75.8) 776 (93.3) 56 (6.7)

2.598 1.696–3.981 **0.000*

Present 266 (24.2) 224 (84.2) 42 (15.8)

RCT quality
Adequate 100 (37.6) 98 (98) 2 (2)

15.556 3.669–65.948 ‡0.000*

Inadequate 166 (62.4) 126 (75.9) 40 (24.1)

Key:
*p <0.05.
** = chi-squared test.
† = Fisher’s exact test.
‡ = continuity (Yates’s) correction.

Table 1  Analysis of the associations of study parameters with the periapical status
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recent studies noted that if the RCT was 
inadequate regardless of the adequacy of the 
coronal restoration, the risk of AP would still 
be high.3,4,22

The findings of the present study showed 
that both the quality of prosthetic restoration 
and RCT affect the periapical status of root 
canal-treated teeth. However, the risk of AP 
was approximately three times greater based 
on quality of RCT than the quality of prosthetic 
restoration. Moreover, the results were found to 
be similar to those of other studies:8,27,28 quality 
of RCT was the main factor in periapical health 
as the coronal restoration quality of teeth with 
adequate RCT had no statistical significance 
on AP. Song et al.29 reported that the qualities 
of both RCT and coronal restorations were 
equally effective on AP. The difference between 
these studies is that we examined only the 
indirect restorations in all types of teeth, 

whereas Song et al. examined both direct and 
indirect restorations in teeth with RCT. Thus, 
to prevent AP, a sufficiently sealed coronal 
restoration should be performed instantly after 
a quality RCT.

Many studies showed that AP could be 
underestimated when taking panoramic 
radiographs compared with periapical 
radiographs30,31 and this condition could 
have limited these studies. Thus, we observed 
both panoramic and periapical radiographs 
in the present study for a more detailed 
examination. Even though there are studies32,33 
using cone beam computed tomography 
(CBCT) as an evaluation parameter, 
regarding artefacts in the imaging of CBCT 
with the presence of prosthetic restorations, 
we observed both panoramic and periapical 
radiographs and considered the most suitable 
evaluation method.

This study revealed the percentage of teeth 
with adequate root canal fillings to be 37.6%, 
whereas Segura-Egea et al.34 found that 34% 
of the RCT was adequate. Likewise, previous 
studies found the adequate root canal filling 
rate to be 30–40%.6,27 In the present study, the 
percentage of AP in teeth with inadequate 
fillings (24.1%) was statistically higher than 
that of AP in teeth with adequate fillings (2%) 
(p = 0.000; p <0.05), consistent with previous 
studies.34,35,36

In the present study, the frequency of AP 
in teeth with RCT was 2.59 times higher 
than that in teeth without RCT. Similarly, 
Kalender et al.15 showed that the percentage 
of AP with endodontic treatment was 
approximately four times higher than that 
without endodontic treatment. This finding 
can be explained by the higher percentage 
of the examined root canal fillings being 
inadequate.

The results demonstrated that root canal-
filled teeth restored with bridge abutments 
tended to be 2.44 times more at risk of AP. 
Accordingly, the AP percentage in the present 
study was 15.8% in the bridge abutment teeth 
with RCT, whereas Gumru et al.7 found the 
AP percentage to be 46.5% given the same 
criteria. This difference can be explained by 
the sample size and study designs; the former 
used a prospective design and the latter a 
retrospective design.

One of the limitations of this study is that it 
is impossible to determine whether a periapical 
lesion is healing or not.10 In this manner, one 
of the inclusion criteria of the present study 
was patients who had no RCT for at least two 
years in order to assess periapical health more 
accurately. Considering that over half of the 
coronal restorations and RCTs were classified 
as inadequate, the operating dentist may be a 
contributing factor. Due to the fact that there 
was no solid information about the previous 
practitioners of the study patients, this may 
be considered as another limitation of the 
present study.

Conclusion

In conclusion, the results showed that AP risk 
was increased by both inadequate RCT and 
prosthetic restorations, and that the quality 
of RCT had significantly greater effect on 
periapical health than the quality of prosthetic 
restorations. Considerable effort must be spent 
to enhance the treatment quality to maintain 
apical health.

Type Quality OR
95% CI

P
Lower Upper

Restoration quality Inadequate 6.419 2.532 16.272 0.000*

RCT quality Inadequate 20.743 4.824 89.197 0.000*

Key:
*p <0.05.

Table 2  Effect of quality of restorations and RCT on periapical status with logistic regression

Type Quality
Healthy Diseased

P OR (95% CI)
N (%) N (%)

RCT quality Adequate 30 (100) 0 (0)
1.000 -

Restoration quality Inadequate 68 (97.1) 2 (2.9)

Table 3  Effect of restoration quality on periapical status in teeth with adequate RCT 
(Fisher’s exact test)

Restoration type RCT
Healthy Diseased

P OR (95% CI)
N (%) N (%)

Crown
Absent 66 (97.1) 2 (2.9)

**0.055 5.211 
(1.001–27.113)Present 38 (86.4) 6 (13.6)

Post-crown
Absent 2 (100) 0 (0)

**0.467 -
Present 2 (50) 2 (50)

Bridge abutment
Absent 704 (92.9) 54 (7.1)

0.000* 2.444 
(1.515–3.943)Present 160 (84.2) 30 (15.8)

Post-bridge 
abutment

Absent 4 (100) 0 (0)
**1.000 -

Present 24 (85.7) 4 (14.3)

Key:
* = p <0.05.
** = Fisher’s exact test.

Table 4  Periapical status of different types of restorations regarding the presence of RCT
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