™ HEALTH
W MoONITOR

Health Science Monitor

Health Sci Mon 2025; 3: 251213
https://doi.org/10.5577/hsm.e251213

Original Article

Evaluation of periapical

Open Access

healing in patients with

osteoporosis: A retrospective study

Elcin Tekin Bulut!®, Levent Akinci?®, Ozge Turan3®, Yesim Talay*

1inonii University, Faculty of Dentistry, Department of Endodontics, Malatya, Tiirkiye
2 Usak University, Faculty of Dentistry, Department of Endodontics, Usak, Tiirkiye

3 Elazig Oral and Dental Health Center, Elazig, Tiirkiye

4Dortyol Oral and Dental Health Center, Hatay, Tiirkiye

Received: 25 October 2025
Accepted: 22 November 2025
Published: 30 November 2025

Correspondence:

Dr. Elgin TEKIN BULUT

inénli University, Faculty of Dentistry,
Department of Endodontics, Malatya,
Tirkiye.

E-mail: elcin.bulut@inonu.edu.tr

How to cite this article:

Tekin Bulut E, Akinci L, Turan O,
Talay Y. Evaluation of periapical
healing in patients with
osteoporosis: A retrospective study.
Health Sci Mon. 2025;3: €251213.
https://doi.org/10.5577/hsm.e251213

Abstract

Aim: The aim of this retrospective study was to evaluate periapical healing after
root canal treatment in patients with osteoporosis presenting with periapical
lesions.

Methods: Thirty-five patients diagnosed with osteoporosis who were admitted to
the Inonu University Faculty of Dentistry, Department of Endodontics, between
January 2010 and September 2018 were initially screened. Three patients without
periapical lesions, one patient whose radiographic records were unavailable, one
patient who had received inadequate root canal treatment, eleven patients who
were unreachable, and twelve patients who were unable to attend follow-up visits
were excluded from the study. Consequently, 13 teeth from seven patients were
included in the osteoporosis group. The control group consisted of systemically
healthy individuals with periapical lesions. Demographic data, medical history,
treatment type, and clinical and radiographic findings were recorded. The
periapical status before and after treatment was evaluated using the Periapical
Index (PAIl) scoring system and the American Association of Endodontists’
recommendations.

Results: Healing rates were compared between the groups using Fisher’s exact
test, and no statistically significant difference was observed (p = 1.000). Changes
in periapical status according to PAl scores were analyzed using the Wilcoxon
signed-rank test, revealing statistically significant improvements in both the
control (p < 0.001) and the osteoporosis groups (p = 0.002). Comparisons of the
pre- and post-treatment PAIl scores between the groups using the Mann-Whitney U
test demonstrated no statistically significant differences either before (p = 0.947)
or after treatment (p = 0.804).

Conclusion: Periapical healing following root canal treatment did not differ
significantly between patients with osteoporosis and healthy controls. However,
further studies involving larger populations are required to confirm these findings.

Keywords: Osteoporosis, periapical index scoring, periapical healing, root canal
treatment, apical periodontitis
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Introduction

Apical periodontitis generally originates from a
polymicrobial infection of the dental pulp and involves
an inflammatory process with complex defense
mechanisms. This inflammatory process leads to tissue
damage, particularly alveolar bone resorption around the
related tooth apex (1-4). Lesions of apical periodontitis,
which mainly indicate structural changes in the alveolar
bone, clinically present as periapical radiolucency. In
periapical lesions, a local immune response involving the
migration of inflammatory cells, production of cytokines,
release of lytic enzymes, and activation of osteoclasts
leads to alveolar bone resorption. Not only the formation
of periapical lesions but also the healing process after
root canal treatment is an immunological defense
reaction of the host (5-8). Healing of periapical tissues,
another biological process, aims to repair tissue damage,
particularly bone loss, and occurs after the elimination
of microbial infection following root canal treatment. As
healing occurs through mechanisms involving the host’s
immune system following successful root canal
treatment, it is also influenced by the presence of
systemic factors such as age and chronic diseases (9, 10).
In addition, the immune and skeletal systems are closely
related because of their shared cellular origins and well-
established roles in the cellular and molecular
mechanisms involved in bone tissue formation and
healing (11).

