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Assessing scientific literature about prevalence of periapical lesions in individuals with osteoporosis in com-
parison to those without osteoporosis. Systematic searches were conducted up to November 24, 2023 in
Cochrane Library, EMBASE, MEDLINE/PubMed, SCOPUS, Web of Science and Grey Literature Reports data-
bases. Only observational studies were included. The ROBINS-E tool, a revised Cochrane instrument for assess-
ing bias in nonrandomized exposure studies, was employed. The Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) tool was utilized to evaluate the certainty of the evidence. From 484
studies, three were included. One of them was categorized as having a very high risk of bias, while two were
deemed to have certain concerns. Two studies reported that osteoporotic patients have an increased risk to
present a periapical lesion compared to non-osteoporotic patients. One study reported no differences be-
tween groups. The GRADE analysis indicated a markedly low level of certainty in the evidence. The present re-
view indicates that osteoporotic patients may present more periapical lesions compared to non-osteoporotic
patients. This statement should be cautiously interpreted and further well-designed studies are needed.
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« Osteoporotic patients may have higher chances of presenting periapical lesions.
« Evidences are limited and controversial.
+  Well-designed researches are necessary to confirm the trends of this review.

INTRODUCTION es with age (4). Estimates suggest that around

Osteoporosis is a systemic skeletal disorder
characterized by decreased bone mass and
deterioration of bone microstructure (1).
When osteoclastic activity surpasses osteo-
blastic activity, the bone remodelling process
becomes unbalanced, leading to increased
bone mass reduction (2). Consequently, the
bone becomes more fragile and susceptible
to fractures (3). This disease may affect both
sexes, every race, and the prevalence increas-

200 million individuals across the globe could
be impacted by this condition, with a higher
prevalence in the population over 65 years old
(3, 5, 6) and postmenopausal women (7).

Osteoporosis can be associated with oral
health implications. Individuals affected by
this disease can have higher levels of pro-
inflammatory cytokines (8), resulting in de-
creased bone mineral density and trabecular
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bone alterations, which can favor increased bone resorption
and facilitate microbial infiltration (9, 10). Hence, bone repair
in osteoporotic patients may be slower and with lower qual-
ity of the newly formed bone (11). Currently, there are some
studies regarding the association between osteoporosis and
periodontitis (12, 13). However, there is a lack of studies re-
garding osteoporosis and apical periodontitis.

Most of the knowledge available on the subject is from pre-
clinical studies, which were encompassed and appraised in
a previous systematic review. This systematic review con-
cluded that a hypoestrogenic condition can promote an
accelerated progression of apical periodontitis (14). As with
periodontal diseases, bacterial infection plays a fundamen-
tal role in developing and maintaining apical periodontitis,
which promotes alveolar and periapical bone resorption (15-
17). These events are also related to the immunological and
inflammatory host response (18).

Based on the above-mentioned information, it can be expect-
ed that osteoporosis may interfere with the development
and repair of periapical lesions.. This systematic review aims
to evaluate the available literature to answer the question: Is
there a greater prevalence of periapical lesions in osteoporotic
patients compared to non-osteoporotic patients?

MATERIALS AND METHODS

This review followed the recommendations of the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines (19) and was registered in the database of
the International Prospective Register of Systematic Reviews
in Health and Social Care (PROSPERO) by the National Institute
for Health Research in the UK, with the registration number
CRD42021267558.

Search Strategy

Two authors (G.R.F. and B.L.C.) independently conducted a
comprehensive search strategy across Cochrane Library, EM-
BASE, MEDLINE/PubMed, SCOPUS, Web of Science, and Grey
Literature Reports databases. This search encompassed stud-
ies published up to November 24, 2023, without imposing
any language or year restrictions. Systematically predeter-
mined Medical Subject Heading (MeSH) terms and terms em-
ployed by previous studies on this subject were combined
through the Boolean operators (OR, AND). For each database,
the terms combined were: “Periapical Diseases’, “Periodonti-
tis, Apical’, “Apical periodontitis”, “Periapical lesion”, “Periapi-
cal Periodontitis”, “Pathologic Bone Demineralization”, “Bone
Demineralization, Pathologic”, “Bone Diseases, Metabolic’,
“Metabolic Bone Diseases’, “Bone Loss, Age-Related’, “Bi-
phosphonate’, “Age-Related Osteoporosis’, “Senile Osteo-
porosis”, “Osteoporosis, Involutional”, “Osteoporosis, Senile’,
“Osteoporosis, Post-Traumatic’, “Osteoporosis, Age-Related”
and “Osteoporosis”. Table 1 provides the search strategies
summary employed for each database studies that emerged
from it. Additionally, manual searches were performed on
the reference lists of the chosen studies. To facilitate arti-
cle management, all selected papers were brought into the
Mendeley© reference manager, a product of Mendeley Ltd.
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Criteria for Eligibility
For this study, selection criteria for eligibility were based on
PECOS strategy (20-22), as described below:

(population): Adult patients;

P
« E (exposure): Osteoporotic patients;

C (comparison): Non-osteoporotic patients;
« O (outcome): Presence of periapical lesions;
« S (study design): Observational studies.

