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Objectives: To evaluate the impact of diabetes mellitus on bone density measurements using 
Radiomorphometric parameters on digital panoramic radiographs and quantitative ultrasonographic heel T-
scores for early osteoporosis detection. 
Materials and Methods: The study included 100 postmenopausal diabetic and non-diabetic women, undergoing 
panoramic radiographs. Calcaneal bone status was assessed using quantitative heel ultrasonography to obtain 
T-scores. Mandibular Cortical Index (MCI), Mental Index (MI), and Panoramic Mandibular Index (PMI) were 
assessed to quantify mandibular bone mass. Observations were compared between two observers, and 
interobserver variability was analyzed for reliability. Statistical analysis was performed to evaluate correlations 
between these indices. 
Results: Diabetic postmenopausal women showed reduced mandibular bone mass, with a mean MI of less than 
3 mm. A C3 cortical pattern was predominantly observed in diabetic patients aged over 60 years, indicating 
cortical thinning. PMI measurements showed significant positive correlation with T-scores (r = 0.670 and 0.641 
for the two observers, respectively; p < 0.001). 
Conclusions: Panoramic parameters such as PMI, MI, and MCI significantly correlate with Quantitative 
ultrasonographic heel T-scores and provide effective tools for early osteoporosis detection in diabetic and non-
diabetic postmenopausal women. These indices may serve as useful adjunctive screening tools in dental settings 
for identifying postmenopausal women at risk of reduced bone mineral density. 
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Introduction 

Osteoporosis is a disease affecting bones, typically 
associated with hormonal imbalance or inadequate intake 
of calcium or vitamin D. Albright and Reifenstein, in 1948, 
reported diminished bone mass in diabetic individuals with 
poor glycemic control, suggesting a possible relationship 
between diabetes and skeletal fragility. Several research 
studies have further supported this association.1,2 The 
coexistence of diabetes and osteoporosis further increases 
burden and fracture risk.  

Bone mineral density (BMD) is widely used to estimate 
skeletal health and fracture susceptibility. It reflects the 
peak bone mass achieved during early adulthood after 
which a gradual decline occurs with advancing age.3,4 The 
World Health Organization classifies bone status based on 
T-score values, categorizing individuals as normal, 
osteopenic or osteoporotic.5 Early identification of 
individuals at risk is essential to initiate timely preventive 
strategies.  

Type 2 diabetes mellitus affects bone metabolism 
through multiple mechanisms, including impaired 
osteoblastic activity and altered collagen quality. Advanced 
glycation end products accumulate within bone matrix 
collagen, reducing bone strength and contributing to 
structural fragility.7,8 Therefore, bone quality, in addition to 
bone quantity, becomes particularly relevant in diabetic 
populations.  

The quantitative ultrasonographic heel index has 
emerged as a convenient and accessible screening tool for 
osteoporosis.9 It is easy to perform and is a radiation-free 
method. In addition, panoramic radiographs taken during 
routine dental practice may serve as a cost-effective 
screening method for identifying reduced bone mass.10 
Qualitative radiomorphometric evaluation of 
orthopantomograms includes indices such as panoramic 
mandibular index, mental index, and mandibular cortical 
index to analyze cortical thickness and structural integrity. 
These indices can be effectively measured on OPG images 
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and have been utilized as screening tools for determining 
osteoporosis.  

This study was undertaken to evaluate these panoramic 
indices in postmenopausal women and to compare them 
with quantitative ultrasonographic heel index for an 
effective early diagnosis of osteoporosis. It also aims to 
understand the effects on bone of two diseases of high 
prevalence, osteoporosis and diabetes mellitus. 

Materials and Methods 

Study Design and Population 
This comparative cross-sectional study was carried out 

in the Department of Oral Medicine and Radiology from 
January 2018 to January 2020. The study population 
consisted of 100 postmenopausal women who were 
equally divided into two groups  

Group I: Postmenopausal women diagnosed with 
diabetes mellitus 

Group II: Postmenopausal women without diabetes 
mellitus. 

The diagnosis of diabetes mellitus was confirmed from 
medical records. Information regarding disease duration, 
HbA1c levels, and treatment status was not consistently 
available for all participants and therefore was not analyzed 
separately. 

Ethical clearance was obtained from the Institutional 
Ethics Committee (O.C. No./IEC/32/2017 dated December 
13, 2017). 

