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ARTICLE INFO ABSTRACT

Keywords: Objectives: The aim of this retrospective cohort study was to determine the prevalence and cor-
COI_‘e bea“_l compu.ted tomography relations between root canal treatment, periapical status, and coronal restoration detected using
Apical periodontitis cone beam computed tomography (CBCT) in the elderly Polish population (60-79 years).

Root canal obturation
Treatment outcome
Epidemiology

Elderly population in Poland

Methods: A total of 480 CBCT images were assessed. Collected data included: age, gender, the
tooth location, direct restoration, decay, single crown, abutment of fixed bridge, the quality of the
restoration, root canal treatment, post and core, apical periodontitis (AP), and quality of root
filling.

Results: The number of teeth in the elderly patients decreased, while the number of endodontically
treated teeth increased with age. More teeth were preserved in mandible, the most common group
of teeth were incisors. AP was more often detected in the maxilla in general, and in mandibular
molars. The over-filling was observed more frequently in maxilla, in maxillary molars and in
mandibular premolars, while the short-filling in maxillary and mandibular molars. AP was
significantly more often observed in short-filled root canals than in other length criteria (over-
filled, adequately, lack of filling).

Conclusions: Inadequate prosthetic restoration, presence of post, pulpotomy, missed canals and
root canal treated teeth were associated with increased prevalence of AP.

Clinical significance: The article indicates the need of treatment of elderly population in Poland.
There is the demand to enhance the quality of endodontic and restorative treatment in this
population. Additionally, CBCT examination, if indicated, should be implemented in the course of
endodontic therapy to provide adequate information to clinicians.

1. Introduction

A growing trend in population ageing have been seen in recent years not only in Poland, viz. according to the prognosis of the World
Health Organization (WHO) one in six people in the World population will be aged 60 years or over by the year 2030, and alone in
Japan 30% of the population is already elderly [1]. According to Eurostat (2022) [2], the percentage of elderly population in the
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European Union amounted up to 21.1% and alone in Poland 25.7% [2]. The percentage of elderly people in the population of Poland
and other countries is gradually increasing. At the end of 2022, the number of individuals aged over 60 reached 9.7 million and it is
estimated to increase up to 10.8 million in 2030, and up to 13.7 million in 2050 [3]. Moreover, in 2050 elderly people (60 years and
over) are expected to constitute about 40% of the total population of Poland [3], while in Australia it will be 21.6% [4] and 23% in the
USA [5]. As the life expectancy extends, the desire to keep natural teeth also increases. Oral health conditions play an important role in
the life quality of elderly people. Additionally, the relationship between general health and oral health status has been proven,
especially in older adults [6-15]. Therefore, it is of prior importance to maintain healthy dentition in elderly patients; as a conse-
quence, treatment needs should be identified and recognized. Socioeconomic problems affect more elderly than younger population
hindering even more their oral health status. Therefore, from a public health perspective, the oral health in elderly population should
be known in order to monitor dental health needs and services.

Therefore, studies focused on elderly populations may help to disclose the needs for dental treatment and identify optimal
treatment outcomes to prevent apical disease and edentulism. Many studies are based on OPG [16-29] or periapical radiographs [18,
24,30-36], however these methods have limitations, such as poor quality of diagnosis [37-39]. On the contrary, cone beam computed
tomography (CBCT) [40-42] imaging provides essential information on the anatomy, such as the number and configuration of root
canals, the status of the tooth (direct restoration, decay, prosthodontic restorations, and endodontic treatment) and the periapical
tissues.

Many epidemiological studies have used scoring systems for radiographic assessment of apical periodontitis (AP). The periapical
index (PAI) [43] and criteria suggested by de Moor [44] were employed to evaluate AP in OPG or periapical radiographs. PAI is a
5-point ordinal scale, where PAI 1-2 is considered as ‘healthy’ and PAI 3-5 as ‘diseased’ [17-19,22-26,29,32-36,45-49]. The criteria
proposed by de Moor [44] for periapical tissue status are as follows: 1) the apical periodontitis represents widening of the periodontal
ligament, i.e., widening of the apical part of the periodontal ligament not exceeding 2 times the width of the lateral periodontal
ligament space, or, 2) periapical radiolucency, i.e., connected the apical part of the root, exceeding 2 times the width of the lateral part
of the periodontal ligament [19,27,50,51]. With advances of technology, CBCT and respective the Cone Beam Computed Tomography
Periapical Index (CBCTPAI) [52] were introduced [53]. Hence there is still an insufficient number of studies using this method,
especially to determine endodontic treatment needs in elderly population in Poland.

