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Correlations between periodontal indices and osteoporosis
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Abstract. In the pathogenesis of chronic periodontitis, there
are general systemic factors which play a major role, such as
osteoporosis, with menopause as the most common etiological
factor, and other pathological determining conditions for
osteoporosis as well (ovary, thyroid and malignant tumors).
The aim of the present study was to assess the correlations
between periodontal indices and osteoporosis. The study
was performed on 35 patients with periodontal disease aged
between 45 and 79 years. These patients were divided into
two groups: a study group with osteoporosis and periodontal
disease (n=25) and a control group with periodontal disease
(n=10) only. The periodontal assessment included community
periodontal index (CPI), gingival inflammation index (GI),
plaque index (PI), body mass index (BMI), bone mineral
density (BMD), tooth mobility and tooth loss. Osteoporosis
was assessed by dual-energy X-ray absorptiometry. Results
were statistically analyzed with Microsoft Excel software
and XLSTAT. The results showed that patients in the study
group had higher values of periodontal indices, and a highly
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significant inverse correlation was observed between the CPI
and the tooth loss. Inverse correlations between BMI and tooth
mobility, as well as BMI and CPI were determined for the
study group. In conclusion, the positive association between
BMD and GI shows that the gingival index can be a predictive
factor in the occurrence of osteoporosis.

Introduction

The present study starts from the hypothesis that in the patho-
genesis of chronic periodontitis a major role is represented
by general systemic factors, such as osteoporosis (OP), with
menopause being the most common. Other pathological condi-
tions in young women also constitute determining factors for
osteoporosis (ovary, thyroid and malignant tumors) (1-4).

Although the involvement of OP in the alteration of
marginal periodontium has not been extensively studied in
the literature, some studies have shown that there are clinical
and etiopathogenic correlations between OP and periodontal
disease (5-7). The most recent classification of periodontal
diseases included OP between the systemic disorders which
influence the pathogenesis of periodontal disease (8).

As OP is a systemic disease affecting the skeleton, the
influence on the upper maxillary and mandible in terms of
decreased bone mass and its possible effects on periodontitis
progression has been investigated. Both periodontitis and OP
are bone resorption diseases and can be seen as a real epidemic
condition in the young but also the adult population (5,9-13).

The prevalence of periodontitis has increased, affecting
~80% of the adult population. Previous findings suggest that
OP also affects the upper maxillary and mandible and is a risk
factor for periodontal disease and early tooth loss (6).

Patients and methods
Patients. The cases included in the present study were selected

and monitored by an outpatient endocrinology service and a
private dental office between March 2016 and December 2019.
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A total of 35 patients, females, aged between 45 and 79 years,
were selected from urban and rural areas.

The patients were divided into two groups: a study group
with OP and periodontitis comprising 25 patients and a control
group without OP and with periodontal disease comprising
10 patients.

Inclusion and exclusion criteria. The inclusion criteria were
female subjects, >45 years, menopause installed, secondary
amenorrhea for at least one year and OP confirmed by
dual-energy X-ray absorptiometry (DEXA).

The exclusion criteria included: active cancer, chronic
renal failure, hormone replacement therapy for menopause,
and confirmed bone disease.

Ethics approval and patient consent. All the patients signed
informed consent, containing both the OP treatment and the
agreement for inclusion in the study. The present study was
designed to include observational and transversal analysis.
Each subject had a one-time evaluation. The present study
had the agreement of the Ethics Senate and the University of
Medicine and Pharmacy of Craiova, Romania, and Scientific
Ethics Commission (UMF no. 52/20.04.2018).

Clinical evaluation. Oral cavity examination was performed
by a dentist for all the patients included in the present study.
The periodontal examination was performed by inspection
but also by palpation. The clinical examination revealed the
form of the disease by evaluating the clinical attachment level
and the inflammatory symptomatology (gingival bleeding on
probing). Examination of the swollen marginal periodontium
included the assessment of the transformations at the gingival
level, including color changes such as the color of the free gum,
and of the gum attached. The normal color was pink-coral or
pale pink, with various brown tones, depending on the amount
of melanin. Color changes included red-burning gum (signi-
fying acute gingival inflammation) and purple-red gum (sign
of chronic inflammation).

