Journal of Oral Science, Vol. 54, No. 2, 177-182, 2012

177

Correlation of tooth mobility with systemic bone mineral
density and periodontal status in Indian women
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Abstract: Imbalanced bone remodelling associ-
ated with osteopaenic or osteoporotic conditions
can lead to a net bone loss throughout the skeleton,
including the oral cavity, possibly leading to tooth
mobility. This study investigated possible associations
between systemic bone mineral density and both tooth
mobility and periodontal status in peri-menopausal
women. Subjects comprised 119 dentate, peri-
menopausal Indian women between 40 and 54 years
old. Clinical parameters recorded were systemic bone
mineral density (BMD), tooth mobility in terms of
Periotest value (PTV score), clinical attachment loss
(CAL), pocket depth (PD), plaque index (PI) and
sulcular bleeding index (SBI). Statistical analysis was
performed to assess correlations between PTV score
and T-score. PTV score correlated significantly (P <
0.05) with T-score, PD and CAL. The partial correla-
tion coefficient between PTV score and T-score after
adjusting for confounders was -0.3676 (P < 0.05).
Results of one-way analysis of variance showed a
significant difference between mean PTV scores for
osteoporotic, osteopaenic and normal patients. In
this population of peri-menopausal women, systemic
bone mineral density represented an independent
factor associated with tooth mobility. (J Oral Sci 54,
177-182, 2012)
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Introduction

The quality or viscoelastic properties of the periodontal
tissues and anatomical characteristics such as the amount
of supporting alveolar bone and the width of periodontal
ligament are the critical factors associated with tooth
mobility. The tooth displacement allowed by the resil-
ience of intact or healthy periodontium on application of
moderate force to the tooth crown can be used to quantify
physiological mobility of the tooth (1,2). Increased tooth
mobility is both an indicator and outcome of detrimental
changes in the periodontium. Clinical and experimental
observations have revealed hypermobility as a collective
outcome of both loss of alveolar bone and associated
qualitative and quantitative alterations in the periodontal
ligament and supra-alveolar soft tissue (3). The extent
of alteration in the periodontium can be objectively
indicated from a Periotest evaluation. Periotest provides
an effective means of reproducibly measuring levels of
clinical and subclinical mobility using an ultrasonically
vibrating probe. Periotest scores range from -8 to 50,
registering slight changes in tooth mobility that might
otherwise remain undetected using conventional indices
of tooth mobility.

Changes in the periodontium leading to hyper-mobility
of teeth may be associated with different physiological
or pathological phenomena. Osteoporosis is an age-
related condition defined as a systemic skeletal disease
characterised by low bone mass and micro-architectural
deterioration, with a consequent increase in bone fragility
and susceptibility to fracture (4). This skeletal disorder
is characterised by compromised bone strength predis-
posing to increased risk of fracture, with bone strength
determined by both bone density and bone quality (5).

Despite being heterogenic and independent in nature,



178

the bone density, bone turnover rate and bone remodel-
ling ability of different parts of the skeleton and alveolar
bone have been found to be interrelated to some extent.
Metabolic processes in bone tissue of the alveolar crest
have also been suggested to be closely related to the
intensity of systemic metabolic processes and to inner
bone reorganisation in the whole skeleton (6). The imbal-
ances in bone remodelling associated with osteopaenic or
osteoporotic conditions can thus lead to a net loss of bone
density throughout the skeleton, including the oral cavity,
possibly leading to tooth mobility.

In post-menopausal women, osteoporosis-associated
loss of crestal alveolar height (7-9) and increased
frequency of crestal alveolar bone density loss have
been reported (10). These findings may be attributed
to increased local production of active alveolar bone
cytokines interleukin (IL)-1B and IL-6 (11).

Periodontitis is one of the most prevalent diseases
of bone and is one of the leading factors associated
with both alveolar bone destruction and tooth mobility.
Inflammation-mediated alterations in periodontium and
tooth mobility might be expected to be magnified in the
presence of generalised skeletal disturbance. The poten-
tial pathways linking periodontal destruction and tooth
mobility with low skeletal bone mineral density (BMD)
may include dietary intake, genetic factors and oestrogen
deficiency, which may influence the production of
inflammatory cytokines (12-15). However, the literature
lacks evidence providing unequivocal conclusions on
this issue. Whereas several studies have explored cause-
effect relationships between skeletal BMD and alveolar
bone loss (16-19), no studies appear to have clarified
correlations between tooth mobility and skeletal BMD.