Method of collection of the data: The required sample 
size was calculated using G*Power software (version 
3.1.9.4). Assuming a medium effect size (d = 0.6), a 
significance level (α) of 0.05, and a statistical power of 80%, 
a minimum of 45 subjects per group was required. A total 
of 100 subjects were included to account for possible data 
loss. 50 diabetic and 50 non-diabetic post-menopausal 
women were included in the final analysis. 

Inclusion Criteria 

 Postmenopausal women (cessation of menstruation for 
at least one year) 

 Women with or without a diagnosis of diabetes mellitus 

Exclusion Criteria 
Participants were excluded if they had a history of using 

medications known to affect bone metabolism (e.g., 
corticosteroids, hormone replacement therapy, or 
bisphosphonates). 

Quantitative Ultrasonographic Heel Assessment: Bone 
mineral density was assessed using quantitative 
ultrasonography of the calcaneus with the SONOST 3000 
Ultrasound Bone Densitometer manufactured by OsteoSys, 
Seoul, South Korea. Participants were seated and the heel 
was positioned within the device according to the 
manufacturer’s recommended protocol. Ultrasound waves 
were transmitted through the calcaneus and parameters 
including broadband ultrasound attenuation and speed of 
sound were automatically analyzed by the system to 
generate T-scores. T-score interpretation followed the 
criteria recommended by the World Health Organization, 

where values ≥ −1 were considered normal, −1 to −2.5 
osteopenic, and ≤ −2.5 osteoporotic.  

Panoramic radiographs: Digital panoramic radiographs 
are non-invasive with a minimum dose of radiation 
exposure. Radiomorphometric indices were assessed to 
evaluate mandibular bone quality, including: 

Mandibular cortical index (MCI): According to Klemetti 
et al. mandibular cortical index is classified as the following:  

C1: The endosteal margin of the mandibular cortex is 
sharp and even on both sides which is considered as normal 
cortex. 

C2: The endosteal margin of the mandibular cortex 
shows semilunar defects (lacunar resorption) or forms 
endosteal residues which are considered as moderately 
eroded cortex.  

C3: The endosteal margin of the mandibular cortex is 
heavily porous which is considered as severely eroded 
cortex. 

Mental index (MI): It is the measurement of the 
thickness of the mandibular cortex. A tangent is drawn to 
the inferior cortex of the mandible passing through the 
centre of the mental foramen. The thickness of the cortex 
is measured along the tangent. 

Panoramic mandibular index (PMI): Panoramic 
mandibular index is the ratio of the distance from the 
mental foramen to the inferior cortex (D1) and the width of 
the inferior cortex of the mandible (D2) and is measured by 
drawing a line from the inferior border of the mental 
foramen extending to the inferior border of the mandibular 
cortex and another line is drawn parallel to the line drawn 
from superior margin of mandibular cortex to the inferior 
margin of the mandibular cortex. So, PMI is the ratio of 
D2/D1.  

Statistical Analysis 
Data were entered into Microsoft Excel and analyzed 

using SPSS version 21. Descriptive statistics were presented 
as percentages and as mean ± standard deviation or median 
with interquartile range based on data distribution, which 
was assessed using the Shapiro–Wilk test. Group 
comparisons were performed using appropriate parametric 
and non-parametric tests, including Chi-square test, 
independent and paired t-tests, Mann–Whitney U test, 
Wilcoxon signed-rank test, and ANOVA. Interobserver 
reliability for radiomorphometric measurements was 
assessed using Pearson correlation analysis by comparing 
values recorded independently by two observers. Pearson 
correlation coefficients were also used to evaluate the 
relationship between T-scores and radiomorphometric 
indices. Ninety-five percent confidence intervals were 
calculated for correlation coefficients. A p-value < 0.05 was 
considered statistically significant. 

Results 

The mean age was 54.60 ± 5.62 years in diabetic group 
and 53.82 ± 5.56 years in non-diabetic group, with no 
statistically significant difference observed in age 
distribution between the groups.  

Heel index T-scores were significantly lower among 
Group-I patients (-3.18 ± 0.47) than Group-II patients (-2.26 
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± 0.38) with difference being highly statistically significant 
(p < 0.001), as shown in Table 1. 

PMI in this study is highly significant with p-value <0.001 
measured by both the observers. Diabetic women had 
lower mean PMI (0.25 ± 0.03) compared with non-diabetics 
(0.33 ± 0.03). Inter-observer variation was minimal (r = 
0.97), as shown in Table 2. 

Mental index was significantly reduced in diabetic 
women (2.77 ± 0.33) versus non-diabetic women (3.51 ± 
0.31, p < 0.001). Observer agreement was excellent (r = 
0.96) as shown in Table 3. 