This study focuses on oral health condition in an elderly population. In Poland patients have access to both the public and private
dental care, but the percentage of elderly patients receiving regular dental treatment remains unknown.The aim of this retrospective
cohort study was to determine the prevalence and correlations between root canal treatment, periapical status, and coronal restoration
detected using cone beam computed tomography in elderly Polish population. The null hypothesis is that there are no differences in the
prevalence of root canal treatment, periapical status, and coronal restorations in evaluated groups.

2. Materials and methods
2.1. Sample selection

The CBCT scans were randomly selected from the pool of the accessible examination taken between 2018 and 2022. CBCT images
obtained from 480 patients reported to private dental practice and the Radiology Department (Central Clinical Hospital, Institute of
Dentistry, Medical University of Lodz, Poland) were analysed in this study. The inclusion criteria concerned patients aged 60-79 were:
at least one tooth present, good quality CBCT scans showing upper and lower jaw including the roots, and periapical areas of all teeth.
The exclusion criteria of the study comprised: edentate patients aged 60-79, patients aged up to 59 and over 80, CBCT scans with no
teeth, low quality or with additional artefacts, or images only of maxilla or mandible.

All CBCT images were performed using the GX CB-500 device (Gendex Dental Systems, Hatfield, PA, USA) at 120 kV and 5.0 mA,
with a voxel size 0.125-0.25 mm and an exposure time of 20 s. All images were analysed using specialized computer software
(iCATVision Q, ver. 1.9.3.13; Gendex, USA), or Kodak 9500 3D system (Carestream Health, Marne-la-Vallée, France) at 10 mA and 90
kV, a medium field of view of 9 cm x 15 cm, and a 0.2 mm voxel size.

No patient underwent a CBCT examination exclusively for this study. All patients’ data were anonymized; only the gender and age
at the time of performing the CBCT examination were recorded.

The sample size calculator was used to calculate sample size. The Polish aged 60 years and over population is about 9.8 million
people. The recommended sample size with an error margin of 5% and a confidence level of 95% was 385, based on Sample Size
Calculator [54].

The Ethics Committee of the Medical University of Lodz has approved this research (RNN/333/15/KE).

2.2. CBCT evaluation

The CBCT images were analysed in the MSI WindTop AE2220, LCD 21.5-inch screen with a resolution of 1920 x 1080 pixels, full-
HD in a darkroom. CBCT images were oriented as Biirklein et al. proposed [41]. The brightness, contrast, and sharpness of all the
images were adjusted using the image-processing tool in the software to provide optimal visualization. The magnifying tool was also
used. All samples were manually evaluated by two independent observers, endodontists (K.P., M.R.) who had previously qualified and
experienced in CBCT imaging. The calibration was performed on 30 cases. In the event of disagreement, the case was discussed until a
consensus was reached. The judgement of teeth and periapical tissue was performed using view Multiplanar Reconstruction (MPR) of
the manufacturer’s software viewer (iCATVision Q, ver. 1.9.3.13; Gendex, USA; Carestream Health, Marne-la-Vallée, France). The
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axial, coronal, and sagittal slices analyses for each tooth were performed. On the axial, sagittal, and coronal slices, vertical and
horizontal lines parallel to the long axis of each tooth’s root were aligned. When necessary, in order to improve the quality of the
image, it was allowed to use the software by changing contrast, brightness or using magnification tools.

2.3. Tooth status

Data for each tooth were recorded and included: the location, direct restoration type (amalgam, glass-ionomer, or composite resin
filling), decay, single crown, abutment of fixed bridge, root canal treatment, post and core, periapical status (Table 1). A direct
restoration was considered as a restoration of the coronal part of the tooth. The quality of the restoration was also assessed.

2.4. The quality of root filling

The quality of root filling was evaluated according to the length (Table 2). The disadvantages of CBCT images are artefacts caused
by dense materials in root canals (such as gutta-percha and sealers and/or other hyperdense materials), which are producing non-
uniformities in grey level. The mentioned artefacts can affect the image quality and the anatomic accuracy. The most common artefacts
appear as different patterns such as a cupping artefact, hypodense halo, streaks, and dark bands that are created by the phenomenon
called beam hardening [55-58]. However, due to different artefacts, homogeneity was not evaluated.

2.5. Cone Beam Computed Tomography Periapical Index

AP was evaluated using CBCTPAL It is a 6-point (0-5) scoring system with two variables: expansion of cortical bone (E) and
destruction of cortical bone (D) (Table 3) [52]. AP was defined as a radiolucency connected with the apical part of the root, score: 1-5,
E, D according CBCTPAI. Multirooted teeth were classified according to the most severe score of periapical condition. The prevalence
of AP on the tooth level was defined as the percentage of AP out of the total number of examined teeth (n = 8226). The prevalence of AP
on the subject level was defined as the percentage of patients with at least one tooth with AP out of the total number of patients (n =
480).

