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Factors related to apical periodontitis
in a southern Brazilian population:
a multilevel analysis

Abstract: The aim of this cross-sectional study was to evaluate the
effects of individual-level and tooth-level factors on apical periodontitis
(AP) in an urban population in southern Brazil. A random sample of
digital panoramic radiographs (n = 545) from a dental school database
was evaluated. The diagnosis of AP was determined by using a
dichotomous scale (yes/no). AP was assessed according to gender,
age, presence and quality of endodontic treatment (ET), presence of
an intracanal post, coronal condition, and dental group. Data were
analyzed descriptively and through multilevel Poisson regression
analysis, considering teeth characteristics (level 1) nested in individuals
(level 2). In this sample of 545 participants, the prevalence of AP was
49.5% (n =2 70) and ET was 43.5% (n = 237). Considering 13,595 teeth, AP
was identified in 596 (4.4%) and ET in 617 (4.5%). Of the teeth with ET,
153 (24.8%) presented AP. Among individual-level factors, the disease
was not significantly associated with gender or age. For tooth-level
factors, AP was significantly associated with ET quality: teeth with
short fillings (< 3 mm) and teeth with over-fillings had 2.77 (CI: 1.95-
394, p < 0.001) and 1.08 (CI: 0.39-2.98, p < 0.001) higher prevalence of
AP, respectively. There was no association between AP and age, gender,
dental group, coronal condition, or the presence of an intracanal post.
AP was highly prevalent in this population, and multilevel analysis
indicated a significant association with ET quality.

Keywords: Periapical Periodontitis; Radiography, Panoramic;
Endodontics; Observational Study.

Introduction

Apical periodontitis (AP) is an inflammatory condition that occurs
in the presence of root canal infection at the apex of a tooth root.! The
pathological process is dynamic and involves complex interactions between
microbiological agents and the host immune response.? AP often develops
asymptomatically and may lead to large areas of bone resorption; in
addition, the prognosis is typically less favorable when late detected.?

A recent systematic review and meta-analysis of epidemiological
studies performed in different countries showed that AP affects a large
proportion of the world’s population.* The prevalence of AP in cross-
sectional studies is variable: 27% in a survey conducted in Finland,* 40%
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in Belgium,® and 70% in Lithuania.” In Brazil, there
are few studies on the epidemiology of endodontics,
although there has been an increase in the volume
of publications in this field in the last years.®** These
studies showed moderate to high frequencies of AP
in different regions and populations when panoramic
radiographs,’ periapical radiographs,’’* and cone
beam computed tomography (CBCT)" were used to
detect the pathology.

The first therapeutic choice for AP is endodontic
treatment (ET), defined as the chemo-mechanical
preparation of the root canal system, followed by its
filling with a biocompatible material.” However, this
treatment is not flawless, mainly due to the difficulty
of accessing the complex internal anatomy of the teeth
and promoting proper disinfection.”” Therefore, AP
may persist after ET, and require complementary
therapies.”® In fact, the prevalence of AP is high in
endodontically treated teeth,’'? especially in teeth
with inadequate fillings concerning apical limits and
mass homogeneity."

Evidence from longitudinal studies points to the
technical quality of ET as one of the main determinant
factors for periapical health and tooth maintenance
post-treatment.** However, the importance of coronal
sealing has also been widely reported.*'” There is
some controversy about the impact of the quality of
coronal restoration on the success of ET. However,
a systematic review demonstrated that the effect is
comparable to the quality of ET.”

Epidemiological studies contribute to the
understanding of the health-disease process of AP
and provide valuable information for the development
of preventive and therapeutic strategies.® Most of
these studies used only bivariate analyses to assess
the risk factors for AP>%%141718 Posterior teeth,>%141°
the presence of inadequate ET,>*%11418 and deficient
restoration®"""® were factors that significantly correlated
to the high prevalence of AP. Although tooth-level
variables are very useful to understand the behavior
of this disease, it is important to note that patient-
level variables, such as age and sex, are confounding
factors that should be considered and adjusted by a
multivariate analysis.?

