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A Quantification method of Lumbar Vertebral Displacement using

Polynomial Curves and Convolutional Neural Networks
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Abstract

Lumbar vertebral displacement, which is the main cause of lumbar pain, can be diagnosed by X-ray
image analysis, and the degree of displacement has been quantified mainly by human labeling. Therefore, in
order to improve the manual quantification process, this study proposes an automated algorithm that can
quantify the degree of lumbar vertebral displacement. For automatic extraction of vertebral corner points, a
two-stage network based on convolutional neural networks was used, and vertebral midline feature points
were calculated using the average positions of corner points. The vertebral midline equation was obtained
by performing cubic polynomial curve fitting on the midline feature points. Vertebral displacement
quantification was performed by calculating the minimum distance from each vertebral centroid to the
polynomial curve. The automatic quantification was successfully performed by applying the proposed
method to 1000 lumbar X-ray images. Compared with the quantification using the ground truth of the
feature point, the quantification error was about 2.47 pixels. Although the experimental results in this study
are limited to the lumbar spine, the proposed method can be applicable to the whole spine.
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[Fig. 1] Example of vertebral corner points and midline feature points
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[Fig. 3] Distance between a vertebral midline feature point and fitted curve
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[Fig. 4] Process of the proposed lumbar vertebral displacement quantification method
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