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Abstract
Summary This study investigated whether osteoporosis and
its treatment may affect periodontal condition in elderly wom-
en. The findings highlighted that women with osteoporosis
had a higher chance to present severe periodontitis than wom-
en with normal bone mineral density (BMD), particularly
those who were not treated for osteoporosis.
Introduction This study investigated whether osteoporosis in-
creases the frequency and severity of chronic periodontitis in
elderly women and evaluated the influence of vitamin D and
osteoporosis treatment in the periodontal condition.
Methods In this cross-sectional study, elderly women were
selected among 1266 subjects evaluated for lumbar spine
and proximal femur bone mineral density (BMD) using dual
energy X-ray absorptiometry. Sociodemographic, clinical

characteristics, and complete periodontal examination were
recorded. Serum 25-hydroxyvitamin D levels were measured
by chemiluminescence.
Results Forty-eight elderly women with normal BMD and 86
with osteoporosis were selected. Women with osteoporosis pre-
sented higher frequency of sites with clinical attachment level
≥6 mm (p=0.003) and gingival recession ≥3 mm (p=0.002)
than thosewith normal BMDandweremore than twice as likely
to present severe periodontitis (odds ratio (OR)=2.49, 95 % CI
[1.14 to 5.43]). Osteoporotic women who were not treated for
the condition had more chance to present severe periodontitis
(OR=3.16, 95 % CI [1.28 to 7.82]) than those who did use
bisphosphonates (OR=2.04, 95 % CI [0.85 to 4.89]). Among
the participants who presented low levels of vitamin D, those
with osteoporosis exhibited a higher chance to present severe
periodontitis than those with normal BMD (p=0.027), but the
association between vitamin D levels and osteoporosis was not
statistically significant after adjustment (p=0.198).
Conclusions Elderly women with osteoporosis have a greater
chance to present periodontitis, with higher severity than those
with normal BMD. Osteoporosis treatment provides protec-
tion for periodontitis.
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Introduction

Osteoporosis and periodontitis are frequent conditions that
affect bone mass and share some risk factors [1, 2]. In osteo-
porosis, bone loss is generalized, whereas in periodontal dis-
ease, it may be localized in the alveolar bone of the jaw [3].
Bone changes resulting from osteoporosis may potentially
aggravate periodontal disease [1].

* A. T. T. Leão
attleao@gmail.com

1 Periodontics Department, Odontoclínica Central da Marinha, Rio de
Janeiro, Brazil

2 Department of Dental Clinic, Division of Periodontics, Dental
School, Universidade Federal do Rio de Janeiro, Rio de
Janeiro, Brazil

3 Department of Oral Pathology and Diagnosis, Dental School,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil

4 Division of Endocrinology, Department of Internal Medicine,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil

5 Rheumatology Department, School of Medicine, Universidade
Federal do Rio de Janeiro, Rio de Janeiro, Brazil

6 Rheumatology Department, Hospital Naval Marcilio Dias, Rio de
Janeiro, Brazil

7 Institute of Public Health Studies, Universidade Federal do Rio de
Janeiro, Rio de Janeiro, Brazil

Osteoporos Int (2016) 27:1887–1896
DOI 10.1007/s00198-015-3437-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-015-3437-y&domain=pdf


Osteoporosis is characterized by reduced bone mass and
disruption of bone microarchitecture, resulting in increased
bone fragility and fracture risk [4]. The prevalence of osteo-
porosis depends on the geographic area, ethnicity, and age
range, and it is a serious public health concern [5, 6].

Periodontitis is a biofilm-induced infection caused by com-
ponents of the indigenous oral microbiota. Host
inflammatory-immunologic responses to bacteria are respon-
sible for most of the observed tissue damage, like periodontal
attachment loss and alveolar bone destruction. Periodontal
disease is one of the most common causes of tooth loss, and
periodontal therapy is effective as long as patients comply
with maintenance programs. Therefore, prevention and early
detection of periodontal disease are essential to reduce further
damage to the periodontium [7].

One possible link between osteoporosis and severe peri-
odontal destruction is the simultaneous systemic and alveolar
bone resorption. Moreover, systemic factors in bone remodel-
ing could modify the local tissue response to periodontal in-
fection. Individuals with systemic bone loss may react to peri-
odontitis with increased production of cytokines and inflam-
matory mediators [8].