Only observational studies assessing the likelihood of osteo-
porotic patients to develop periapical lesions when compared
to patients without osteoporosis. were considered for inclu-
sion. This analysis excluded studies conducted in animals, his-
tological studies, also systematic reviews, whether they includ-
ed meta-analyses or not, along with case series or case reports,
reviews, letters, opinion articles and conference abstracts.

Studies Selection

The process of selecting studies was independently conduct-
ed by two authors (G.R.F. and B.L.C.). Duplicate entries were
identified and deleted. Subsequently, titles and abstracts
were scrutinized, and articles meeting the eligibility criteria
underwent thorough full-text evaluation to determine their
inclusion status. Any discrepancies in selection were resolved
through consultation with another author (M.V.R.S.), who pro-
vided a final decision.

Data Extraction

Two authors carried out data extraction independently (G.R.F.
and B.L.C)). For each study, the subsequent data points were
gathered: author(s); publication year; study design, number
of participants; participant’s gender and age; method to di-
agnose osteoporosis; methods to diagnose periapical lesion
presence; pharmacological therapeutic interventions; out-
comes; main findings. Whenever disagreements occured, an-
other author (M.V.R.S.) gave the ultimate decision.

Quality Assessment

Two authors independently carried out the assessment of bias
risk (G.R.F. and B.L.C.). When there was discordance, another
author (M.V.R.S.) was advised for resolution.

To assess the bias risk in each study, the Risk of Bias in nonran-
domized Studies - of Exposures (ROBINS-E) tool was employed.
(23). The following domains were considered for potential bias:

1. Bias due to confounding factors: systemic factors (smok-
ing, alcoholism, cancer and diabetes). "Low" when all the
confounding factors were controlled at methodology or
statistical analysis; "Moderate" when confounding fac-
tors were partially controlled; "Serious" when none of the
confounding factors were controlled; "Critical" when con-
founding factors were not even discussed.

2. Bias due to measurement of exposure: "Low" when the
methods to diagnose osteoporosis was adequately de-
scribed; "Moderate" when some information on the exams
performed to determine the study’s variables was miss-
ing, but was not relevant for the proper diagnosis; "Seri-
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ous" when the exams performed were not adequately de-
scribed; "Critical" when the exams performed to identify
the variables were not described.

3. Bias in selection of participants: "Low" when all eligible
participants were included in the study; "Moderate" when
participant selection could be related to the outcome;
"Serious" when participant selection was related to the
outcome; "Critical" when the participant selection pro-
cess was not described.

4. Bias due to post-exposure interventions: "Low" when ex-
ams conduction did not present differences among study
participants; "Moderate" when the exams conduction pre-
sented some differences among the study participants, but
which did not affect the outcome; "Serious" when exams
conduction presented differences among the study par-
ticipants and changes in the sample or interventions were
necessary; "Critical" when exams’ conduction presented
several differences among the study participants.

5. Bias due to missing data: "Low" when the following data
were well reported: time of evaluation, pharmacological
therapeutic interventions; "Moderate" when some data
were missing but they were not relevant for the study out-
come; "Severe" when some relevant data for the study out-
come were missing; "Critical" when many relevant data for
the study outcome were missing.

6. Bias arising from measurement of outcomes: "Low" when an
adequate methodology was used to verify the presence of
periapical lesion; "Moderate" when the most adequate meth-
odology was not used to verify the presence of periapical le-
sion, but it was appropriately described; "Serious" when an
adequate methodology was not used to verify the presence
of periapical lesion and it was not appropriately described;
"Critical" when the methodology used was not described.

7. Bias in selection of the reported results: "Low" when the
presence of periapical lesion was adequately reported;
"Moderate" when the presence of periapical lesion was
adequately reported, but not described; "Serious" when
there was much discrepancy in data description between
the groups; "Critical" when there was lack of information
regarding the presence of periapical lesion.

