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taken dental radiograph as a screening tool to detect early osseous changes (normal,
mildly or severely eroded) of the mandibular inferior cortex and measure the mandibular
cortical width (CW) in post-menopausal women and correlate it with the bone mineral
density (BMD) measured by the ultrasound bone sonometer at the mid-shaft tibia region.
Materials and Methods: The study included females between 45 years and 65 years
of age in their post-menopausal stage (no menstruation for at least 6-12 months).
Mandibular indices (mandibular CW and mandibular cortical shape) were evaluated
from panoramic radiographs. The BMD assessment was carried out at the mid-shaft
tibia region, exactly half-way between the heel and the knee joint perpendicular to the
direction of the bone, using an ultrasound bone sonometer. It is a non-invasive device
designed for quantitative measurement of the velocity of ultrasound waves as “speed of
sound” in m/s, capable of measuring bone density at one or more skeletal sites. Using
1994 WHO criteria the study subjects were categorized as Group 1: Normal, Group 2:
Osteopenia, Group 3: Osteoporosis. (WHO T score for tibia BMD can be used as a
standard). Results: The diagnostic efficacy of the panoramic radiograph in detecting
osseous changes in post-menopausal women with low BMD was shown to have 96%
specificity and 60% sensitivity with mandibular cortical shape and 58% specificity and 73%
sensitivity with mandibular CW measurement. Factorial ANOVA analysis carried out indicated
a significant correlation of BMD classification with mandibular cortical shape (F = 29.0,
P < 0.001, partial eta squared [n?] =0.85), a non-significant correlation with mandibular
CW, (F = 1.6, P = 0.23, n?> = 0.86), and a more significant correlation with combined
cortical shape and width (F = 3.3, P < 0.05, n2 = 0.70).
Conclusion: The study concludes that the combined mandibular
Website: cortical findings (P < 0.05) and mandibular cortical shape
www.clinicalimagingscience.org erosion alone (P < 0.001) on panoramic radiograph are
effective indicators of osteoporosis in post-menopausal women.

Received : 31-01-2013
Accepted : 26-04-2013
Published : 06-06-2013

Access this article online

Quick Response Code:

DOL:

Key words: Mandibular cortical shape, mandibular cortical
10.4103/2156-7514.113140

width, osteoporosis, panoramic radiograph

Copyright: © 2013 Bhatnagar S. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and source are credited.

This article may be cited as:
BhatnagarS, KrishnamurthyV, PagareSS. DiagnosticEfficacy of PanoramicRadiographyin Detection of Osteoporosisin Post-Menopausal Womenwith Low BoneMineral Density.) ClinImagingSci2013;3:23.
Available FREE in open access from: http://www.clinicalimagingscience.org/text.asp?2013/3/1/23/113140

1 Journal of Clinical Imaging Science | Vol. 3 | Issue 2 | Apr-Jun 2013



Bhatnagar, et al.: Diagnostic efficacy of panoramic radiography in detection of post-menopausal osteoporosis

INTRODUCTION

Osteoporosis, after hypovitaminosis D is the second most
common metabolic disease in India.l" A silent epidemic, itis
defined as” a disease characterized by low bone mass and
micro-architectural deterioration of bone tissue, leading
to enhanced bone fragility and a consequent increase
in fracture risk."1"3 Post-menopausal osteoporosis was
characterized by Albright and colleagues in 1941.%°

The oral implications of osteoporosis include loss of
periodontal attachment,'®” loss of teeth,®'% [oss in
height of the alveolar bone due to resorption (i.e., from
the crest at the level of cemento-enamel junction of the
adjacent tooth until the root apex), erosion of inferior
mandibular cortex, reduced mandibular inferior cortical
width (CW) (indicating intracortical bone resorption similar
to that in tubular bones), resorption of both condyles, and
temporal components of temporomandibular joints.''?

The earliest suggestion of an association between
osteoporosis and oral bone loss was made in 1960."

