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Abstract

Background: The aim of this systematic review and meta-analysis was to analyze the scientific evidence about the
association between osteoporosis in postmenopausal women and the prevalence of apical periodontitis, assessed
radiographically.

Material and Methods: PRISM A Guidelines have been followed. The research question was: In adult women, does
the presence or absence of osteoporosis affect the prevalence of AP, radiographically diagnosed? A systematic
search was performed in PubMed/MEDLINE, Web of Science, Scopus and EMBASE. The meta-analyses were
calculated with the Open Meta Analyst software. Risk of bias was assessed using the Newcastle Ottawa Scale. The
certainty of evidence was assessed by GRADE.

Results: Four studies were selected. Meta-analysis showed an overall OR =2.2 (95% CI=0.94 - 4.97; p = 0.07), in-
dicating that osteoporotic women had approximately twice the probability of having periapical lesions, compared
to control women, although the difference was only marginally significant. The overall risk of bias of the included
studies was moderate, and the certainty of evidence was low.

Conclusions: Apical periodontitis, assessed as periapical lesion, is more frequently diagnosed in osteoporotic
women, who are twice as likely to have periapical radiolucent lesions.

Key words: Apical periodontitis, endodontic medicine, menopause, meta-analysis, older adults, osteoporosis, post-
menopausal women, systematic review.

Introduction

The progression of the caries lesion, without treat-
ment, causes pulp infection and, finally, pulp necrosis
(1). Pulpal infection spreads through the apical foramen
causing an inflammatory reaction around the root apex,
named apical periodontitis (AP) (2). Chronic apical
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periodontitis manifested radiographically by the pres-
ence of a periapical radiolucent image (3). The preva-
lence of AP in the general population is very high, with
52% of people having at least one tooth with AP (4).
AP is not only a local inflammatory process, but can
have systemic implications (5). Moreover, AP has been
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associated with diabetes (6), cardiovascular discases
(7), metabolic syndrome (8), inherited coagulation dis-
orders (9), inflammatory bowel disease (10,11), chronic
kidney disease (12), and chronic liver disease (13).

On the other hand, in postmenopausal women estrogen
deficiency provokes osteoporosis, characterized by a
decrease in bone mass, with alteration of bone architec-
ture and reduction in bone strength (14). Osteoporosis
causes rapid bone loss that mainly affects trabecular
bone (15), affecting jaw bones in a similar way to other
bones. Osteoporosis has been linked to AP, suggesting
that osteoporotic patients could suffer greater periapical
bone loss (16), with increasing prevalence of periapical
radiolucent lesions.

This systematic review aimed to analyze the scientific lit-
erature on the association between AP, diagnosed radio-
graphically, and osteoporosis in postmenopausal women.

Material and Methods

- Information sources and search strategy

This systematic review is reported in accordance
with Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines (17).
The study protocol was registered at PROSPERO:
CRD42023494749.

A literature examination was carried out to identify
the articles related to AP, diagnosed radiographically,
comparing osteoporotic women with healthy controls.
The research was conducted in PubMed, SCOPUS and
EMBASE, using combining Medical Subject Heading
(MeSH) terms and text word. A complementary screen-
ing on the references of the selected studies was per-
formed. The search strategy included the following key
words: (apical periodontitis OR endodontics OR peri-
apical disease OR periapical granuloma OR periapical
periodontitis) AND osteoporosis AND (prevalence OR
frequency).

- Eligibility criteria

A specific research question was structured according
to PICO method: In adult women (Population), does
the presence of osteoporosis (Intervention / Condition),
compared to its absence (Comparison), affect the preva-
lence of AP, diagnosed radiographically (Outcome)?
The inclusion criteria established were articles pub-
lished between January 1980 to December 2023, re-
porting a) clinical epidemiological studies, b) studies
comparing women with osteoporosis and normal pre-
menopausal women, and c) studies providing data on
the prevalence of apical periodontitis, assessed radio-
graphically, both in patients with osteoporosis and nor-
mal control women. Exclusion criteria were defined as
a) studies carried out in animals or in cell culture, b)
studies reporting data only from osteoporotic women,
¢) studies that did not report information about the prev-
alence of AP. Articles that did not meet the inclusion
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criteria were excluded. In vitro studies, animal studies,
case series, studies reporting data only from postmeno-
pausal women, and studies reporting only clinical data,
without radiographic diagnosis of AP, were excluded.

