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Abstract Introduction: Eroded or thin inferior cortex of
the mandible detected on dental panoramic radiographs
may be useful for identifying postmenopausal women
with low bone mineral density (BMD) or osteoporosis.
The purpose of this study was to evaluate whether these
panoramic measurements are useful for identifying low
BMD or osteoporosis in postmenopausal women
younger than 65 years. Methods: We compared the
diagnostic performances of panoramic measurements
with those of the osteoporosis self-assessment tool
(OST) for identifying women with low BMD (T-score of
)2.0 or less at either the lumbar spine or the femoral
neck) and osteoporosis (T score of )2.5 or less) in 158
healthy Japanese postmenopausal women aged 46 years
to 64 years. Mandibular cortical shape (erosion) and
width were evaluated on dental panoramic radiographs.

Receiver operating characteristic curve analysis was
used to determine the optimal cutoff thresholds for
cortical width and OST index. Results: The sensitivity
and specificity, respectively, for identifying women with
low BMD were 82.3% and 55.2% for OST index, 79.0%
and 50.0% for cortical width, and 72.6% and 74.0% for
cortical shape. The sensitivity and specificity, respec-
tively, for identifying women with osteoporosis were
86.7% and 46.9% for OST index, 90.0% and 45.3% for
cortical width, and 86.7% and 65.6% for cortical shape.
Likelihood ratio for identifying women with low BMD
was 13.90 for thin cortical width (<3.0 mm) and 10.84
for severely eroded cortex. That for identifying women
with osteoporosis was 6.40 for thin cortical width and
7.11 for severely eroded cortex. Conclusions: Dentists
may be able to refer postmenopausal women younger
than 65 years for bone densitometry on the basis of
incidental findings on dental panoramic radiographs.
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Introduction

Osteoporotic fractures are a health burden worldwide,
resulting in the reduction of physical activity, increased
risk of mortality and incremental medical costs. The
Surgeon General in the United States of America warns
that, by 2020, half of all American citizens older than 50
years will be at risk for fractures from osteoporosis and
low bone mass if no immediate actions are taken by
individuals at risk, doctors, health systems, and policy
makers [1]. Dual-energy X-ray absorptiometry (DXA) is
the most reliable way to determine bone mineral density
(BMD), which is a major risk factor for fractures from
osteoporosis. Since postmenopausal women have a high
risk of osteoporosis, BMD testing for all postmenopausal
women by DXA is considered one of the immediate
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actions to conquer osteoporotic fractures. However,
BMD testing for all postmenopausal women is not
practicable in many countries where bone assessment
methods, especially DXA, are not widely available [2].

Several investigators have developed simple ques-
tionnaire-based screening tools to select postmenopausal
women who should be referred for bone densitometry [3,
4]. The sensitivity of these tools for identifying post-
menopausal women with low BMD or osteoporosis was
reported to be approximately 90%, although the speci-
ficity was relatively low. In clinical practice, subjects are
referred for DXA testing if their score of questionnaire-
based screening indicates a risk of low BMD or osteo-
porosis. However, the response rate for questionnaires
in the Canadian Multicentre Osteoporosis Study was
only 42% [5]. This implies that a large segment of
postmenopausal women may not respond to the ques-
tionnaire if they have no knowledge about, and inter-
ested in, osteoporosis. Furthermore, it is likely that the
selection cutoff point of questionnaire-based screening
tools may vary among different populations.

Dental panoramic radiographs are frequently taken
for the examination of teeth and jaws in general dental
practice over the world. In Japan, approximately
10 million dental panoramic radiographs are taken
annually in about 65,000 dental offices. Approximately
one-third of these radiographs are taken for patients in
the range of 45 years to 65 years [6]; however, mandib-
ular inferior cortical measurements, clearly detected on
dental panoramic radiographs, are now rarely used as
additional diagnostic information in general dental
practice. Recent studies in Finland [7], Japan [8, 9, 10,
11], the USA [12, 13, 14], the United Kingdom [15, 16],
Poland [17], and Sweden [18] offer differing opinions on
the usefulness of mandibular inferior cortical measure-
ments, cortical width and shape, detected on dental
panoramic radiographs, for identifying postmenopausal
women with low skeletal BMD or osteoporosis. If den-
tists can refer postmenopausal women with undetected
low BMD or osteoporosis for bone densitometry by
dental panoramic radiographs, it may comprise a pos-
sible action to identify postmenopausal women with
asymptomatic osteoporosis who do not respond to
questionnaire-based screening.