The aim of this study was to evaluate the diagnostic efficacy
of the panoramic radiograph using morphometric analysis
in early detection of Osteoporosis in post-menopausal
women and to correlate it with the bone mineral
density (BMD) measured by ultrasound bone sonometer
at the mid-shaft tibia region.

MATERIALS AND METHODS

Subjects

The criteria used to select the subjects for the study

included

1. Inclusion Criteria: Subjects selected were females
between 45 years and 65 years of age in their
post-menopausal stage (no mensturation for at least
6-12 months)

2. Exclusion Criteria: Subjects with a history of
hysterectomy or oophorectomy, history of medication
affecting bone metabolism such as glucocorticoids,
anticonvulsants, excessive thyroxin doses, with
diseases which alter bone metabolism such as
hyperparathyroidism, multiple myeloma, on estrogen
replacement therapy, malignancy with bone metastasis
and with bone destructive lesions in the mandible or
history of previous fractures.

Equipment
Assessment of mandibular cortical width and cortical shape
a. Panoramic radiographs were obtained, using

“XTROPAN-2000, microprocessor based system, control
panel with digital display and soft keypad”.

b. The exposed films (Super HR-V,6 x 12 inches in size,
green sensitive films, supplied by FUJI MEDICAL X-RAY
FILMS) were processed, using (EXTRAORAL XE-VELOPEX
X-RAY FILM PROCESSOR with day light loader extra—XE)
supplied by D- Max imaging system.

¢. Measurements were made using a digital vernier caliper
with an LCD display screen and technical specifications
of resolution— 0.01 mm, power 1-1.5 V button cell and
measuring the speed of <1.5 m/s.

Assessment of bone mineral density

“Sunlight Omnisense® 7000 $/8000 S (Sunlight Medical,
Ltd.) ultrasound bone sonometer, a quantitative ultrasound
densitometer based on the principle of broadband
ultrasonic attenuation”was used for BMD assessment. It has
amain unit and a small hand held probe each designed to
measure speed of sound (SOS) at one or more skeletal sites.

In this study, the SOS was assessed at the mid-shaft of the
tibia, located exactly between the heel and knee joint on
the dorso-anterior surface of the leg and perpendicular to
the direction of the bone.

Following all the standard parameters and precautionary
measures, analysis was performed over a frequency range of
0.2-0.6 MHz by moving the probe around the circumference
of the tibia with its long vertical dimension parallel to the
long axis of the bone. The anodic current of the equipment
was an equal parameter in all cases.

Methodology

Procedure for assessment of manadibular CW and shape using
panoramic radiograph

Panoramic radiograph for each study subject was taken
with the following parameters:

Tube Voltage- 65-75 Kvp, Total exposure time - 14 s, Tube

Current-4-12 mA.

1. Techniqueforassessing cortical shape (visual assessment)
Using a radiographic viewer, mandibular cortical shape
was determined by observing the mandible distally
from the mental foramen bilaterally and categorized
into one of three groups, according to the method by
Klemetti et al.,'*'® as follows:

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

+ Mildly to moderately eroded cortex: The endosteal
margin shows semilunar defects (lacunar resorption)
or appears to form endosteal cortical residues, one to
three layers thick.

« Severely eroded cortex: The cortical layer forms
heavy endosteal cortical residues and is clearly
porous [Figure 1].
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2. Technique for measurement of mandibular CW.
Measurement was made 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 perpendicular
to this tangent intersecting inferior border of mental
foramen was constructed along which mandibular CW
was measured, using a digital vernier caliper.

The location of the mental foramen relative to the

inferior and superior borders of normal mandible as

expressed by the mean ratios of total bone height to
the height of the foramen above the inferior border

appears to be consistent enough to justify its use as a

reference point in clinical studies.