- Study selection and data collection

The bibliographic search and the screening of articles
was performed by two independent reviewers (JJS-
E and VA-Q). The titles and abstracts of the retrieved
references were screened for relevance and after this,
the full texts of all articles potentially eligible were
analyzed against the inclusion/exclusion criteria. Any
disagreement was resolved between them or by third
reviewer (AS-S) to minimize risk of bias.

The methodology of selected studies was examined,
and main features were extracted and compiled includ-
ing, authors, date of publication, study design, subjects
and sample size, main quantitative results and odds
ratio values, and type of radiograph for the diagnosis
of periapical lesions. The main outcome was the preva-
lence of AP assessed radiographically.

Data extraction was performed by three investigators
JIS-E, VA-Q and AS-S. Disagreements were resolved
by discussing between the three and reaching an agree-
ment by majority. When necessary to clarify the data,
the authors of the included studies were consulted.

- Risk of bias assessment

The risk of bias of the included studies was assessed
using the Newcastle-Ottawa Scale (18), adapted for
cross-sectional studies (19). This scale was adapted to
the outcome of interest, classifying the items into two
domains: sample selection and outcome. They were
given points (*) depending on the aspect required were
present or missing. Three authors (VA-Q, DC-B, and
JJIS-E) assessed the risk of bias of each of the included
studies independently. In case of disagreement, the au-
thors discussed until they reached an agreement. Two
domains, sample selection and outcome, were consid-
ered. The evaluation of each item was made according
to the following criteria.

A) Domain “Sample selection” (maximum: six points):

1) Representativeness of the sample: Truly represen-
tative of the average in the target population (random
sampling): three points; Somewhat representative of
the average in the target population (non-random sam-
pling): two points; Selected group of users: one point;
No description of the sampling strategy: no points.

2) Sample size: Justified, the study provided sample size
calculation, orthe entire population wasrecruited (and the
lossratewas<20%): onepoint; Notjustifiedsize: nopoints.
3) Osteoporotic condition: The osteoporotic condition
was verified by means of bone mineral density: two
points; osteoporotic condition was established only by
post-menopausal status: one point; The condition of
osteoporosis was established only by age or no criteria
description: no points.
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B) Domain “Outcome” (maximum: six points):

1) Assessment of the outcome: Training and calibration
for the methodology of assessing radiographically peri-
apical lesions with inter- and intra-agreement values pro-
vided: two points; Training and calibration for the meth-
odology of assessing radiographically periapical lesions,
with inter- or intra-agreement values not provided: one
point; Training and calibration not mentioned: no points.
2) Type of radiographs used: Periapical radiographs:
two points; panoramic radiographs: one point; the type
of radiography used is not specified: no points.

3) Inclusion of third molar in the total sample of teeth:
Third molar included: one point. If the study did not
mention that third molar was excluded, it got one point
in this domain; third molar not included: no points.

4) Number of observers: Radiographs were studied by
two or more examiners: one point; only one examiner
studied the radiographs: no points.

The maximum possible score was 12 points. High risk
of bias was defined as 0 to 4 points, moderate risk of
bias was considered for the studies scoring 5 to 8 points,
and finally low risk of bias was assigned to studies scor-
ing between 9 and 12 points.

- Statistical analysis

To determine the pooled OR and its 95% CI, the ran-
dom-effect model meta-analysis was performed using
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the OpenMeta Analyst (20), version 10.10 software. The
primary outcome was the prevalence of AP, so the vari-
ables analyzed were the prevalence of AP in osteopo-
rotic women and normal premenopausal women. Forest
plots were made to graphically represent the odds ratio
of AP in both menopausal and premenopausal women.
The level of significance was applied to p = 0.05.

To estimate the variance and heterogeneity amongst tri-
als, the Higgins 12 test were employed, considering a
slight heterogeneity if it is between 25 and 50%, moder-
ate between 50 and 75%, and high if >75% (21).

- Grading of recommendations assessment, develop-
ment and evaluation

The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) tool was used to as-
sess overall certainty of evidence (22,23). Three investi-
gators (VA-Q, JJS-E, and DC-B) independently carried
out the assessment.