Considering the paucity of published data, this study
investigated the possible association of tooth mobility
(in terms of Periotest value) with systemic BMD, pocket
depth, clinical attachment loss and inflammation of peri-
odontal tissue in peri-menopausal Indian women.

Materials and Methods

Among 200 patients screened from the regular outpa-
tient department (OPD) in the Department of Periodontics
and Oral Implantology, Government Dental College,
Postgraduate Institute of Medical Sciences, Rohtak,
Haryana, 119 women fulfilling the inclusion criteria were
recruited for this cross-sectional study. Exclusion criteria
for the study included current and former smokers,
known systemic risk factors for periodontal disease,
history of periodontal treatment within the preceding one
year, intake of anti-inflammatory, immunosuppressant
or cytotoxic drugs during the preceding six months, or

current treatment for osteoporosis (oestrogen, hormone-
replacement therapy, calcium, calcitonin, vitamin D or
bisphosphonates).

The study protocol was approved by the institutional
review board and was carried out in accordance with
the ethical standards outlined in the 1964 Declaration
of Helsinki, as revised in 2000. Informed consent was
obtained from all participants prior to enrolment.

The study population consisted of 40- to 54-year-old
dentate women with varying degrees of chronic periodon-
titis (clinical attachment loss (CAL) > 2 mm and pocket
depth (PD) >3 mm on > 8 permanent teeth excluding the
third molar, with a minimum of one tooth per quadrant).

BMDs of subjects were evaluated using dual-energy
X-ray absorbtiometry (DXA) (Hologic QDR Explorer
version 12.6:3; Hologic Inc., Bedford, MA, USA) in
the lumbar spinal region (L -L,) with an exposure of
0.07 mGy for 90 s. Calibrations were automatic and
continuous using Hologic’s patented automatic internal
reference system. BMD was recorded in grams per
square centimetre. T-scores, as the number of standard
deviations above or below the mean for a 30-year-old of
the same sex and ethnicity as the patient, were obtained
for all subjects and charted as continuous variables.

Subjects were further subdivided based on BMD
according to the World Health Organisation criteria,
which are based on T-scores as follows:

Osteoporosis — T-score < -2.5

Osteopaenia — T-score -1.0 to -2.5

Normal — T-score > -1.0

Tooth mobility was recorded at a fixed point (tip of the
crown) as the Periotest value score (PTV Score) using
a Periotest device (Medizintechnic Gulden, Bensheim,
Germany), a device that dynamically measures the reac-
tion of the periodontium to a defined percussive force
applied to the tooth. Based on the contact time of the
tapping head and tooth, the PTV score is calculated by
the measuring unit and displayed. PTV scores range from
-8 to 50. Very loose teeth for which PTV score could not
be recorded by the device were not taken into account
and were considered as missing. The different PTV
scores have been related to Miller’s mobility index (20)
(Table 1).

Complete periodontal examination was performed on
all teeth except third molars at four sites on each tooth
(mesiobuccal, mid-buccal, distobuccal and midlingual)
by a single examiner (A.S.) who was blinded to the BMD
status of patients. Intra-examiner reproducibility was
assessed using a calibration exercise performed on two
occasions separated by an interval of 48 h. Reproduc-
ibility was > 90%.
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Table 1 Relation between Miller’s mobility index and PTV score

Miller’s classification Mobility index PTV score
No distinguishable movement 0 -8t0 9
First distinguishable sign of movement 1 10to 19
Crown deviates within 1 mm of the normal position 2 20 to 29
Mobility is easily noticeable and the tooth moves more than 1 mm in any
direction or can be rotated in its socket 3 301050
PTV score (24, 25)

Table 2 Descriptive statistics of the study population
Variables Mean SE mean SD Minimum Maximum
CAL (mm) 3.908 0.126 1.378 1.030 7.570
PD (mm) 3.003 0.104 1.125 0.180 6.880
PI 1.839 0.047 0.514 0.110 3.000
SBI 2.242 0.081 0.890 0.083 4.240
T-score -1.984 0.110 1.200 -4.800 1.200
AGE 48.092 0.388 4233 40.000 54.00
PTV score 19.628 0.875 9.548 3.230 47.750

SE mean = standard error of mean, SD = standard deviation

PD was measured with a University of North Carolina
probe (UNC-15; Hu-friedy, Chicago, USA) using gentle
pressure as a distance from the gingival margin to the
base of the pocket and rounded to the nearest millimetre.

