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Abstract— Recent studies have shown that Dental Panoramic
Radiograph (DPR) images have great potential for prescreening
of osteoporosis given the high degree of correlation between
the bone density and trabecular bone structure. Most of the
research works in these area had used pretrained models
for feature extraction and classification with good success.
However, when the size of the data set is limited it becomes
difficult to use these pretrained networks and gain high
confidence scores. In this paper, we evaluated the diagnostic
performance of deep convolutional neural networks (DCNN)-
based computer-assisted diagnosis (CAD) system in the
detection of osteoporosis on panoramic radiographs, through
a comparison with diagnoses made by oral and maxillofacial
radiologists. With the available labelled dataset of 70 images,
results were reproduced for the preliminary study model.
Furthermore, the model performance was enhanced using
different computer vision techniques. Specifically, the age meta
data available for each patient was leveraged to obtain more
accurate predictions. Lastly, we tried to leverage these images,
ages and osteoporotic labels to create a neural network based
regression model and predict the Bone Mineral Density (BMD)
value for each patient. Experimental results showed that the
proposed CAD system was in high accord with experienced
oral and maxillofacial radiologists in detecting osteoporosis
and achieved 87.86% accuracy.

Clinical relevance— This paper presents a method to detect
osteoporosis using DPR images and age data with multi-column
DCNN and then leverage this data to predict Bone Mineral
Density for each patient.

I. INTRODUCTION

One of the most common bone diseases is osteoporosis.

It develops asymptomatically in early stages among patients

above the age of forty. It affects the bone mineral density

and causes micro-architectural deterioration of bone tissue

leading to risks of bone fracture [3]. In the US, it has affected

at least 3 million patients every year [10]. Dual-energy X-

ray Absorptiometry (DXA) is an effective measure to identify

bone mineral density (BMD) and is used to diagnose osteo-

porosis but the cost of a DXA scan is relatively high [4], [7].

Due to the paucity of resources in detecting and controlling

its spread and given the unprecedented number of cases

coming up each day, it becomes essential to devise some
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Computer Aided Mechanism that can help in detection of

this bone quality deterioration even without the intervention

of a Medical Practitioner.

The area of osteoporosis prescreening using DPR is rel-

atively new but is still largely probed by various computer

vision researchers. The texture in the DPR images serve as a

rich source of information about the bone mineral density. Yu

et al. [11] in 2019 used the pretrained network like AlexNet

for feature extraction and then built an Octuplet Siamese

Network on the top of the features. Finally they had this

Network trained on the eight regions of interest (ROIs) for

each DPR image to predict osteoporosis condition. Kavitha

et al. [5] in 2012 had used kernel based Support Vector Ma-

chine (SVM) for continuous measurement of cortical width

of the mandible on DPRs to identify women with low BMD

or osteoporosis. Ren et al. [8] in 2020 developed a statistic

shape model (SSM) for trabecular landmark detection so as

to eliminate the expensive process of landmark annotation

by the dentists. Bo et al. [2] used a two stage SVM based

fine tuning scheme over an augmented texture enhanced DPR

ROIs dataset for osteoporosis classification. Roberts et al. [9]

showed that the additional image texture features extracted

from the DPR images correlated with osteoporosis detection

and used the combined features as the potential biomarker

for osteoporosis evaluation. In the paper by Lee et al. [6] the

diagnostic performance of the DCNN-based CAD system for

the detection of osteoporosis in panoramic radiographs was

evaluated and it was found such a system was capable of

early detection of osteoporosis for asymptomatic patients.

Inspired by the success of Lee et al. [6], we have tried

to reproduce their results on an even smaller dataset of

70 subjects and evaluated if such a system could produce

promising classification results on our images as well. In

this study, considering BMD is one of the key index for

osteoporosis evaluation, we were interested in predicting

BMD value using DPR image for each patient. Note that

our method does not rely on manual annotation of the RoIs

in the trabecular bone image. We only considered the area of

the mandibular bone region of the image when created our

dataset. We then worked with three kinds of neural networks

developed from scratch. These were single-column deep

convolutional neural network (SC-DCNN), multi-column

deep convolutional neural network (MC-DCNN), and multi-

column deep convolutional neural network with VGG16 net

as the feature extractor.








