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ABSTRACT

Scoliosis, a lateral or S-shaped curvature of the spine, needs to be diagnosed accurately and as
early as possible for effective treatment. Conventional assessment relies on the manual
measurement of cobb angle which is a labour-intensive process potentially subject to human
error. We propose a novel two-phase Generative Adversarial Networks (GAN) based method
for automatic scoliosis evaluation in this work. We propose the first stage of a GAN based
model to specifically segment the spine, which is then followed by a second stage in which the
main clinical features such as the cobb angles are extracted and analysed to evaluate how
severe the curvature is. The model, which is trained on labelled spine X-ray datasets, shows
high accuracy in segmentation and scoliosis. We present a model trained on labelled datasets
of spine X-rays, that has high segmentation accuracy and scoliosis classification and reduces
manual analysis. The experimental findings reaffirm the strength of this framework, and
highlight its possibilities for integration into clinical routine in order to improve diagnostic
accuracy and minimize the existence of unnecessary imaging.

Keywords: Scoliosis, Spine Segmentation, GAN, Cobb angle measurement, Medical imaging,
Clinical diagnosis.

1. INTRODUCTION

Scoliosis is a spinal disorder characterized by an abnormal curvature of the spine, typically
diagnosed using spinal X-ray images. The severity of scoliosis is commonly measured using
the Cobb angle, which is traditionally calculated manually by clinicians. However, manual
measurement can be time-consuming and may lead to variability due to subjective
interpretation. To address these limitations, this study proposes an Al-based approach for
automated spine segmentation and Cobb angle estimation from X-ray images. By applying
deep learning techniques, the system aims to improve measurement consistency, reduce
manual effort, and assist clinicians in the early and accurate assessment of scoliosis. The
proposed system utilizes advanced image processing and deep learning models to analyse
spinal structures effectively. This approach demonstrates the potential of artificial intelligence
in supporting medical diagnosis and improving the healthcare efficiency.
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2. LITERATURE SURVEY

He et al. [1] proposed a radiation-free scoliosis detection method using a conditional
GAN. Their model converts smartphone images of a patient’s back into an X-ray like spine
images for scoliosis assessment. This study focuses on reducing radiation exposure during
repeated spinal examinations. The experimental results showed a strong correlation between
generated images and real X-ray measurements.

Lee et al. [2] developed a semi-supervised GAN framework for scoliosis screening
using both labelled and unlabelled X-ray images. The approach improves feature learning and
enables accurate detection even with limited annotated medical data. Their method helps
reduce the dependency on large labelled medical datasets. The results demonstrate improved
screening performance compared to traditional supervised approaches.

Yang et al. [3] introduced a GAN based model for reconstructing a 3D spine structure
from 2D X-ray images. Their method generates detailed 3D spinal representations without
relying on CT scans for visualization. This approach helps in better understanding spinal
deformities and curvature. The reconstructed 3D model supports improved diagnosis and
treatment planning for scoliosis patients. It also assists doctors in visualizing spine
abnormalities more accurately.

3. METHODOLOGY

a. Dataset

A medical imaging dataset containing spinal X-ray images of patients with and without
scoliosis is used for this study. The dataset includes different curvature levels to help the
model learn spinal deformities.

b. Image Preprocessing

Before training the model, the X-ray images undergo preprocessing steps. The images are
resized to a fixed dimension and normalized to improve consistency. Noise removal and
contrast enhancement techniques are applied to improve the visibility of spinal structures.
These preprocessing steps help the model learn important features from the images.
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c. Generative Adversarial Network (GAN)

It is used for analysing and evaluating spinal images. GAN consists of two neural networks:
a generator and a discriminator. The generator creates realistic spinal images while the
discriminator evaluates whether the images are real or generated. Through this training
process, the model learns meaningful patterns from the dataset and improves its ability to

International Journal of Data Science and loT Management System

1JDIM, 2026, 5 (2), 2233-2240 | 2234



International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
ISSN: 3068-272X www.ijdim.com Original Research Paper

detect scoliosis.
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d. Model Training
The dataset is divided into training and testing sets. The GAN model is trained using deep
learning frameworks such as TensorFlow and PyTorch. During training, the generator learns
to produce realistic images while the discriminator learns to distinguish between real and
generated images. This iterative learning process improves the model performance.
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. Cobb Angle Calculation

The Cobb Angle is used to measure the degree of spinal curvature in scoliosis from an X-
ray image. Mathematically, if the slopes of the two vertebral lines are m1 and m2, the cobb
angle can be calculated using this formula —
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. ALGORITHM

. Image Acquisition and Preprocessing:

. Collect spinal X-ray images from datasets or hospitals
. Resize images to a fixed resolution

Remove noise using filtering techniques

. Improve visibility of the spine

. Spine Segmentation Using GAN:

. Generates the spine segmentation mask

. Checks if the mask is real or generated

. Final spinal region is obtained

. Feature Extraction and Landmark Detection:

. Detect boundaries of the spine

. Identify upper and lower vertebrae

. Locate key spinal points

. Cobb Angle Calculation and Classification:

. Draw lines on upper and lower vertebrae

. Calculate the Cobb Angle

. Classify as Normal, Mild, Moderate or severe scoliosis
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5. RESULT
USER INTERFACE:
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Fig. 2. Scoliosis Case
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1. After uploading a spinal X-ray image showing a scoliosis spine, the system preprocesses
the image and uses GAN for spinal segmentation which then identifies upper and lower
vertebrae. These are used to calculate the Cobb Angle, in this case, the angle is greater than
10 degrees the system classifies the condition as “Scoliosis Case”.
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Fig. 3. Spondylosis Case

2. After uploading a spinal X-ray image showing a spondylosis spine, the system preprocesses
the image and uses GAN for spinal segmentation which then identifies upper and lower
vertebrae. If there is any irregularity in the spine such as reduced disc space or any structure
change in the spine, then the system classifies the condition as “Spondylosis Case”
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Fig. 4. Normal Case
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3. After uploading a spinal X-ray image showing a normal spine, the system preprocesses the
image and uses GAN for spinal segmentation which then identifies upper and lower vertebrae.
These are used to calculate the cobb angle, in this case, the angle is less than 10 degrees the
system classifies the condition as “Normal Case”.

6. CONCLUSION

This Paper shows the implementation of how deep learning is used especially Generative
Adversarial Networks (GANSs) to detect the curvature of the spine using the X-Ray image
which is uploaded. This project detects the three cases of the spinal which are the normal case,
scoliosis case and the spondylosis case. It reduces the manual work done by the doctors like
image processing, spinal segmentation, removing unwanted marks and calculating cobb
angle. The system mainly reduces the human error and gives a consistent result. This project
is very accurate and reliable when tested with different X-ray images, it also helps to assist
doctors.

7. FUTURE SCOPE

One of the primary areas of future development is multi-modal input integration, which
involves incorporating MRI or CT scans along with X-ray images to improve anatomical
interpretation in complex cases. Additionally, we can deploy the system as cloud-based
solution which would enhance the accessibility of the remote clinics. The system can also be
extended to analyse the 3D spinal images, which helps in deeply understanding the complex
spinal problems. Once when the system is integrated with the hospital database the doctor can
easily access the patient reports and the X-ray images from different locations. Creating a
mobile or cloud-based version of the system for remote diagnostics and telemedicine
applications may also be considered for future enhancement.
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