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ABSTRACT

Aims and objectives: To compare the accuracy of prediction
of osteoporosis in digital panoramic radiography with Dual X-
ray absorptiometry (DEXA) scans and serum investigations
such, as calcium, phosphorous, alkaline phosphatase in post-
menopausal women. The objective of the study is to detect the
appearance of eroded mandibular cortex (cortical shape), infe-
rior cortical width appearance on Digital panoramic radiographs
in post menopausal women, bone mineral density, with DEXA
scan and serum calcium, phosphorous and alkaline phos-
phatase levels in postmenopausal women. The main objective
of this study is to compare both tools (Digital OPG and DEXA
scans) to detect similar diagnostic performances in identifying
post-menopausal women with osteoporosis.

Materials and methods: This is a study in the Outpatient
department of Oral Medicine Diagnosis and Radiology and
Bharat Scan Centre designed to compare the accuracy of pre-
diction of osteoporosis in digital panoramic radiography with
DEXA scan in postmenopausal women without estrogen use
and with and without history of hysterectomy, oopherectomy
and with normal values of serum calcium, phosphorous and
alkaline phosphatase. The study includes 10 postmenopausal
women varying in age group between 60 and 75 years who
reported to the outpatient department of oral medicine diagno-
sis and radiology, seeking dental treatment. The BMD with digi-
tal panoramic radiography, DEXA-scan and serum calcium,
phosphorous, and alkaline phosphatase levels were calculated
and compared.

Results: In our study, out of the10 postmenopausal women
with no previous diagnosis of osteoporosis, who participated in
this study, 3 women (30%) were normal, 1 woman (10%) had
osteopenia and 6 women (60%) had osteoporosis on the basis
of BMD. There is significant relationship in the width of the
mandibular cortex for normal, osteopenic and osteoporosis
patients. The cortical width was reduced and less than 4 mm in
our study for patients with osteoporosis. The cortical width was
normal and greater than 4 mm in our patients without osteo-
porosis. The mean cortical width of patients with osteoporosis
was 2.7 mm, 3.9 mm for osteopenic patients, 4.18 mm for pa-
tient without osteoporosis.

Conclusion: The purpose of this study is that dentists may be
able to refer postmenopausal women with undetected low skel-
etal BMD or osteoporosis to medical professionals for further
examination on the basis of incidental findings on dental pan-
oramic radiographs.
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INTRODUCTION

Bone mass is primarily determined by genetic factors. The
most important of these is gender. In men and women, the
major growth of bone is complete by the age of 30 years,
although the peak bone mass in men is greater than in
women. In women, there is a period of bone loss for 5 ± 10
years postmenopause (often 2 ± 4 times the premenopausal
rate).1 After this period, the rate of bone loss declines at a
more gradual rate. There is evidence that the rapid loss of
bone in postmenopausal women is due to loss of estrogen.
Without estrogen, osteoclasts become more active which
in turn results in increased bone destruction.

The current gold standard for diagnosing osteoporosis
is bone mineral density (BMD), as it is the best predictor of
individuals likely to suffer from fractures of the hip or spine.
From the various methods available to measure BMD, at
present the preferred technique is Dual X-ray absorptiometry
(DEXA) at the hip or lumbar spine or both.

Dental radiographs are relatively inexpensive and are
used in a larger portion of the population. Osteoporosis is a
systemic disease involving all skeletal bones and dental
radiographs that depict mandibular or maxillary bone, may
be useful as a screening tool for osteoporosis.2-6 The most
commonly studied measure for identifying the shape of
mandible includes the thickness and integrity of the infe-
rior border (endosteal and intracortical resorption, respec-
tively).2,4-6 The thickness of the inferior border of the man-
dible below the mental foramen is used for measuring the
width of the mandible.

The purpose of the present study is to investigate whether
the detection of cortical erosion and cortical width on pan-
oramic radiographs and the results BMD obtained from
DEXA scan for osteoporosis, serum investigation such as
calcium, phosphorous, alkaline phosphatase correlate in
postmenopausal women.