Clinically, the lower edge of mental foramen appears

to be a more useful reference mark in panoramic

radiographs. By observing the distance between the
inferior border of the mandible to the lower edge of
the foramen and using the approximate ratio of 3:1, the
original height of the mandible before resorption can
be conveniently estimated. The amount of bone loss
can then be expressed as the proportion of fraction of
original height.">? By using this method of assessing the
extent of bone loss, patients can be grouped according
to the severity of bone disease, i.e., osteopenia or
osteoporosis.?'?2 As explained by Taguchi et al.,** the
morphometric measurements were done bilaterally

[Figures 2 and 3].

« Half mandibular width - Distance between the
base of the mental foramen to the inferior border
of mandible

« Full mandibular width — Distance between the
alveolar ridge height (mesial to the 1** molar) to the
inferior border of mandible

+  CW - measurement of the thickness of mandibular
cortex

« C-Distance between the center of mental foramen
to the inferior border of mandible.

The calculations done on the basis of morphometric

measurements were:

1. Panoramic mandibular index (PMI) = CW/half
mandibular width

2. Alveolar crest resorption degree ratio M/M Ratio = Full
mandibular width/C where C represents the distance
between the center of mental foramen to the inferior
border of mandible

3. Mean CW and mean M/M ratio of both right and left
sides were calculated.

BMD assessment
Sunlight Omnisense®7000 S/8000 S (omnisense)
ultrasound bone sonometer was used for assessing

Figure 1: Section of panoramic radiograph depicts mandibular cortical shape
erosion.

—— Full Mandibular Width
—— Half Mandibular Width
—— Cortical Width

Figure 2: Line drawing shows how mandibular cortical width and other
measurements are made.

Figure 3: Panoramic radiograph reveals mandibular cortical width and other
measurements with a radiographic image.

BMD.' The measurements done by the device were

expressed as:?4

1. Total Stiffness Index: Total calcium/proteins/mineral
content in the bone. Normal value >85

2. Z-Score: Bone density compared to what is normally
expected in a healthy individual of the same gender
and age. Normal value >0

3. T-Score: Bone density compared to what is normally
expected in healthy, young adult of the same gender
and an ideal BMD. Normal value more than —0.1.

When T-score is above —1, bone density is considered
normal. When between -0.1 and —-2.5 it is a sign of

3
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osteopenia, a condition in which bone density is below
normal and may lead to osteoporosis. When the T-score is
below —2.5, bone density indicates osteoporosis.

The WHO criteria® chose the T-score of the tibia as its

standard for identifying BMD. It is the statistical measure

of BMD that best correlates with risk of fracture. It was

implied in this study to categorize the total number of study

subjects into three groups:

« Group 1: Normal: A BMD value within 1 standard
deviation (SD) of the young adult mean value

«  Group 2: Osteopenia: ABMD value more than 1 SD (SD),
but <2.5 SD, below the young adult mean value

«  Group 3: Osteoporosis: ABMD value 2.5 SD (SD) or more,
below the young adult mean value and when severe it
is associated with one or more fragility fractures.

Statistical analysis

The strength of the relationship between measurements
of mandibular CW and shape, PMI, M/M ratio, BMD
classification was assessed by Pearson’s correlation
coefficient analysis. The data were analyzed using the
statistical package for social sciences (SPSS: version 14.0).
P < 0.05 were considered statistically significant.

RESULTS

This study was carried out to evaluate the diagnostic efficacy
of the panoramic radiograph in detecting post-menopausal
osteoporosis by assessing and comparing it with the
BMD measure findings. Based on T-score, 30 subjects
were osteoporotic (50%), 15 were normal (25%) and 15
were osteopenic (25%). Five different variables viz. age,
time since menopause (months), mean CW, M/M ratio,
mandibular cortical shape were evaluated.