2.6. Statistical analysis

All statistical analyses were performed with the statistical software package Statistica 13.1 (StatSoft, OK, USA). The strength of
linear relationship between two variables was measured with use of the Pearson correlation. Chi-square tests were used to compare the
qualitative variables. MedCalc for Windows, version 12.5 (MedCalc Software, Ostend, Belgium) (https://www.medcalc.org/calc/
odds_ratio.php), was used to calculate z-test for determination of association between variables. In all cases, statistical significance
was considered at p < 0.05.

3. Results

The kappa score for interexaminer agreement after the first radiographic evaluation was 0.8, and the score for intraexaminer
agreement was 0.9 after the second radiographic evaluation performed 1 week later, both indicating good agreement [59]. Results
regarding characteristics of study group along with correlation between gender and age of patients and apical periodontitis were
presented in Supplementary files 1 and 2.

Table 1
Parameters assessed in the study.
Criteria Definition
Coronal structure Tooth without restoration

Sound Tooth without caries and restoration

Primary caries Appearance of coronal radiolucency

The status of direct restorations

Direct restoration Restoration of the coronal part with contrast corresponding to amalgam, glass-ionomer or
composite resin filling

Inadequate direct restoration Absence of restoration or/and caries

The status of indirect/prosthodontic restorations

Crown Coronal restoration of the tooth with appearance of prosthetic restoration

Bridge abutment Tooth supporting the prosthetic bridge

Inadequate prosthetic restoration Crown or bridge abutment with overhangs, open margins or caries adjacent to the prosthetic
restoration

Post: metal/non-metal Cast restoration with radiographic opacity in crown and canal simultaneously

Status of endodontic treatment

Endodontic Endodontically treated tooth Radiopaque material in the pulp chamber and/or root canals
structure Previously initiated root canal Radiopaque material only in the pulp chamber in single/multi-canal tooth

treatment

Missed canal Absence of any contrast material in the canal when other canal(s) were filled (in multi-canal
tooth)
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Table 2
Evaluation of length of root canal filling.
Length criteria Definition
Adequate Root filling <2 mm from radiographic apex
Overfilling Root filling beyond the radiographic apex (gutta-percha cones or/and sealer)
Short filling Root filling >2 mm from radiographic apex
Lack of filling Absence of any opaque material
Table 3

Evaluation of The Cone Beam Computed Tomography Periapical Index
(CBCTPAI): scoring 0-5, E and D.

Score Definition

0 Intact periapical bone structures

1 Diameter of periapical radiolucency >0.5-1 mm
2 Diameter of periapical radiolucency > 1-2 mm
3 Diameter of periapical radiolucency > 2-4 mm
4 Diameter of periapical radiolucency > 4-8 mm
5 Diameter of periapical radiolucency >8 mm

E Expansion of periapical cortical bone

D Destruction of periapical cortical bone

3.1. Number of preserved teeth

The average number of teeth in the study population amounted up to 17.14 teeth (1-32 teeth). The average number of teeth among
women (17.38 teeth) was higher than among men (16.85 teeth), however the difference was not statistically significant (p > 0.05).

Additionally, more teeth were preserved in the mandible (average 9.26 teeth) than in the maxilla (average 7.88 teeth) (p < 0.05).
The most common presented group of teeth in both the maxilla and mandible were the incisors (p < 0.05). Molars were more
frequently preserved in the maxilla than in the mandible (p < 0.05). On the other hand, in the mandible compared to the maxilla,
premolars were present more often (p < 0.05) (Fig. 1).

3.2. Correlation between age of patients and number of teeth

There was a statistically significant correlation between the age of the patients and the number of preserved teeth (r = —0.1525; p
< 0.05) (Fig. 2). With age, the number of teeth in patients decreased (60-69 years - 17.92 teeth, 70 years and more - 16.07 teeth).

3.3. Teeth without restorations

Sound teeth (without fillings, caries, RCT or PAIO) were found in 26.67% of all teeth examined. Moreover, patients having all

Maxilla 24.33%

Mandible 16.63%

0% 10% 20%  30%  40%  50% 60% 70%  80%  90%  100%

M Incisors M Canines M Premolars Molars

Fig. 1. The distribution of preserved group of teeth in relation to dental arch.
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Fig. 2. The relationship between the age of patients and the number of preserved teeth.

healthy teeth comprised 8.33% of the investigated population. The average number of sound teeth amounted up to 4.57 teeth. The
prevalence of teeth with caries was found in 6.2% of all teeth examined.

3.4. The status of direct restorations

The number of teeth with direct restoration and inadequate direct restoration of the analysed teeth were found in 41.84% and
4.24%, respectively.

3.5. Correlation between the status of coronal structure and apical periodontitis

There was found no statistically significant correlation between the teeth with caries, direct restoration, inadequate direct resto-
ration, and apical periodontitis. The distribution of coronal features of the teeth and apical periodontitis is presented in Table 4.