Studies using clinical periodontal parameters to verify the
possible association of periodontal disease with low systemic
BMD found controversial results [9–21]. Different methodol-
ogies are the main reason for the contradictory data reported in
the studies. Thus, some studies involve only elderly women
[9–13, 17], some have small samples [11, 22], and some in-
clude subjects with osteopenia in the osteoporosis group [14,
15] or in the normal BMD group [20]. The use of medication
for osteoporosis was an exclusion criteria for some studies
[19, 21], while others evaluated medication effects in the peri-
odontium [15, 17].

Bisphosphonate (BP) therapy is commonly employed for
osteoporosis treatment [23] and has been associated with de-
creased alveolar bone loss in the periodontium of postmeno-
pausal women. Thus, BPs might be useful in treating peri-
odontal disease [24, 25], being an appropriate adjunctive ther-
apy to preserve periodontal bone mass [26]. Postmenopausal
women with osteoporosis/osteopenia presented periodontitis
more frequently than women with normal BMD, particularly
among those women which were not treating osteoporosis
[15]. There are few data about the effect of antiresorptive
and osteoanabolic drugs in periodontal therapy, but it seems
to be promising [27].

Vitamin D is unique among hormones, because it is pro-
duced in the skin after exposure to sunlight and then trans-
formed in the liver to its most abundant circulating metabolite
25-hydroxyvitamin D and finally to 1,25-dihydroxyvitamin
D, mostly in the kidneys. In patients with vitamin D deficien-
cy, only 10 to 15 % of dietary calcium and about 60 % of
phosphorus are absorbed, which limits bone mineralization
[28]. Vitamin D has a wide range of biological actions, and

D-deficiency has been associated with an increased risk of
cancers, autoimmune disease, types 1 and 2 diabetes, in-
fectious disease, rheumatoid arthritis, cardiovascular dis-
ease, and others [28]. Periodontal disease seems more
common in women with osteoporosis and associated with
lower concentration of serum 25-hydroxyvitamin D [3].
Furthermore, patients in periodontal maintenance pro-
grams taking vitamin D and calcium supplementation ex-
hibited a trend for better periodontal health compared with
patients not taking the supplementation [29].

The association between osteoporosis and periodontitis, and
the eventual benefits of vitamin D and anti-osteoporosis drugs
for the periodontium deserve further investigation, especially
considering the increase of elderly people in a global perspec-
tive and, consequently, of osteoporosis and periodontal disease.
The aim of this study was to test the hypothesis that osteopo-
rosis is associated to a higher frequency and severity of peri-
odontal disease in a population of elderly women. In addition,
the influence of vitamin D levels and osteoporosis medications
in the periodontal condition was explored.

Methods

Study design

This was a cross-sectional study which compared the preva-
lence and severity of periodontal disease between elderly
woman with normal BMD and elderly woman with osteopo-
rosis. The influence of low vitamin D levels and bisphospho-
nate use on the periodontal status was also investigated.

Research subjects

The sample size calculation of 127 subjects for the study was
based on preliminary data, in which the prevalence of peri-
odontitis in 96 elderly women was 47 % in subjects with
osteoporosis and 22 % in controls. The confidence interval
(CI) used was 95 % with a power study of 80 %.

Aging women were selected from the whole population of
individuals submitted to bone density assessment from De-
cember 2013 to January 2015 at the Hospital Naval Marcilio
Dias (HNMD), in Rio de Janeiro, Brazil. This hospital is a
military institution that serves Brazilian Navy military and
dependents. To be eligible for the study, subjects should be
65 to 80 years old and have a densitometry report of normal
BMD or osteoporosis within the last 6 months (those with
osteopenia were excluded).

Subjects were excluded if presented conditions affecting
the bone (Paget disease, diabetes mellitus, or malignancies),
if they were current smokers, or if they were using medication
which may affect the bone (corticosteroid, immunosuppres-
sive, or chemotherapy), except subjects using antiosteoporosis
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drugs. Potential participants were contacted by phone, when
they were informed about the study and asked about their
willingness to participate. If the answer was positive, partici-
pants were asked about other eventual exclusion criteria: if
they had less than six teeth, underwent previous periodontal
treatment and/or antibiotics use within the last 6 months, and
if they could attend a dental appointment at the Odontoclínica
Central da Marinha (OCM). Participants signed the informed
consent formwhen they attended the dental appointment. This
study was approved by the Hospital Clementino Fraga Filho/
Universidade Federal do Rio de Janeiro and Hospital Naval
Marcilio Dias Research Ethics Committees, in Rio de Janeiro,
Brazil, protocols 453.319 and 489.507, respectively, and was
in accordance with the ethical standards established by the
Declaration of Helsinki.