Results

- Bibliographic search

The flow diagram of literature search strategy and se-
lected studies for this review is shown in Fig. 1, accord-
ing to PRISMA 2020 instructions (17). Initial search of
different databases resulted in twenty-four published
studies, with no duplicates.

Fig. 1: Flowchart on the search strategy carried out according to PRISMA 2020 indications.
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Then, of the twenty-four eligible papers, after analys-
ing the titles and abstracts, nineteen that did not fulfil
the inclusion criteria were excluded, selecting five for
reading the full text. After comprehensive reading, one
study was excluded because it was irrelevant to the
main subject (24).

- Characteristics of the included studies

Finally, four studies were selected for the systematic
review and meta-analysis (16,25-27). The four studies
were cross-sectional studies comparing the prevalence
of AP in postmenopausal women with that of healthy
premenopausal control women. The main characteris-
tics of the included studies, i.e. study design, study sam-
ple, method for diagnosis of AP, method for diagnosis
of osteoporotic state, and main results, are summarized
in Table 1.

Table 1: Summary of descriptive characteristics of the included studies.

Apical periodontitis and osteoporosis

- Meta-Analysis

Data from selected articles were analyzed and summa-
rized in an evidence table containing the data, descriptive
statistics, and ORs calculated (Table 2). The four studies
added a total of 932,949 people, of which 5,360 (0.6%)
have periapical lesions. The estimated variance between
studies was examined using the Tau2 test and was found
to be significant (Tau2 = 0.53; Q =17.461 df=3; p < 0.01).
The evidence for heterogeneity (1> = 83%; p < 0.01) was
very high. Therefore, the weights of each study were cal-
culated using the random effects model, considering that
there was variation between the included studies and al-
lowing the study results to vary in a normal distribution.
Fig. 2 shows the forest plot of the meta-analysis, the
ORs of each study and the pooled OR, calculated using
the DerSimonian-Laird method with random effects.

. Diagnosis of api- Diagnosis of Association osteoporosis
Authors Study design Study sample cal periodontitis osteoporosis / apical periodontitis
Lopez-Lopez . Controls: 27 Panoramic radio- | Bone densitom- .
et al. 2015 Cross-sectional Osteoporotic: 48 graphs etry No; p > 0.05
Thanakun et . Controls: 43 Panoramic radio-
Cross-sectional | Post-menopausal: Menopause No; p > 0.05
al. 2019 0 graphs
Katz and Controls: 902,998 | Diagnostic code Diagnostic code
Rotstein 2021 Cross-sectional Osteoporotic: ICD 9-522.5 or ICD 9-733 or Yes; p < 0.05
26,649 ICD 10-K04.7 ICD10-M81
Cadoni et al. . Controls: 76 Periapical radio- | Bone densitom-
Cross-sectional | Post-menopausal: No; p > 0.05
2022 76 graphs etry
Table 2: Extracted data and ORs calculated for each one of the included studies.
Pre-menopausal control women | Post-menopausal osteoporotic women OR
Authors and year o p
AP / Total AP (%) AP / Total AP (%) 95% C.L)
Loépez-Lopez et al. 2015 2/27 7.4 12/48 25.0 4.2(0.9-20.3) 0.06
Thanakun et al. 2019 7/43 16.3 11/32 344 2.7(0.9 - 8.0) 0.07
Katz and Rotstein 2021 4,767/902,998 0.5 493/29,649 1.7 32(29-35) 0.00
Cadoni et al. 2022 36/76 474 32/76 42.2 0.8 (0.4-1.5) 0.51
TOTAL 4,812 /903,144 0.5 548 /29,805 1.8 2.2 (0.9-5.0) 0.07
AP: apical periodontitis. OR: odds ratio.
Studies Odds ratio (95% CI) Osteoporosis AP / Total Control AP / Total
Lopez-Lopez et al. 2015 4.17 (0.86, 20.26) 12/48 2/27
Thanakun et al. 2019 2.69 (0.91, 8.01) 11/32 7/43
Katz & Rotstein 2021 3.19 (2.90, 3.50) 493/29649 4767/902998 .-
Cadoni et al. 2022 0.81 (0.43, 1.53) 32/76 36/76 —_—
Overall (1"2=83% , P<0.01) 2.16 (0.94, 4.97) p=0.07 548/29805 4812/903144 —<>
I T T T T