Table 1 shows the mean values and SDs of these variables
for osteoporotic, osteopenic, and normal groups. Table 2
shows the correlation between mandibular CW and
BMD (r =0.257, P < 0.005). Correlation between BMD
classification and mandibular cortical shape (r = 0.807,
P < 0.001) is detailed in Table 3. The correlation is plotted
as bar graphs [Figures 4 and 5]. The ranges of the CW in
the four quartiles were as follows: Lowermost quartile:
<3.56 mm, second quartile: 3.56-4.27 mm, third quartile:
4.27-4.7 mm and highest quartile: >4.7 mm [Table 4].
The sensitivity and specificity of panoramic radiograph
to classify patients based on BMD values showed 60%
sensitivity and 96% specificity with respect to mandibular
cortical shape and 73% sensitivity and 58% specificity
with respect to mandibular CW [Table 5]. Factorial ANOVA
analysis carried out indicated a significant effect for
mandibular cortical shape: F =29.0, P < 0.001, partial eta

Table 1: Characteristics of study subjects

Characteristic Range Mean + SD or number
of women (%)
Age (years) 45-65 55.0+7.6
Time since menopause 6-264 97.6+81.1
(months)
Mean cortical width Right: 2.5-9.1, 4.2+0.9%
Left: 2.0-6.1
M/M ratio Right: 1.54-2.94, 2.26+0.28*
Left: 1.34-3.08
Mandibular cortical shape = 11 (18)
Normal - 20 (33)
Mildly to moderately - 29 (48)
eroded cortex
Severely eroded cortex —-4.3-0.9 -2.0+1.2
T-score
Bone mineral density
Normal - 15 (25)
Osteopenia = 15 (25)
Osteoporosis - 30 (50)

*Mean cortical width, M/M ratio for right and left taken together, SD: Standard deviation

Table 2: Pearson’s correlation coefficient analysis

Characteristics Pearson’s correlation P value
coefficient

Mandibular cortical shape versus —0.092

mean cortical width

Mandibular cortical shape versus 0.807** <0.001

BMD classification

Mean cortical width versus BMD 0.257* <0.05

classification

Mandibular cortical shape versus 0.301* <0.05

post-menopausal months

Mean cortical width versus —0.186

post-menopausal months

M/M ratio versus BMD 0.277* <0.05

classification
PMI versus BMD classification 0.051

*Statistically significant correlation, **Highly statistically significant correlation.
BMD: Bone mineral density, PMI: Panoramic mandibular index

Table 3: Bone mineral density by mandibular cortical shape

Characteristic BMD (%)
Normal Osteopenia Osteoporosis
Mandibular cortical shape
Normal 81.8 18.2 -
Mild/moderate erosion 30.0 50.0 20.0
Severe erosion - 10.3 89.7
Total study subjects 25.0 25.0 50.0

BMD: Bone mineral density

Table 4: Bone mineral density by cortical width quartile

Characteristic BMD (%)
Normal Osteopenia Osteoporosis
Cortical width quartile
Lowest 12.5 25.0 62.5
Second 14.3 21.4 64.3
Third 41.2 17.6 41.2
Highest 30.8 38.5 30.8
Total study subjects 25.0 25.0 50.0

BMD: Bone mineral density

squared (n?) =0.85; a non- significant effect for mandibular
CW: F=1.6,P=0.23,n?=0.86; a more significant combined
effect or the interaction between cortical shape and width
on BMD classification: F=3.3, P < 0.05, n? = 0.70 [Table 6].
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Figure 4: Graph depicting number of patients in each quartile diagnosed by
the mean cortical width (Y axis — Number of patients).

Table 5: Sensitivity and specificity measures of panoramic

radiograph

Characteristic Sensitivity % Specificity %
Mandibular cortical shape 60 96
(visual assessment)

Mandibular cortical width 73 58

Table 6: Factorial ANOVA analysis

Variables F P value Partial eta squared
Mandibular cortical width 1.6 0.86
Mandibular cortical shape 29.0 <0.01 0.85
(visual assessment)

Mandibular cortical 3.3 <0.05 0.70

width + mandibular
cortical shape
F: Factorial ANOVA value, P: Statistically significant value, ANOVA: Analysis of variance