We recently demonstrated that the diagnostic per-
formance of dental panoramic radiography measure-
ments for identifying postmenopausal women with
suspected spinal osteoporosis was similar to that of the
osteoporosis self-assessment tool (OST) [11]. The OST
was a questionnaire-based screening tool that was first
developed for Asian postmenopausal women [3] and has
been equally applied for Caucasian postmenopausal
women [19, 20]. However, it is likely that high preva-
lence rates of osteoporosis in postmenopausal women
aged 65 years and older might have influenced the
overall diagnostic performance in our previous study.
Mauck et al. recently reported that there remains
uncertainty as to who should undergo BMD testing
among postmenopausal women younger than 65 years,

although there is less ambiguity for the clinician about
BMD testing in all postmenopausal women aged 65 and
older [21]. Identification of younger postmenopausal
women with low BMD or osteoporosis might be the
more important immediate action to prevent osteopo-
rotic fractures.

The purpose of this study was therefore to evaluate
whether dental panoramic radiography measurements
are useful for identifying women with low BMD or
osteoporosis in postmenopausal women younger than 65
years.

Methods

Study sample

There were 836 women who visited our clinic for BMD
assessment between 1996 and 2005, of whom 141 were
patients from the dental clinic in our hospital, 607 were
from the gynecology clinic, 62 were from Internal
Medicine, and 26 were from Surgery. At the BMD
assessment all the women were asked whether they
would give informed consent to dental panoramic
radiographic examination for oral care. There were 138
that refused such examination. Forty-two were pre-
menopausal or perimenopausal. Of the remainder (656
postmenopausal women), who had not menstruated for
at least 1 year, 158, aged from 46 years to 64 years
(mean ± SD 55.6±4.7) and with no previous diagnosis
of osteoporosis, were recruited for this study. No subject
had any metabolic bone disease (hyperparathyroidism,
hypoparathyroidism, Paget’s disease, osteomalacia, re-
nal osteodystrophy, or osteogenesis imperfecta), cancer
with bone metastasis, significant renal impairment or
took any medication that would affect bone metabolism,
such as estrogen. None had undergone hysterectomy or
oophorectomy. None had a history of smoking or had
any bone destructive lesions (e.g., malignant tumors or
osteomyelitis) in the mandible. No vertebral osteopo-
rotic fractures were found on lateral spine digital X-rays
at skeletal BMD assessment. Vertebral fracture was as-
sessed semi-quantitatively [22]. Hiroshima University
Institutional Human Subjects Committee approved our
taking dental panoramic radiographs of subjects that
had given informed consent.

BMD assessment, dental panoramic radiographic
measurements and questionnaire-based screening

BMD at the lumbar spine and the femoral neck was
determined by DXA (DPX-alpha, Lunar, Madison,
Wis., USA.). Height and weight were measured at the
time of DXA measurement. The in vivo short-term pre-
cision error for the lumbar spine and the femoral neck
BMD in our clinic was 1.0% and 2.8%, respectively.
Osteoporosis was defined as a BMD T-score of )2.5 or
less at either the lumbar spine or the femoral neck, in
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accordance with the WHO classification. An alternative
T-score of )2.0 or less was also explored to allow com-
parison with published results for risk indices that were
based on this cutoff value [4, 5, 19]. This cutoff value has
also been widely used in many communities [23].

Dental panoramic radiographs were obtained at the
time of DXA measurement with an AZ-3000 (Asahi,
Kyoto, Japan) at 12 mA and 15 s; the voltage varied
between 70 kV and 80 kV. Screens of speed group 200
(HG-M, Fuji Photo Film Co., Tokyo, Japan) and film

(UR-2, Fuji Photo Film Co.) were used. All dental
panoramic radiographs used in this study were satis-
factory for the measurements. Two dental panoramic
radiographic measurements: mandibular cortical width
and shape, were estimated on dental panoramic radio-
graphs by one oral radiologist (A.T.) with 17 years of
clinical experience.

