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Objectives: Apical periodontitis is a lesion of endodontic origin caused by an immune re-
sponse to necrotic and infected dental pulp. Since apical periodontitis can persist after
endodontic treatment, radiographic diagnosis is crucial. This study evaluates factors asso-
ciated with the prevalence of apical periodontitis in a Portuguese population using the
full-scale periapical index.
Methods: A cross-sectional study analyzed 402 medical records and panoramic radiographs
from January to May 2023. The periapical status, presence of apical periodontitis, quality of
endodontic treatment, quality of coronal restoration, presence of caries lesions, and pres-
ence of retained root fragments were assessed. The correlation between these variables was
examined.
Results: Among 9056 teeth, 4.7% presented apical periodontitis (periapical index >3), and
53.3% of participants had fewer than one apical periodontitis lesion. Of 437 teeth with en-
dodontic treatment, 300 (69.6%) did not have apical periodontitis, while 131 (30.4%) had
apical periodontitis. A significant statistical relationship (p<0.05) was observed between
apical periodontitis and other dental conditions, including the presence of retained root
fragments, caries lesions, the quality of endodontic treatment, and the quality of restoration.
The strongest correlation was found between apical periodontitis and the quality of endo-
dontic treatment (Cramer’s V = 61%), while no consistent correlations were observed with
other variables.
Conclusions: The prevalence of apical periodontitis was higher in teeth with endodontic
treatment, with a strong correlation with treatment quality. The presence of caries lesions,
coronal restorations, and retained root fragments also influenced the occurrence of api-
cal periodontitis, reinforcing the need for further studies. (Rev Port Estomatol Med Dent
Cir Maxilofac. 2025;66(2):51-57)
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Introduction

Apical periodontitis (AP) is an endodontic condition caused by
the infection and necrosis of pulp tissue.»? It presents as a
defensive response to microorganisms in the root canal sys-
tem.> This inflammation results from a dynamic interplay be-
tween microbial factors in the root canals and the host’s de-
fense mechanisms at the interface between the infected pulp
and the apical tissues.*

Longitudinal studies of endodontic treatment performed
in postgraduate programs or by specialists have reported high
success rates of approximately 75-80% in teeth with AP after
4-5 years of follow-up.”” However, cross-sectional studies
from various countries reveal a relatively high prevalence of
AP in root-treated teeth, ranging from 32% to 68%.5-1? The high
prevalence of chronic AP has been recognized as a significant
public health concern in some regions. Consequently, numer-
ous cross-sectional studies have been conducted to assess the
prevalence of AP and identify factors influencing the outcomes
of endodontic treatment.**

Data on the prevalence of AP across different countries
show variability in outcomes. While root canal treatments for
teeth with AP generally achieve relatively high success rates,
the importance of failure cases cannot be overlooked. Under-
standing the variables that impact treatment prognosis is crit-
ical for developing strategies to enhance outcomes and im-
prove long-term success rates.

A systematic review of cross-sectional studies on the
prevalence of AP found that 36% of root canal-treated teeth
exhibited signs of AP.’® Furthermore, radiographic analysis
revealed that most root canal treatments in that study were
of poor or unacceptable technical quality.’® Up to 78% of
these treatments were classified as inadequate, with only a
smaller proportion classified as acceptable.'® Similarly, a re-
cent meta-analysis reported that AP prevalence in root-filled
teeth ranged from 5% to 74%.% These figures underscore the
need for policymakers to monitor public dental health de-
mographics, compare them with other communities, and
identify the strengths and weaknesses of oral and dental
health programs.

This epidemiological study aimed to characterize, de-
scribe, and evaluate the prevalence of periapical radiolucency
and nonsurgical root canal treatments in the Portuguese pop-
ulation served by an undergraduate program at a University
Clinic.

Material and methods

The target population consisted of patients from the Univer-
sidade Catdlica Portuguesa Dental Clinic in Viseu. The patients
were selected according to initial diagnostic visits from Sep-
tember 2023 to December 2023.