Changes in the appearance of the gum, which normally
has a granite surface, included an orange peel appearance; the
glossy, shiny appearance is a landmark of edema. Additionally,
the contours, texture and gingival consistency were evaluated.

Clinical attachment level (CAL) values measuring the
attachment losses were estimated by probing; this was carried
out for each tooth separately, at 6 sites: distal third, middle
third, and mesial third of the buccal dental crown surface, as
well as mesial third, middle third, and distal third of the oral
dental crown surface.

CAL threshold values, used to define a case of periodon-
titis >3 mm on the teeth without gingival recessions, were
recorded as established by the 2017 World Workshop on the
Classification of Periodontal and Peri-Implant Diseases and
Conditions (14) and used to calculate community periodontal
index (CPI), which represents the periodontal disease index
established by the World Health Organization.

The gingival inflammation index (GI), plaque index (PI),
CPI index, dental mobility, and tooth loss were also evaluated.

Periodontal diagnosis. In the periodontal diagnosis, the
computation of the GI was performed as described by Loe

and Silness (15): 0 indicated normal gums, no inflammation,
no discoloration, and no bleeding; 1 indicated mild inflam-
mation, slight change in color and edema, and no bleeding;
2 indicated moderate inflammation, and edema and bleeding;
3 indicated severe inflammation, severe edema, and tendency
to spontaneous bleeding.

To estimate the amount of plaque, the Loe and Silness
Plaque Index Silness (15) was used: 0, no/plaque; 1, thin plaque
layer at the gingival margin only detected by scraping with
a probe; 2, moderate accumulation of plaque within gingival
pocket, plaque may be seen with the naked eye; 3, plaque
abundance among the gingival margin and interdental spaces
filled with plaque.

The CPI index represents the periodontal disease index,
and the evaluation of the periodontal status is made by dividing
the teeth on the dental arch into 6 groups called sextants. The
coding is set on a scale from O to 4 as follows: O indicating
healthy; 1 indicating bleeding at probing, without periodontal
pockets; 2 indicating the presence of supra or sub-gingival
calculus, gingival bleeding; 3 indicating the presence of
periodontal pockets with a depth of 4-5 mm; 4 indicating the
presence of periodontal pockets with a depth >6 mm.

Dental mobility is an indicator of periodontal status and
represents the horizontal or vertical displacement of a tooth
beyond its normal physiological boundaries. At periodontal
clinical examination, the dental mobility is appreciated by
handling of a tooth or with the dental mirror and the following
degrees of mobility are noticed: Grade 0, no apparent mobility;
Grade 1, perceptible mobility <1 mm buccolingually; Grade 2,
mobility between 1 and 2 mm; Grade 3,>2 mm buccolingually.

Bone mineral density (BMD) assessment to establish the
diagnosis of osteopenia/osteoporosis was performed using
DEXA and the T-score values were evaluated. A GE Lunar
Prodigy Advance Bone Densitometer, equipment from GE
Healthcare, was used to perform DEXA lumbar measurement.
The body mass index (BMI) was computed according to the
formula: BMI (kg/m?*)=weight (kg)/height (m?). Patients were
divided into weight categories as follows: i) underweight:
BMI <18.5; ii) normal weight: BMI between 18.5 and 24.9;
iii) overweight: BMI between 25 and 29.9; iv) obese: BMI =30.

Statistical analysis. Microsoft Excel software was used for
data processing (Microsoft Corp., Redmond), along with the
XLSTAT suite for MS Excel (Addinsoft SARL). Secondary
data processing included the calculation of fundamental statis-
tical parameters, mean and standard deviation. To perform
data normality tests (Shapiro-Wilks and Anderson-Darling)
and Student's t-test and ANOVA tests (Bonferroni Correction),
module commands XLSTAT were used.

Results

Patient characteristics. The data relevant to the present study
consisted of the age when menopause status was reached, the
number of years since menopause was reached, the BMI and
BMD. These data are statistically evaluated in Table I.