The categorization of risk assessment for each domain pro-
ceeded in the following manner: low, some concerns, high, very
high, or no information available. Overall bias risk was ascer-
tained by aggregating the levels of bias across all domains. Spe-
cifically, the comprehensive bias risk was considered low when
each domain showed a minimal risk of bias, some concerns if
at least one domain raised some concerns about bias, high if a
minimum of one domain indicated a high risk of bias, and very
high if one or more domain showed a very elevated bias risk.

Certainty of Evidence

The assessment of the certainty of evidence in the incorpo-
rated studies was performed with the use of the Grading of
Recommendations Assessment, Development, and Evalu-
ation (GRADE) tool (GRADEpro GDT: GRADEpro Guideline
Development Tool [Software], McMaster University, 2015,
developed by Evidence Prime, Inc.) (24). This assessment ad-
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hered to the guidelines designed for non-randomized stud-
ies of exposure (25).

This tool comprises five domains that have the potential to
either reduce or enhance the quality of the evidence. The do-
mains of bias risk, indirectness, imprecision, inconsistency,
and other factors (such as reporting bias, significant interven-
tion effects, potential residual confounding, and the presence
of a dose-response gradient) were assessed to establish the
overall confidence in the evidence.

RESULTS

Selection of Study
Figure 1 displays the search strategy’s flowchart.

The databases yielded a combined total of 484 potentially rel-
evant records. Duplicates, totaling 198 records, were excluded.
Based on their titles and abstracts, an additional 286 records
underwent further examination. From them, 275 studies were
excluded as they did not meet the eligibility criteria. A sum of
eleven studies was chosen for a comprehensive review of the
full text (26-36).

The exclusion of eight studies was based on the following rea-
sons: one of them was excluded as it was a literature review (35);
five studies were excluded as they did not perform a compar-
ative analysis with non-osteoporotic patients (29-32, 34); and
two studies were excluded since they evaluated lesions of peri-
odontal origin (33, 35). Finally, three studies made part of this
systematic review (26-28). No extra studies were added follow-
ing the manual search on the references of the included studies.

Study Characteristics
Table 2 shows the characteristics and the primary results from
the studies which were included.

To diagnose the periapical lesions, all three studies used ra-
diographic exams. One study performed digital panoramic
radiographs (28); one did not specify which type of radiog-
raphy (27); and another performed panoramic and periapical
radiographs (26).

In one study, 75 postmenopausal women over 50 years old
were recruited (28). Measurement of bone mineral density
was conducted through DXA (dual-energy X-ray absorptiom-
etry). Three categories were defined: normal bone, osteope-
nic and osteoporotic. Among osteopenic and osteoporotic
women, a total of 25% displayed at least one periapical lesion,
whereas only 7.4% of healthy women exhibited at least one
periapical lesion. Even though the odds ratio (OR) showed that
osteoporotic/osteopenic patients had 4.2 times more chance
to present at least 1 periapical lesion, this was not significant
(p=0.061). Multivariate analysis marginally correlated low
bone mineral density with having a minimum of one periapi-
cal lesion (OR=1.9; Cl 95%=1.0-3.8; p=0.05) (28).

Another study evaluated the data from osteoporosis diagnosis
(not specified the diagnostic method) and periapical lesions re-
trieved from a health service database (27). Among 1,644,953
patients evaluated, 8715 were found to have periapical lesions.
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Figure 1. PRISMA flow diagram depicting the systematic search process
PRISMA: Preferred Reporting Items for Systematic Review and Meta-Analysis

A total of 42,292 patients were diagnosed with osteoporosis,
and 754 patients had both periapical lesions and osteoporosis.
The occurrence of periapical lesions in individuals diagnosed
with osteoporosis was 1.78%, and for non-osteoporotic pa-
tients was 0.52% (OR=3.36; Cl 95%=3.12-3.62; p<0.0001). The
results showed that the osteoporotic patients may have 3.36
times more chance to present a periapical lesion comparing
to non-osteoporotic patients. Unlike the previous study, this
result was statistically significant (p<0.0001) (27).

Another study investigated 152 patients (76 osteoporotic and
76 non-osteoporotic) (26). Dual-energy X-ray absorptiometry
was utilized to assess bone mineral density. The occurrence
rate of periapical lesions in both osteoporotic and non-os-
teoporotic individuals was 42.1% and 47.4%, respectively
(p=0.62). Periapical lesions were higher in teeth that had un-
dergone root canal treatment when compared to nontreated
teeth in osteoporotic individuals (p=0.03); without differences
in non-osteoporotic patients (p=0.03) (26).