Analysis of mandibular cortical shape (visual assessment)
with BMD classification, showed: True positive - 9, False
positive — 2, False negative - 6, True negative — 43.
Analysis of mandibular CW with BMD classification
showed: True positive — 11, False positive - 19, False
negative - 4, True negative - 26. The sensitivity was
calculated as

. number of true positives
Sensitivity =

number of true positives + number of
false negatives

Where, True positive cases were osteoporotic women
correctly diagnosed as osteoporotic. False negative cases
were osteoporotic or osteopenic women wrongly identified
as healthy, i.e, normal. The specificity was calculated as

number of true negatives

number of true negatives +number of
false positives

Sensitivity =

Where, True negative cases were normal women
correctly identified as normal. False positive cases were
normal women wrongly identified as osteopenic or
osteoporotic.

|D Normal H Osteopenia M Osteoporosis |

90

Severe erosion

Normal Mild/moderate erosion

Figure 5: Graph depicting number of patients diagnosed by mandibular cortical
shape (Y axis — Number of patients).

DISCUSSION

In this study, subjects selected were females between
45 years and 65 years of age in their post-menopausal stage
(no mensturation for at least 6-12 months). A panoramic
radiograph was taken for each subject and assessed for
mandibular cortical shape by visual assessment and CW
by morphometric measurements, based on which the
M/M ratio, i.e., alveolar crest resorption degree ratio and the
PMI were calculated. Based on the BMD analysis T-score,?*!
all the 60 study subjects were categorized into 3 groups:
Normal, osteopenic, and osteoporotic.

The degree of mandibular cortical shape erosion was
found to significantly correlate with BMD and panoramic
radiograph showed 96% specificity and 60% sensitivity in
assessing osteoporosis, establishing it to be an effective
indicator. These are similar to the findings of the studies
conducted by Taguchi et al.,?® and by Devlin and Horner.,2”!
It was reported that if dental panoramic radiograph
was used as the basis of identifying women with spinal
osteopenia or osteoporosis, the finding of any mandibular
cortical erosion correctly identified a case of low BMD
80% of the time and a normal finding on the panoramic
radiograph correctly identified normal spine BMD 60%
of the time. However, Drozdzowska et al.,*® reported
that there was no relationship between osteoporosis
and cortical shape erosion and found CW to be a good
parameter in discriminating osteoporotic patients from
non-osteoporotic patients.

Mandibular CW significantly correlates with BMD.
Panoramic radiograph showed 58% specificity and 73%
sensitivity in assessing osteoporosis. Devlin and Horner
also found mean CW to significantly correlate with BMD.
Klemitti et al., found the sensitivity and specificity to be
low for CW measurement. Taguchi et al.,'* recommended
that a CW <4.5 mm should be used as an indicator of high
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osteoporosis risk. Horner et al., found that the thinning of
the mandibular cortex below 3 mm at the mental foramen
was associated with low skeletal bone mass. This provided
a diagnostic test with high specificity of 98.7% but low
sensitivity of 8%.

The combined effect of mandibular CW and degree of
cortical shape erosion showed a significant interface and
was found to be an effective indicator on Factorial ANOVA
analysis for diagnosing osteoporosis.

Taguchi et al., studied the mandibular bone density of
women who were in different post-menopausal stages
and reported greater correlation of cortical bone changes
with BMD in recent post-menopausal group than in
long-term post-menopausal group.%331 OQur study included
women who had recently attained menopause and their
mandibular cortical shape (r = 0.301, P < 0.05) correlated
with bone changes.

M/M ratio is the degree of the alveolar crest resorption
correlated with BMD in the osteoporotic group indicating
that with progressing osteoporosis, alveolar crest showed
greater resorption. White®¥ also found M/M ratio to be
effective in screening osteoporosis.

PMI showed a weak correlation with BMD. A similar
evaluation was performed by Benson et al., who used PMI
to compensate for the vertical magnification that differs
among various panoramic machines, but found a very weak
correlation between the index and BMD in spite of the fact
that PMl is inclusive of other variable i.e., half mandibular
width. Therefore, Benson et al., used CW, instead of PMI as
an effective indicator.