From the BMI point of view, normal weight subjects in
the group with OP and overweight subjects in the control
group were observed. BMD showed decreased values in the
group with OP (P=0.9) when compared to the control group
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Table I. Basic characteristics of the study groups.
Age at menopause  No. of years since the
status onset of menopause BMI (kg/m?) BMD (g/cm?) T-score
Mean Mean Mean Mean Mean
Groups value SD P-value value SD P-value value SD P-value value SD P-value value SD  P-value
Study 4527 356 039 2145 997 030 2371 553 063 071 0.11 09 -2.700 0.850 0.148
group
(n=25)
Control 465 324 032 17.85 506 048 2504 7.19 052 075 0.12 087 0540 0310 0014
group
(n=10)
SD, standard deviation; BMI, body mass index; BMD, bone mineral density.
Table II. Periodontal index values for the study groups.
Osteoporosis group (n=25) Control group (n=10)

Variables Mean value SD P-value Mean value SD P-value
GI 2.83 0.51 091 24 0.48 0.83
PI 2.63 0.63 0.78 23 0.52 0.63
CPI 242 0.75 0.89 1.9 0.73 0.82
Mobility 2.1 0.61 0.68 2.33 0.73 0.74
Tooth loss 20 8.58 0.73 20.46 9.73 0.90

GI, gingival index; PI, plaque index; CPI, the periodontal disease index; SD, standard deviation.

(P=0.87), but the average numerical values showed very small
differences.

Periodontal indices. The mean values and standard deviation
of the periodontal indices measured are recorded in Table II
and the subject groups are stipulated as: the group with OP,
and the control group.

Higher values of the periodontal indices were recorded in
the OP group (GI, P=0.91; PI, P=0.78; CPI, P=0.89; mobility,
P=0.68; tooth loss, P=0.73) compared to the control group (GI,
P=0.83; PI, P=0.63; CPI, P=0.82) except for tooth mobility and
loss, which had higher values in the control group (mobility,
P=0.74; tooth loss, P=0.90).

Correlation between the periodontal indices and the degree of
osteoporosis. The correlation between the periodontal indices
and the degree of osteoporosis, BMD and BMI in the group with
OP and periodontal disease were calculated (Table III). From
the analysis, a significant and reasonable correlation between
BMD and GI was recorded (0.559), which denotes that BMD
represents a predictive factor for the GI score. Correlations
between the T-score and GI (0.363), T-score and PI (0.314) and
also between GI and PI (0.289) were of small significance.

Inverse correlations. Although the positive correlations were
of little relevance, a highly significant inverse correlation

between the CPI and tooth loss and also the reasonable inverse
correlations between BMI and mobility, and BMI and CPI
were evidence that a higher value of BMI is accompanied by a
reduction in the degree of mobility and a reduction of the CPI.
An inverse but weak correlation, was identified between tooth
loss and GI (Table IV).

The analysis of the P-values revealed highly significant
statistical correlations for BMI and mobility, BMD and
T-score, BMD and GI, CPI and tooth loss and a statistically
significant correlation between BMI and CPI (Table IV).

Correlation of OP and periodontal indices. For the control
group with periodontal disease the correlation coefficients
between the periodontal indices are listed in Table V.

A highly significant correlation was identified between
BMD and GI, as for the other parameters there were no
meaningful positive correlations, but only a reasonable
correlation according with the fast interpretation of the ‘r’
Pearson's correlation coefficient: i) r € (0; 0.2) —» very weak
correlation, non-existent; ii) r € (0.2; 0.4) -~ weak correlation;
iii) r € (0.4; 0.6) - reasonable correlation; iv) r € (0.6; 0.8) —
high correlation; v) r € (0.8; 1) -~ very high correlation, i.e.,
very close relationship between variables or calculation error.

Correlation of degree of mobility and tooth loss. An inverse,
highly significant correlation between CPI and tooth loss but
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Table III. Correlation between the periodontal indices and the osteoporosis degree in the group with osteoporosis and periodontal
disease.