In an additional analysis, one study concluded that osteoporotic
patients treated with bisphosphonates presented less periapical
lesions (p<0.0001), especially when risedronate is administrated
(27). Additionally, another study concluded that there was no
difference in periapical lesion presence in osteoporotic patients
under pharmacological treatment (bisphosphonates — 32.3%;

denosumab 63.6%; denosumab + bisphosphonates 63.6%)
and not under pharmacological treatment (36%) (p=0.61) (26).
And in a multivariate analysis, shown that patients treated with
denosumab resulted in an increased risk for periapical lesion
(OR=1.83; Cl 95%=1.15-3.37; p=0.03), while no significant asso-
ciations were observed among the variables (26).

Qualitative Assessment
Figure 2 displays a summary of bias risk of the selected stud-
ies (37).

Overall, two studies exhibited certain concerns regarding bias
risk (26, 28), and one had a very high risk of bias (27). Both
studies with an overall presence of certain concerns regard-
ing the risk of bias (26, 28), had some concerns risk within the
domain of bias due stemming from extraneous factors. The
study that exhibited a highly elevated overall risk of bias also
demonstrated a very high risk of bias within the domain relat-
ed to third variables, and a elevated risk of bias in the area of
bias arising from the outcome measurement (27).

Certainty of Evidence
Table 3 displays the results of GRADE assessment.

Studies received “serious” categorization of bias risk, and for
inconsistency received “not serious” classification, indirect
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Figure 2. Quality assessment of the nonrandomized studies, according to the Cochrane Collaboration standard scheme for bias and ROBINS- E tool

ROBINS-E: Risk of Bias in nonrandomized Studies - of Exposures

evidence, also imprecision. No further aspects were verified.
Therefore, research encompassed received classification as
presenting an overall evidence certainty very low.

DISCUSSION

Osteoporosis and apical periodontitis are defined by the pres-
ence of osteolysis that result from inflammation (33). More-
over, a systematic review that encompassed preclinical studies
pointed that a hypoestrogenic condition may worsen the pro-
gression of apical periodontitis (14). Therefore, one can rea-
sonably deduce that osteoporosis might have some influence
on periapical lesions, by favouring the development/progres-
sion and/or jeopardizing the repair. Therefore, the objective of
this systematic review was to investigate whether individuals
with osteoporosis are more likely to exhibit periapical lesions
when compared to non-osteoporotic patients.

So far, there is limited and controversial evidence to point a
possible relation between an osteoporotic condition and a
higher prevalence of periapical lesions. Two studies reported
no differences for presence of periapical lesions both in os-
teoporotic and non-osteoporotic patients (26, 28). Only one
study reported a higher prevalence in osteoporotic patients
(27). However, it is important to emphasize that this study had
the larger sample size (n=1.644.953) and this must be taken
in consideration when evaluating the findings. It can be hy-
pothesized that the studies that did not find any differences
among groups (26, 28) do not have a sufficient larger sample
size (n=75; n=152, respectively) to estimate whether there
was a significant difference or not (38). In addition, one study
reported the use of panoramic radiographs (28) and another
panoramic and periapical radiographs usage (26) to assess oc-

currences of periapical lesions. While one study only stated the
use of radiographs, without specifying which type of radiogra-
phy (27). Periapical and panoramic radiographs are known to
be less accurate compared to cone-beam computed tomogra-
phy (39, 40). Therefore, it is feasible to hypothesize that some
periapical lesions could have been missed, which could present
some influence in the results of the above-mentioned studies.

Risk of bias assessment aids in enhancing the transparency of
evidence synthesis outcomes and conclusions, through the
evaluation of limitations in the design and execution of indi-
vidual studies. In the present review, ROBINS-E tool was used
to assess risk of bias. The use of ROBINS-E initiates with delin-
eating the ideal randomized trial, encompassing the precise
characterization of the study population, the exposure vari-
ables of interest, the comparative exposures, and the designat-
ed outcomes for assessment. The ideal randomized trial is used
as the comparison due to its position at the top of an evidence
hierarchy organised by increasing protection against bias.
Subsequently, each domain will undergo evaluation and clas-
sification as presenting low, moderate, high, or very high risk of
bias, guided by parameters predefined by the evaluators.