Limitations of the study

This study has a limitation. As seen by Shankar V.V
mandibular cortical shape assessment appears to have
limitation in terms of observer variability. Thus, it requires
adequate training of dentists for competent interpretation
of information .

CONCLUSION

The study concludes that the combined mandibular cortical
findings (mandibular cortical shape erosion and mandibular
cortical width CW) on panoramic radiographs are effective
indicators of osseous changes in post-menopausal
osteoporosis. It establishes that the routinely taken
panoramic radiograph in general dental practice can be an
effective screening tool and provide dentists with a means
to identify patients with undetected low BMD and refer
them to medical professionals for bone densitometry and

required management, thus reducing its related morbidity.

REFERENCES

1. ShahS§, Savardekar L. Post menopausal osteoporosis in India: A growing
public health concern, presentation made at forum 9. India, Mumbai:
Personal Communication; 2005. p. 2-11.

2. Shah S. Osteoporosis. In: API Textbook of Medicine. 7* ed. Mumbai:
The Association of Physicians of India; 2003. p. 1214-6.

3. Balusankaran. Osteoporosis: A publication which was funded by the
Organization. Personal communication; 2000. p. 1-48.

4. Cooper C, Woolf A. Osteoporosis Best Practice and Research
Compendium. Personal Communication; 2006.

5. Gordan GS, Vaughan C. The role of estrogens in osteoporosis. Geriatrics
1977;32:42-8.

6.  Klemetti E, Collin HL, Forss H, Markkanen H, Lassila V. Mineral
status of skeleton and advanced periodontal disease. ] Clin Periodontol
1994;21:184-8.

7. Elders PJ, Habets LL, Netelenbos JC, van der Linden LW, van der
Stelt PF. The relation between periodontitis and systemic bone
mass in women between 46 and 55 years of age. ] Clin Periodontol
1992;19:492-6.

8. Krall EA, Dawson-Hughes B, Papas A, Garcia RI. Tooth loss and
skeletal bone density in healthy postmenopausal women. Osteoporos
Int 1994;4:104-9.

9.  Elovic RP, Hipp JA, Hayes WC. Maxillary molar extraction causes
increased bone loss in the mandible of ovariectomized rats. ] Bone
Miner Res 1995;10:1087-93.

10. Taguchi A, Tanimoto K, Suei Y, Wada T. Tooth loss and mandibular
osteopenia. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1995;79:127-32.

11.  Dervis E. Oral implications of osteoporosis. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2005;100:349-56.

12.  Taguchi A, Tanimoto K, Suei Y, Otani K, Wada T. Oral signs as indicators
of possible osteoporosis in elderly women. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1995;80:612-6.

13.  Hildebolt CE Osteoporosis and oral bone loss. Dentomaxillofac Radiol
1997;26:3-15.

14. Mish C. Medical Evaluation of Dental Implant Patient. In Contemporary
Implant Dentistry. 2" ed. Mosby: Elsevier; 1999. p. 449-51.

15.  Frederiksen NL. Diagnostic imaging in dental implantology. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 1995;80:540-54.

16. Klemetti E, Kolmakow S. Morphology of the mandibular cortex on
panoramic radiographs as an indicator of bone quality. Dentomaxillofac
Radiol 1997;26:22-5.

17. Horner K, Devlin H. The relationships between two indices of
mandibular bone quality and bone mineral density measured
by dual energy X-ray absorptiometry. Dentomaxillofac Radiol
1998;27:17-21.

18.  Klemetti E, Kolmakov S, Heiskanen P, Vainio P, Lassila V. Panoramic
mandibular index and bone mineral densities in postmenopausal
women. Oral Surg Oral Med Oral Pathol 1993;75:774-9.

19. Benson BW, Prihoda TJ, Glass BJ. Variations in adult cortical bone
mass as measured by a panoramic mandibular index. Oral Surg Oral
Med Oral Pathol 1991;71:349-56.