1
043 085 852 20.26

213 426
Odds ratio

Fig. 2: Forest plot of the included studies in the meta-analysis for the prevalence of apical periodontitis.
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Among osteoporotic women, 548 (1.8%) had AP, while overall sum of the scores of the 4 studies was 25, indi-
in healthy controls 4,812 showed periapical lesions cating a moderate overall risk of bias.
(0.5%). The overall OR was resulting in an OR = 2.2 - GRADE evaluation: level of certainty

(95% CI=0.94 - 497; p = 0.07), indicating that osteo- The certainty of evidence was rated using the GRADE
porotic patients were more than twice the probability of tool (Table 4). The four studies were observational

having periapical lesions, compared to control women, cross-sectional studies. The domain risk of bias, ac-
but this difference was only marginally significant. cording to its overall result, was classified as “not seri-
- Publication bias ous”. The domain inconsistency received the ‘serious’
Publication bias could not be assessed quantitatively as classification as the heterogeneity was high (12 = 83%).
there were fewer than the required minimum of 10 stud- Indirectness domain was classified as ‘not serious’ as
ies (21). the studies did not perform indirect comparisons or
- Risk of bias assessment present indirect results. The included populations were

According to the Newcastle-Ottawa Scale (18), risk of representative of the osteoporotic women and AP was
bias was evaluated for each study (Table 3). One study reliably evaluated. However, the domain of imprecision
was classified as low risk of bias (16), another study was was rated ‘serious’ since the 95% CI of the estimated ef-
considered as moderate risk of bias (27), and two other fect (OR) was out of 0.75-1.25, and the magnitude of the
studies were classified as high risk of bias (25,26). The number of studies included was moderate (< 5 studies).

Table 3: Risk of bias of individual studies assessed using the Newcastle-Ottawa Scale for assessing risk of bias. The maximum possible score
was 12 points (48 points for the four studies). High risk of bias was defined as 0 to 4 points, moderate risk of bias was considered for the studies
scoring 5 to 8 points, and finally low risk of bias was assigned to studies scoring between 9 and 12 points.

Sample selection Outcome
. Sample Assessment Inclusion i
Studies | Representative- | o cpal- Osteoporo- of the Typeof |[° & riva | No.Of Rll)s,k of
ness of the sample culation tic condition outcome radiograph molar observers 1as
(max: 3) (max: 1) (max: 2) (max: 2) (max: 2) (max:1) (max:1)
Lépez-
Lopez et al ** * *E ** * - * 9 (Low)
2015
Thanakun s ® * ;
et al. 2019 - - - - 4 (High)
Katz and
Rotstein wox - wox - - - - 4 (High)
2021
Cadoni et s ) - . « ) s 8 (Mode-
al. 2022 rate)
OVERALL 8 1 7 4 3 0 2 z(fe%:)_
Table 4: Grade assessment of certainty level.
Certainty assessment
Certainty | Impor-
No. of Study Risk of | Inconsis- | Indirectness | Imprecision | Other conside- tance
studies design bias tency rations
Osteoporosis - apical periodontitis
4 obser- not serious” not serious serious® OR: 2.16 ODPOO | IMPOR-
vational serious? (0.94-4.97) LOW TANT
studies p=0.07
Gade Working Group grades of evidence:
Explanations:

a. Detailed in table 3: Risk of bias summary (moderate)

b. I =83% (p < 0.01)

¢. 95% CI out of 0.75-1.25

High certainty: The authors have a lot of confidence that the true effect is similar to the estimated effect
Moderate certainty: The authors believe that the true effect is probably close to the estimated effect
Low certainty: The true effect might be markedly different from the estimated effect

Very low certainty: The true effect is probably markedly different from the estimated effect.
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While there were not enough studies to perform a quan-
titative assessment of publication bias, it was not con-
sidered significant enough to downgrade the quality of
evidence, as studies from various journals with varying
sample sizes were included and none were funded by the
private sector. For all the above, the certainty of the evi-
dence was classified as low, indicating that the true effect
might be markedly different from the estimated effect.