Data collection

A structured questionnaire was applied to obtain
sociodemographic, medical, and dental history. Women were
considered physically active individuals if they exercised at
least twice a week. The type, dosages, and duration of medi-
cations were recorded. History of low-impact fracture was
checked for all participants. Nonclinical vertebral fractures
were checked using lateral thoracic and lumbar spine X-rays.

Bone mineral density (BMD) was measured by dual-
energy X-ray absorptiometry (DXA) at the lumbar spine
(L1 to L4), femoral neck, and total femur. All the assess-
ments were performed in a standardized way, by trained
technologists, using a GE Lunar DPX-NP (GE Health
Care Clinical Systems Medical Equipment). The lowest
T-score of each patient was considered to classify as
normal BMD (T-score≥−1 SD from peak BMD at all
sites) or osteoporosis (T-score≤−2.5 SD at any site), ac-
cording to the criteria established by the World Health
Organization [30]. These results were only revealed to
clinical investigator after the periodontal examination.

All patients were oriented to collect blood for 25-
hydroxyvitamin D levels (assayed by electrochemilumines-
cence, Elecsys kit 2010 Roche, Berlin, Germany; normal
range 30–100 ng/mL). According to the Endocrine Society
guidelines, patients were considered D-sufficient if levels
were ≥30 ng/mL, D-insufficient between 21 and 29 ng/ml,
and D-deficient if levels were below 20 ng/mL [28]. For sta-
tistical analysis, all women with 25(OH)D level below 30 ng/
mL were considered as having low vitamin D levels. The
study was held in a city with tropical climate, and thus, sea-
sonal variations were not a concern.

Evaluation of periodontal conditions

An oral exam was performed in each subject, with full-mouth
periodontal assessment. Probing depth (PD) and clinical

attachment level (CAL) were measured at six sites (mesial,
distal, and middle sites of the buccal and lingual sides) on
each tooth, using a North Caroline periodontal probe (Hu-
Friedy®, USA). The probing depth was measured as the dis-
tance from the gingival margin to the position of greatest
penetration of the probe. The CAL was measured as the dis-
tance from the cement-enamel junction (CEJ) to the base of
the periodontal pocket. Gingival recession (GR) was obtained
by the difference between CAL and PD. Third molars were
excluded from the examinations. Additional assessments of
periodontal status included the presence of biofilm and bleed-
ing on probing (BOP). Biofilm was recorded using the plaque
index (PI) by a dichotomous way: the absence of biofilm
received score 0 (nonvisible) and its presence received score
1 (visible). Also, BOP was determined as absent (0) or present
(1), and considered present if bleeding occurred up to 15 s
after removing the periodontal probe of the periodontal site.

Oral examinations were performed by one calibrated and
blinded examiner. Measurement reliability was determined by
intra-class correlation for PD and CAL measurements, and
was, respectively, 0.82 and 0.83. Women were considered to
have periodontitis if they presented ≥2 interproximal sites
with CAL ≥6 mm (not on same tooth) and at least ≥1 inter-
proximal site with PD ≥5 mm [31].

Data analysis

Descriptive statistics was performed for sociodemographic,
clinical, densitometry, and laboratory data. Regarding peri-
odontal parameters, the frequency of bleeding sites and visible
biofilm was calculated for each patient. Probing depth, CAL,
and GR variables were categorized into PD and CAL ≥4 mm
and ≥6 mm, and GR ≥3 mm. The mean frequency of sites of
PD and CAL ≥4 mm and ≥6 mm, and GR ≥3 mm was then
calculated for each group: normal BMD and osteoporosis. The
osteoporosis group was separated into two subgroups: women
who did not take any medication for osteoporosis and women
undergoing osteoporosis treatment. Mean values of the lowest
BMD T-scores were calculated for the two osteoporotic sub-
groups. Statistical differences between groups were evaluated
using the chi-square test for categorical variables, and Mann-
Whitney and Kruskal-Wallis for continuous variables, with a
5 % significance level. Stratified analyses were performed in
order to explore whether low levels of vitamin D increased the
severity of periodontitis in elderly women with osteoporosis.
A univariate and multivariate logistic regression was per-
formed to explore the association of independent variables
with periodontitis: osteoporosis (with medication/without
medication), 25(OH)D levels (low/sufficient), and BMI.