CAL was calculated for each surface as the PD minus
the distance from the cemento-enamel junction to the
gingival margin if the gingival margin was coronal to the
junction or as the PD plus the distance from the cemento-
enamel junction to the gingival margin if the gingival
margin was apical to the junction. If the gingival margin
was lying on a junction, the CAL was considered equal
to pocket depth.

Gingival inflammation was recorded as sulcular
bleeding index (SBI), as proposed by Miihlemann and
Son (21). Plaque score was recorded as Sillness and Loe
plaque index (PI).

Statistical analysis was performed using Minitab
version 16.1.0 software (Minitab Inc. State College,
PA, USA). Descriptive statistics were calculated for
all variables, including means, standard deviations and
ranges. Correlations were obtained between Periotest
score and other clinical parameters of T-score, PD, CAL,
SBI, PI and age in the form of Pearson’s coefficients.
Partial correlations were also obtained between PTV
score and T-score after adjusting for confounders such as
age, PI, CAL, PD and SBI. Variables found to correlate
significantly with PTV score were further checked for
associations via regression modelling. After checking the
normal distribution of data using the Anderson-Darling

test, inter-group (osteoporotic, osteopaenic and normal)
variations in mean PTV scores of patients were assessed
using one-way analysis of variance (ANOVA) followed
by post hoc Tukey test.

Results

Of the 119 female patients recruited for the study, 52
were osteoporotic, 45 were osteopaenic and 22 were
normal. Mean age of the population selected for this
study was 48 years. Descriptive statistics for the various
clinical parameters studied have been charted in Table
2. Among this population of peri-menopausal women,
tooth mobility (as represented by PTV score) correlated
significantly with T-score, CAL and PD (P < 0.05) with
Pearson’s correlation coefficients of -0.527, 0.696 and
0.635, respectively. Mobility tended to show weak posi-
tive correlations with PI, SBI and patient age, with none
reaching the level of significance (Table 3). The correla-
tion between PTV score and T-score after adjusting for
age, PD, CAL, PI and SBI was significant, at -0.3676
(P =0.000). The general regression equations using PTV
score as a dependent variable and T-score, PD and CAL
as independent variables were as follows:

PTV score = 11.30 — 4.195 T-score

PTV score =0.78 + 4.82 CAL

PTV score =3.36 + 5.41 PD

Since PI, SBI and age did not show any significant
correlations, these variables were not included in the
regression model. The coefficients of general regression
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Table 3 Pearson’s correlation coefficients for PTV score and
different study variables

Variables R P*

T-score -0.527 0.000
PD 0.635 0.000
CAL 0.696 0.000
PI 0.053 0.567
SBI 0.065 0.485
AGE 0.112 0.227

*value of P is significant at P < 0.05

Table 4 Coefficients of linear regression using PTV score as
the dependent variable

Predictor Coef SE Coef P* R? adj
T-score -4.1952 0.6250 0.000 27.2%
CAL 4.8239 0.4601 0.000 48.0%
PD 5.4082 0.6108 0.000 39.8%

Coef = coefficient, SE Coef = standard error of coefficient, R? adj
= coefficient of determinant (adjusted), *value of P is significant at
P<0.05

Table 5 Results of post-hoc Tukey’s test

Group comparison Mean difference pP*

Osteoporotic vs osteopenic 8.9185 0.000
Osteoporotic vs normal 11.0520 0.000
Osteopenic vs normal 2.1336 0.585

*value of P is significant at P < 0.05

are summarised in Table 4.