In this review, one study presented an overall very high risk
of bias, mainly because of a high risk resulting from the “con-
founding factors” (27). For this study, authors did not address
for any possible confounding factors. Several factors can in-
fluence the occurrence of apical periodontitis, such as alcohol
and tobacco use (41, 42), history of dental trauma (43), end-
odontic filling extension and presence of satisfactory crown
rehabilitation (44), and systemic diseases (e.g., diabetes) (45).
Also, since no information was provided in relation to how the

TABLE 3. Certainty of the evidence from the included studies according to the GRADE approach for preclinical animal studies

Certainty assessment

Number of studies Risk of Inconsistency Indirectness Imprecision Other Overall certainty
bias considerations of evidence
3 observational studies Serious? Not serious Not serious Not serious None @000
VERY LOW

2:1/3 study was classified as presenting a very high risk of bias, and 2/3 as presenting some concerns risk of bias. GRADE: The Grading of Recommendations Assess-

ment, Development, and Evaluation.
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investigated outcomes were measured (e.g., measurement
methods of osteoporosis and periapical lesions), a high risk of
bias was attributed to “measurement outcomes”.

Two studies presented an overall some concerns bias (26, 28).
This classification was presented due to some concerns bias
in “confounding factors”. Despite controlling for some possible
confounding factors both studies fail in control for import-
ant confounders. For example, one study did not report con-
trolling for systemic diseases (28) Additionally, both studies
did not report controlling for history of dental trauma, which
can be associated to the occurrence of necrosis (43), and fac-
tors regarding the technical quality of endodontic therapy
(e.g. filling of root canal extension and coronal restoration),
which can influence on root canal treatment outcome (44).

The comprehensive certainty of evidence was classified by the
GRADE assessment as very low. The ‘serious’ categorization
was assigned within the risk of bias domain (46), since one
study had a high risk of bias, and the other some concerns risk
of bias. Domain inconsistency concerns an unexpected variety
in findings (47), and it was categorized as‘non serious’ The do-
main indirectness assesses whether the studies evaluated sim-
ilar populations, treatments, measures of results and indirect
contrasts, and it was also assessed as‘non serious’ (48). Domain
imprecision was evaluated as recommended by Murad et al.
(49), since conducting a meta-analysis was not feasible. It is
advised to take into account the overall participant count (i.e.,
at least 400 in the pooled sample size) of the encompassed re-
search and the confidence interval (Cl) of largest studies (49). A
combined sample size below 400 is concerning for inaccuracy,
as well as results might be inaccurate when 95% Cls of largest
studies encompass no effect of significant benefits or side ef-
fects (49). Consequently, domain imprecision was categorized
as“non serious”. Domain other consideration encompassed an
evaluation of publication bias, plausible confounding, large
effect, also dose-response gradient, and not a single of them
were verified in the included studies (50).

In an additional analysis, data on the use of medications to treat
osteoporosis and its influence on the development of periapi-
cal lesion was extracted. Once again, controversial results were
found. One study reported that individuals with osteoporosis
treated by using bisphosphonates presented less chances of
periapical lesions (27). Meanwhile, another study concluded
that there was no difference in periapical lesion presence in os-
teoporotic patients under pharmacological treatment and not
under pharmacological treatment, although individuals treat-
ed with bisphosphonates presented lowest chance to have
periapical lesions (26). This can probably be explained by the
antiresorptive properties of these medications (51-53), and it s
corroborated by a previous study that reported similar results
on periapical repair in patients taking oral bisphosphonates
compared to controls (not taking bisphosphonates) (54). As for
the results on the use of denosumab, the researchers discussed
that findings may be on account of the small sample size (26).
Since there are no further clinical studies evaluating the use
of this medication on the chances of osteoporotic patients to
present periapical lesions, further discussion is not possible.
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The present systematic review has some limitations. Meth-
odological heterogeneity challenges more accurate compar-
isons or meta-analysis. Although the control for confounding
factors that may influence apical periodontitis are difficult in
observational studies, these must be cautiously evaluated in
order to provide reliable results on the investigated subject.
Additionally, based solely on these three observational studies
and due to the high heterogeneity of results, it is not possible
to establish a clear association between osteoporosis and api-
cal periodontitis. Therefore, this study suggests that osteopo-
rotic patients could exhibit a greater occurrence of periapical
lesions when compared to non-osteoporotic patients, howev-
er more well-conducted clinical studies are still necessary to
provide more robust scientific evidence.

CONCLUSION

In summary, the present review argued that osteoporotic pa-
tients might show a more pronounced presence of periapical
lesions when compared with non-osteoporotic individuals.
However, it is important to exercise caution when interpret-
ing this statement since the available evidence is controver-
sial and limited. The current body of evidence is still unsub-
stantial considering the extremely limited confidence in the
evidence. Further well-designed investigations addressing
the discussed limitations are essential to establish the trends
presented by this review.
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