It is very common in epidemiological studies to
analyze data at a single level; however, this approach
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may result in some valuable information being ignored.
Exploring risk factors for AP, which only considers
the tooth-level, assumes that this variable is totally
independent. This approach ignores the fact that
teeth are correlated to a patient with characteristics
that can be confusing for the analysis.?** Therefore,
this cross-sectional study aimed to evaluate the
effect of individual-level and tooth-level factors on
AP in an urban population of southern Brazil, using
multilevel modeling,.

Methodology

Sample selection

This cross-sectional study consisted of 545 digital
panoramic radiographs, obtained from patients that
attended the Oral Radiology Service of the Federal
University of Santa Maria, Santa Maria/RS, Brazil,
from October 2013 to December 2017. Participants
were referred from the clinics of that Institution or
from primary health care units of Santa Maria. The
sample size calculation was performed using Epiinfo™
software - version 7.1.5.2 (CDC - Center for Disease
Control and Prevention, Atlanta, USA), considering
the following parameters: 5957 population size
(total number of panoramic radiographs performed
during the mentioned period); “worst-case scenario”
for the main outcome, apical periodontitis (i.e., 50%
prevalence); 4% precision level; 1.0 design effect; and
95% confidence interval. Therefore, a sample size of
545 patients (panoramic radiographs) was established.
This study was approved by the Institutional Research
Ethics Committee (CAAE: 84181418.7.00005346).

The inclusion criteria were digital panoramic
radiographs of good technical quality, taken from
individuals aged 16 years or older. The radiographs
were analyzed based on their quality by an experienced
radiologist that considered patient positioning, head
alignment, neck extension, tongue location, and
framing. All radiographs were taken using the same
unit (OP200D; Instrumentarium Dental, Tuusula,
Finland) and the exposure parameters were adjusted
to the gender and size of the patient. Radiographs
of fully edentulous patients were excluded. Random
sampling was performed using computer-generated
random numbers (www.random.org/). Individual


http://www.random.org/

demographic data (gender and age) were obtained
from the radiology service chart.

Radiographic evaluation

All images were assessed using the CliniView
software (Instrumentarium Dental, Tuusula,
Finland), in a dark room, on a 22-inch computer
screen. Observers were free to apply zoom or any
other image enhancement function to obtain the
best possible interpretation.

Radiographic evaluation was performed by two
independent, trained, and calibrated examiners.
The training process was conducted under the
supervision of a radiologist and consisted of the
elucidation of concepts. For calibration, 55 randomly
selected panoramic radiographs (10% of the sample)
that were not included in the study were analyzed
regarding all assessed variables. The evaluation was
performed twice, one-week apart. Intra- and inter-
examiner agreement was calculated using Cohen’s
kappa coefficient. Data from both examiners were
also compared with those recorded by the reference
examiner (radiologist). Substantial and almost perfect
values were obtained for the variables assessed. The
Kappa values for intra-rater and inter-rater reliability
ranged from 0.61 to 0.76 for AP, 0.95 to 1.0 for ET, 0.81
to 0.93 for the ET quality, and 0.73 to 0.91 for coronal
condition; for the presence of intracanal post, the value
was 1.00. Detailed kappa values and their respective
confidence intervals for all the variables assessed are
presented in Table 1.

Table 1. Cohen’s kappa values for intra and inter-rater reliability.

AP ET
Variable
(95%C) (95%Cl)
£ 0.75 0.95
(0.62-0.87) (0.90-1.00)
- 0.61 0.95
(0.43-0.78) (0.90-0.1.00)
0.73 0.99
E1-R
(0.60-0.86) (0.96-1.00)
0.76
E2-R 1.00
(0.63-0.90)
0.65 0.99
E1-E2
(0.51-0.80) (0.96-1.00)
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For each radiograph, teeth were classified as
follows: absent/lost, present, root remnant, or
impacted. Impacted teeth were not included in the
evaluation. Present teeth and root remnants were
categorized according to the dental group: incisors,
canines, premolars, or molars.

Each included tooth was scored according to the
criteria described by Huumonen et al.,*> with minor
adaptations. AP was classified as follows: absent, if
the periapical structures were normal and with the
periodontal ligament space preserved; and present, if
there were changes in the normal tissues, such as an
enlargement of the periodontal ligament space (twice
the standard size) or a radiolucent area associated
with the root apex. A multirooted tooth was registered
with AP if any of the roots had the pathology.