Osteoporosis is defined as “a systemic skeletal
disease characterized by low bone mass and
microarchitectural deterioration of bone tissue, with a
consequent increase in bone fragility and susceptibility
to fracture” (12-14). Osteoporosis is a pervasive
metabolic skeletal disorder characterized by systemic
impairment of bone mass and microarchitecture. The
pathophysiology involves a dysregulation in bone
remodeling, resulting in a net loss of bone volume that
disproportionately affects postmenopausal women.
According to the International Osteoporosis Foundation
(IOF), the global prevalence of the disease is substantial,
estimated to affect between 200 and 300 million
individuals. Consequently, the deterioration of
trabecular microarchitecture and increased cortical
porosity compromise bone fragility, thereby significantly
elevating the risk of fractures (15-20). According to the
Turkish Osteoporosis Society, the prevalence of
osteoporosis in Tirkiye was 17.1% among individuals aged
50-64 years and 33.7% among those aged > 65 years,
defined by a T-score < -2.5, based on data collected in
2008-2009 (21). Changes associated with osteoporosis
result from an imbalance in the bone remodeling
process. As a major systemic disease, osteoporosis
affects several sites of the skeleton as well as the
alveolar bone (22-24).

Based on the existing literature, this study aimed to
identify patients with osteoporosis treated and to
evaluate the periapical wound healing of apical
periodontitis lesions caused by primary or secondary
endodontic infections.

Materials and Methods

The study protocol was approved by the inonu University
Health Sciences Research Ethics Committee (approval
no. 2019/01-10). Patients with osteoporosis who had
undergone root canal treatment between 2010 and 2018
were identified at the clinics of the Department of
Endodontics, Faculty of Dentistry, Inonu University.

The case group comprised patients diagnosed with
osteoporosis and no other systemic disease; however,
three patients with a history of breast cancer were also
included. A detailed overview of the workflow for
establishing the case and control groups is shown in Fig.
1. Healthy individuals were randomly assigned to the
control group. Patients with periapical lesions on
baseline diagnostic radiographs who completed
treatment at the Inonu University Faculty of Dentistry,
Department of Endodontics, and attended follow-up
examinations were included in both groups. The inclusion
and exclusion criteria for this study are shown in Table
1.

Following the review of the patients’ digital
records, the case group comprised 13 teeth from 11
patients. The control group consisted of 28 teeth from
healthy individuals. Following the establishment of the
case group, the control group was constituted by
considering the mean age of the patients in the case
group and the fact that all the patients were female.
Accordingly, all volunteers included in the study were
female. The mean age and clinical characteristics of the
included patients are presented in Table 2.

The periapical status of the teeth was assessed using
the Periapical Index (PAl) scoring system, which @rstavik
et al. developed in 1986 in terms of accuracy, reliability,
reproducibility, and discriminatory capacity of periapical
disease (25). The PAIl scores of the initial and final
periapical lesions were recorded and compared to assess
the healing. Moreover, endodontic treatment outcomes
were categorized according to the American Association
of Endodontists (AAE) recommendations, based on
clinical and radiographic findings obtained during follow-
up visits (26) (Table 3). A graphical illustration of this
study is shown in Figure 2.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics version 21.0 (IBM Corp., Armonk, NY, USA).

Fisher’s exact test was used to compare the healing
outcomes between the groups. The Wilcoxon signed-rank
test was used to evaluate within-group healing, based on
PAl scores.

The statistical tests used for the analysis are
presented. The abbreviation PAI refers to the Periapical
Index Score, which represents the scoring system used in
the study.
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Thirty-five patients diagnosed with Osteoporosis

Thirteen teeth of seven patients Twenty-eight patients were
were included in the study excluded from the study

w The initial periapical radiograph shows no
periapical lesion (n = 3)

The initial periapical radiograph was
unavailable (n = 1)

Inadequate root canal filling (n = 1)

Patients did not respond to phone calls
(n=11).

Patients could not attend follow-up visits
because of health-related reasons (n = 12).

Figure 1. Study design.

Table 1. Inclusion and exclusion criteria for the study.

Osteoporosis without any other systemic disease (case group); three patients with a history of breast cancer
were included.

Inclusion Patients without any systemic disease (control group).

criteria Apical periodontitis in any tooth (case and control groups).
Presence of periapical lesions on initial periapical radiographs (PAI > 3).

A follow-up period of at least 6 months.

Exclusion

criteria Absence of periapical lesions on initial periapical radiographs (PAl< 2).