A total of 402 clinical records with panoramic radiographs
were reviewed, and relevant medical and dental history data
were collected using the NewSoft DS® program (ImaginaSoft
HS®©), which is used by the University in clinical appoint-
ments. The final sample was established based on the follow-
inginclusion criteria: patients of both sexes, aged 18 years or

older, with a minimum of eight teeth in the mouth. The ex-
clusion criteria were patients without panoramic radiographs
in their clinical records and/or incomplete clinical records;
patients aged less than 18 years old and with fewer than eight
teeth in the mouth; and analysis of third molars and dental
implants.

A calibration method was previously developed to enhance
the reliability of the results in panoramic radiograph reviews.
Two observers, one of whom had advanced clinical experience,
received 100 random periapical radiographs, instructions and
rules for calibration, and a document to register the scores
attributed to each radiograph. The observers determined
whether endodontic treatment (ET) and coronal restorations
were adequate or inadequate by evaluating each radiograph
using the periapical index (PAI) scoring system developed by
@rstavik et al.,’® according to a nominal scale from 1 to 5
points, where: 1 and 2 mean success; 3, 4, and 5 indicate the
presence of AP. The calibration obtained a Kappa value of 0.83
(>0.61), confirming the method’s suitability. Then, the periapi-
cal status of all the teeth in the study was evaluated using
respective panoramic radiographs.

The chosen variables were associated with the patient’s
identification, individual tooth condition, and oral cavity con-
dition. The patient’s identification variables included clinic
number, age, and sex. The variables related to the individual
tooth condition included the presence of retained root frag-
ments, the presence of cavities, the presence and quality of
the ET, and the presence and quality of the restoration. The
variables associated with the oral cavity condition included
the number of retained root fragments, teeth with AP, ETs,
restorations, and cavities.

The statistical analysis was made with the IBM SPSS soft-
ware, version 21.0 (IBM Corporation, New York, USA). Regard-
ing sample characterization, the variables were analyzed
using relative and absolute frequencies. All tests used a sig-
nificance level of 5% (a = 0.05). The chi-square test of inde-
pendence was used to assess the relationship between two
qualitative variables. In the correlations where the chi-
square test was not applicable, the variables were grouped
into classes to perform the statistical test. The Cramer’s V
coefficient was calculated (limited to values between 0 and
1) to evaluate the strength of associations between variables.
In the analysis of quantitative variables, the normality of the
data was assessed using the Kolmogorov-Smirnov test. The
Mann-Whitney and Kruskal-Wallis non-parametric tests
were used when suited.

Results

The study analyzed 402 patients, comprising 230 females
(57.2%) and 172 males (42.8%), with a mean age of 46.8 + 17.6
years (Table 1). A total of 9056 teeth were evaluated (Table 2).

Concerning ET, 199 patients (49.5%) had no ET, representing
8625 teeth (95.2%), while 104 patients (25.9%) had one ET, 32
(8.0%) had two ETs, and 67 (16.7%) had three or more ETs, col-
lectively accounting for 431 endodontically treated teeth (4.8%)
(Table 1). Among these, ET was classified as adequate in 270
teeth (62.6%) and inadequate in 161 (37.4%).
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Table 1. Descriptive statistics for the variables age, number of retained root fragments, number of caries lesions, and

number of teeth missing.

N = 402 Patients Min. Max. Mean Standard Deviation
Age 18 95 46.8 +17.6
No. of retained root fragments 0 10 0.7 +1.5
No. of cavities 0 21 3.3 +3.3
None (%) 1 (%) 2 (%) 23 (%)
No. of endodontic treatments 49.5 25.9 8.0 16.7
No. of coronal restorations 22.6 11.2 10.2 56.0
No. of apical periodontitis lesions 46.5 27.4 13.4 12.7

Table 2. Descriptive statistics for the variables endodontic treatment, coronal restorations, and periapical index (PAI) score.