3.6. The quality of fixed prosthodontic restorations
Inadequate prosthetic restoration was found in 0.69% of the analysed teeth (Table 4).
3.7. Correlation between the quality of fixed prosthodontic restoration and apical periodontitis

A crown with overhangs, open margins or caries adjacent to restoration (inadequate prosthetic restoration) was associated with an
increased prevalence of AP (p < 0.05).

3.8. Correlation between the type of prosthodontic restoration and apical periodontitis
The type of prosthetic restoration (a single crown vs. bridge abutment) was associated with the apical periodontitis (p < 0.05)

Table 4
The distribution coronal features of the teeth and apical periodontitis.

Periapical status

Normal (n) AP (n) Total (n) p-value
Caries 324 (50.86%) 313 (49.14%) 637 p > 0.05
Direct restoration 2607 (75.74%) 835 (24.26%) 3442 p > 0.05
Inadequate direct restoration 198 (56.73%) 151 (43.27%) 349 p > 0.05
Inadequate prosthetic restoration 16 (28.07%) 41 (71.93%) 57 p < 0.05
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(Table 5). Lesions were found significantly more frequently in the bridge abutment teeth than in single crown abutments (p < 0.05).
Moreover, the presence of a post metal/non-metal was significantly associated with the periapical lesion (z = 22.216 p < 0.001,
95% CI) as shown in Table 6.

3.9. The status of endodontic structures

A total of 8226 teeth was evaluated, and 22.56% of teeth was endodontically treated. A total of 89.17% of patients had one or more
teeth endodontically treated. Pulpotomy was performed in 1.89% of endodontically treated teeth. If the radiopaque material only in
the pulp chamber in single/multi-canal tooth was noticed, AP was detected significantly more frequently (p < 0.05). A total of 12.77%
of treated canals was missed, significantly more commonly in molars (p < 0.05) and in the maxilla than the mandible (p < 0.05).

3.10. The length of root filling

The overfilling of the material (sealer or gutta-percha) was found in 7.17% cases, significantly more often in the maxilla than in the
mandible (p < 0.05). Overfilling most commonly was found in the molars in the maxilla and the premolars in the mandible (p < 0.05).
A total of 50.89% (the maxilla) and 57.23% (the mandible), making an average 53.25% of treated canals, were filled clinically
adequately. The short-filling (39.58%), both in the maxilla and the mandible, was found significantly most often in molars (p < 0.05).

3.11. Periapical lesions

Periapical lesions were found more often in root canal treated teeth compared to vital teeth (p < 0.05). The periapical lesions were
statistically more often detected in the maxilla in general and in mandibular molars (p < 0.05). Comparing the distribution of apical
periodontitis between dental arches, in the maxilla, incisors and canines were more frequently affected, while in the mandible -
premolars (p < 0.05) (Fig. 3).

The distribution of PAI score is presented in Table 7. Most of the apical lesions had the dimensions of 0.5-1 mm, followed by 1-2
mm. Moreover, the periapical cortical bone was not affected in 73.27% of all evaluated cases.

The presence of periapical lesions was reported in 91.67% of patients. In the evaluated population, an average of 3.87 teeth had
periapical lesions and an average of 4.52 teeth were endodontically treated. The frequency of endodontic treatment significantly
increased with the age of patients (r = 0.0277, p < 0.05). The average number of treated teeth in the 60-69-year-old individuals
amounted up to 4.35 teeth, and in the 70-79-year-old ones 4.38 teeth.

3.12. Correlation between the root filling and apical periodontitis

The presence of root filling was significantly associated with the periapical lesion (z = 39.002, p < 0.001, 95% CI), shown in
Table 8. Periapical lesions were significantly most often observed in the case of short-filled root canals (42%) compared with other
length criteria (overfilled, adequately, lack of filling) (p < 0.05). If the root canal was missed and left unprepared during endodontic
treatment, periapical lesions were found significantly more often than in case of teeth in which all canals were prepared and
adequately obturated (p < 0.05).

4. Discussion

The prevalence of AP and root canal treated teeth has been vastly investigated globally in general population [18,19,26,2.8,32,
60-66]. In the literature factors, such as the distribution of teeth with caries [33,40,66-68], direct [16,40,66-68], prosthetic resto-
ration [29,33,40,51,66-69], or restorations using posts [29,47,51,68,70], the number of preserved teeth, the prevalence of root canal
treatment, periapical status in both adult (OPG and CBCT) and elderly populations (OPG) have been also estimated and presented [8,9,
12,14,15,18,19,21,24,26,28,32,40,44-46,50,64,67,71-79]. Hence, there are only few studies that concentrated on the elderly pop-
ulation [24,30,33,35,62,80]. The present paper evaluated a total of 8226 teeth of 480 elderly patients (Polish population) focusing on
the prevalence of root canal treatment, periapical status, and coronal restorations. It is noteworthy that to date this is the first study
investigating these parameters in Polish population aged over 60. The null hypothesis was rejected because significant differences were
found between compared parameters.

