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ABSTRACT 

The automatic recognition of spine structures in images is significant for computer-aided 

diagnosis of spinal issues. Identification of the globe spine and structural data of local vertebra, 

including pose, spine shape and vertebra location is the goal of automatic vertebra recognition. 

Due to the significant visual changes in various high geometric noises and image modalities 

views the in spine format, vertebral recognition is difficult. Here, to overcome the 

aforementioned issues, the two-stage frame work called SpinePraseNet is proposed and it is 

intended for accomplishing the computerized volumetric MR images for spine parsing. The 

SpineParseNet comprises of a 2D residual U-Net (ResUNet) for 2D segmentation refinement 

and a 3D Graph Convolutional Segmentation Network (3D GCSN) for 3D coarse 

segmentation. And this network is employed to transform the input images into a graph 

representation, where each functioning effectively to a different spinal structure. By 

constructing the changing network representation to an image data format, the proposed region 

UN pooling module enables the 3D GCSN to more efficiently accomplish accurate coarse 

segmentation. The proposed technique provides better outcomes for disease detection and 

treatment. The PYTHON software is utilized to construct the project. 
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1 Introduction 

Medical visual data are transformed into meaningful, spatially organized information using a 

method called image segmentation [1]. Automatic spine research requires the segmentation of 

the vertebrae. Accurate vertebral segmentation makes it easier to diagnose vertebral fractures, 

analyses spine abnormalities, and perform computer-assisted spine surgery [2]. Positive 

diversity in tomographic scans, such as specialized scanning the spine, neck, belly and chest 

presents challenges for automated analysis of the spine. Consequently, a generalized vertebrae 

segmentation that always handle a variety of image verdict and analysis of spine is required. 

This necessitates that the vertebrae be clearly detectable along with their physical structure and 

identifying the part of the spine to which they belong [3]. For numerous spine infections and 

diseases including scoliosis, spinal pathologies and spine trauma, the Computed Tomography 

(CT) volume aims to detect, perceptible analyses and plan surgical/therapeutic interventions 

[4-6]. Computer-aided diagnosis (CAD) systems can quicken up and improve the vertebral 

segmentation process, which can be time-consuming and arduous by hand while also being 
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unpredictable due to individual subjectivity, like many other image-guided diagnostics in 

medical imagery. Computer-aided diagnosis (CAD) is a crucial part of the diagnostic radiology 

process. As a non-invasive assessment technique, magnetic resonance imaging (MRI) has nice 

smooth tissue imaging and emits no radiation. It is an effective approach for detecting 

degenerative spine disorders. Due to a lack of precise quantitative analysis methods, the 

treatment of degenerative spinal illnesses in clinical practice is mostly based on the experience 

of the treating physician [7]. For the 3D reconstruction of spinal structures, 3D automated 

segmentation (MR) pictures of multiclass spinal structures are required. It can give access to 

perceptible analysis device for creating biomechanical designs and modelling the spinal 

components, and evaluating the likelihood of success for various degenerative spinal disorders 

treatments. The assessment of diagnosis and image-guided interventional steps of several spine 

problems are only some few orthopedic applications that heavily rely on spine parsing and Inter 

Vertebral Discs (IVDs) for spine images [8]. To accomplish rigid and deformable registration 

for the vertebrae is a workable technique for spine registration. For CT and MR images, 

vertebral segmentation is crucial in order to declare the stiff components while the registration. 

As a result, the prerequisite for lumbar Radiofrequency ablation (RFA) is volumetric MR 

picture. The intervertebral and vertebrae discs of the multi-class segmentation is called spine 

parsing [9, 10]. A distinct label is given to each vertebra or intervertebral disc. The letters T, L 

and S respectively, represent for the Thoracic, Lumbar, and Sacral vertebrae. 

Therefore, a SpineParseNet also known as two-stage frame is proposed, intended for 

accomplishing the efficient volumetric MR images of spine parsing. To implement the image 

representation of semantic, 3D GCSN is utilized to produce the stable coarse segmentation. For 

the majority of 3D segmentation models, the efficient 3D spine image is leads to significant 

computing and storage expenses. The suggested SpineParseNet is capable of accurately parse 

spines for volumetric MR images as a consequence. 