With treatment

N = 9056 teeth Without treatment (%)
Adequate treatment (%) Inadequate treatment (%)
Endodontic treatment 95.2 3.0 1.8
Coronal restorations 81.8 15.1 3.1
1 (%) 2 (%) 3 (%) 4 (%) 5 (%)
PAI score 90.9 4.4 2.8 1.7 0.2

Regarding coronal restoration, 91 patients (22.6%) had no
restorations, 45 (11.2%) had one, 41 (10.2%) had two, and 225
(56.0%) had three or more (Table 1). In total, 7409 teeth (81.8%)
had no coronal restorations, while 1647 teeth (18.2%) were re-
stored (Table 2). Among these restored teeth, 1367 (83%) had
well-adapted restorations, while 280 (17%) had poorly adapted
ones.

Analysis of AP showed that 187 patients (46.5%) had no
AP lesions, while 110 (27.4%) had one, 54 (13.4%) had two,
and 51 (12.7%) had three or more (Table 1). At least one AP
lesion was identified in 53.5% of the patients. When evalu-
ating PAI values for all teeth, the most prevalent score was
PAI 1 (90.9%, 8232 teeth), followed by PAI 2 (4.4%, 397 teeth),
PAI 3 (2.8%, 255 teeth), PAI 4 (1.7%, 153 teeth), and PAI 5 (0.2%,
18 teeth) (Table 2). The mean number of caries lesions was
3.3 + 3.3, and the mean number of retained root fragments
was 0.7 £ 1.5.

Out of the 431 teeth endodontically treated, 300 (69.6%) had
no AP, while 131 (30.4%) had AP (PAI > 3). Among the 300 teeth
without AP, 246 (57.1%) had adequate ET, and 54 (12.5%) had
inadequate ET. Conversely, of the 131 teeth with AP, 24 (5.6%)

Table 3. Descriptive statistics between periapical index

(PAI) score and endodontic treatment.

Without With endodontic treatment
endodontic
treatment Adequate Inadequate
PAI1 and 2 8330 246 54
PAI >3 295 24 107

Total 8625 431

had adequate ET, and 107 (24.8%) had inadequate ET. Thus,
81.7% of teeth with AP and ET were associated with inadequate
ET (Table 3). Statistical analysis revealed a significant relation-
ship between the presence of AP and ET (p < 0.05, p = 0), with
a moderately low correlation strength (Cramer’s V = 0.21). Fur-
thermore, the presence of AP and the quality of ET were sig-
nificantly related (p < 0.05, p = 0), with a strong correlation
(Cramer’sV = 0.61) (Figure 1).

Of the 1647 teeth with coronal restorations, 1506 (91.4%)
were free of AP, while 141 (8.6%) exhibited AP. For teeth with
PAIscores of 1 or 2,1277 (77.5%) had well-adapted restorations,
and 229 (13.9%) had poorly adapted restorations. Among teeth
with PAI > 3, 90 (5.5%) had well-adapted restorations, and 51
(3.1%) had poorly adapted restorations (Table 4). Overall, 141
teeth with AP had coronal restorations, of which 36.2% were

57.1%

24.8%

100

Number of teeth
@
o

12.5%

1

Adequate ET Inadequate ET

ET quality
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Figure 1. Correlation between periapical index (PAI)

score and endodontic treatment quality.
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poorly adapted. Statistical analysis demonstrated a significant
relationship between the presence of AP and coronal resto-
rations (p < 0.05, p = 0) but with low correlation strength (Cra-
mer’s V = 0.09). The relationship between PAI and restoration
quality was also significant (p < 0.05, p = 0), with a moderately
low correlation strength (Cramer’s V = 0.16) (Figure 2).

Of the 9056 teeth evaluated, 278 (3.1%) presented retained
root fragments, of which 172 (61.9%) were associated with AP
(PAI > 3). Among the 426 teeth with AP, 40.4% had retained root
fragments. The relationship between PAI and retained root
fragments was significant (p < 0.05, p = 0), with a moderate
correlation strength (Cramer’s V = 0.48) (Table 5).

A total of 1336 teeth had caries lesions, of which 103
(7.7%) were associated with AP (PAI > 3). Among the 426 teeth
with AP, 24.2% exhibited cavities. The relationship between
PAI and the presence of cavities was significant (p < 0.05, p
= 0), although with a weak correlation (Cramer’s V = 0.06)
(Table 5).