20. Jowitt N, MacFarlane T, Devlin H, Klemetti E, Horner K. The
reproducibility of the mandibular cortical index. Dentomaxillofac
Radiol 1999;28:141-4.

21. Stramotas S, Geenty JP, Petocz P, Darendeliler MA. Accuracy of linear
and angular measurements on panoramic radiographs taken at various
positions in vitro. Eur ] Orthod 2002;24:43-52.

22.  Wical KE, Swoope CC. Studies of residual ridge resorption. I. Use of
panoramic radiographs for evaluation and classification of mandibular
resorption. ] Prosthet Dent 1974;32:7-12.

Journal of Clinical Imaging Science | Vol. 3 | Issue 2 | Apr-Jun 2013



Bhatnagar, et al.: Diagnostic efficacy of panoramic radiography in detection of post-menopausal osteoporosis

23.

24.

25.

26.

27.

28.

29.

Taguchi A, Suei Y, Sanada M, Ohtsuka M, Nakamoto T, Sumida H, et al.
Validation of dental panoramic radiography measures for identifying
postmenopausal women with spinal osteoporosis. AJR Am ] Roentgenol
2004;183:1755-60.

Brunader R, Shelton DK. Radiologic bone assessment in the evaluation
of osteoporosis. Am Fam Physician 2002;65:1357-64.

World Health Organization. Assessment of fracture risk and application
to screening for postmenopausal osteoporosis. WHO Technical Report
Series, 843. Geneva, Switzerland: WHO; 1994.

Taguchi A, Sanada M, Krall E, Nakamoto T, Ohtsuka M, Suei Y,
et al. Relationship between dental panoramic radiographic findings
and biochemical markers of bone turnover. ] Bone Miner Res
2003;18 Suppl 9:1689-94.

Devlin H, Horner K. Mandibular radiomorphometric indices in the
diagnosis of reduced skeletal bone mineral density. Osteoporos Int
2002;13:373-8.

Drozdzowska B, Pluskiewicz W, Tarnawska B. Panoramic-based
mandibular indices in relation to mandibular bone mineral density
and skeletal status assessed by dual energy X-ray absorptiometry and
quantitative ultrasound. Dentomaxillofac Radiol 2002;31:361-7.
Taguchi A, Ohtsuka M, Tsuda M, Nakamoto T, Kodama I, Inagaki K,

30.

31.

32.

33.

34.

35.

et al. Risk of vertebral osteoporosis in post-menopausal women with
alterations of the mandible. Dentomaxillofac Radiol 2007;36:143-8.
Taguchi A, Ohtsuka M, Nakamoto T, Naito K, Tsuda M, Kudo Y, et al.
Identification of post-menopausal women at risk of osteoporosis by
trained general dental practitioners using panoramic radiographs.
Dentomaxillofac Radiol 2007;36:149-54.

Unni J, Garg R, Pawar R. Bone mineral density in women above 40 years.
J Midlife Health 2010;1 Suppl 1:19-22.

Gallagher JC. Effect of early menopause on bone mineral density and
fractures. Menopause 2007;14 Suppl 3:567-71.

Francucci CM, Romagni P, Camilletti A, Fiscaletti P, Amoroso L,
Cenci G, et al. Effect of natural early menopause on bone mineral
density. Maturitas 2008;59 Suppl 4:323-8.

White SC, Taguchi A, Kao D, Wu S, Service SK, Yoon D, et al. Clinical
and panoramic predictors of femur bone mineral density. Osteoporos
Int 2005;16:339-46.

Shankar VYV, Jayanthi V, Srinath MG, Kulkarni R. A radiological
study on the trabecular pattern in the upper end of the femur in
post-menopausal women. J Clin Diagn Res 2013;7:6-10.

Source of Support: Nil, Conflict of Interest: None declared.

Journal of Clinical Imaging Science | Vol. 3 | Issue 2 | Apr-Jun 2013