ET was considered present when there was
radiopaque material inside any of the root canals,
and absent when no material was visible. Thus,
root-filled teeth covered non-surgical and surgical
root canal treatments. ET was classified as adequate
if the root filling had an apical limit of 3 mm. The
distance between the end of the filling and the root
apex was measured using a specific software tool.
Inadequate ET included short fillings (> 3 mm gap)
and overfillings (gutta percha in the apical area).>*
Multirooted teeth were registered according to the
most severe finding: for example, if any of the roots
were short filled or overfilled, the treatment was
classified as inadequate. If a multirooted tooth had
different findings on their roots, the one that indicated

ET quality Intracanal post Coronal condition
(95%Cl) (95%Cl) (95%Cl)
0.85 0.91
1.00
(0.72-0.98) (0.86-0.96)
0.93 0.90
1.00
(0.84-1.00) (0.85-0.95)
0.87 0.82
1.00
(0.76-0.99) (0.75-0.88)
0.81 0.73
1.00
(0.67-0.95) (0.65-0.80)
0.93 0.81
1.00
(0.84-1.00) (0.74-0.87)

E1: intra-examiner 1; E2: intra-examiner 2; E1-R: infer-examiner 1 and radiologist; E2-R: infer-examiner 2 and radiologist; E1-E2: inter-

examiners 1 and 2; 95%Cl: 95% confidence interval.
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>3 mm of filling material to the apex was classified as
the most severe, followed by overfilling.>* Intracanal
post was recorded as present or absent.

The coronal aspect was evaluated according to
the following scores: 0, healthy crown; 1, presence of
restorations in good condition; 2, poor restoration/
caries (crowns with open cavities, caries, restorations
in bad condition or partially destroyed crowns); and
3, absence of crown (root remnants). In cases where
a restoration in good condition was identified, but
there was an open cavity or caries on another dental
surface, the worst score was considered (score 2).

Statistical analysis

Data were analyzed using Stata (StataCorp. 2014.
Stata Statistical Software: Release 14.1. StataCorp LP,
College Station, USA). Descriptive statistics were
used to describe the demographic and radiographic
characteristics of the sample. Unadjusted analyses
were conducted to provide summary statistics and

Table 2. Individual and tooth characteristics of the sample.
Variable
Individual (n = 545)
Gender
Female
Male
Age [mean (standard deviation)]
Tooth (n = 13,595)
Dental group
Incisor
Canine
Premolar
Molar
Coronal condition
Healthy/with adequate restoration
Unhealthy
Endodontic treatment
Absent
Present
Endodontic treatment quality (n=617)
Adequate
Short filling (< 3mm)
Overfilling
Intracanal post
Absent
Present

Present in RFT (n = 617)
AP: apical periodontitis; RFT: root-filled teeth.
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preliminary assessments of the evaluated variables
(gender, age, presence and quality of ET, presence of
intracanal post, coronal condition, and dental group)
and the outcome (AP). The models were fitted by
multilevel Poisson regression analysis. In the multilevel
structure, the teeth characteristics (level 1) were nested
within patients (level 2). The multilevel model used
the scheme of a fixed effect with random intercept.
Results are presented as prevalence ratio (PR) and
the corresponding 95% confidence interval (CI). Only
variables that yielded a p-value < 0.20 in the unadjusted
analyses were considered for the adjusted model. They
were retained in the final model only if they had a
p-value < 0.05 after adjustment. The quality of the fit
of the model was evaluated using the deviance (-2 log
likelihood) and the median incidence rate ratio (MIRR).