Parameters Mobility (grade) = BMI (kg/m?)  Tooth loss CPI T-score ~ BMD g/cm? GI PI
Mobility (grade) 1 -0.591 -0.084 0.169  -0.297 -0.224 -0.138  -0.159
BMI (kg/m?) -0.591 1 0.260 -0.417 0.266 0.092 -0.070  -0.002
Tooth loss -0.084 0.260 1 -0.756  -0.217 0.072 -0323  -0.022
CPI 0.169 -0.417 -0.756 1 0.026 0.031 0307  -0.057
T-score -0.297 0.266 -0.217 0.026 1 0.513 0.363 0314
BMD g/cm? -0.224 0.092 0.072 0.031 0.513 1 0559  0.149
GI -0.138 -0.070 -0.323 0.307 0.363 0.559 1 0.289
PI -0.159 -0.002 -0.022 -0.057 0314 0.149 0.289 1

GI, gingival index; PI, plaque index; CPI, community periodontal index; BMD, bone mineral density; BMI, body mass index. Bold indicates
highly significant correlation.

Table IV. P-values for the group with osteoporosis and periodontal disease for correlation coefficients.

Parameters Mobility (grade) BMI (kg/m?)  Tooth loss CPI T-score ~ BMD g/cm? GI PI

Mobility (grade) <0.001 0.002 0.689 0418 0.149 0.281 0.511 0.447
BMI (kg/m?) 0.002 <0.001 0.210 0.038 0.198 0.662 0.738 0.992
Tooth loss 0.689 0.210 <0.001 <0.0001 0.298 0.733 0.115 0917
CPI 0418 0.038 <0.0001 <0.001 0.902 0.883 0.135 0.787
T-score 0.149 0.198 0.298 0.902 <0.001 0.009 0.075 0.126
BMD g/cm? 0.281 0.662 0.733 0.883 0.009 <0.001 0.004 0.476
GI 0.511 0.738 0.115 0.135 0.075 0.004 <0.001 0.162
PI 0.447 0.992 0917 0.787 0.126 0476 0.162 <0.001

GI, gingival index; PI, plaque index; CPI, community periodontal index; BMD, bone mineral density; BMI, body mass index. Bold indicates

highly significant correlation.

also between BMI and the degree of mobility were observed.
There was a negative, weak correlation between the degree
of mobility and tooth loss and between the T-score and PI
(Table VI).

The P-value showed, in the case of the control group, a
statistically significant correlation between tooth loss and CPI,
and BMD and GI.

Discussion

Regarding the correlations between BMI and the periodontal
parameters in the present study, an inverse correlation between
these variables was obtained, indicating that an increase in
BMI, and the presence of obesity in women, is accompanied
by a low risk of developing periodontal disease.

Positive correlations for both groups were identified only
between bone mineral density (BMD) and gingival index
(GI). Significant differences were observed for the values of
the correlation coefficients, CPI and T-score, between the two
groups with much higher value (r=0.902) in the OP group,
compared to the control group (r=0.214). Another observation
regarding the correlation between CPI and BMI was that for
the group with OP the correlation coefficient was positive

(0.038) while for the control group the value was negative
(-0.581).

Previous findings have shown this inverse correlation
between BMI and periodontal disease (16-18); however, other
findings suggest a positive association between obesity and
periodontal disease (16-19). The abovementioned studies are
limited in the number of subjects studied, thus the conclu-
sions of these studies cannot be extrapolated to the general
population. However, the inverse relationship between BMI
and periodontitis in both groups in the present study can be
emphasized.

The associations between BMD and periodontal indices
show in the present study a significant positive correlation
between BMD and GI in the two groups studied. For the
other periodontal parameters, only the inverse correlations
were identified. Previous findings showed an association of
BMD and osteoporosis with GI and PI and a weaker correla-
tion between osteoporosis and periodontal probing depth and
CAL (20-23).

An inverse correlation between CPI and tooth loss was
observed in the two groups, indicating that the CPI with high
values is associated with a lower degree of tooth loss. The
same finding was observed between CPI and PI in the control
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Table V. Correlations between osteoporosis parameters and periodontal indices in the control group with periodontal disease.