Table 5
Distribution of periapical periodontitis lesion according to tooth restorations.

Periapical status

Normal (n) AP (n) Total (n) p-value
Teeth with prosthetic restoration Single crown 550 (51.94%) 509 (48.06%) 1059 p < 0.05
Abutment of bridge 468 (45.39%) 563 (54.61%) 1031
Teeth without prosthetic restoration 5038 (82.11%) 1098 (17.89%) 6136 p > 0.05
Total 6056 (76.32%) 2170 (26.38%) 8226
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Table 6
Correlation between periapical status and presence of post.

Periapical status

Normal (n) AP (n) Total (n) p-value
Teeth with post metal/non-metal 456 (43.59%) 590 (56.41%) 1046 p < 0.001
Teeth without post metal/non-metal 5600 (77.99%) 1580 (22.01%) 7180 p > 0.05
Total 6056 (76.32%) 2170 (26.38%) 8226

Maxilla 31.58%

Mandible 31.66%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

M Incisors M Canines M Premolars Molars

Fig. 3. The distribution of apical periodontitis (AP) in relation to dental arch.

Table 7
Distribution of CBCTPAI score in examined population (E-expansion of cortical bone, D-destruction of cortical bone).
CBCTPAI
PAI score 0 1 2 E D 3 E D 4 E D 5 E D Total
Number of teeth 6056 1113 587 1 8 310 6 69 83 2 27 77 18 45 8226
and their % (73.62%) (13.53%) (7.14%) (3.77%) (1.01%) (0.94%)

Table 8
Correlation between periapical status and presence of root filling.

Periapical status

Normal (n) AP (n) Total (n) p-value
Teeth with root filling 652 (35.13%) 1204 (64.87%) 1856 p < 0.001
Teeth without root filling 5404 (84.84%) 966 (15.16%) 6370 p > 0.05
Total 6056 (73.62%) 2170 (26.38%) 8226

4.1. Study population group

The sample size of the present survey (480 individuals) is higher compared with that of some other studies (16-450) [16,18,20,
27-29,32,34,35,68] and, on the other hand, lower than in some others (487-884) [25,63,67,81]. In the present study and some other
epidemiological studies, more women were included than men [29,30,32-34,40,41,61,66,67,82,83] or only women were clinically
evaluated [81]. Whereas, others included more men [18,25,35,65,68] or both genders in equal proportions [27,28].

The average age of the investigated population in present study amounted up to 67.72 years, similarly to a previous report [16].
Some other studies examined older (over 81 years) [20,80] or younger (52-66 years) population cohorts [30,35,36].

The correlation between the gender and age of patients and apical periodontitis, number of preserved teeth and the correlation
between age of patients and number of teeth were discussed in Supplementary files 3, 4 and 5.
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4.2. The status of coronal structure

The current paper estimated the coronal status of elderly’s teeth, which was examined in some previous studies [16,18,40,68,81].
The prevalence of teeth with caries in the literature was in the range from 1.45% to 20% [33,40,66-68], which is in accordance with
the current report and its findings (6.2%). In the present study number of teeth with direct restoration (41.84%) was similar [16,66,67]
or higher than in other studies (29.3%) [40,68]. A possible reason for these differences could lie in the characteristics of sample used in
the latter study, viz. the quantity (1160 patients) and the average age of patients, 48.4 years. The present research revealed inadequate
restorations in 4.93% (inadequate: direct restoration 4.24%, prosthodontic restoration 0.69%), which is in conflict with findings from
other reports (44%) [66]. The reason for this discrepancy could be probably in the methodology, namely in the latter study a lower
number of teeth (1086 vs. 8226) and periapical radiographs were assessed.

In the current paper sound teeth (without fillings, caries, root canal treatment, and periapical lesions) (26.67% teeth) were
diagnosed in 8.33% of patients. Contrasting data were found for the Greek and Estonian adult populations, where 52.7-52.8% of teeth
were intact [33,67]. Moreover, in the investigated population the average number of sound teeth (without caries, restoration, end-
odontic treatment, and/or AP) amounted up to 4.57 teeth per person. A significantly higher value was found for the Estonian adult
population, 14.6 teeth [67]. Discrepancies between this and abovementioned studies probably were related with different age range,
viz. 60-80 years in this study vs. 16-77 years for the Greek and 35.5 £+ 19.2 years for Estonian population, and a differentiated
definition of tooth status, namely, ‘intact’ defined as no radiographic signs of caries or restoration, with no information about peri-
apical status.