Table 2. Demographic characteristics of the patients.

Mean Age Tooth type Treatment type Mean follow-up time
(min/max year)  Anterior ~ Premolar  Molar Primary RCT  Retreatment (min/max month)
(C.,ase 50 (45/71) 7 4 2 7 6 20.53 (7/68)
roup
(C.,°"”°' 50.31 (43/66) 14 9 5 2 6 27.67 (10/41)
roup
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Table 3. Classification of the PAIl scoring system and American Association of Endodontists definitions for assessing the

outcomes of root canal therapy.
*This classification is based on the PAI.

Score 1 Normal periapical tissues

Score 2 Minor structural changes in bone

Score 3 Changes in bone structure accompanied by some degree of mineral loss

Score 4 Periodontitis is characterized by a distinct and well-defined periapical radiolucency
Score 5 Severe periodontitis with exacerbating features

*American Association of Endodontists recommendations for root canal therapy outcomes.

Healed Functional, asymptomatic teeth with no or minimal radiographic periradicular (apical) pathosis (radiolucency).

Nonhealed Nonfunctional, symptomatic teeth with or without radiographic periradicular (apical) pathosis (radiolucency).
Teeth with periradicular (apical) pathosis (radiolucency), which are asymptomatic and functional, or teeth with

Healing or without radiographic periradicular (apical) pathosis (radiolucency), which are symptomatic, but whose
intended function is not altered.

Functional A treated tooth or root that is serving its intended purpose in the dentition.

Root Canal Healing: Does Osteoporosis Affect Success?

Healing Outcomes & Statistical Parity

Osteoporosis Group Healthy Control Group

NO SIGNIFICANT

DIFFERENCE 85.7%
in Healing HEALED
Comparable of healthy controis
Success Rates

Statistical analysis
(Fisher's exact test)

Perlapical healing yielded a p-value of 1.000
potential remains high between groups.
regardless of systemic

bone mass
deterioration.

0@’ ®on - . -0°0

Figure 2. Graphical illustration of the study.

Results

Final periapical radiographs obtained at follow-up
demonstrated radiographic evidence of healing in all
treated teeth, characterized by a marked reduction or
complete resolution of periapical radiolucency. Within-
group comparisons revealed that PAIl scores significantly
improved following endodontic treatment in both the
osteoporosis (case) and healthy (control) groups.
Specifically, baseline and follow-up PAI scores differed
statistically significant in the case group (p = 0.002) as

4

®

Radiographic Bone Recovery

f -~ PAlScore Scale —————————————,
agE D
Normal Tissues

Mineral Loss
A score of 1 indicates the (Radiolucency visible)
complete resolution of periapical
radiolucency and inflamination.

PRE-TREATMENT:
Score 3
(Mineral loss)

SIGNIFICANT PAI
SCORE REDUCTION

Both groups improved from a median
score of 3 to a median of 1.

POST-TREATMENT:
Score 1
(Normal tissue)

PRE-TREATMENT:
Score 3
(Mineral loss)

POST-TREATMENT:
Score 1
(Normal tissue)

Effective Intervention:
Root canal therapy is a reliable
intervention for patients with
metabolic skeletal disorders.

well as in the control group (p < 0.001), indicating a
significant radiographic healing response in both cohorts
(Table 4).

Intergroup analyses showed that the two groups
were comparable with respect to both baseline and
follow-up PAl scores. No statistically significant
difference was detected between the osteoporosis and
control groups in terms of pre-treatment (p = 0.947) or
post-treatment PAI scores (p = 0.804) (Figs. 2 and 3;
Table 4). These findings suggest that radiographic
healing outcomes after root canal treatment were
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similar in patients with osteoporosis and
healthy individuals.

According to the American Association of
Endodontists (AAE) outcome definitions, in the
osteoporosis group, two teeth were categorized as
healing and 11 teeth as healed. In the control group, four

systemically

teeth were classified as healing and 24 teeth as healed.
Comparison of these outcome distributions revealed no
statistically significant difference between the groups (p
= 1.000), indicating comparable endodontic treatment
outcomes based on the AAE clinical and radiographic
criteria (Table 5).

Table 4. Results of the statistical analysis of pre- and post-treatment PAI scores within and between groups.