MATERIALS AND METHODS

This is a pilot study in the Outpatient Department of Oral
Medicine Diagnosis and Radiology and Bharat Scan Cen-
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tre designed to compare the accuracy of prediction of
osteoporosis in digital panoramic radiography with DEXA
scan in postmenopausal women.

Subjects of the present study consist of 10 postmeno-
pausal women varying in age group between 60 and
75 years who reported to the outpatient department of oral
medicine diagnosis and radiology, seeking dental treatment.
Patients without the history of estrogen use, with or with-
out history of hysterectomy, oopherectomy and with nor-
mal values of serum calcium, phosphorous and alkaline
phosphatase are included in this study.10 The patients had
no known systemic disease that would affect bone metabo-
lism like hyperparathyroidism, hypoparathyroidism, hyper-
thyroidism Paget’s disease, osteomalacia, renal osteodys-
trophy or osteogenesis imperfecta, diabetes, ovarian dis-
ease, cushing syndrome, rheumatoid arthritis, cancers with
bone metastasis or chronic liver and renal impairment, vi-
tamin D deficiency, paralysis, bleeding disorders, under
corticosteroid treatment are excluded.10

The blood sample was collected and estimated for se-
rum calcium, serum phosphorous and serum alkaline phos-
phatase. In our study, Digital panoramic X-ray machine
(Kodak company) is used with a standard Kv 70, 13 Ms to
take digital OPG. For the examination of the BMD status
of the patients, (DEXA) (Lunar i DEXA) scans were per-
formed. The patients were classified as normal, osteopenia,
osteoporosis based on the BMD data of total body, AP spine,
and dual femur.

MEASUREMENT OF MANDIBULAR
CORTICAL WIDTH

The mandibular cortical width was measured bilaterally on
the radiographs at the site of the mental foramen, a line
parallel to the long axis of the mandible and tangential to
the inferior border of the mandible was drawn. A line per-
pendicular to this tangent intersecting the inferior border of
the mental foramen was constructed, along which the man-
dibular cortical width was measured using DICOM FOR-
MAT soft ware. The mean cortical width on both sides of
the mandible was used in this study (Fig. 1).6-9

RESULTS

In the present study, out of the 10 postmenopausal women
with no previous diagnosis of osteoporosis who participated
in this study, 3 women (30%) were normal, 1 woman (10%)
had osteopenia and 6 women (60 %) had osteoporosis on
the basis of BMD.

In the present study, mean age of the patient selected
was 67.23 with minimum age of 60 and maximum age of
78 and the standard deviation is 6.876. The mean score of
serum calcium estimation was 9.08 with the minimum range
of 9 mg/dl and maximum range of 10 mg/dl. The mean score
of serum phosphorous estimation was 3.30 with the mini-
mum range of 3 mg/dl and maximum range of 5 mg/dl. The
mean score of serum alkaline phosphatase estimation was
8.30 with the minimum range of 5 KA units and maximum
range of 11 KA units (Table 1).

The widths of the cortex were measured for 50 women
without osteoporosis between the age group of 25 to 35
years. The mean cortical widths of the normal variants were
3.90 mm with a minimum width of 3.10 mm and a maxi-
mum width of 4.50 mm (Table 2). The mean cortical width
measured in our study group, in the right of the mandible
was 3.260 mm, with the minimum range of the 2.3 mm and
maximum of 4.4 mm. The mean cortical width in the left
side of the mandible was 3.280 mm, with a minimum range
of 2.4 and maximum of 4.3 mm (Table 1). The mean corti-
cal width of right and left side of the mandible was 3.27
mm with the minimum range of 2.35 mm, and maximum of
4.35 mm.

Table 2 shows distribution of cortical width of 50 women
without osteoporosis between the age of 25 to 35 years.