The frequency of patients with severe chronic periodontitis
was calculated in each group. The association between peri-
odontitis and osteoporosis (for the whole group and for two
subgroups) was evaluated using odds ratios (ORs) and their

Osteoporos Int (2016) 27:1887–1896 1889



respective 95 % confidence intervals. All data processing and
analyses were performed using the software SPSS version
21.0 (Statistical Package for the Social Sciences, SPSS Inc.,
Chicago, USA).

Results

Out of 1266 files of patients aged 65–80 years who had their
bone densitometry assessed in the HNMD from December
2013 to January 2015, 330 women were eligible for the study.
Under the imposed study criteria, 134 women were included
in the study: 86 of them with osteoporosis and the remaining
48 presenting normal BMD. Figure 1 shows a flowchart of the
enrolment process applied to the study subjects.

Sociodemographic and clinical data of studied participants
are shown in Table 1. Groups were relatively homogeneous
regarding most of the features, except for the body mass index
(BMI), which was lower in those women with osteoporosis.
Low-impact fractures were identified in 12.8 % of the osteo-
porotic women, but not in those with normal BMD. Mean
values of the lowest T-scores were not different between the
two osteoporotic subgroups: −2.94 for treated osteoporosis
and −2.87 for nontreated (Mann-Whitney test, p=0.713).

Among the 86 patients with osteoporosis, 47 were under-
going osteoporosis treatment with the following medications:
alendronate 70 mg/weekly (n=34), risedronate 35 mg/weekly
(n=9), and ibandronate 150 mg/monthly (n=1); two women
had changed to strontium ranelate 60 mg/daily; and one
changed to teriparatide 20 mcg/daily in the previous year.

Laboratory results of serum 25(OH)D were available for
113 participants. Vitamin D insufficiency was observed in 54
women (47.8 %) and deficiency in 33 (29.2 %) of them. Thus,
77 % presented 25(OH)D below 30 ng/ml, and the mean 25
(OH)D value of these subjects was closer to the cutoff point
which defined vitamin D deficiency (21.95±4.3 ng/ml).
Among these women with low vitamin D levels, 55
(63.2 %) were affected by osteoporosis. Low levels of this
hormone were more frequently observed in women who
were not taking vitamin D supplements (58.6 %); how-
ever, it was also frequent among those who were taking
these supplements (41.4 %).

The mean percentages of periodontal clinical parameters
are listed in Table 2. Comparison between groups with normal
BMD and osteoporosis showed that the frequency of sites of
CAL≥6 mm (Mann-Whitney test, p=0.003) and GR ≥3 mm
(Mann-Whitney test, p=0.002) was significantly higher for
the group of osteoporotic women. Worse periodontal condi-
tions were observed particularly in the subgroup of women
not using medication for osteoporosis. There was no signifi-
cant difference in the plaque and bleeding index between
women with normal BMD and osteoporosis.

Comparison between the group of women with normal
BMD and the two subgroups of osteoporosis (treated and
nontreated for osteoporosis) also showed higher frequency
of sites of CAL ≥6 mm (Kruskal-Wallis test, p=0.010) and
GR ≥3 mm (Kruskal-Wallis test, p=0.007) for osteoporotic
women. However, participants not treated for osteoporosis
presented higher means and medians of PD and CAL, and
showed worse periodontal condition than those women with
normal BMD and those with osteoporosis under treatment.

Among women with osteoporosis, the chance of presenting
periodontitis was more than twice as high as among those with
normal BMD (OR=2.49; 95 % CI [1.14–5.43]; p=0.020)
(Table 3). The association between osteoporosis and peri-
odontitis increased when the group of women not treated for
osteoporosis was separately analyzed (OR=3.16; 95 % CI
[1.28–7.82]; p=0.011). However, for the group of osteoporot-
ic women under osteoporosis treatment, the magnitude of the
association with periodontal disease was reduced, losing sta-
tistical significance (OR=2.04; 95 % CI [0.85–4.89]; p=
0.109).