Measurement of mandibular cortical width was made
bilaterally on the radiographs at the site of a mental
foramen according to our previous study [8]. A line par-
allel 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
mandibular cortical width was measured by a caliper
(Fig. 1). Mean cortical width on both sides of the man-
dible was used in this study. The coefficient of variation
due to positioning error and operator error in cortical
width measurement was less than 2%. Intra-observer
variation in cortical width measurement was 0.1 mm,
which was similar to the inter-observer variation.

The mandibular cortical shape on the dental pano-
ramic radiograph was determined by observing the
mandible distally from the mental foramen, bilaterally,
and categorized into one of three groups according to
the method of Klemetti et al. [7] (Fig. 2), as follows:

1. Normal cortex: the endosteal margin of the cortex is
even and sharp on both sides.

2. Mildly to moderately eroded cortex: the endosteal
margin shows semi-lunar defects (lacunar resorption)
or appears to form endosteal cortical residues.

Fig. 1 Measurement of mandibular cortical width. A line parallel
to the long axis of the mandible and tangential to the inferior
border of the mandible was drawn. A line (dotted line) perpendic-
ular to this tangent and intersecting the inferior border of the
mental foramen was constructed, along which the mandibular
cortical width was measured. The distance between the two parallel
solid lines is the cortical width. The white arrow shows a mental
foramen

Fig. 2 Classification of
mandibular inferior cortical
shape on dental panoramic
radiographs (as described in
Methods)
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3. Severely eroded cortex: the cortical layer forms heavy
endosteal cortical residues and is clearly porous.

Overall agreements for intra-observer and inter-ob-
server performances were 92% and 82%, respectively.

To compare the diagnostic performances of ques-
tionnaire-based screening tools, mandibular inferior
cortical width and cortical shape, we calculated the OST
index in this study. The OST index was obtained from
an integer of 0.2-times the weight minus the integer of
0.2-times the woman’s age [3].

Data analysis

For the mandibular cortical shape, the subjects were first
divided into two groups based on the assessment of
panoramic radiographs: women with and women with-
out an eroded mandibular cortex. The subjects were also
divided into two groups based on skeletal BMD: women
with and women without low BMD (T score of )2.0 or
less at either the lumbar spine or the femoral neck) or
osteoporosis (T score of –2.5 or less). The sensitivity,
specificity, positive predictive values (PPVs), negative
predictive values (NPVs), and likelihood ratios for the
positive (LR+) and negative (LR)) risk results for
identifying women with low BMD or osteoporosis by an
eroded mandibular cortex were calculated in dichoto-
mous 2-times-2 tables. Likelihood ratio (LR) and 95%
confidence interval (CI) were calculated according to the
method described by Simel et al. [24].

Further, subjects were divided into three groups as
follows: women with normal cortex (low osteoporosis
risk group), women with mildly to moderately eroded
cortex (intermediate osteoporosis risk group), and wo-
men with severely eroded cortex (high osteoporosis risk
group). LR and 95% CI for identifying women with low
BMD or osteoporosis were calculated for each group.

Receiver operating characteristics (ROCs) curve
analyses were used to determine the optimal cutoff

thresholds of OST index and cortical width for identi-
fying women with osteoporosis. The risk index range
corresponding to a sensitivity of approximately 90%
was chosen to define the low-risk group. The sensitivity,
specificity, PPV, NPV, LR+ and LR) for identifying
women with low BMD or osteoporosis by optimal cutoff
thresholds of OST index and cortical width determined
on ROC analyses were calculated. Further, the risk in-
dex range corresponding to a specificity of approxi-
mately 90% was chosen to define the high-risk and
intermediate-risk groups for cortical width. LR and 95%
CI were calculated for the low-risk, intermediate-risk
and high-risk groups.

Cohen kappa statistics were used to evaluate the
agreements among OST index category, cortical width
category and cortical shape category [25]. Interpretation
of the kappa statistics was obtained from the guidelines
of Landis and Koch [26]. Logistic regression analysis,
adjusting for OST index, was also performed to calculate
the odds ratio of having low BMD or osteoporosis in
women identified by dental panoramic measurements.
Data analyses were performed with the Statistical
Package for the Social Sciences (SPSS; version 8.0;
SPSS, Chicago, Ill., USA). P values less than 0.05 were
considered statistically significant.