4.3. Correlation between the incident of caries and status of direct restoration and apical periodontitis

This correlation was not statistically significant. This result corresponds with other [86], which, on the other hand, is not supported
by others [18,33,40,63,66,67]. In the current study AP was not significantly associated with the inadequate direct restoration, par-
allelly to some others [18,40,86].

4.4. The quality of fixed prosthetic restoration

Prosthetic restoration (a crown and bridge) was in 25.4% cases of this study, which is similarly in the Estonian population [67].
Contrasting data were presented by others, namely, higher (40%-94.73%) with only endodontically treated teeth were evaluated [29,
33,51,66], or a lower incidence (2.59-14.6%) of prosthetic restorations [16,33,40,68,69].

Interestingly, inadequate prosthetic restoration (marginal gap or overhang) was found in 2.72% of crowned teeth, hence higher
values were found in the literature (15.94-64.51%) accessing only teeth with RCT [29,33,69]. Moreover, in the abovementioned
studies [29,33,69] inadequate restorations was defined as inadequate direct restoration and prosthetic restoration. In current study
post metal/non-metal and core were observed in 12.71% teeth, hence higher (31.8-53.76%) prevalence of posts was determined using
OPGs [29], and CBCT scans [51]. In contrast, significantly lower values were also reported (1.14%), however, these authors evaluated
only teeth with AP [68].

4.5. Correlation between the quality of fixed prosthodontic restoration and apical periodontitis

In the present study an inadequate prosthetic restoration (marginal gap or overhang) was associated with AP, and this is supported
by others [67]. According to the literature, teeth with crown restorations (with or without post/core) were more likely to have per-
iapical radiolucency [16,18,63,79], which was confirmed in this study, where the bridge abutment and the presence of a post
metal/non-metal was correlated with AP. However, it was not supported by the recent study [87].

Hence, one study reported that the relationship between AP and quality of coronal restoration was not statistically significant [86].
This difference could result from a different study protocol: a smaller sample size and only root canal treated teeth were evaluated in
the above-mentioned study.

4.6. Correlation between the type of prosthodontic restoration and apical periodontitis

In the literature the prosthetic restoration (crown and bridge) was related with the AP [16,18,53,63,68,69,88]. Similarly to earlier
papers [16,40], in the present paper AP was found more often in teeth restored with a crown (or bridge). This is in contrast with a
previous study [86], where teeth without crowns presented a higher prevalence of AP than crowned ones. These divergences with the
latter report [86] could be attributed to the differences in methodology — only teeth with RCT were evaluated in the abovementioned
study, and also the samples size (2090 vs. 199). Contrasting data were published by others, where the relationship between AP and type
and quality of coronal structure was not statistically significant [86]. Interestingly, a lower risk of AP if the tooth was restored with a
crown and bridge abutment was noticed in the Estonian report [67]. It was in contrast to the current study, among the type of
prosthetic restoration, lesions were found more frequently in bridge abutment teeth than in crowns. Alike others [32,78], in this study
an inadequate prosthetic restoration was associated with an increased prevalence of AP.

Periapical disease was significantly associated with an intracanal post which was confirmed in the literature [34,47,53,66,68,
89-91] and the present study, which is in conflict with others [66,67,92-94]. Contrasting data were published, where placement of a
post would not per se decrease the probability of periapical healing [70]. Additionally, teeth restored with posts exhibited a higher
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prevalence of AP compared with those restored with use of composite resin, or amalgams [34,41,42,53,95]. The key factor decreasing
the probability of periapical healing is the inadequacy of the filling of the root length [96] in contrast to the placement of a post [70].

4.7. The length of root filling

The prevalence of teeth with RCT was discussed in Supplementary file 6.

An acceptable length of root canal filling was found in 53.26%, similarly to previous studies [61,66,97], where OPG was evaluated.
Hence, the higher percentage, 61.9-65.35%, was found in some CBCT studies [51,69,86] in the adult population. These higher values
could result from Refs. [51,86] discrepancies in the age of participants (15-72 years), or the group of examined teeth - maxillary molars
were excluded from the study [69]. Interestingly, a lower prevalence of the adequate length of root canal filling was observed in the
Austrian (20.8%) [29] and Estonian population (29.41%) [67], and Turkish subpopulation (41.87%) [22]. These differences in results
could be due to a variable age range (16-91 years vs. 60-79 years), a higher number of teeth and type of radiographic examination
(OPG vs. CBCT).