Variables T-score  Mobility (grade) BMI (kg/m?) CPI Tooth loss GI BMD g/cm? PI
T-score 1 -0.457 0.253 0.214 -0.142 0.028 0.014 -0.238
Mobility (grade)  -0.457 1 -0.616 0.429 -0.333 -0.117 -0.189 -0.094
BMI (kg/m?) 0.253 -0.616 1 -0.581 0.377 -0.063 -0.010 0.240
CPI 0.214 0.429 -0.581 1 -0.684 0.117 0.051 -0.218
Tooth loss -0.142 -0.333 0.377 -0.684 1 -0.200 0.071 0.080
GI 0.028 -0.117 -0.063 0.117 -0.200 1 0.690 0.356
BMD g/cm? 0.014 -0.189 -0.010 0.051 0.071 0.690 1 0.236
PI -0.238 -0.094 0.240 -0.218 0.080 0.356 0.236 1

GI, gingival index; PI, plaque index; CPI, community periodontal index; BMD, bone mineral density; BMI, body mass index. Bold indicates

highly significant correlation.

Table VI. P-value for the control group with osteoporosis and periodontal disease for correlation coefficients.

Parameters T-score ~ Mobility (grade) BMI (kg/m?) CPI Tooth loss GI BMD g/cm? PI

T-score <0.001 0.184 0481 0.553 0.696 0.939 0.970 0.509
Mobility (grade) 0.184 <0.001 0.058 0.217 0.347 0.748 0.602 0.797
BMI (kg/m?) 0.481 0.058 <0.001 0.078 0.283 0.862 0977 0.503
CPI 0.553 0217 0.078 <0.001 0.029 0.748 0.889 0.545
Tooth loss 0.696 0.347 0.283 0.029 <0.001 0.579 0.846 0.825
GI 0.939 0.748 0.862 0.748 0.579 <0.001 0.027 0312
BMD g/cm? 0.970 0.602 0.977 0.889 0.846 0.027 <0.001 0.512
PI 0.509 0.797 0.503 0.545 0.825 0312 0512 <0.001

GI, gingival index; PI, plaque index; CPI, community periodontal index; BMD, bone mineral density; BMI, body mass index; Mobility, dental

mobility. Bold indicates highly significant correlation.

group, but there was a positive correlation between CPI and
PI in the group with OP, which demonstrates the role of PI in
periodontal disease in this group.

In fact, previous findings have shown the positive corre-
lations between the periodontal indices and BMD and other
findings showed that there were no significant associations
between these variables, i.e., there is no link between osteopo-
rosis and periodontal disease (24-26).

Findings of a histological study suggested that the gingival
tissue shows modifications that may be related to inflamma-
tion caused by gingivitis or periodontitis on adult subjects:
epithelial and underlying connective tissue atrophy, with an
increased number of collagen fibers forming thick collagen
packs (27).

Although the study of the involvement of OP in the
alteration of the periodontium has been little described in the
literature, there are studies that support the presence of inter-
dependencies, both clinical and etiopathogenic, among them,
the consequences of osteoporosis leading to frequent forms of
periodontitis (28,29).

Some authors attempted to demonstrate the connection
between the decreased BMD and tooth loss (30,31) and
also the deterioration of some periodontal parameters, there

are also studies that do not support the presence of this
interdependences (32).

The data from the present study on tooth loss on menopausal
women are consistent with the results of the observational
study conducted by another author (33).

In the present study, the periodontal evaluation was
assessed using the CPI index, the gingival index, the PI and
tooth mobility, clinical parameters used in other studies such
as the one performed by Richa et al (5).

There is a concordance between results of the present study
and the results reported by other authors assessing periodontal
indices on patients with OP and a control group (29,34-36).

Currently, there is specific treatment for this form of peri-
odontitis associated with OP (37). However, treatment for OP
may alter biochemical markers such as osteocalcin (38).

In summary, a positive association between BMD and GI,
that is between OP and the GI, shows the GI can be a predic-
tive factor in the occurrence of OP, but it does not demonstrate
the correlation between OP and periodontal disease. Severe
periodontal attachment loss would likely manifest on post-
menopausal women with OP on their lumbar spine. Therefore,
it is imperative for dentists to pay attention to the general BMD
detected by DEXA for a personalized therapeutic management.
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