Results

Characteristics of study subjects are shown in Table 1.
Based on BMD of the lumbar spine, 28.5% of women
had low BMD (T-score of –2.0 or less) and 14.6% of
women had osteoporosis (T-score of )2.5 or less). Based
on BMD of the femoral neck, 24.7% of women had low
BMD and 10.1% of women had osteoporosis. Based on
BMD of both sites, 39.2% of women had low BMD and
19.0% of women had osteoporosis.

The area under the ROC curve for identifying women
with low BMD was 0.761 (95% CI, 0.686 to 0.837) for

Table 1 Characteristics of
study subjects Characteristics Mean ± SD or number of subjects (%)

Number of subjects 158
Age (years) 55.6±4.7
Height (cm) 153.5±5.3
Weight (kg) 51.7±7.4
Time since menopause (years) 6.4±5.7
Mandibular cortical width (mm) 4.1±0.9
Mandibular cortical erosion (%)
Normal 88 (55.7)
Mildly to moderately eroded 62 (39.2)
Severely eroded 8 (5.1)

No. of women with spine BMD T-score
£ )2.0 45 (28.5%)
£ )2.5 23 (14.6%)

No. of women with femoral BMD T-score
£ )2.0 39 (24.7%)
£ )2.5 16 (10.1%)

BMD T score of –2.0 or less at either spine or femur 62 (39.2%)
BMD T score of –2.5 or less at either spine or femur 30 (19.0%)
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OST index and 0.777 (95% CI, 0.701 to 0.852) for cor-
tical width. The area under the ROC curve for identi-
fying women with osteoporosis was 0.737 (95% CI,
0.637 to 0.839) for OST index and 0.802 (95% CI, 0.705
to 0.899) for cortical width. No significant differences in
the area under the ROC curve were seen between OST
index and cortical width for identifying women with
both low BMD and osteoporosis, although the area
under the ROC curve for cortical width tended to be
higher than that for OST index.

Using the cutoff thresholds of 0 for OST index,
4.3 mm for cortical width and selecting any cortical
erosion, we found that the sensitivity and specificity,
respectively, for identifying women with osteoporosis
were 86.7% and 46.9% for OST index, 90.0% and 45.3%
for cortical width, and 86.7% and 65.6% for cortical
shape (Table 2). Those for identifying women with low
BMD were 82.3% and 55.2% for OST index, 79.0% and
50.0% for cortical width, and 72.6% and 74.0% for
cortical shape, respectively. The specificity for cortical
shape was significantly higher than that for OST index
and cortical width; however, there were no significant
differences in the sensitivity, PPV, NPV, LR+ and LR)
among OST index, cortical width and cortical shape.

When the risk-index range corresponding to a speci-
ficity of approximately 90% was chosen to determine the
optimal cutoff threshold, the cutoff thresholds for cor-
tical width was 3.0 mm. Subjects with cortical widths
>4.2 mm, 3.0 mm to 4.2 mm, and <3.0 mm belonged
to low-risk, intermediate-risk, and high-risk groups,
respectively.

The prevalence rate of women with low BMD and the
likelihood ratio in the high-risk group were 90.0% and
13.90, respectively, for cortical width and 87.5% and
10.84, respectively, for cortical shape (Table 3). The
prevalence rate of women with low BMD in the inter-
mediate-risk group of cortical width was similar to the
background prevalence; however, that in the interme-
diate-risk group of cortical shape was significantly
higher than the background prevalence. Prevalence rates
of women with low BMD in the low-risk group of both
cortical width and cortical shape were significantly lower
than the background prevalence.

The prevalence rate of women with osteoporosis and
the likelihood ratio in the high-risk group were 60.0%

and 6.40, respectively, for cortical width and 62.5% and
7.11, respectively, for cortical shape (Table 4). The
prevalence rate of women with osteoporosis in the
intermediate-risk group of cortical width was similar to
the background prevalence; however, that in the inter-
mediate-risk group of cortical shape was significantly
higher than the background prevalence. The prevalence
rates of women with osteoporosis in the low-risk group
of both cortical width and cortical shape were signifi-
cantly lower than the background prevalence.