Mandibular cortical index is a qualitative index and 
showed significant results. Measurements by the 1st and 2nd 
observers revealed a higher prevalence of C2 and C3 
cortical patterns among diabetic patients compared to non-
diabetic patients, indicating greater cortical erosion in the 
diabetic group. 

Comparison of radiomorphometric indices i.e. MI, PMI 
and T-score in diabetic and non-diabetic patients was 
represented in Table 4. Interobserver variability of MCI with 
MI, PMI with T-score by 1st observer and 2nd observer was 
represented. 

 
Table 1. T-score of Heel index  

Variable 
Diabetic (n = 50) Non-diabetic (n = 50) 

p-value 
Mean ± SD IQR Mean ± SD IQR 

T-score -3.18 ± 0.47 0.70 -2.26 ± 0.38 0.60 <0.001 
SD-Standard Deviation; IQR - Interquartile range 
 

Table 2. Panoramic Mandibular Index by 1st and 2nd observers  

Variable 
Diabetic (n = 50) Non-diabetic (n = 50) 

p-value 
Mean ± SD IQR Mean ± SD IQR 

PMIob1 0.25 ± 0.03 0.04 0.33 ± 0.03 0.04 <0.001 
PMIob2 0.25 ± 0.03 0.04 0.33 ± 0.03 0.04 <0.001 
p-value pair 0.24 0.32  

PMI – Panoramic Mandibular Index; PMIob1 – Panoramic Mandibular Index measured by Observer 1; PMIob2 – Panoramic Mandibular Index measured 
by Observer 2 
 

Table 3. Mental Index by 1st and 2nd observers  

Variable 
Diabetic (n = 50) Non-diabetic (n = 50) 

p-value 
Mean ± SD IQR Mean ± SD IQR 

MIob1 2.79 ± 0.32 0.30 3.51 ± 0.30 0.20 <0.001 
MIob2 2.77 ± 0.33 0.30 3.51 ± 0.31 0.20 <0.001 
p-value pair 0.07 0.83  

MI – Mental Index; MIob1 – Mental Index measured by Observer 1; MIob2 – Mental Index measured by Observer 2. 

 
Table 4. Comparison of MI , PMI with T-score in diabetic and non-diabetic patients  

Group Variable r-value 95% CI p-value 

Diabetic T-score vs PMIob1 0.670 0.481 – 0.799 <0.001 
 T-score vs PMIob2 0.641 0.441 – 0.780 <0.001 
 T-score vs MIob1 0.585 0.366 – 0.742 <0.001 
 T-score vs MIob2 0.569 0.345 – 0.731 <0.001 

Non-Diabetic T-score vs PMIob1 0.683 0.500 – 0.808 <0.001 
 T-score vs PMIob2 0.705 0.531 – 0.822 <0.001 
 T-score vs MIob1 0.776 0.635 – 0.867 <0.001 
 T-score vs MIob2 0.704 0.529 – 0.821 <0.001 

Note: Values represent Pearson correlation coefficients (r) with corresponding 95% confidence intervals (CI). p-values are two-tailed. PMIob1/PMIob2 
and MIob1/MIob2 represent measurements recorded independently by Observer 1 and Observer 2, respectively 

 
Discussion 

The present study evaluated the usefulness of 
panoramic radiomorphometric indices, MI, PMI, and MCI 
in identifying low bone mineral density among 
postmenopausal women, with particular emphasis on the 
influence of diabetes mellitus. The indices were compared 
with heel bone T-scores obtained using quantitative 
ultrasonography, which is widely accepted as a screening 
tool for osteoporosis. 

In this study, MI was found to be significantly reduced 
in osteoporotic individuals when compared to osteopenic 
and normal groups, and the values showed a strong 

correlation with heel T-scores. Similar observations have 
been reported in previous studies demonstrating that 
mandibular cortical width decreases with declining bone 
mineral density. Large multicentric studies have 
concluded that MI values below 3 mm are effective in 
identifying women at risk for osteoporosis. In the present 
study, postmenopausal women above 50 years, 
particularly those with diabetes, frequently exhibited 
similar reductions in MI values reinforcing the relevance 
of this threshold. 

Earlier investigations have reported that the mean 
mandibular cortical width in British postmenopausal 
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women with low bone mineral density was approximately 
84% of that seen in women with normal bone density. The 
present study findings are consistent with these 
observations, as reduced cortical width was more 
pronounced in osteoporotic subjects.  