Table 4. Descriptive statistics between periapical index
(PAI) score and coronal restoration.

With restoration

Without
restoration Well adapted al;:;Tz d
PAI1and 2 7124 1277 229
PAI >3 285 90 51
Total 7409 1647

Table 5. Descriptive statistics between periapical index

(PAI) score and retained root fragments and caries lesions.

PAll1and 2 PAI>3 Total

No retained root fragments 8524 254 8778
With retained root fragments 106 172 278
No cavities 7397 323 7720
With cavities 1233 103 1336
e 77.5%
1200
£
< 1000
2
.- 800
1
2 00
g 400
= 13.9%
200 B6% 3.1%
0 [— —
Well adapted Poorly adapted

Coronal restoration quality

mPAl1and2 =PAIZ3

Figure 2. Correlation between periapical index (PAI)

score and coronal restoration quality.

Discussion

The findings of this study demonstrate a significant associa-
tion between the PAI and ET. Specifically, 1.5% of teeth exhib-
ited apical lesions despite having undergone ET, with 18.3% of
these cases involving adequate treatment and 81.7% inade-
quate treatment. These results are slightly higher than those
reported in other national and international studies, which
have also observed apical lesions in treated teeth despite dif-
ferences in methodology and populations studied.'*-?* For ex-
ample, in Greece, 60% of teeth with inadequate ET were asso-
ciated with apical lesions.?> Variations in these findings may
result from differences in healthcare systems, participant de-
mographics, and the non-representative nature of some study
populations.

Recent studies provide additional context to the findings
of this research. A cross-sectional study using cone-beam com-
puted tomography (CBCT) in Portuguese patients investigated
the prevalence of lateral radiolucency, apical root resorption,
and periapical lesions and found significant associations be-
tween these pathologies and the quality of ET, emphasizing
the diagnostic precision offered by CBCT.?® Similarly, another
study examining the prevalence of AP and its relationship with
prior root canal treatment, the length of root canal filling, and
the type of coronal restoration concluded that inadequate root
canal filling and poorly adapted coronal restorations were
strongly linked to higher rates of AP, supporting the findings
of our study.”

In Sweden, a study evaluating 200 teeth with ET revealed
the persistence of Gram-positive bacteria within root canals
in cases of both chronic and acute periodontitis despite treat-
ment and antimicrobial interventions.?® These findings under-
score the challenges in completely eradicating bacterial bio-
films from root canals, even with modern endodontic
techniques. Contemporary endodontics emphasizes the im-
portance of efficient biomechanical preparation and thorough
disinfection of root canals to minimize bacterial biofilm and
improve treatment outcomes.?>-3?

Beyond ET, this study identified additional factors associ-
ated with AP, including the quality of coronal restorations, the
presence of retained root fragments, and the presence of cav-
ities. Among the 141 teeth with AP and coronal restoration,
36.2% had poorly adapted coronal restoration. Furthermore, of
the 426 teeth with AP, 40.4% contained retained root frag-
ments, and 24.2% exhibited cavities. Poorly adapted coronal
restorations were defined as those with excess or insufficient
restorative material, fractures, or visible radiolucent gaps be-
tween the restoration and the tooth. Fixed prostheses were
also included in the definition of restorations. These findings
align with a previous study, which identified similar risk fac-
tors for AP, including poorly adapted restorations and cavi-
ties.?? Other studies have also reported higher prevalence rates
of AP in teeth with inadequate restorative treatment.?233

The sample size of 9056 teeth in this study is comparable
to that of other investigations in the field. A notable predom-
inance of female participants was observed, consistent with
other epidemiological studies on endodontics. The mean par-
ticipant age of 46.8 + 17.6 years aligns with findings from stud-
ies conducted in other European countries.***> Sociological
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factors may explain differences in sex distribution and age
across studies. Patients with fewer than eight teeth were ex-
cluded to minimize confounding effects from established peri-
odontal disease, which could complicate the assessment of
other factors associated with AP.?1,3>.3¢