The Cohen kappa index was 0.246 (P=0.02) between
OST index and cortical width, 0.331 (P<0.001) between
OST index and cortical shape, and 0.321 (P<0.001)
between cortical width and cortical shape. These indi-
cated that the degree of agreement was fair among the
three indices. After adjustment for OST index, the odds
ratio of having low BMD was 2.92 (95% CI 1.32 to 6.46)
in women identified by cortical width (<4.3 mm) and
5.18 (95% CI, 2.48 to 11.18) in women identified by
cortical shape (erosion). The odds ratio of having oste-
oporosis was 5.90 (95% CI, 1.64 to 21.18) in women
identified by cortical width (<4.3 mm) and 8.66 (95%
CI, 2.75 to 27.27) in women identified by cortical shape
(erosion).

Discussion

The sensitivities for identifying women with low BMD
or osteoporosis by cortical shape detected on dental
panoramic radiographs were similar to those by OST
index and cortical width; however, the specificities of
cortical shape were significantly higher than those of the
other two indices. This tendency of diagnostic perfor-
mance is similar to that for identifying women with
spinal osteoporosis in our recent study [11]. These results
suggest that panoramic measures, especially cortical
shape, may be useful for identifying women with low
BMD or osteoporosis in postmenopausal women
younger than 65 years, in comparison with the OST
index.

In our study the sensitivity and specificity for iden-
tifying women with osteoporosis by OST index were
86.7% and 46.9%, respectively. Koh et al. reported that
the sensitivity and specificity for identifying women with

Table 2 Discriminatory performance of osteoporosis self-assessment tool (<0), cortical width (<4.3 mm) and cortical shape (any cortical
erosion) for identifying women with low BMD or osteoporosis in 158 younger postmenopausal women

Parameter Sensitivity, % Specificity, % PPV, % NPV, % LR+ LR)
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

T-score £ )2.0
OST 82.3 (72.7–91.8) 55.2 (45.3–65.2) 54.3 (44.2–64.3) 82.8 (73.6–92.1) 1.84 (1.43–2.36) 0.32 (0.18–0.56)
Cortical width 79.0 (68.9–89.2) 50.0 (40.0–60.0) 50.5 (40.6–60.4) 78.7 (68.4–89.0) 1.58 (1.25–2.00) 0.42 (0.25–0.71)
Cortical shape 72.6 (61.4–83.7) 74.0 (65.2–82.7) 64.3 (53.1–75.5) 80.7 (72.4–88.9) 2.79 (1.94–4.03) 0.37 (0.24–0.56)

T-score £ )2.5
OST 86.7 (74.5–98.8) 46.9 (38.2–55.5) 27.7 (18.7–36.7) 93.8 (87.8–99.7) 1.63 (1.31–2.02) 0.28 (0.11–0.72)
Cortical width 90.0 (79.3–100.7) 45.3 (36.7–53.9) 27.8 (18.9–36.8) 95.1 (89.7–100.5) 1.65 (1.35–2.00) 0.22 (0.07–0.66)
Cortical shape 86.7 (74.5–98.8) 65.6 (57.4–73.9) 37.1 (25.8–48.4) 95.5 (91.1–99.8) 2.52 (1.91–3.33) 0.20 (0.08–0.51)
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osteoporosis (14% of women) in 797 Asian women aged
45 years to 88 years (mean age 62.3 years) were 90.9%
and 44.8%, respectively [3]. Their cutoff threshold of the
OST index was the same as ours. Richy et al. reported
that the sensitivity and specificity was 89% and 40% for
identifying women with low BMD (T-score of –2.0 or
less, 29% of women) and 92% and 37% for identifying
women with osteoporosis (19% of women) in 4,035
Caucasian women aged 45 years to 96 years (mean age
61.5 years), although their cutoff threshold was 2 [27].
Our results suggest that the diagnostic performance of
the OST index used in our study is similar to that pre-
viously reported in both Asian and Caucasian popula-
tions, although our subjects are younger, healthy,
postmenopausal women.