Discussion

This systematic review aimed to analyse the available
evidence about the association between osteoporosis
and the prevalence of AP radiographically diagnosed.
The results showed that postmenopausal women with
osteoporosis were twice as likely (OR = 2.2) to show
periapical radiolucent lesions, compared to control
healthy women. This OR value implied a high strength
of association between both variables, although the p
value was marginally significant (p = 0.07).

In recent decades, the search for possible interrelation-
ships between systemic health and endodontic variables
(5,28), including apical periodontitis and root canal
treatment (29), has been carried out through epidemio-
logical studies, mostly cross-sectional studies. This is
the case for osteoporosis. The hypothesis of the exis-
tence of an association between systemic health and api-
cal periodontitis requires the demonstration of biologi-
cal mechanisms that connect them. For osteoporosis,
some biological mechanisms can be suggested by which
the periapical status could be affected. The alteration
of the bone remodeling process of maxillary bones sec-
ondary to estrogen deficiency, could exacerbate a pre-
existing inflammatory condition, such as chronic apical
periodontitis, causing aggravated resorption (30).
Experimentally, ovariectomy enhanced alveolar bone
loss in rats with periodontitis, indicating that post-
menopausal osteoporosis may influence the progres-
sion of periodontitis (31), and osteoporosis has been
also associated with the onset and progression of peri-
odontal disease in humans (32,33). Moreover, low bone
mineral density in postmenopausal women has been
showed to be associated with a higher frequency of ra-
diolucent periapical lesions (16). Estrogen deficiency in
postmenopausal women would increase inflammatory
bone resorption in the periapical lesions, resulting in a
higher net bone loss, with the consequent intensifica-
tion of periapical radiolucency, which would facilitate
its radiological detection (26). Researchers have demon-
strated that postmenopausal women experience a more
rapid decrease in alveolar bone density, indicating that
estrogen deficiency affects bone tissue in the jaws (34).
It has been reported a decrease in bucco-lingual alveo-
lar thickness, possibly due to periosteal resorption, in
post-menopausal women with low bone mineral density
(35). Furthermore, mandibular alveolar bone mass and
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the degree of trabeculation correlate with skeletal bone
mineral density (36).

Taken together all the results mentioned above suggest
that the changes produced by osteoporosis in alveolar
bone in postmenopausal women would increase the
probability of radiographycally detect the radiolucent
lesion of AP. This would be one of the explanations for
the higher prevalence of AP in postmenopausal women.
However, it cannot be ruled out that the greater resorp-
tion of bone trabeculae in the jaws of postmenopausal
women facilitates the production of false positives when
the periapical region is evaluated radiologically (16).
The result of this systematic review should be evaluated
with caution, taking into account the limitations of the
study. The strength of the association between osteopo-
rosis and the prevalence of AP (OR =2.2) could, at first
glance, be considered a strength of the study, but the p
value (p = 0.07) and the wide 95% confidence interval
(out of 0.75-1.25), prevent doing so.

Publication bias could not be quantitatively assessed
since the number of studies included in the meta-analysis
did not reach the required minimum of 10 (21). However,
it should be noted that none of the studies included in the
meta-analysis were funded by the private sector. None
of the authors reported any type of conflict of interest.
Indirectness was considered not serious, since all four
studies used appropriate diagnostic methods for both
apical periodontitis and osteoporosis. However, the fact
that panoramic radiographs were used in several of the
studies (16,25) to evaluate the periapical status can also
be considered a limitation of the present systematic re-
view. It has been reported that an underestimation of
lesions occurred when panoramic radiography was used
(37), but the difference with periapical radiography was
not statistically significant (38). Nevertheless, among
the criteria to assess the risk of bias, the type of radiog-
raphy used to diagnose AP has been considered. On the
other hand, none of the included studies controlled the
possible bias that hormonal replacement therapy could
produce, since some of the women included in the os-
teoporotic group would surely be taking it.

Regarding the overall risk of bias assessment, it was
carried out according to the Newcastle-Ottawa Scale
(18), indicating a moderate risk of bias, so it was consid-
ered not serious. However, the assessment of the quality
of the overall evidence using GRADE showed that the
level of certainty is low. Therefore, it is likely that the
real effect is substantially different from the estimated
effect, i.e. OR =2.2 (p = 0.07). The contribution of new
studies will help to clarify and quantify more precisely
the possible association between osteoporosis and the
prevalence of AP.