Overfilling in the current research was found in 7.17% of cases, which was in accordance with other research [16,66,99]. Hence,
other studies reported lower (0.3-6.6%) [16,29,51,66,67] or higher values (9-32.83%) [35,41,68,69,86]. On the contrary, in the
present study short-filling was determined in 39.58% of root canal treated teeth, which was in agreement with previous results [41,51,
66,68] and in contrast with earlier reports (3.73-5.0%) [35,69]. In the latter study [69], a lower number of teeth (234 vs 8226) and
younger patients (median: 48 years) were assessed. In the other paper [35] although similar sample of 65-year-olds individuals was
evaluated, periapical radiographs were estimated. However, higher values were found in the American elderly subjects (52.07%) [16],
Turkish adults 58.13% [22], Portuguese adult population (72.7%) [99] and in an Austrian subpopulation (75.4%) [29]. This might be
attributed to the lower effectiveness of the OPG (used in American and Turkish population) in the assessment of RCT than CBCT. In a
previous study [69] many short- or over-fillings on periapical radiographs were diagnosed as exhibiting a proper length on CBCT.

Radiopaque material only in the pulp chamber in single/multi-canal tooth was noticed in 1.89% endodontically treated teeth,
similar percentage was reported other studies from Poland (1.4%) [27], Greece (1.3%) [33], the USA (1.77%) [16], and Estonia (5.2%)
[671.

The prevalence of missing canals during shaping (12.77%) in the current study was similar to previously reported (12%) [100], and
higher than in other papers (1.3-8.4%) [40,41,86]. This dissimilarity could be explained by the different range of age (15-72 years vs.
60-79 years). In elderly patients aging change, such as the pulp space diminishing and root canals calcification, are more often seen
than in younger subjects [101]. Missed canals were most common in molars, significantly more often in the maxilla than the mandible,
which finding was previously presented [41,100,102]. The presence of missed canals in maxillary molars could be associated with
complex anatomy, i.e. the second mesiobuccal canal (in the mesiobuccal root) and difficulty in preparing a straight-line access cavity,
with lack of pre- or intraoperative CBCT and with treatment without magnification.

4.8. Periapical lesions

The prevalence of AP in subjects in the current study was higher (91.67%) than in earlier reports, where in an adult population the
amounts were from 25.2% to 83.7% (diagnosed with CBCT and OPG) [26,29,31,49,50,53,68,72,75,76,98], while in elderly individuals
they range from 16% to 85.6% when diagnosed with OPG [16,17,19,25,29,35,45,67,68,77,84,98].

In the current study the prevalence of AP on the tooth level was 26.38%; similar data were earlier presented [18]. That said, some
contrasting data in elderly population were presented in literature [16,24,32,35,45,73,75,85], lower (2.9-13.3%) [16,24,32,35,41,42,
68,73,75,85,98,99], and higher (42%) [45]. It is likely that these discrepancies could be related to the diagnostic method (full mouth
X-ray series or OPG) and the lower sample size (32-450 vs. 480) and patients in the more differentiated age (12-85 vs. 60-79) were
evaluated. In this study, an average of 3.87 teeth (per one patient) had AP and an average of 4.52 teeth were endodontically treated.
Slightly lower values were observed in another study: 1.13 teeth with AP; 3.57 with root canal filing [24]. A relatively high number of
endodontically treated teeth in Polish elderly population is a proof of accessibility of this treatment and social needs. Hence, a rela-
tively high number of teeth with AP reflects the demand for high quality endodontic treatment.

In this research the AP were statistically the most often detected in the maxilla which is in agreement with previous studies [40,41,
51]. Moreover, others reported (using CBCT) no difference between the incidence of AP in upper and lower teeth [66,98]. This may be
attributable to the difficulty in gaining access to the canals of upper teeth.

Regarding the AP location in the maxilla, incisors and canines were more frequently affected, similar results were observed in adult
Turkish subpopulation [86]. Similar result were found in the adult Jordanian subpopulation; AP was more often diagnosed in upper
molars and premolars [50].

In this research the AP the most often affected mandibular molars, which is in agreement with previous studies [33,67,86,98], and
this may be attributable to the complex anatomy of these teeth, and the difficulty in proper cleaning and shaping and filling during RCT
of multi-canal teeth. However, other researchers obtained ambiguous results [35]. The discrepancies between the present and the
abovementioned study resulted from a lower number of subjects (450), and more teeth were investigated (11484 vs. 8226) but on the
periapical radiographs.

Moreover, in the current study APs were found more often in root canal treated (55.48%) compared to vital teeth (44.52%) which
finding was confirmed in previous papers [25,28,32,33,40,67,76,971, and which was in contrast with others [77,96]. According to the
literature, the percentage of AP in RCT teeth in older people is lower (14-42.5%) [16,20,36,73,75,85]. This difference could be due to
the discrepancies in the number of evaluated teeth per individuals with RCT, type of radiographic examination (OPG, periapical
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radiographs, CBCT), and estimation method of AP (PAI, PAICBCT). CBCT scans, due to their greater sensitivity and specificity allow to
the accurate assessment of status of periapical health and improve the reliability of prevalence of AP [52]. For this reason, it is used as
an indicator of the periapical tissue condition in epidemiological studies. CBCT PAI based on the interpretation of CBCT scans has been
used in numerous previous studies [98,103-1071].