2 Recent Works 

F. Fallah et al. [2019] [11] have presented the use of Fat-Water Magnetic Resonance (FWMR) 

pictures to facilitate automatic, noninvasive evaluation of the morphological characteristics and 

fat fractions of Vertebral Bodies (VBs) and IVDs, which are crucial parts of the biomechanical 

systems that support the human body. Using FWMR images without prior localization, they 

describe a fully automated method for segmenting numerous VBs and IVDs. In this method, a 

set of Multiscale contextual and local features were used to encode a multi resolution image 

pyramid using a Hierarchical Random Forest (HRF) classifier. This approach is trained and 

tested on a given subset of the large cohort data set for segmenting thoracic and lumbar VBs 

and their IVDs. It was also tested for segmenting seven IVDs of the lower spine is obtained 

from a public grand issues. 

R. Zhang et al [2020] [12] have proposed a Magnetic Resonance Imaging (MRI) vertebral 

identification, segmentation and localization are significant steps in the computerized analysis 

of spines. Earlier approaches performed the three tasks separately, omitting their innate 
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relationship to one another. In this work, researchers present a Multi-task Relational Learning 

Network (MRLN) which considers the significance of the three tasks as well as the links 

between the vertebrae. Learning two tasks simultaneously and their correlations can help to 

prevent over fitting of a single task while also providing feedback for one another. For intended, 

avoid the different task loss functions the time-consuming weight is adjusted, we developed a 

novel XOR loss that provides a direct evaluation criterion for the semantic location regression 

and semantic segmentation localization connections. 

T. Li et al [2020] [13] have demonstrated a 3D spinal structure segmentation is important for 

reducing time consumption and providing perceptible variable for disease treatment and 

surgery. But, the most spinal structural segmentation studies are depends on 2D or 3D single 

structural segmentation. Segmenting the 3D structures with high accuracy is difficult task 

because of the huge complication of spinal structures. S3 eg ANet is a relatively thorough 

remedy for simultaneous voxel-level 3D semantic segmentation of several spinal structures 

that we developed and validated. An efficient method for segmenting spinal structures. 

Nevertheless, this approach still demands high efficiency. 

Shumao Pang et al [2021] [14] have presented the volumetric MR images of Spine parsing is 

important in several spinal disease detection due to the similarities between classes and the 

variance within classes in spine pictures it is remains a difficult process. Previous completely 

convolutional network-based techniques did not explicitly take advantage of the 

interconnection of the various spinal components. A novel two-stage framework for automated 

spine parsing in volumetric MR images. SpineParseNet comprise the 3D GCSN for coarse 

segmentation and a 2D residual U-Net (ResUNet) for segmentation refinement. For volumetric 

MR images, it achieves accurate spine parsing. Although, achieve accurate volumetric MR 

images of spine parsing. 

T. Hassanzadeh et al [2021] [15] have proposed a developing Deep Convolutional Neural 

Network (DCNN) is a complicated task which is includes DL, with substantial needed to 

construct the network topology. A large number of appropriate parameters are run efficiently 

in complicated system with help of 3D DCNN. The author of this study proposes a novel 

evolutionary 2D deep network for the segmentation of medical images, which is then converted 

to a 3D deep network to produce an ideal evolutionary 3D DCNN. It successfully segments 3D 

medical images from nine different datasets with excellent accuracy. Nevertheless, increasing 

the population size and/or training image amounts is not achievable in order to create a 3D 

evolutionary network. 

3  Proposed Work Explanation 

Figure 1 illustrates an architecture for proposed system.in order to obtain volumetric MR 

images of spine parsing.  
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Figure 1: Architecture of proposed system 

Segmentation improvement of 3D GCSN is extract the data in three dimensions. The low-

resolution MR semantic picture recognition takes advantage of the interdependencies between 

IVD and vertebra. As an outcome, there is less inter-class similarity and intraclass variation. 

The graph of the adjacency matrix is elaborately constructed in accordance with the 

connectivity of spinal formation, and graph representation is improved using convolutions of 

graph. Each node is represents the structure of the spinal. To promote the developed graph 

representation onto an illustration of semantic picture, the unpooling module is utilized. The 

3D GCSN decoder generates the coarse segmentation from the coarse probability maps. To 

refine the segmentation results, 2D ResUNet combines coarse probability maps with high-

resolution MR slices produced by 3D GCSN. SpineParseNet requires minimal RAM due to 

running 3D convolutions on low resolution volumes. The suggested SpineParseNet 

accomplished the accurate volumetric MR images. 

3.1 Process Flow Diagram 

Figure 2 indicates that the process flow diagram of proposed model. 