Results of one-way ANOVA (Table 5) revealed
significant differences between mean PTV scores of
osteoporotic, osteopaenic and normal subgroups of the
study population. Furthermore, significant differences in
mean PTV score were found between the osteoporotic
and osteopaenic groups and between the osteoporotic and
normal groups. However, no significant difference was
identified between the osteopaenic and normal groups.

Discussion

Destructive and resorptive processes in alveolar bone
have been found to occur synchronously with periods
of active bone tissue reorganisation in the whole skel-
eton, when bone resorption prevails over osteogenesis.
Correlations between oral bone loss and systemic BMD
have long been investigated (16-19). Close correlations
between systemic BMD and alveolar bone diminution
rates in postmenopausal women have been revealed
(7-10). Considering these facts, this study hypothesised

Fitted Line Plot
PTV score = 11.30 - 4.195 T-score

50 S 8.14742
R-Sq 27.8%
R-Sq(adi)  27.2%

PTV score

T-score

Fig. 1 Fitted line plot between PTV score and T-score.

that low systemic BMD associated with osteopaenic or
osteoporotic conditions may directly affect the micro-
architecture of alveolar bone, causing tooth mobility that
could be objectively measured as a Periotest value. The
Periotest value is a bio-physical parameter influenced by
the periodontal attenuation characteristics (22,23) of indi-
vidual teeth and their mobility. The different PTV scores
have been related to Miller’s mobility index (20,24).

Bone loss in women occurs most rapidly in the years
immediately following menopause, when natural levels
of oestrogen are greatly reduced in most women. Bone
mass peaks in the third decade of life in women and
declines thereafter (25-27). This decline in bone mass
accelerates with the onset of menopause. Pre-menopausal
osteoporosis may also lead to decreased bone mass in
women, for idiopathic or secondary reasons. This was the
basis of our selection of a mainly peri-menopausal study
population. Smokers and subjects undergoing any active
treatment for osteoporosis were excluded from this study
to prevent positive or negative modifications to original
bone quality by these factors.

To the best of our knowledge, this is the first study
to assess correlations between tooth mobility as assessed
by Periotest with systemic BMD. Pearson’s correlation
coefficients revealed a significant and strong negative
correlation between tooth mobility and BMD (r=-0.527).
However, this correlation might have arisen under the
influence of various confounders that are known to
both affect and represent the periodontal status of teeth.
Considering this, potential confounders were adjusted in
further statistical analyses.

The fact that increased tooth mobility is a common
symptom of advanced forms of plaque-associated peri-
odontal disease is well-established. In this study, tooth



mobility was found to show a strong positive correlation
with CAL and PD, in accordance with the findings of
Schulte et al. (28). While deriving the correlation between
tooth mobility and BMD; CAL and PD representing
periodontal status of the individual were considered as
important confounders and were thus controlled.

Another important factor confounding this correlation
was plaque, which is known to represent an aetiological
factor for periodontitis. Although PI was not significantly
correlated with PTV score (P > 0.05), the present study
adjusted this factor for assessments of the relationship
between PTV score and T-score.

SBI has been used as an objective and subjective
indicator of periodontal inflammation. Since SBI was not
significantly correlated with PTV score, inflammation
does not appear useful as a predictor of tooth mobility.
This finding is supported by the findings of Schulte et al.
(28), Ferris (29), Hotz et al. (30) and Donze et al. (31).

After adjusting for CAL, PD, PI, SBI and patient age
as possible confounders, the correlation between tooth
mobility and BMD was again found to be significant
(P < 0.05), although the strength of correlation was
considerably reduced (r = -0.3676). Regression model-
ling showed a change in PTV score for unit changes in
T-score, CAL and PD. Based on regression modelling,
the association between PTV score and T-score was again
found to be significant. Regression analysis revealed an
association between tooth mobility and skeletal BMD,
which was further confirmed by one-way ANOVA and
post hoc Tukey test, which showed significant differences
between mean PTV scores for osteoporotic, osteopaenic
and normal subjects in the present study population.

Within the limitations of this study, we concluded that
systemic BMD may be considered as a factor associated
with tooth mobility in this group of peri-menopausal
women, although the correlation was not particularly
strong. Further longitudinal studies with a larger sample
size are required to confirm this relationship.
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