In previous research conducted among 
postmenopausal women, an MI cut-off value of 4.29 mm 
was reported to have good sensitivity and moderate 
specificity for detecting osteoporosis using ROC analysis.18 
Although some studies suggest higher thresholds to 
improve sensitivity,19 the present study observed lower 
MI values, particularly in diabetic postmenopausal 
women, suggesting that diabetes may contribute to 
accelerated cortical bone loss. A similar negative 
correlation between MI and age was reported by Jaya et 
al.20 

The PMI has been proposed as a reliable index due to 
its ratio-based calculation, which compensates for 
magnification and distortion inherent in panoramic 
radiography.21 In this study, diabetic women 
demonstrated significantly lower PMI values than non-
diabetic women and these values showed a strong 
correlation with heel T-scores. These findings are 
consistent with previous research demonstrating a 
positive association between PMI and heel bone 
density.10,22 However, some studies have reported no 
significant differences in PMI between normal and 
osteoporotic women, the present study identified a clear 
distinction between diabetic and non-diabetic groups, 
indicating that metabolic factors such as diabetes may 
influence mandibular bone morphology.23 

The mandibular cortical index has been extensively 
studied as a qualitative indicator of osteoporosis. Earlier 
studies described mandibular cortical shape classifications 
and demonstrated their correlation with skeletal bone 
mineral density.13 In the present study, when C2 cortical 
pattern was considered indicative of osteoporosis, a 
higher prevalence was observed among diabetic women 
compared to non-diabetic women, suggesting greater 
cortical erosion in the diabetic group. 

Age-related changes in mandibular cortical 
morphology were evident in the present study. Increasing 
age and longer postmenopausal duration were associated 
with a shift from C1 to C2 and C3 cortical patterns, 
reflecting progressive cortical erosion. Similar findings 
have been reported in previous literature, where severe 
mandibular cortical erosion is commonly associated with 
osteopenia and osteoporosis.10,24 In the present study, C2 
and C3 cortical patterns were more frequently observed 
in women aged 60-75 years, which is consistent with 
earlier reports.25 

In this study, diabetic postmenopausal women 
exhibited thinner and more porous mandibular cortices, 
lower MI and PMI values, and significantly reduced heel T-
scores compared to non-diabetic women. These findings 
suggest that diabetes may be associated with greater 
cortical bone reduction after menopause. 

Overall, the findings suggest that panoramic 
radiomorphometric indices, particularly mandibular 

cortical index when interpreted together with mental 
index and panoramic mandibular index, are associated 
with variations in bone mineral density among 
postmenopausal women. The significant correlations 
observed with heel T-scores indicate that mandibular 
cortical alterations visible on panoramic radiographs may 
reflect underlying systemic bone status, supporting earlier 
reports that mandibular indices can serve as indicators of 
skeletal bone health.26 Furthermore, previous 
investigations using panoramic imaging in 
postmenopausal populations have shown that changes in 
mandibular cortical morphology and cortical width are 
associated with reduced bone mineral density, and 
cortical erosion patterns visible on panoramic radiographs 
may therefore act as early indicators of skeletal bone loss 
and help identify individuals who may benefit from further 
densitometric evaluation.27,28 

From a clinical perspective, these findings highlight the 
potential value of panoramic radiographs obtained during 
routine dental examinations as an opportunistic screening 
tool for reduced bone mineral density. Dentists frequently 
perform panoramic imaging, and recognition of 
radiomorphometric changes such as cortical thinning may 
help identify postmenopausal women who could benefit 
from further osteoporosis evaluation. Early referral for 
medical assessment may contribute to timely diagnosis 
and management of osteoporosis. 

This study has a few limitations. Bone density was 
assessed using quantitative ultrasonography of the 
calcaneus instead of dual-energy X-ray absorptiometry 
(DEXA), the diagnostic gold standard for osteoporosis 
diagnosis. However, ultrasonography is a simple non-
invasive and radiation-free method suitable for screening. 
In addition, detailed diabetic variables such as duration of 
diabetes, HbA1c levels and treatment status were not 
consistently available and therefore were not analyzed 
separately. Future studies with larger samples and 
inclusion of these metabolic parameters may help to 
further clarify the association between diabetes and 
mandibular bone changes. 

Conclusions 

The study concluded that postmenopausal diabetic 
patients had significantly lower T-scores when compared 
with non-diabetic patients suggestive of higher incidence 
of osteopenia and osteoporosis. Hence, patients with 
undetected reduced bone mineral density could be 
identified using simple screening assessment methods, 
facilitating early diagnosis and appropriate management 
of one of the most common metabolic bone disorders. 
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