 
Figure 2: Process Flow Diagram 

This approach obtained multi-class segmentation of the vertebrae through an automatic 

volumetric MR data of spine parsing. It implements an effective device for detecting spinal and 

lumber disease. The 3D GCSN of the frame work, to separate the image representation into 

high and low level the deepconNet is utilized. The coarse segmentation is generated with help 

of decoder and feature extractor. SeConv # is an indicates that depth wise output channels # 

with separable convolution. The SpineParseNet, that is consists of lower- resolution for 3D 

coarse segmentation and high- resolution for 2D refinement segmentation 

3.2 Preprocessing 

All images are started preparing for the 3D coarse segmentation phase, which included scaling, 

cropping, normalization and padding. Ho and Wo are equal in our dataset. Following cropping, 

the images were scaled to 18256128 voxels and zero-padded. The standard deviation was 
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divided by the voxel average to normalize the MR images. For the 2D refinement segmentation 

stage, every slice of the pictures is edited and scaled to 617 345pixels. 

3.3 Two-Stage Approach 

Using a two-stage training method, the SpineParseNet was trained. The 18256128 MR volume 

was used as the input for the 3D coarse segmentation network, which produced 20 18 342 176 

coarse probability maps. The output layer's activation function was Softmax. It is eliminated 

from the 3D coarse segmentation network of output layer. High-resolution picture space was 

used to build the loss function for the 2D refinement segmentation stage. 

3.4 Convolution Segmentation Network 3D Graph 

To accomplish coarse segmentation, this network is suggested. The deep convNet attained the 

semantic image representation and high-level through a residual link. In order to generate the 

coarse probability maps using the decoder, the united semantic and high level picture 

representations are concatenated with low-level image representation after being scaled using 

the up sample module. Apart from the feature extractor of semantic, the 3D GCSN uses a 

DeepLabv3+ architecture that has been changed. The DeepLabv3encoder +'s and the deep 

convNet are equivalent. Also, a GCN, region pooling and unpooling module uses the feature 

extractor to generate visual representation. 

3.5 2D Resunet 

Each channel in the output of 2D ResUNet indicates that probability map of the comparable 

section. Because it can efficiently integrate semantic features and thorough description about 

spinal structures, the 2D ResUNet can generate refined segmentation. Medical image 

segmentation poses particular difficulties since various data formats and acquisition factors 

demand expert prescription during learning model building. For instance, two crucial 

diagnostic bases in clinical diagnosis are CT and MRI imaging. Both photos are frequently in 

three-dimensional (3D) format, and soft tissue segmentation on 2D images must be done step 

by step. 

4 Results and Discussion 

 
Figure 3: Data visualization 

Figure 3 demonstrates a pictorial representation of data and information for visual analytics. 
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Figure 4: Build Model 

 
Figure 5: Loss Graph 

Figure 5 illustrates the measures of model error in the loss graph. 

 
Figure 6: Accuracy Graph 

The result of this measurement is employed in order to evaluate which model is most effective 

at identifying relationships and patterns between variables in a dataset. 

 

Figure 7: Representation Original image, original mask and prediction data is represented 

in this graph 
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5 Conclusion 

The SpineParseNet, a two-stage multi-class segmentation architecture that is both precise and 

reliable, is suggested in this work. Based on consecutive graph convolutions, the proposed area 

pooling module produced an accurate graph representation is strained deep supervision loss. 

As a result, the region unspooling module estimates the emergent semantic network 

representation as a semantic image presentation. By combing the 3D GCSN results with the 

2D ResUNet and high-resolution MR slice generates promising coarse probability maps. Thus, 

SpineParseNet is presented here for accurately detecting parse spines in volumetric MR data. 

References 

1. Wang Dexu; Zhikai Yang; Ziyan Huang; Lixu Gu, Year: 2022, "Spine Segmentation with Multi-

view GCN and Boundary Constraint," 2022 44th Annual International Conference of the IEEE 

Engineering in Medicine & Biology Society (EMBC), pp. 2136-2139. 

2. Sowell Elizabeth R; Paul M. Thompson; Arthur W. Toga, Year: 2004, "Mapping changes in the 

human cortex throughout the span of life," The Neuroscientist, Vol: 10, no: 4, pp. 372-392. 

3. Chatterjee Priyadarshini; Dutta Sushama Rani, Year: 2021 "A survey on techniques used in medical 

imaging processing," Journal of Physics: Conference Series, Vol: 2089. no: 1. 