Among the 87 participants with low levels of vitamin D,
those with osteoporosis were more than three times as likely to
present severe periodontitis as were those women with normal
BMD (OR=3.34; 95 % CI [1.11–10.00]; p=0.027) (Table 4).
There was no association between periodontitis and osteopo-
rosis considering the 26 women with vitamin D sufficiency
(p=0.473). A univariate and multivariate regression analysis
was performed in the 113 participants who had serum dosages
of 25(OH)D. The regression analysis confirmed that the
chance for presenting periodontitis increased in osteoporosis
without medication, while in treated osteoporosis, this chance
decreased. However, vitamin D levels (low/sufficient) were
not associated to periodontitis in the regression analysis and
did not show interaction with osteoporosis, losing statistical
significance (Table 5).

Discussion

Based on the evaluation of 134 postmenopausal women who
had similar clinical and demographic characteristics, we found
that chronic periodontitis was more prevalent and severe in
women with osteoporosis as compared to those with normal
BMD. Moreover, normal levels of vitamin D and the use of
anti-osteoporosis drugs clearly improved the periodontal
status of women. Among the studies involving periodontitis
and osteoporosis, the present study was the first one to simul-
taneously investigate the influence of osteoporosis medication
and 25(OH)D levels.

There is enough biological plausibility to support that os-
teoporosis and periodontal disease may be related [3, 8, 32].
The effects of osteoporosis, which accumulated over the years
in the periodontium, may be more remarkable in advanced
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ages. In order to verify the potential effects of osteoporosis in
the periodontium, only patients older than 65 years were eval-
uated in the present study.

The CAL and GR parameters were worse in women affect-
ed by osteoporosis than in those with normal BMD, in the
studied population. Worse periodontal parameters have been
associated to osteoporosis in studies from different countries
[12, 13, 17]. However, other authors reported controversial
results [9–11]. Studies assessing the association between os-
teoporosis and periodontal disease differ widely in their meth-
odology, using samples with different selection criteria, social
and demographic characteristics, different methods to mea-
sure periodontal disease, and BMD assessment. The present
study used a full-mouth examination methodology, performed
at six sites per tooth, which accurately reflects the prevalence
and the severity of periodontal disease. In addition, very strict
inclusion criteria were used, and many conditions that could
potentially confound these results were excluded.

An important aspect found in the present study was the
higher extension of the GR in patients with osteoporosis,
when compared to women with normal BMD. Other re-
searchers have previously reported these findings in patients
with low BMD [2, 18, 33]. Pain from exposed dentine, root
caries, abrasion, and aesthetic concerns may represent clinical
complications of GR [34]. In addition, exposed root areas are
more susceptible to biofilm accumulation and represent a
challenge in cleaning, which in turn can perpetuate the clinical
attachment loss. Periodontal management should be directed
at prevention of further progression of the condition and the
control of the symptoms [34].

The chance for having severe periodontitis was 2.49 higher
in subjects with osteoporosis versus those with normal BMD.
Other authors also found positive associations between oste-
oporosis and periodontitis, reporting similar odds ratios
[14–17]. Furthermore, the lack of osteoporosis treatment con-
tributed to a higher risk for having periodontal disease (OR
3.16) in the studied population. In the osteoporotic group, a
positive effect of osteoporosis treatment was observed in the
periodontal condition, when compared to untreated women.
These results are in accordance with findings from other au-
thors [15, 17]. Bisphosphonates (BP) are antiresorptive drugs
used in osteoporosis treatment. It has been reported that oral
BP therapy may also protect individuals against periodontal
bone loss [25]. This effect on the alveolar bone was expected,
and it has been demonstrated in other studies [24, 25, 35].

Although the sample size was not calculated for the sub-
groups of osteoporosis, we could observe that the negative
effects of osteoporosis were reduced in the periodontium
when patients had a history of osteoporosis treatment. The
most widely accepted mechanism of action of BP is to inhibit
osteoclast activity by promoting osteoclast apoptosis, and
these compounds have also shown to act as anti-
inflammatory agents [27].

BPs are highly concentrated in the jaws, because jaws have
a faster bone turnover rate than other bones, which is related to
the jaw activity and the bone remodeling on the periodontal
ligament around the teeth [36]. Periodontal disease increases
the demand for bone turnover/renewal in the jaws, being one
of the conditions that may trigger osteonecrosis of the jaw
[36]. Dental care is recommended for patients taking BP, in

n=1266
Available DXA

n=657
DXA diagnosis

n=330
eligible

n=141
eligible

n=48
included

normal BMD

n=86
included

osteoporosis

n=609
Excluded through medical charts

- 120 males
- 235 diabetics or poor glycemic control
- 48 smokers
- 48 corticoid or imunossupressive therapy
- 33 cancer or chemotherapy
- 18 living outside the state of Rio de Janeiro 
- 17 hospitalized
- 18 (other medical conditions)

n=327
Excluded for presenting osteopenia

n=189
Excluded after phone call

- 136 edentulous or with 5 teeth or less
- 8 in periodontal treatment or antibiotic use within 6
months
- 45 unable to attend oral evaluation