In the GRADE evaluation, the high heterogeneity (12 =
83%) has also been considered, so the inconsistency was
assessed as serious. For this reason, the random effects
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model has been used to carry out the meta-analysis.

Finally, it should be noted that the result of this study
cannot be interpreted in terms of causality (6). The four
studies included are cross-sectional, so we can only
speculate on the possible association between osteopo-
rosis and the prevalence of AP. Although possible bio-
logical mechanisms of interrelation between both con-
ditions have been previously suggested, it has been done
as a matter of speculation, never as causal mechanisms.
The results of the present study should be transferred
to the daily practice of dentistry. Considering the large
number of postmenopausal women seen in the dental
clinic, the dentist should know that the probability of
them suffering from periapical disease is greater, so they
should pay more attention to the diagnosis of periapical
lesions in these patients. Definitively, dentists should
collaborate with physicians treating postmenopausal
women, and the evaluation of the periapical status should
be part of the routine clinical control of these patients,
especially those with low bone densitometry values.

Conclusions

Periapical lesions are more frequently diagnosed in os-
teoporotic women, who are twice as likely to have AP.
The dentist's evaluation of the periapical status should
be part of the routine clinical control of postmenopausal
women, especially those with low bone densitometry
values. Prospective studies with large samples are nec-
essary to determine more precisely the extent of the as-
sociation between periapical disease and osteoporosis.

Acknowledgement

Victoria Areal-Quecuty is research fellow supported by the Univer-
sity of Sevilla (Beca de Personal Investigador en Formacion, PIF);
Cristiane Cantiga-Silva is research fellow supported by the Coor-
denacdo de Aperfeigoamento de Pessoal de Nivel Superior - Brasil
(CAPES) - Finance Code 001.

Institutional Review Board Statement
Systematic reviews do not require any original research and are not
subject to ethical approval.

Author Contributions

Victoria Areal-Quecuty: Data curation; Investigation; Methodology;
Validation; Writing-original draft; Writing-review and editing.
Cristiane Cantiga-Silva: Data curation; Investigation; Methodology;
Writing-original draft; Writing-review and editing.

Aurea Simon-Soro: Conceptualization; Investigation; Supervision;
Validation; Writing-review and editing.

Daniel Cabanillas-Balsera: Data curation; Investigation; Methodol-
ogy; Writing-original draft; Writing-review and editing.

Jenifer Martin-Gonzalez: Data curation; Investigation; Methodol-
ogy; Validation; Writing-review and editing.

Juan J. Satico-Marquez: Data curation; Investigation; Writing-re-
view and editing.

Juan J. Segura-Egea: Conceptualization; Data curation; Investigation;
Methodology; Supervision; Validation; Writing-review and editing.

Funding

This work was supported by the Spanish Ministry of Science and
Innovation Grant ID PID2020-118557GA-I00 funded by MCIN/ AEI
/10.13039/501100011033.

e717

Apical periodontitis and osteoporosis

Conflict of interest
The authors declare no conflict of interest, financial or otherwise.

References

1. Bjerndal L, Simon S, Tomson PL, Duncan HF. Management of
deep caries and the exposed pulp. Int Endod J. 2019;52:949-73.

2. Kakehashi S, Stanley HR, Fitzgerald RJ. The effects of surgical
exposures of dental pulps in germ-free and conventional laboratory
rats. Oral Surg Oral Med Oral Pathol. 1965;20:340-49.

3. Silva BSF, Bueno MR, Yamamoto-Silva FP, Gomez RS, Peters OA,
Estrela C. Differential diagnosis and clinical management of periapi-
cal radiopaque/hyperdense jaw lesions. Braz Oral Res. 2017;31:e52.
4. Tiburcio-Machado CS, Michelon C, Zanatta FB, Gomes MS,
Marin JA, Bier CA. The global prevalence of apical periodontitis:
a systematic review and meta-analysis. Int Endod J. 2021;54:712-35.
5. Segura-Egea JJ, Martin-Gonzalez J, Castellanos-Cosano L. End-
odontic medicine: connections between apical periodontitis and sys-
temic diseases. Int Endod J. 2015;48:933-51.