We divided our subjects into three groups by cortical
shape; women with a normal cortex (low-risk group),
women with a mildly to moderately eroded cortex
(intermediate-risk group) and women with a severely
eroded cortex (high-risk group). Halling et al. consid-
ered that subjects with both normal cortex and mildly to
moderately eroded cortex belonged to a normal group
based on heel DXA measurements [18]. However, after
adjustment for potentially confounding factors, the odds
ratio for an osteoporotic fracture associated with mildly
to moderately eroded and severely eroded cortex was 2.0
(95% CI 1.2 to 3.3) and 8.0 (95% CI 2.0 to 28.9),
respectively, in our previous study [12]. We also dem-
onstrated that women with any eroded cortex had an
elevated bone resorption and were at-risk of low BMD
[10]. In the present study, 33.9% of women with mildly
to moderately eroded cortex and 62.5% of women with
severely eroded cortex had osteoporosis. In addition,

61.2% of women with mildly to moderately eroded
cortex and 87.5% of women with severely eroded cortex
had low BMD. These prevalence rates were significantly
higher than the background prevalence rates. Our results
suggest that postmenopausal women with an eroded
cortex should be referred for bone densitometry.

Almost 90% of women with cortical width <3.0 mm
had low BMD, and 60% of women with cortical width
<3.0 mm had osteoporosis; however, there were no
significant differences between prevalence rates of wo-
men with low BMD or osteoporosis in the intermediate-
risk group of cortical width (3.2 mm to 4.2 mm) and
background prevalence rates. This suggests that women
in the high-risk group, defined by thin cortical width
(<3.0 mm), should be identified. Devlin and Horner
reported that a diagnostic threshold for cortical width of
3 mm (or less) was suggested as the most appropriate
threshold for referral for bone densitometry in 74 Cau-
casian women [15].

Similar diagnostic performances among OST index,
cortical width and cortical shape imply the possibility
that the OST index might be the more useful index in
clinical use, for identifying women, than other indices,
because the OST index is simply calculated and is
objective. However, the degree of agreement among the
three indices was fair. This indicates that women iden-
tified by OST index may be different from those identi-
fied by dental panoramic measurements. In our previous
study, women with an eroded cortex had higher bone
turnover and high risk of low BMD (T score <)1.0)
than women with a normal cortex, after adjustment for
age and body mass index [10]. This suggests that youn-
ger postmenopausal women with an eroded cortex may

Table 3 Prevalence rate of
women with low BMD (T score
of )2.0 or less) and likelihood
ratio by dental panoramic
measures in 158 younger
postmenopausal women

Parameter Percentage (no.) of women
with osteoporosis

Likelihood ratio
(95% confidence interval)

Background prevalence 39.2 (62/158)
Cortical width
>4.2 mm 21.3 (13/61) 0.42 (0.25–0.71)
3.0 mm to 4.2 mm 40.0 (31/77) 1.04 (0.75–1.44)
<3.0 mm 90.0 (18/20) 13.90 (3.35–58.00)

Cortical shape
Normal 19.3 (17/88) 0.37 (0.24–0.57)
Mildly to moderately eroded 61.2 (38/62) 2.45 (1.65–3.65)
Severely eroded 87.5 (7/8) 10.84 (1.36–86.00)

Table 4 Prevalence rate of
women with osteoporosis
(T score of )2.5 or less) and
likelihood ratio by dental
panoramic measures in 158
younger postmenopausal
women

Parameter Percentage (no.) of women
with osteoporosis

Likelihood ratio
(95% confidence interval)

Background prevalence 19.0 (30/158)
Cortical width
>4.2 mm 4.9 (3/61) 0.22 (0.07–0.66)
3.0 to 4.2 mm 19.4 (15/77) 1.03 (0.69–1.54)
<3.0 mm 60.0 (12/20) 6.40 (2.87–14.26)

Cortical shape
Normal 4.5 (4/88) 0.20 (0.08–0.51)

Mildly to moderately eroded 33.9 (21/62) 2.19 (1.55–3.08)
Severely eroded 62.5 (5/8) 7.11 (1.80–28.12)
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still have a high risk of low BMD or osteoporosis, after
adjustment for OST index. In fact, the odds ratio of
having low BMD or osteoporosis in women with an
eroded cortex was 5.18 and 8.66, respectively. Further,
younger postmenopausal women with low BMD who
were identified by eroded cortex may be more likely to
have osteoporosis in the near future than those identified
by OST index, because women with an eroded cortex
have high bone turnover. It is also likely that younger
postmenopausal women with asymptomatic osteoporo-
sis who were identified by eroded cortex may have an
osteoporotic fracture in the near future.