Period:
Dec 13 to Jan 15

n=53
normal BMD

n=2
Excluded after oral exam

- antibiotic use

n=5
Excluded after oral exam

- bisphosphonate use

n=88
osteoporosis

Fig. 1 Flow chart of the sample
selection. BMD bone mineral
density, DXA dual-energy X-ray
absorptiometry
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order to maintain a healthy periodontal status. No
osteonecrosis of the jaw was noted in this study sample, pos-
sibly because its risk is very low, and a much greater sample
size and longer periods of BP therapy would be necessary to
detect this complication [37]. Fortunately, osteonecrosis of the
jaw related to osteoporosis treatment is uncommon. Dentists
need to properly manage patients who use BP and those who
develop osteonecrosis of the jaw.

Vitamin D reduces the risk of osteoporotic fractures,
and low vitamin D levels might have deleterious conse-
quences to health outcomes [38]. We found that the fre-
quency and the severity of chronic periodontitis were sig-
nificantly associated with vitamin D insufficiency/
deficiency in elderly women with osteoporosis. Aware-
ness of the dental patient’s systemic bone health status,
as well as their vitamin D intake, may be important to

understand their periodontal status and indicate directions
for dealing with these patients [32].

In the studied population, there was a high prevalence
of vitamin D inadequacy (77 %). Women with low vita-
min D levels affected by osteoporosis exhibited higher
chance to present periodontitis than those with normal
BMD. Reports from other authors corroborate these find-
ings [3, 29, 39]. However, performing a logistic regres-
sion analysis in a sample of 113 participants that had
available serum 25(OH)D results, the association be-
tween periodontitis and vitamin D levels was not signif-
icant. Studies with larger samples could clarify whether,
in cases of osteoporosis and vitamin D insufficiency/de-
ficiency, supplementation with vitamin D could be a pro-
tective factor to periodontal tissues. A consensus about
targets for bone health recommends that osteoporotic

Table 1 Sociodemographic and
clinical data of the 134 study
participants according to groups

Characteristics Total
(n=134)

Normal BMD
(n=48)

Osteoporosis
(n=86)

p value*

Age (years) 69.84±3.90 69.31±3.71 70.13±3.99 0.266

Ethnicity

White 75 (56.0) 23 (47.9) 52 (60.5) 0.161
Nonwhite 59 (44.0) 25 (52.1) 34 (39.5)

Education

Incomplete primary education 63 (47.0) 24 (50.0) 39 (45.4) 0.943
Elementary school 35 (26.1) 12 (25.0) 23 (26.7)

High school 31 (23.1) 10 (20.8) 21 (24.4)

Higher education 5 (3.8) 2 (4.2) 3 (3.5)

Family income

<4 minimum wage per month 32 (23.9) 10 (20.8) 22 (25.6) 0.537
≥4 minimum month salary 102 (76.1) 38 (79.2) 64 (74.4)

Number of dependents

≤2 95 (70.9) 33 (68.7) 62 (72.1) 0.683
≥3 39 (29.1) 15 (31.3) 24 (27.9)

Age at menopause(years) 48.19±5.73 48.85±6.49 47.81±5.26 0.161

Type of menopause

Physiological 106 (79.1) 36 (75.0) 70 (81.4) 0.383
Surgical 28 (20.9) 12 (25.0) 16 (18.6)

Body mass index (kg/m2) 28.22±5.07 31.14±5.57 26.58±3.95 ≤0.01*
Physical activity 54 (40.3) 21 (43.7) 33 (38.4) 0.543

Number of teeth 14.54±6.46 14.23±6.79 14.72±6.31 0.562

Toothbrushing frequency/day

≤2 43 (32.1) 17 (35.4) 26 (30.2) 0.538
≥3 91 (67.9) 31 (64.6) 60 (69.8)

Last visit to dentist

≤2 years 67 (50.0) 22 (45.9) 45 (52.3) 0.471
>2 years 67 (50.0) 26 (54.1) 41 (47.7)