4. Urella Federico; Gustav Bredell; Alexander Okupnik; Sebastiano Caprara; Dimitri Graf; Reto Sutter; 

Ender Konukoglu, Year: 2021,  "High-resolution segmentation of lumbar vertebrae from conventional 

thick slice MRI," Medical Image Computing and Computer Assisted Intervention–MICCAI 2021: 24th 

International Conference, Strasbourg, France. 

5. Cai Yunliang; Said Osman; Manas Sharma; Mark Landis; Shuo L, Year: 2015, "Multi-modality 

vertebra recognition in arbitrary views using 3D deformable hierarchical model," IEEE transactions on 

medical imaging, Vol: 34, no: 8, pp. 1676-1693. 

6. Qadri Syed Furqan; Linlin Shen; Mubashir Ahmad; Salman Qadri; Syeda Shamaila Zareen; Salabat 

Khan, Year: 2021, "OP-convNet: a patch classification-based framework for CT vertebrae 

segmentation," IEEE Access, Vol: 9, pp. 158227-158240. 

7. Pang Shumao; Chunlan Pang; Zhihai Su; Liyan Lin; Lei Zhao; Yangfan Chen; Yujia Zhou; Hai Lu; 

Qianjin Feng, Year: 2022, "DGMSNet: Spine segmentation for MR image by a detection-guided mixed-

supervised segmentation network," Medical Image Analysis, Vol: 75,  pp. 102261. 

8. Huang Meiyan; Shuoling Zhou; Xiumei Chen; Haoran Lai; Qianjin Feng, Year: 2022, "Semi-

Supervised Hybrid Spine Network for Segmentation of Spine MR Images," arXiv preprint 

arXiv:2203.12151. 



 International Journal of Advanced Trends in Engineering and Management (IJATEM) 

Vol. 2(02), February 2023, pp. 9-16 

  Article Title: Volumetric MR Image of Spine Parsing Using a Deep Learning Approach With Semantic 

Image Representation 

 

Volume-II | Issue-02 [February] 

Page 16 of 16 
 

9. van der Graaf Jasper W; Miranda L. van Hooff; Constantinus FM Buckens; Nikolas Lessmann, Year: 

2022, "Segmentation of vertebrae and intervertebral discs in lumbar spine MR images with iterative 

instance segmentation," Medical Imaging 2022: Image Processing, Vol. 12032.  

10. Li Chuanpu; Tianbao Liu; Zeli Chen; Shumao Pang; Liming Zhong; Qianjin Feng; Wei Yang, Year: 

2022, "SPA-RESUNET: Strip Pooling Attention Resunet for Multi-Class Segmentation of Vertebrae 

and Intervertebral Discs," 2022 IEEE 19th International Symposium on Biomedical Imaging (ISBI), 

IEEE. 

11. Fallah Faezeh; Sven Stephan Walter; Fabian Bamberg; Bin Yang, Year: 2019, "Simultaneous 

Volumetric Segmentation of Vertebral Bodies and Intervertebral Discs on Fat-Water MR Images," in 

IEEE Journal of Biomedical and Health Informatics, Vol: 23, no: 4, pp. 1692-1701. 

12. Zhang Ranran; Xiaoyan Xiao; Zhi Liu; Yujun Li; Shuo Li., Year: 2020, "MRLN: Multi-Task 

Relational Learning Network for MRI Vertebral Localization, Identification, and Segmentation," 

in IEEE Journal of Biomedical and Health Informatics, Vol: 24, no: 10, pp. 2902-2911. 

13. Li Tianyang; Benzheng Wei; Jinyu Cong; Xuzhou Li; Shuo Li, Year: 2020, "S3egANet: 3D Spinal 

Structures Segmentation via Adversarial Nets," in IEEE Access, Vol: 8, pp. 1892-1901. 

14. Shumao Pang, Chunlan Pang, Lei Zhao, Yangfan Chen, Zhihai Su, Yujia Zhou, Meiyan Huang, 

Wei Yang, Hai Lu, Qianjin Feng Year:"SpineParseNet: Spine Parsing for Volumetric MR Image by a 

Two-Stage Segmentation Framework With Semantic Image Representation," in IEEE Transactions on 

Medical Imaging, Vol: 40, no: 1, pp. 262-273. 

15. Hassanzadeh Tahereh; Daryl Essam; Ruhul Sarker, Year: 2021, "2D to 3D Evolutionary Deep 

Convolutional Neural Networks for Medical Image Segmentation," in IEEE Transactions on Medical 

Imaging, Vol: 40, no: 2, pp. 712-721. 

 

 

 