Previous studies suggest that cortical width may re-
flect peak bone mass obtained in younger age but not
bone turnover after menopause [10, 16]. It is possible
that cortical width may be a useful indicator of low
BMD or osteoporosis, independent of cortical shape;
however, how do the dentists estimate cortical width in
general dental practice? First, the dentists determine the
cortical width by simple visual estimation, such as ‘‘thin
or not’’, according to their clinical experience. In our
recent study, the likelihood ratio for identifying post-
menopausal women with low BMD (T score of –1.0 or
less) by simple visual estimation of cortical width (thin
or not) by four experienced dentists was 3.1 at the
lumbar spine and 3.2 at the femoral neck [28]. Further
training might improve the diagnostic efficacy of simple
visual estimation of cortical width. Second is the com-
puter-aided diagnosis (CAD) in the digital panoramic
radiography system. We have already developed a CAD
system with which we can semi-automatically measure
the cortical width precisely [29]. A CAD system may
help the dentists to identify women with low BMD or
osteoporosis in the future.

Dentists should refer postmenopausal women with an
eroded cortex for bone densitometry. However, can
dentists actually identify women with an eroded cortex
by their panoramic radiographs, whose image qualities
may vary among dental clinics? In our recent pilot study,
conducted within the Hiroshima Dental Association in
2003, 17 general dental practitioners, who were trained
in the reading of cortical shape, identified 14 (87.5%) of
16 women with osteoporosis and 15 (68.0%) of 22 wo-
men with osteopenia (T-score of –1.0 to –2.5) in 61 study
subjects who visited their dental clinics, who had had
dental panoramic radiographs taken for dental treat-
ment, and who wanted to have BMD assessment by
DXA (unpublished data). These dentists misidentified
only ten women (16.3%). The sensitivity, specificity, and
likelihood ratio for a positive risk result for identifying
postmenopausal women with osteoporosis by these
dentists were 87.5%, 44.4% and 1.58, respectively. These
were similar to those of the OST index in our study.
Trained dentists may identify women with osteoporosis
with sufficient diagnostic performance compared with
the OST index in their own clinics by using their pano-
ramic radiographs.

This study has some limitations. All subjects of this
study were not healthy volunteers from the community

but were patients who visited our clinic for BMD
assessment. Our subjects, therefore, were not represen-
tative of the general population of Japanese postmeno-
pausal women. Iki et al. recently reported that, in
healthy Japanese women aged 50 to 79 years, the prev-
alence rate of osteoporosis according to WHO classifi-
cation was 38.0% at the lumbar spine and 11.6% at the
femoral neck [30]. We cannot directly compare our
subjects aged 46 to 64 years with the subjects of Iki et al.;
however, the prevalence rate of osteoporosis at the
lumbar spine (14.6%) was also somewhat higher than
that at the femoral neck (10.1%) in our study. The rel-
atively small sample selected by strict inclusion criteria
may result in a large 95% CI of likelihood ratio in the
high-risk group defined by panoramic measurements.
This may limit the interpretation of our findings.

Our previous study in the USA [12], and our present
study, suggest that cortical shape may be used both in
Japanese and Caucasian women as well. However, it is
likely that the cutoff threshold of cortical width may not
be directly applied to Caucasian postmenopausal wo-
men. Instead of crude cortical width, the cutoff thresh-
old value based on T-score calculated from mean
cortical width of young adult Japanese women might be
useful for Caucasian women. Further, it would be
important for dentists to produce models of expense and
benefit if they apply our finding to the entire Japanese
population as well as Caucasian population.

In conclusion, cortical measurements detected on
dental panoramic radiographs may be useful for iden-
tifying younger postmenopausal women with low BMD
or osteoporosis. Dentists should refer postmenopausal
women with eroded cortex or thin cortical width
(<3.0 mm) for bone densitometry. Several studies in
populations of other ethnic backgrounds would be
necessary to establish screening for osteoporosis in the
dental office. Nonetheless, dentists may be able to refer
postmenopausal women younger than 65 years for bone
densitometry on the basis of incidental findings on
dental panoramic radiographs.
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