The prevalence of AP in teeth with RCT in this study was high (64.87%), similarly to other studies (60.0-61.5%) [33,86]. On the
contrary, others reported lower values: 35.5-51.9% [16,22,32,66,76]. Reasons for this disagreement could be the methodology of the
cited study: a lower sample size, different diagnostic method (full-mouth radiographic survey), definition of healthy periradicular
status (the contour and width of the periodontal ligament space were normal, and the appearance of the surrounding bone was
normal). Interestingly, a higher prevalence of AP in RCT, than in the current study, was observed in an urban Iraqi adult subpopulation
(80.2%) [76]. The differences in results of latter study could be attributed to the discrepancies of methodology, lower number of CBCT
scans (385), and significantly younger participants (18-45 years).

Considering the size of AP, most of them exhibited the diameter of 0.5-1 mm (CBCT-PAI score 1), followed by 1-2 mm (CBCT-PAI
score 2), CBCT-PAI score 3 was seen twice less often than score 2. In contrast, it is noteworthy that others reported that CBCT-PAI score
4 and 1 was observed in the majority of the lesions [98]. A significant consideration of the current study is that periapical cortical bone
was not affected in 73.27% of all cases, what was in agreement with earlier study (76.2%) [98]. In addition to that, the prevalence of
the periapical cortical expansion and cortical destruction amounted up to 1.23% and 6.77%, respectively. Inconsistent results were
published in a Brazilian study, where the cortical expansion and cortical destruction was shown in 5.7% and 17.7%, respectively [98].
The abovementioned differences could be explained by the smaller sample size (300 vs. 480 individuals; 5585 vs. 8226 teeth) and lower
participants age (12-70 years vs. 60-79 years). The discrepancies in the prevalence of AP between the current research and previous
findings might be due to different evaluation methods: OPG [16-20,22-29], periapical radiographs [18,24,30-36,88], or CBCT
[40-42,88], and clinical and radiographic examination [46,88]. Undoubtedly, on periapical radiograph and OPG the prevalence of AP
may be underestimated [108]. Nevertheless, CBCT exhibits a higher diagnostic accuracy in dental pathosis compared to 2D radiog-
raphy, because it is today the gold standard for imaging in the oral and maxillo-facial region [88].

4.9. Correlation between the root filling and apical periodontitis

Firstly, teeth with radiopaque material only in the pulp chamber and missed canals are one of the main reasons for AP [109]. In this
finding the presence of root filling was associated with the AP, which was supported by other research [25,32,61,67,69,76,971].
Similarly to others [41], the present study reported that AP was found significantly more often in teeth with unprepared canals than in
adequately prepared and obturated ones. Contrasting data were published in a study [86] that evaluated younger patients in Turkey,
aged 15-72 years, and also a lower number of patients (242) using CBCT.

5. The limitations of the study

In this retrospective cohort study when only single observation period is evaluated, without considering the time at which root
canal treatment was completed, it is not possible to understand if AP presented on CBCT was healing or growing lesion when
compared. The study also actually lacks a clinical examination of patients, to compare radiological results with clinical aspects of
examined teeth. Another limitation of the present study was the voxel sizes used (0.125-0.25), viz. the smaller voxel size (0.075) used
the higher spatial resolution and more details are visible. The person conducting the study took part in the assessment of the study
results, which may result in less objective and more positive results, which may be considered as a limitation of the study. Another
limitation of this research was excluding edentulous individuals from the study, i.e., it may be difficult to estimate the real oral health
status of this elderly population. Additionally, the chi-square test used in the present study is sensitive to the sample size. When a very
large sample is used, the tested relationships may appear to be significant even though they are not.

6. Conclusions

1. The number of teeth in elderly patients decreased, while the number of endodontically treated teeth increased with age.

2. More teeth were preserved in the mandible, the most common group of teeth were incisors. Molars were more frequently preserved
in the maxilla, and premolars in the mandible.

3. The periapical lesions were more often detected in the maxilla in general, and in mandibular molars.

4. Inadequate prosthetic restorations were associated with increased prevalence of apical periodontitis.

5. Periapical lesions were found more often in root canal treated teeth, in teeth with the radiopaque material only in the pulp chamber
in the single/multi-canal, and with missed root canals.

6. The over-filling was observed most frequently in the maxilla, in maxillary molars and in mandibular premolars, while the short-
filling in maxillary and mandibular molars.

7. Periapical lesions were significantly most often observed in short-filled root canals than in other length criteria (overfilled,
adequately, or lack of filling).
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