Group PAIl (Before Treatment) PAI (After Treatment) p
Median (min-max) Median (min-max) (before/after)

Case Group (13) 13 3 (2-4) 1(1-3) 0.002

Control Group (28) 28 3(2-3) 1(1-3) <0.001

p (case/control) 0.947 0.804

Figure 2. Periapical radiographs of tooth #37 in an osteoporotic patient. (A) Preoperative, (B) postoperative,
and (C) seven-month follow-up radiographs.

Figure 3. Periapical radiographs of tooth #22 in a healthy patient. (A) Preoperative, (B) postoperative, and (C)
twenty-two-month follow-up radiographs.
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American Association of Endodontics

Group (N)

Healing (n, %)

Total (n, %)
Healed (n, %)

Case Group (13) 2, 15.4% 11, 84.6% 28, 100.0%
Control Group (28) 4, 14.3% 24, 85.7% 13, 100.0%
Total (n, %) 6, 14.6% 35, 85.4% 41, 100.0%
P 1.000
Discussion In a study investigating the relationship between

This retrospective study investigated whether periapical
lesions in patients diagnosed with osteoporosis
demonstrate a healing response after root canal
treatment comparable to that observed in systemically
healthy individuals. The main finding of this study was
that periapical healing, as assessed using PAIl scores and
clinical follow-up data, did not differ significantly
between osteoporotic patients and healthy individuals.
Although both groups exhibited significant improvement
from baseline to follow-up, intergroup comparisons did
not reveal a statistically significant difference. These
findings suggest that osteoporosis, at least in the clinical
context represented by our sample, may not compromise
the healing potential of periapical tissues following
endodontic therapy.

The available evidence regarding the relationship
between apical periodontitis and osteoporosis remains
limited. In a study assessing the prevalence of
osteoporosis in postmenopausal women, the authors
reported a higher frequency of periapical lesions among
osteoporotic patients (24). Lopez-Lopez J. et al.
observed only a minimally significant association
between the presence of periapical radiolucency and low
bone mineral density (27). However, in the present
study, the patient data were not adequate to evaluate
this prevalence. Therefore, future multicenter studies
with larger sample sizes may contribute to obtaining
more reliable data on this topic.

In addition, several studies have investigated
implant therapy in patients with osteoporosis. One
clinical study reported that implants placed in patients
with systemic osteoporosis did not show higher failure
rates compared with implants placed in individuals
without osteoporosis, and this finding is consistent with
our findings (28). Moreover, review studies evaluating
dental implant survival have suggested that implant
therapy represents a viable treatment option for the
rehabilitation of osteoporotic patients, with no clear
evidence indicating increased implant failure in
individuals with systemic osteoporosis (23, 29, 30).

Furthermore, findings of a study suggest that
osteoporosis has a detrimental effect on alveolar socket
healing after tooth extraction (31).

endodontics and osteoporosis while considering age and
sex, the authors suggested that periapical lesions in
osteoporotic patients may enlarge and become more
easily detectable due to lower bone density and an
enhanced inflammatory response (32).

Since the findings of this study focused solely on
periapical healing, no data was available regarding the
risk of developing apical periodontitis in patients with
osteoporosis. According to a systematic review and a
meta-analyses report there is an increased prevalence of
apical periodontitis in patients with osteoporosis (33,
34). Additionally, an umbrella review suggested a
positive association between osteoporosis and apical
periodontitis despite methodological limitations of the
investigated studies (35). However, these results are
contradictory to the findings of cohort and retrospective
studies that found no direct relationship between
osteoporosis and the occurrence of apical periodontitis
in patients treated for osteoporosis (36, 37).

When the relationship between periodontal diseases
and osteoporosis was evaluated, skeletal bone mineral
density was found to be associated with interproximal
alveolar bone loss and clinical attachment loss,
osteoporosis was shown to have a direct effect on the
progression rate of periodontal tissue destruction, and
the prevalence and severity of periodontitis were
demonstrated to be higher in osteoporotic patients
compared to non-osteoporotic individuals (38-40).

Conclusion

Despite these limitations, our findings provide
preliminary clinical evidence that patients with
osteoporosis can achieve satisfactory periapical healing
after root canal treatment. From a practical standpoint,
the observed healing outcomes may reassure clinicians
that conventional endodontic therapy remains an
appropriate and effective intervention in this patient
population. Future prospective multicenter studies with
larger cohorts and standardized follow-up protocols are
warranted to confirm these results.
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