Resulis

Table 2 shows the individual and tooth characteristics
of the sample. A total of 545 participants were

n (%) AP n (%)
352 (64.6) 176 (50.0)
193 (35.4) 94 (48.7)

40.25 (16.6)

3,904 (28.7) 104 (2.6)

2,029 (14.9) 49 (2.4)

3,524 (25.9) 139 (3.9)

4,138 (30.4) 304 (7.3)

12,905 (94.9) 257 (2.0)
690 (5.1) 339 (49.1)

12,978 (95.5) 443 (3.4)
617 (4.5) 153 (24.8)
445 (72.1) 74 (16.6)
149 (24.1) 75 (50.3)

23 (3.7) 4(17.4)

13,426 (98.7) 416 (3.1)
169 (1.3) 42 (24.8)
168 (27.2) 41 (24.4)



evaluated, with a majority of women (64.6%). The
age of the participants ranged from 16 to 101 years
old, with a mean of 40.25 [standard deviation (SD)
= 16.61] years. The prevalence of AP was 49.5% (n =
270) with a mean of 1.09 (SD = 1.59) per individual,
while ET was found in 43.5% (n = 237) of the sample
with a mean of 1.13 (SD = 1.84) per individual. A total
of 13,595 teeth were evaluated. Of these, 13,380 were
classified as erupted teeth and the remainder as root
remnants (n = 215). The average number of erupted
teeth per subject was 24.94 (x 7.08; min. 1; max. 32).
Of all evaluated teeth (n = 13,595), 4.4% had AP (n=
596) and 4.5% had ET (n = 617). AP was found in 3.4%
of teeth without root filling (n = 443) and in 24.8% of
root-filled teeth (n = 153). The root filling quality was
considered adequate in 72.1% (n = 445) of the root-
filled teeth. The presence of an intracanal post was
identified in 169 teeth (1.3%), with one tooth having

Ferreira ML, Buligon MP, Sfreddo CS, Liedke GS, Morgental RD

an intracanal post without ET. Furthermore, most
coronal conditions were classified as healthy or with
adequate restoration (94.3%).

The crude and adjusted multilevel Poisson
regression models for the AP outcome are shown in
Table 3. In the crude analysis, age was the individual-
related variable associated with the prevalence
of AP. In addition, the tooth-related variables ET
quality, coronal condition, and dental group were
also associated with the prevalence of AP. In the
adjusted analysis, age was not associated with AP for
individual-related variables (p > 0.15). For the tooth-
related variables, only ET quality was associated with
AP. The prevalence ratio (PR) of AP was 2.77 (CI: 1.95-
3.94, p < 0.001) for teeth with short fillings (< 3 mm)
and 1.08 (CI: 0.39-2.98, P< 0.001) for overfilled teeth.
Poisson multilevel modeling showed a significant
effect of the individual level: MIRR = 3.18.

Table 3. Crude and adjusted multilevel Poisson regression for apical periodontitis.

il Crude Adjusted*t
PR (95%Cl) p-value PR (95%Cl) p-value
Individual (n = 545)
Gender 0.21
Female 1
Male 1.21 (0.90-1.63)
Age 1.04 (1.04-1.05) <0.01 1.01 (0.99-1.02) 0.15
Tooth (n = 13,595)
Endodontic treatment quality < 0.01 < 0.01
Adequate 1 1
Short filling (< 3 mm) 3.03 (2.19-4.17) 2.77 (1.95-3.94)
Overfilling 1.04 (0.38-2.86) 1.08 (0.39-2.98)
Intracanal post 0.97
Absent 1
Present 1.00 (0.70-1.43)
Coronal condition < 0.01 0.36
Healthy/adequate restoration 1 1
Unhealthy 9.19 (8.08-10.44) 1.09 (0.89-1.34)
Dental group < 0.01 0.17
Incisor 1 1
Canine 0.87 (0.62-1.23) 1.31 (0.70-2.46)
Premolar 1.56 (1.21-2.01) 1.24 (0.78-1.96)
Molar 3.28 (2.59-4.08) 1.44 (0.88-2.36)

95%Cl: 95% confidence interval; PR: prevalence ratio. *Deviance (-2log |).
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Discussion

The aim of this study was to investigate the effect
of individual-level and tooth-level factors on AP
in a sample from an urban population of southern
Brazil, using multilevel modeling. The prevalence
of AP identified in this sample (49.5%) is consistent
with similar studies conducted in Brazil'*'*"* and
with the world prevalence, where AP was observed
in 52% of the patients.* A survey conducted on a
representative sample of the Finnish population
found an AP prevalence of only 27%.> However,
the relatively low prevalence of the disease in the
former investigation may be associated with the high
socioeconomic status of Scandinavian countries, which
explains the low incidence of caries and subsequent
AP in that population. Concerning ET, 43.5% of the
sample evaluated in this study presented at least one
root-filled tooth. These findings agree with studies
from different geographical locations,”** in which
the prevalence of ET has been described between
40.6% and 61.2%.