Osteoporotic fracture(self-related) 11 (8.2) 0 (0) 11 (12.8) 0.010*

Mann-Whitney for continuous variables and chi-square for categorical variables. Data expressed as mean±SD or
absolute number (%)

SD standard-deviation

*Significance level≤0.05
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Table 2 Clinical periodontal
parameters of the 134 elderly
women in the study, according to
bone mineral density status,
including the subgroups of treated
and nontreated women with
osteoporosis

Clinical
parameters

Normal BMD
(n=48)

Osteoporosis p valuea p valueb

Total
(n=86)

No medication
(n=39)

With medication
(n=47)

% of sites with:

Probing depth≥4 mm (%)

Mean±SD 8.03±9.25 9.08±11.25 10.93±13.47 7.54±8.87 0.597 0.306

Median 3.87 6.20 7.14 5.83

Range 0.00–38.67 0.00–73.73 0.00–73.33 0.00–35.19

Probing depth≥6 mm (%)

Mean±SD 0.92±1.90 1.48±3.11 2.03±3.94 1.02±2.15 0.331 0.116

Median 0.00 0.00 0.00 0.00

Range 0.00–7.69 0.00–16.67 0.00–16.67 0.00–9.26

Clinical attachment level≥4 mm (%)

Mean±SD 21.32±15.68 26.88±20.85 29.63±23.81 24.60±17.98 0.215 0.344

Median 17.84 23.57 26.28 19.44

Range 0.00–56.25 2.08–95.24 2.08–95.24 2.08–74.07

Clinical attachment level≥6 mm (%)

Mean±SD 2.61±4.24 7.08±10.17 8.70±12.26 5.73±7.94 0.003* 0.010*

Median 0.89 3.18 4.17 2.94

Range 0.00–21.43 0.00–50.00 0.00–50.00 0.00–37.04

Gingival recession≥3 mm (%)

Mean±SD 4.53±5.32 9.34±10.23 9.82±11.04 8.94±9.60 0.002* 0.007*

Median 3.12 6.20 6.35 6.06

Range 0.00–22.92 0.00–54.76 0.00–54.76 0.00–45.24

Plaque index (%)

Mean±SD 25.10±16.77 22.43±13.99 24.96±15.69 20.33±12.18 0.567 0.446

Median 20.29 19.29 19.84 18.89

Range 0.00–69.44 0.00–52.94 1.19–52.94 0.00–46.97

Bleeding on probing index (%)

Mean±SD 15.19±12.55 16.15±13.04 18.56±15.23 14.15±10.67 0.624 0.443

Median 11.63 11.62 12.50 11.11

Range 0.00–60.42 0.00–73.33 0.88–73.33 0.00–44.74

SD standard-deviation

*Significance level≤0.05
aMann-Whitney (comparison between normal group and osteoporosis group)
b Kruskal-Wallis (comparison between normal group and the two osteoporosis subgroups)

Table 3 Odds ratio (OR) and
confidence interval for the
association between periodontitis
and osteoporosis in the 134
studied elderly women, according
to anti-osteoporosis treatment

Normal BMD
(n=48)

Osteoporosis

Total
(n=86)

Without
medication
(n=39)

With
medication
(n=47)

Periodontitis: n (%) 12 (25.0) 39 (45.3) 20 (51.3) 19 (40.4)

Odds ratio (confidence interval) 2.49 (1.14–5.43) 3.16 (1.28–7.82) 2.04 (0.85–4.87)

p 0.020* 0.011* 0.109

*Significance level≤0.05

Osteoporos Int (2016) 27:1887–1896 1893



patients with serum 25(OH)D levels less than 20 ng/ml
should receive vitamin D supplementation and fragile
elderly at elevated risk for falls and fractures should
maintain at least 24 ng/ml levels, ideally 30 ng/ml [38].

Low body mass index has been considered a condition that
contributes to osteoporosis and fractures [40]. Higher values
were found in the group of women with normal BMD, sug-
gesting a protective effect of higher body mass index on bone
for these women. Body mass index did not show association
with periodontitis.

