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Classification of spinal curvature types using radiography
images: deep learning versus classical methods
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Abstract

Scoliosis is a spinal abnormality that has two types of curves (C-shaped or S-shaped). The
vertebrae of the spine reach an equilibrium at different times, which makes it challenging
to detect the type of curves. In addition, it may be challenging to detect curvatures due to
observer bias and image quality. This paper aims to evaluate spinal deformity by automati-
cally classifying the type of spine curvature. Automatic spinal curvature classification is
performed using SVM and KNN algorithms, and pre-trained Xception and MobileNetV2
networks with SVM as the final activation function to avoid vanishing gradient. Different
feature extraction methods should be used to investigate the SVM and KNN machine learn-
ing methods in detecting the curvature type. Features are extracted through the representa-
tion of radiographic images. These representations are of two groups: (i) Low-level image
representation techniques such as texture features and (ii) local patch-based representations
such as Bag of Words (BoW). Such features are utilized by various algorithms for classifi-
cation by SVM and KNN. The feature extraction process is automated in pre-trained deep
networks. In this study, 1000 anterior—posterior (AP) radiographic images of the spine were
collected as a private dataset from Shafa Hospital, Tehran, Iran. The transfer learning was
used due to the relatively small private dataset of anterior—posterior radiology images of
the spine. Based on the results of these experiments, pre-trained deep networks were found
to be approximately 10% more accurate than classical methods in classifying whether the
spinal curvature is C-shaped or S-shaped. As a result of automatic feature extraction, it has
been found that the pre-trained Xception and mobilenetV2 networks with SVM as the final
activation function for controlling the vanishing gradient perform better than the classical
machine learning methods of classification of spinal curvature types.
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Abbreviations

AEC-Net Adaptive error correction network
AIS Adolescent idiopathic scoliosis
AP Anterior—posterior

<l Abbas Koochari
koochari @ gmail.com; koochari @srbiau.ac.ir

Extended author information available on the last page of the article

@ Springer


http://orcid.org/0000-0003-2255-2722
http://orcid.org/0000-0003-4014-4300
http://orcid.org/0000-0003-0584-6470
http://orcid.org/0000-0002-4965-8810
http://crossmark.crossref.org/dialog/?doi=10.1007/s10462-023-10480-w&domain=pdf



