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A new screening tool? The use of a convolutional neural network in 
aiding osteoporosis diagnosis

Introduction

Osteoporosis continues to be a public health concern and is a major 
contributor to fragility fractures in the elderly population.  Current estimates 
predict that by 2040, 14% of the world’s population will be diagnosed with 
osteoporosis or osteopenia.  The current gold standard for screening is the 
DEXA scan, which can be both a costly and time-consuming exam.  Currently, 
research utilizing x-rays of the distal radius for osteoporosis screening and  has 
shown promising results.  

The use of the second metacarpal cortical density as a screening tool was 
described by Schreiber and colleagues.  They were able to develop an 
application for calculating cortical density, which was successful but prone to 
human error.  Computer learning has the ability to calculate cortical density in a 
shorter period of time with a more consistent and reproducible outcome.  

Computer learning research is based on the concept of computer algorithms 
learning how to perform a task based on labeled examples.  Classification is a 
type of supervised learning that allows computers to categorize something 
based on seeing several examples.  We hypothesized our convolutional neural 
network (CNN) would be able to learn how to categorize PA x-rays of the 
second metacarpal into either non-osteoporotic, osteopenic, or osteoporotic 
based on the second metacarpal cortical percentage (2MCP).  

Methods

Patients with a DEXA scan and PA hand x-ray completed from September 
2006-October 2007 within 180 days of each other were included in the study. 
The x-rays were labeled as osteoporotic (T score < -2.5), osteopenic (T score 
between -1 and -2.5), or non-osteoporotic (T score > -1) based on the results of 
the corresponding DEXA scan. The dataset was then divided into a training 
data set (n= 705), validation data set (n= 150), or testing data set (n=150).

A CNN was then trained to automatically orient the x-ray and isolate the 
second metacarpal. Several training and validation steps were completed to 
improve performance prior to asking the CNN to categorize the previously 
unseen testing data set as either osteoporotic, non-osteoporotic, or osteopenic. 
Multiple CNNs were trained, each on a different set of classes, to asses our 
ability to make binary decisions (osteoporotic vs. non-osteoporotic) and ternary 
decisions (osteoporotic vs. non-osteoporotic vs. osteopenic). The CNNs made 
separate decisions on class based on the proximal, middle, and distal 
diaphysis. An average of the three accuracies was calculated.
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Results

2MCP Calculation Summary

A total of 1,521 radiographs were identified from the electronic 
medical record. X-rays were classified as follows: 339 osteoporotic, 
823 osteopenic, and 359 non-osteoporotic. Once the CNN was 
trained and validated, it was then asked to categorize the 
radiographs in the testing set (osteoporotic: n= 50, osteopenic: n= 
50, non-osteoporotic: n= 50). The algorithm performance was then 
assessed based on its prediction accuracy as follows: Non-
osteoporotic vs. osteopenic: 51.49%, non-osteoporotic vs. 
osteopenic vs. osteoporotic: 48.34%, non-osteoporotic vs. 
osteoporotic: 71.28%, and osteopenic vs. osteoporotic: 50.50%.

• The use of a CNN is supported by our results but is not a perfect 
correlator. Ideally, accuracies would be over 80%.

• The model’s most accurate prediction was distinguishing between 
osteoporotic vs. non-osteoporotic.

• Our model is not yet a stand-alone diagnostic test but can be 
utilized as a screening method to indicate those who need further 
work-up with a DEXA scan.

• The number of radiographs used to train the algorithm is fairly 
small. Identifying additional qualifying patients can improve the 
CNN’s accuracy.

Objectives

• Develop a convolutional neural network (CNN) that accurately screens PA 
hand x-rays of the 2nd metacarpal for osteoporosis by calculating the cortical 
density using the 2 MCP calculation, that is based on prior research studies 

• Establish a refined CNN that can distinguish between non-osteoporotic, 
osteoporotic, and osteopenic bone based on the 2MCP

• Utilize the CNN to improve screening and potentially allow earlier diagnosis 
and treatment
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