When teeth were the unit of analysis, the
prevalence of AP was 4.4%, similar to other studies
(1.4 to 12.1%).5'*" ET was observed in 4.5% of the
teeth, a relatively lower value when compared with
the results of Fernandes et al. (7.4%),"* Tercas et al.
(11%),"* and Oginni et al. (12.2%).” However, it is
considered high when compared to the prevalence of
2.1% in the Spanish population evaluated by Jiménez-
Pinzoén et al.”

This study sample revealed more women (64.6%)
than men (35.4%). Previous studies have presented
similar results, emphasizing that this gender
discrepancy in the search for dental services is
due to the fact that women express more concern
about their oral health, appearance, and general
well-being.*** However, no significant association
between AP and gender was verified, corroborating
other epidemiological studies.”” Age was also not
significant, which contradicts with other authors 014181

The results of the adjusted multilevel analysis
showed that the quality of ET was the only variable
significantly related to AP. The prevalence of
inadequate ET in epidemiological studies worldwide
is quite variable and can be as high as 70% of the
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sample *"12! In this study, 27.9% of teeth with ET
had inadequate root fillings. The lower prevalence
may be related to the criteria used, since a gap of
3 mm probably underestimates the presence of an
inadequate filling.” However, in an epidemiological
context, using panoramic radiographs, this criterion
is reliable.® Teeth with short fillings (PR = 3.03) had
higher prevalence rates of AP than overfilled teeth
(PR =1.04). Although extrusion of non-biocompatible
materials could cause foreign body reactions and
persistent local inflammation, the lack of cleaning
and disinfection in the apical portion of the root
canal, which is usually associated with incomplete
treatments, has been shown to be more detrimental
to periapical health than extravasation of obturator
material>» Regardless of some studies highlighting
that the coronal condition'” and the dental group>'®
may be related to the prevalence of AP, this study
did not find such associations.

The panoramic radiograph is considered the most
practical exam for initial evaluation because it is fast,
inexpensive, produces low radiation, and is already
widely used, especially in the public sector.>'® Other
techniques, such as periapical radiography and CBCT,*
are more sensitive for detecting AP, but require more
time for image acquisition, produce higher radiation
dose for the patient, and also have more restricted
indications, not fitting the objective of this study to
investigate AP via a triage service database. Moreover,
the higher sensitivity of CBCT was also related to a
higher rate of false-positive results.”” In view of this,
despite being the lowest sensitivity technique among
the three aforementioned, the panoramic radiograph
is sufficiently sensitive to identify AP and ET>¢%182
and is considered adequate for this study design.

A limitation of this study is related to the evaluation
of a convenience sample that consisted mainly of young
adults. This finding can be explained by the fact that
many students attend dental care at the university and
are referred to the Oral Radiology Service for further
examinations. Therefore, the application of our results
to the general population is limited and should be done
with caution. Nevertheless, the use of convenience
samples, especially from universities, is frequent
among endodontic epidemiology studies.®™*19%
In addition, cross-sectional studies are limited in



nature, and the significant associations demonstrated
here, as in any other cross-sectional study, do not
indicate a cause-effect relationship. It is impossible
to identify whether ET preceded the alleged AP, and
whether it was a chronic lesion, a healing lesion, or
a scar tissue.”” Only the patient’s dental history or
longitudinal studies could provide this information.

The small number of predictors selected in our
study should also be emphasized. Other individual-
level and tooth-level variables may be associated with
AP, such as socioeconomic status and systematic
diseases.* This limitation is related to the use of
secondary data. The number of variables affects the
regression model results and, if a more complete
picture of the individual and tooth’s conditions
were included, the association data could change.
Moreover, the evaluation of coronal conditions
using just radiographic images could underestimate
results because radiographic examination may not
detect minor defects such as microleakage in occlusal
margins, cracks, and perforations, which should be
seen during clinical assessment.”

On the other hand, the strength of the current study
was the ability to consider the cross-sectional data in
light of multilevel modeling, considering the patient
and the teeth as different, but interconnected, units.
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