Fig. 1: Orthopantomograph

Table 1: Descriptive statistics

Variants (Table:4) No Minimum Maximum Mean          SD

Age 10 60 78 67.23 6.876
Cortical width right 10 2.3 4.4 3.260 0.7501
Cortical width left 10 2.4 4.3 3.280 0.7627
Total body density 10 2.9 1.9 – 1.210 1.6421
AP Spine density 10 – 4.5 0 – 2.640 1.6754
Dual femur density 10 – 2.7 1 – 1.480 1.3088
Serum calcium 10 9 10 9.08 0.399
Serum phosphorous 10 3 5 3.30 0.627
Serum alkaline phosphatase 10 5 11 8.30 2.058
Valid N (list wise) 10
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Table 3 shows distribution of cortical width of right and
left side mandible

In our study, 3 (30%) subjects had a normal BMD,
1 (10%) subjects had osteopenia and 6 (60%) subjects had
vertebral osteoporosis (Table 4 and Graph 1).

The age of the patient was correlated with osteoporosis.
The mean age of patient with osteoporosis prevalence was
70.17 age. The mean age of patient without osteoporosis
was 63.53. The mean age of patient with osteopenia was
60.70 (Table 5 and Graph 2).

The age of the patient was correlated with cortical
width 20. The mean age of the patient was 67.23 and the
mean cortical width of 10 patients was 3.27 mm. As
age increases the cortical width of the mandible is reduc-
ing. In our study, it is not statistically significant since the
p-value is – 0.523 and it requires larger sample (Tables 6
and 7).

Bone mineral density was significantly correlated with
cortical width of the mandible. The analysis of variables
revealed a significant association between the cortical width
of the mandible and BMD (p < 0.001; 99% significant)
(Table 8 and 9). Subjects with osteoporosis had significantly
lower cortical mean width of 2.7 mm with a minimum width
of 2.35 mm and a maximum width of 2.85 mm. Subjects
with normal BMD had a normal cortical mean width of 4.1
mm with a minimum width of 2.35 mm and a maximum
width of 2.85 mm. Subjects with osteopenia had a mean
cortical width of 3.9 mm (Graph 3).

In our study, there is a significant relationship in the
width of the mandibular cortex for normal, osteopenic and
osteoporosis patients. The cortical width was reduced and
less than 4 mm in our study for patients with osteoporo-
sis. The cortical width was normal and greater than 4 mm
in our patients without osteoporosis. The mean cortical
width of patients with osteoporosis was 2.7, 3.9 mm for
osteopenic patients, 4.18 mm for patient without os-
teoporosis.

DISCUSSION

Postmenopausal women have many opportunities to visit
dental hospital for oral care or treatment. A large number
of dental panoramic radiographs are taken annually for the
diagnosis and treatment of dental diseases, such as dental
caries and periodontal disease, but not for the diagnosis of

Table 2: Mean cortical widths of normal variants

No Mini- Maxi- Mean SD
mum mum

Cortical 50 3.10 4.50 3.9040 0.40303
width
Valid N 50
(list wise)

Table 3: Mean cortical width of right and left side
of the mandible

No Mini- Maxi Mean SD
mum mum

Cortical 10 2.35 4.35 3.2700 0.74841
width
Valid N 10
(list wise)

Table 4: Result of DEXA scan

Frequency Percent Valid Cumulative
percent percent

Valid 6 60 60 60
osteo-
porosis
Normal 3 30 30 90
Osteopenia 1 10 10
Total 10 100 100 100

Table 5: Mean age of patients

No Mean SD SE 95% confidence Minimum Maximum
interval for mean

Lower bound Upper bound

Osteoporosis 6 70.17 6.713 2.741 63.12 77.21 60 78
Normal 3 63.53 5.692 3.287 49.39 77.67 60 70
Osteopenia 1 60.70 61 61
Total 10  67.23 6.876  2.174 62.31 72.15 60 78