At menopause, women undergo an accelerated phase of
trabecular bone loss. During this phase, the loss of trabecular
bone is threefold to fivefold greater than the loss of cortical
bone. Later, a slower phase of bone loss prevails with the loss
of both cancellous and cortical bone, which continues
throughout life. With aging, remodeling becomes unbalanced.
Every time that bone matrix is remodeled, more bone is re-
moved than it is replaced. The final product of this process is
bone loss and structural decay, fragility, and bone fracture. In
old ages, the bone fractures arise mainly at the cortical bone
[41, 42]. Authors have demonstrated that, in bones of elderly
humans, the intracortical remodeling thinned the cortex from
within by cavitation, leaving cortical remnants that looked
similar to trabeculae [43]. This may explain the high occur-
rence of fractures in cortical bones in advanced ages [43]. The
process is probably the same in the alveolar bone. The alveolar
bone crest is constantly exposed to remodeling, due to damage
repair and/or adaptation to loading, as consequence of jaw
functions, likemastication. Thus, in the alveolar crests of older

individuals with osteoporosis, fractures may occur due to the
fragility and porosity of cortical remnants.

Many authors have found association between higher CAL
and low BMD in elderly [12, 13, 17, 33]. Clinical attachment
level and gingival apical migration are often the result of bac-
terial infection [2]. However, there were no differences in the
plaque index and bleeding on probing between the analyzed
groups of the present study. These findings might suggest that,
in elderly people with osteoporosis, the periodontal attach-
ment loss and the GR may occur in conjunction with the
circumferential loss of the supporting alveolar bone, indepen-
dently of the presence of a periodontopathogenic biofilm. A
possible explanation to this theory is the synergism between
three factors: (1) the estrogen deficiency [33, 42], (2) the re-
duced healing quality of bones with low BMD [44], and (3)
the age-dependent oxidative stress, which consequently im-
pairs wound healing [45] after alveolar crest microfractures.

Methodological precautions were taken in the present
study, like excluding smokers and diabetic women. Another
precaution was the search for nonclinical vertebral fractures in
patients with normal BMD, as these fractures would confirm
impaired bone quality and strength, irrespective of bone den-
sity [40].

Some limitations must be considered when interpreting our
findings. Although the hospital where the study was placed
attends more than 20,000 elderly in Rio de Janeiro and sur-
rounding areas, the sample utilized in the study may not rep-
resent the general elderly population, because it is a selected
population of dependents of the Brazilian Navy members. In
addition, a strict inclusion and exclusion criteria were used in
the study. Women with osteopenia were excluded from this
study design for a better comparison of the clinical features of
extrememeasurements of BMD in the periodontium. This was
a methodological precaution; however, it limits the possible
conclusions that could be drawn for osteopenic women. An-
other limitation is that not all patients measured 25(OH)D.
Finally, it may not be correct to state that osteoporosis can
be a definite causal factor for periodontitis, because sectional
studies do not show the development of events. Prospective
studies would be more powerful in relating the sequence of

Table 4 Odds ratio (OR) and confidence interval for the association
between periodontitis and osteoporosis in the 87 subjects who presented
low levels of vitamin D

Normal BMD Osteoporosis
n=32 n=55

Periodontitis: n (%) 5 (15.6) 21 (38.2)

Odds ratio (confidence interval) 3.34 (1.11–10.00)

p 0.027*

*Significance level≤0.05

Table 5 Univariate and
multivariate regression analysis
for periodontitis in the 113
participants who had serum
dosages of 25(OH)D

Independent variables Univariate Multivariate

Odds ratio p Odds ratio p

Normal BMD 1 1

Osteoporosis without medication 3.49 0.021* 3.38 0.026*

Osteoporosis with medication 2.83 0.048* 2.63 0.069

Low levels 25(OH)D 0.497 0.127 0.545 0.198

Adequate levels 25(OH)D 1 1

Body mass index (kg/m2) 0.973 0.483 1.034 0.469

*Significance level≤0.05
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risk factors to periodontal disease in order to establish causal
relations between osteoporosis and periodontal disease.

There are some clinical implications associated with the
results of the present study. Medicine has enhanced the pre-
vention and treatment of osteoporosis by informing women
about risks to bone health after menopause. Dentists can pro-
vide the elderly the awareness of their oral health condition,
preventing and treating possible negative effects related to
osteoporosis, including low levels of vitamin D. Future longi-
tudinal studies involving subjects with osteoporosis might
verify the effect of the drugs used for the osteoporosis treat-
ment in the periodontal condition, in a vitamin D-controlled
setting.

Conclusions

Elderly women affected by osteoporosis presented higher
prevalence and severity of periodontitis. These negative ef-
fects of osteoporosis on the periodontal status were minimized
by osteoporosis treatment.
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