AP prevalence in this study revealed that at least one lesion
was present in 53.5% of the participants. Studies using pan-
oramic radiographs for AP evaluation report lower prevalence
rates, ranging from 34% to 45%.233%3 Conversely, investiga-
tions employing periapical radiographs typically report higher
prevalence rates of 70% to 86%.242>% These discrepancies may
result from differences in sample selection, radiographic
methods, and diagnostic criteria for AP. In this study, 4.7% of
teeth presented with AP lesions, a value within the range of
previous studies conducted in various countries (2.9% to
8.4%).19.23,24,34,35,3839

The choice of panoramic radiography as the primary diag-
nostic tool was dictated by its availability across all clinical
records reviewed. While panoramic radiographs offer compre-
hensive coverage and lower radiation exposure than a full-
mouth series of intraoral radiographs, they have limitations in
resolution and diagnostic precision for detecting subtle le-
sions. For more detailed assessments, complementary tech-
niques such as intraoral radiographs or CBCT are recommend-
ed.*041 Despite its limitations, panoramic radiography remains
a practical tool for large-scale epidemiological studies due to
its efficiency and patient comfort.

The PAI system developed by @rstavik et al.'® was chosen
to evaluate AP lesions in this study because of its widespread
use and reliability in assessing the severity of periapical pa-
thology. This methodology has been employed in similar stud-
ies to standardize evaluations and facilitate comparisons
across research.'%2324

Finally, while this study analyzed individual variables such
as AP prevalence and ET adequacy, other potential risk factors
were not excluded from consideration. Although inadequate
ET was strongly associated with AP, the influence of addition-
al variables cannot be ruled out. These findings highlight the
multifactorial nature of AP and underscore the need for fur-
ther studies to identify and control all contributing factors.

Conclusions

The prevalence of AP is closely linked to the quality of the ET
and has an important relation with the quality of coronal res-
toration. While many studies have identified a statistically
observable relationship, the evidence often lacks robust con-
clusiveness. Therefore, there is a need for further observation-
al studies to better understand these associations and their
clinical implications.
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Fatores associados a prevaléncia de pediodontite
apical: um estudo observacional

RESUMO

Objectivos: A periodontite apical é uma lesdo de origem endodén-
tica causada pela resposta imunolégica a polpa dentdaria necrética
e infetada. Como pode persistir apés o tratamento endoddntico, o
diagnostico radiografico é essencial. Este estudo avalia os fatores
associados a sua prevaléncia numa populagdo portuguesa, utili-
zando o indice periapical.

Métodos: Estudo transversal com a andlise de 402 registos clinicos
e radiografias panoramicas entre janeiro e maio de 2023. Avalia-
ram-se o estado periapical, a presenca de periodontite apical, a
qualidade do tratamento endoddntico e da restauracio coronaria,

lesoes de carie e fragmentos radiculares retidos. Foram analisadas
correlagoes entre estas varidveis.
Resultados: De entre 9056 dentes analisados, 4,7% apresentavam pe-
riodontite apical (indice periapical > 3) e 53,3% dos participantes ti-
nham menos de uma lesao de periodontite apical. Dos 437 dentes
tratados endodonticamente, 300 (69,6%) nao apresentavam periodon-
tite apical, enquanto 131 (30,4%) apresentavam. Foi observada uma
correlacdo estatisticamente significativa (p<0,05) entre periodontite
apical e fatores como fragmentos radiculares retidos, lesoes de carie,
qualidade do tratamento endoddntico e qualidade da restauragao. A
correlagao mais forte foi encontrada entre periodontite apical e qua-
lidade do tratamento endodéntico (V de Cramer = 61%), ndo tendo
sido observadas correlagoes consistentes com outras variaveis.
Conclusdes: A prevaléncia de periodontite apical foi maior em dentes
com tratamento endoddntico, correlacionando-se fortemente com
asua qualidade. LesGes de carie, restauragdes coronarias e fragmen-
tos radiculares retidos também influenciaram a ocorréncia de pe-
riodontite apical, reforcando a necessidade de estudos adicionais.
(Rev Port Estomatol Med Dent Cir Maxilofac. 2025;66(2):51-57)
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