Graph 1: Result of DEXA Scan graphical representation
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A strong correlation has been found between mandibu-
lar cortical width measured at the mental region and bone
mineral density obtained from DEXA scan. A width of 4
mm was chosen as cut off to classify a patient into normal
or osteopenia/osteoporotic groups. Klemetti et al found that
the diagnostic threshold of 4 mm width of inferior border is
optimal. According to White et al,22 if dental panoramic
radiographs are used in assessing patients for signs of os-
teoporosis, it is more appropriate to set the threshold in the
mid 4 mm range to identify substantively more individuals
with low bone mass. According to this, 70% of our patients
had osteopenic/osteoporotic group with cortical width less
than 4. Klemetti et al reported a significant correlation be-
tween the cortical width and vertebral BMD using
DEXA.14,15,21

In the present study, out of the 10 postmenopausal
women with no previous diagnosis of osteoporosis who
participated in this study, 3 women (30%) were normal,
1 woman (10%) had osteopenia and 6 women (60 %) had
osteoporosis on the basis of BMD. In our study there is a
significant relationship in the width of the mandibular cor-
tex for normal, osteopenic and osteoporosis patients. The
cortical width was reduced and less than 4 mm in our study
for patients with osteoporosis. The mean cortical width of
patients with osteoporosis was 2.7 mm. The cortical width
was normal and greater than 4 mm in our patients without
osteoporosis. The mean cortical width of patients without
osteoporosis (normal) was 4.18 mm and with osteopenia
was 3.9 mm.

Cortical thinning of the mandible was regarded as indi-
cators of alterations of the mandible in this study. Age
was correlated with the cortical width of the mandible in
this study.20 BMD was significantly correlated with corti-
cal width of the mandible with significant p-value < 0.001
(99.9% sig). This coincides with the previous study by
Delvin and Horner.

Graph 2: Correlation of age with osteoporosis graphical
representation

Table 8: Comparison of bone mineral density with cortical width of mandible

No Mean SD SE 95% confidence interval for mean Minimum Maximum
Lower bound Upper bound

Osteoporosis 6 2.7083 0.20104 0.08207 2.4974 2.9193 2.35 2.85
Normal 3 4.1833 0.15275 0.08819 3.8039 4.5628 4.05 4.35
Osteopenia 1 3. 9000 3.90 3.90
Total 10 3.2700 0.74841 0.23667 2.7346 3.8054 2.35 4.35

Table 6: Descriptive statistics of age vs cortical width

Mean SD No

Age 67.23 6.876 10
Cortical width 3.2700 0.74841 10

Table 7: Age vs cortical width correlation

Age Cortical width

Age Pearson 1 – 0.523
correlation Sig (two tailed) 10 0.121

N 10
Cortical width Pearson – 0.523 1
correlation Sig (two tailed) 121

N 10 10

Table 9: Significance of cortical width: oneway p < 0.001 (99.9% sig); Graph: 3 cortical width in osteoporosis, normal and
osteopenia graphical representation

Sum of squares Difference Mean square F Significance

Between groups 4.792 2 2.396 60 0
Within groups 0.249 7 0.036 67.429

Total 5.041 9

non-dental diseases in general dental practice. Many inves-
tigators have suggested that a thin or eroded inferior cortex
of the mandible detected on dental panoramic radiographs,
an indicator of alterations of the mandible, is useful for iden-
tifying postmenopausal women with undetected low skel-
etal BMD or osteoporosis.11-13,16-19,22-24
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CONCLUSION

In conclusion, 6 (60 %) out of 10 postmenopausal women
identified based on cortical width finding had low skeletal
BMD (osteoporosis). Our results suggest that higher per-
centage of postmenopausal women with osteoporosis may
be identified based on trained GDPs’ analyses of their pan-
oramic radiographs. Detection of cortical width was useful
for identifying postmenopausal women with osteoporosis
based on BMD.12,14,15,21 Our results suggest that detecting
reduced cortical width on panoramic radiographs may be
more useful for identifying postmenopausal women with
an increased risk of osteoporotic fracture.

We do realize that the sample size was small and the
aim of this pilot study was to screen for prevalence of
finding osteoporotic changes on panoramic radiographs.
This pilot study paves way for a future case-controlled
study with a larger sample size in order to find a defini-
tive correlation between osteoporosis detection on panora-
mic radiographs.
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