6. Segura-Egea JJ, Cabanillas-Balsera D, Jiménez-Sanchez MC,
Martin-Gonzélez J. Endodontics and diabetes: association versus
causation. Int Endod J. 2019;52:790-802.

7. Jiménez-Sanchez MC, Cabanillas-Balsera D, Areal-Quecuty V,
Velasco-Ortega E, Martin-Gonzalez J, Segura-Egea JJ. Cardiovas-
cular diseases and apical periodontitis: association not always im-
plies causality. Med Oral Patol Oral Cir Bucal. 2020;25:¢652-9.

8. Gonzalez-Navarro B, Segura-Egea JJ, Estrugo-Devesa A, Pinto-
Sala X, Jane-Salas E, Jiménez-Sanchez MC, et al. Relationship be-
tween apical periodontitis and metabolic syndrome and cardiovascu-
lar events: A cross-sectional study. J Clin Med. 2020;9:1-13.

9. Castellanos-Cosano L, Machuca-Portillo G, Sanchez-Dominguez
B, Torrés-Lagares D, Lopez-Lopez J, Segura-Egea JJ. High preva-
lence of radiolucent periapical lesions amongst patients with inher-
ited coagulation disorders. Haemophilia. 2013;19:110-15.

10. Halboub E, Al-Maswary A, Mashyakhy M, Al-Qadhi G, Al-
Maweri SA, Ba-Hattab R, ef al. The potential association between
inflammatory bowel diseases and apical periodontitis: a systematic
review and meta-analysis. Eur Endod J. 2024;9:8-17.

11. Jakovljevic A, Ideo F, Jacimovic J, Aminoshariae A, Nagendra-
babu V, Azarpazhooh A, et al. The link between apical periodon-
titis and gastrointestinal diseases-a systematic review. J Endod.
2023;49:1421-31.

12. Palmeira E, de Liz Pérez-Losada F, Diaz-Flores-Garcia V, Se-
gura-Sampedro JJ, Segura-Egea JJ, Lopez-Lopez J. Prevalence of
oral infections in chronic kidney disease patients: A cross-sectional
study. Oral Dis. 2023; doi: 10.1111/0di.14663. Epub ahead of print.
PMID: 37392430.

13. Castellanos-Cosano L, Machuca-Portillo G, Segura-Sampedro
JJ, Torres-Lagares D, Lopez-Lopez J, Velasco-Ortega E, et al.
Prevalence of apical periodontitis and frequency of root canal treat-
ments in liver transplant candidates. Med Oral Patol Oral Cir Bucal.
2013;18:¢773-9.

14. Védnianen HK, Hérkonen PL. Estrogen and bone metabolism.
Maturitas. 1996;23(SUPPL.):s65-9.

15. Eastell R, O'Neill TW, Hofbauer LC, Langdahl B, Reid IR, Gold
DT, Cummings SR. Postmenopausal osteoporosis. Nat Rev Dis
Primers. 2016;2:16069.

16. Lopez-Lopez J, Castellanos-Cosano L, Estrugo-Devesa A, Go-
mez-Vaquero C, Velasco-Ortega E, Segura-Egea JJ. Radiolucent
periapical lesions and bone mineral density in post-menopausal
women. Gerodontology. 2015;32:195-201.

17. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated guide-
line for reporting systematic reviews. BMJ. 2021;372:n71.

18. Herzog R, Alvarez-Pasquin MJ, Diaz C, Del Barrio JL, Estrada
JM, Gil A. Are healthcare workers intentions to vaccinate related to
their knowledge, beliefs and attitudes? A systematic review. BMC
Public Health. 2013;13:154.

19. Ledn-Lopez M, Cabanillas-Balsera D, Martin-Gonzalez J, Mon-
tero-Miralles P, Satico-Marquez JJ, Segura-Egea JJ. Prevalence of



Med Oral Patol Oral Cir Bucal. 2024 Sep 1;29 (5):¢711-8.

root canal treatment worldwide: A systematic review and meta-anal-
ysis. Int Endod J. 2022;55:1105-27.

20. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials. 1986;7:177-88.

21. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21:1539-58.

22. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al.
GRADE guidelines: 1. Introduction - GRADE evidence profiles and
summary of findings tables. J Clin Epidemiol. 2011;64:383-94.

23. Hultcrantz M, Rind D, Akl EA, Treweek S, Mustafa RA, Iorio
A, et al. The GRADE Working Group clarifies the construct of cer-
tainty of evidence. J Clin Epidemiol. 2017;87:4-13.

24. Guan X, Guan Y, Shi C, Zhu X, He Y, Wei Z, et al. Estrogen
deficiency aggravates apical periodontitis by regulating NLRP3/cas-
pase-1/IL-1p axis. Am J Transl Res. 2020;12:660-71.

25. Thanakun S, Pornprasertsuk-Damrongsri S, Na Mahasarakham
CP, Techatanawat S, Izumi Y. Increased plasma osteocalcin, oral
disease, and altered mandibular bone density in postmenopausal
women. Int J Dent. 2019;2019:3715127.

26. Katz J, Rotstein I. Prevalence of periapical lesions in patients
with osteoporosis. J Endod. 2021;47:234-38.

27. Cadoni E, Ideo F, Marongiu G, Mezzena S, Frigau L, Mela Q, et
al. Periapical status in patients affected by osteoporosis: A retrospec-
tive clinical study. Clin Exp Dent Res. 2022;8:1068-75.

28. Cintra LTA, Gomes MS, da Silva CC, Faria FD, Benetti F,
Cosme-Silva L, et al. Evolution of endodontic medicine: a critical
narrative review of the interrelationship between endodontics and
systemic pathological conditions. Odontology. 2021;109:741-69.

29. Segura-Egea JJ, Cabanillas-Balsera D, Martin-Gonzalez J, Cin-
tra LTA. Impact of systemic health on treatment outcomes in end-
odontics. Int Endod J. 2023;56:219-35.

30. Ciesielska A, Kusiak A, Ossowska A, Grzybowska ME. Changes

e718

Apical periodontitis and osteoporosis

in the oral cavity in menopausal women-a narrative review. Int J En-
viron Res Public Health. 2021;19:253.

31. Xu XC, Chen H, Zhang X, Zhai ZJ, Liu XQ, Zheng XY, et al.
Effects of oestrogen deficiency on the alveolar bone of rats with ex-
perimental periodontitis. Mol Med Rep. 2015;12:3494-502.

32. Tezal M, Wactawski-Wende J, Grossi SG, Ho AW, Dunford R,
Genco RJ. The relationship between bone mineral density and peri-
odontitis in postmenopausal women. J Periodontol. 2000;71:1492-98.
33. Mazur I, Dilbarkhanov B, Kuracha X, Novoshytskyy V, Suprun-
ovych I, Zhakipbekov K. Periodontal status and bone metabolism in
women in reproductive and postmenopausal periods. Horm Mol Biol
Clin Investig. 2020;41(3).

34. Payne JB, Reinhardt RA, Nummikoski PV, Patil KD. Longitu-
dinal alveolar bone loss in postmenopausal osteoporotic/osteopenic
women. Osteoporos Int. 1999;10:34-40.

35. Jonasson G, Jonasson L, Kiliaridis S. Skeletal bone mineral den-
sity in relation to thickness, bone mass, and structure of the man-
dibular alveolar process in dentate men and women. Eur J Oral Sci.
2007;115:117-23.

36. Estrugo-Devesa A, Segura-Egea J, Garcia-Vicente L, Schemel-
Suéarez M, Blanco-Carrrion A, Jané-Salas E, et al. Correlation be-
tween mandibular bone density and skeletal bone density in a Cata-
lonian postmenopausal population. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2018;125:495-502.

37. Rohlin M, Kullendorff B, Ahlqwist M, Henrikson CO, Hollender
L, Stenstrom B. Comparison between panoramic and periapical radi-
ography in the diagnosis of periapical bone lesions. Dentomaxillofac
Radiol. 1989;18:151-55.

38. Molander B, Ahlqwist M, Grondahl HG, Hollender L. Compari-
son of panoramic and intraoral radiography for the diagnosis of caries
and periapical pathology. Dentomaxillofac Radiol. 1993;22:28-32.



