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Abstract---In medical field, imaging techniques are used for diagnosis 

of different disease and carrying out treatments. Number of people 

affected by spinal disorders is increasing nowadays. The Spine details 

obtained from a Computed Tomography (CT) imaging plays a 

significant role in screening of spine conditions, disorders and also 
useful for planning of surgeries. Spine has a complex structure as it 

consists of vertebrae, intervertebral disks, spinal cord. Surgeons face 

challenges while working with the computer aided system for training 

of surgeries. This can be made ease by creating a Three dimensional 

image models as it provide detailed view of the internal parts of the 
spine.  In this paper, a method for developing three dimensional image 

from two dimensional slices for spine CT images is presented. The 

Global thresholding and a mathematical morphological technique is 

applied in the presented method. It is concluded that segmented and 

mathematical morphological technique applied reconstruction 

produce better results than the direct reconstruction of images from 
the segmented image. The visualization and the quantitative results 

state the method is effective and better. The results are evaluated 

using the metrics like Accuracy, Sensitivity, Specificity and Dice. 

 

Keywords---computed tomography (CT), spine disorders, spine CT 
images, reconstruction, accuracy. 

https://doi.org/10.53730/ijhs.v6nS3.6075
mailto:aashikameera@gmail.com


         2522 

Introduction  

 

Computer based technology holds an important role in the medical field. Even it 

plays a vital part in performance of surgery. In Medical field there are different 

imaging techniques used for diagnosing and treating the diseases and carry out a 
surgery or operation. The term CT refers to “computed tomography”. Computed 

Tomography (CT) is a violation free screening technique that guides doctors. 

During screening process the body is, invaded through radiations. CT is a 

computer based imaging process in which x- rays, a thin light emission beams 

also called as narrow beam is focused on a patient and immediately turned 

around the body, creating signals that are prepared by the machine's system to 
produce cross-sectional picture or slices of the body. The images or slices 

generated by this process are called as tomographic images. These contain more 

definite data than traditional x-beams. While comparing to the traditional x – rays 

the CT images contain more definite and detailed data. When number of cross-

sectional slices are gathered, the slices can be digitally "stacked" together 
carefully to frame a three-dimensional image of the patient. The three dimensional 

image helps to identify the anomalies and basic structures.  

 

 
 

Fig 1.Spine Structure 

 
Spine related medical issues and abnormalities are seen in many peoples of 

different age groups. Scoliosis, Spondylolisthesis, Kyphosis, Spondylosis are 

examples of spinal deformity and spine disorders (Athertya et.al.,2012).  CT is 

suggested for screening the region specific deformities in spinal column like spine 

deformity as CT provides images with more details for evaluating bone injuries or 

disorders. Screening the patient with the use of CT provides detailed information 
of the abnormality. The three dimensional representation of CT images provide 

more information than two dimensional images for diagnosis of disease using the 

morphological features and changes. 

 

The entire column is split as 33 vertebrae grouped into different regions namely, 
cervical, thoracic, lumbar, sacrum and coccyx (Reddy ,2003). The movement is 

provided by the intervertebral discs. The distribution of vertebrae is such that the 
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thoracic region has the maximum number equaling 12 which is followed by the 

cervical, ranging 7 vertebrae. The Lumbar spine constitutes 5 below which the 

sacrum and coccyx have fused ones with 5 and 4 in number respectively.  

 
Outline of the paper 

 

 
Fig 2. Outline of the paper 

 
Organization of the paper 

 

The remaining portion of the paper is structured as follows, Section II comprises 

literature review, Section III describes methodologies, Section IV includes 

Experimental results, Performance analysis and Section V discusses conclusions. 

 
Related works 

 

(Justin Novosad et al., 2004) proposed a novel three dimensional (3-D) 

reconstruction technique for the quantitative 3-D analysis of lateral bending 

motion. The algorithm was developed by using a small calibration object and an 
explicit calibration algorithm of a single X-ray image. This method allows the 

physicians to visualize the lateral view of the spine in a lateral bending position 

when only an anterior–posterior view was acquired. To improve accuracy of the 3-

D reconstruction results, the author developed a novel geometric constraint to 

reduce pose error. (Wei et al.,2009) designed a femur 3D reconstruction technique 

by using a template model and 2D X-ray images. The reconstruction is carried out 
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by using Non Uniform Rational B-spline (NURBS) by defining central points on 

the X-Ray image. 

 

(Neculai Archip et al.,2002) presented a knowledge-based approach with 

anatomical structures map (ASM) and a task-oriented architecture for the spinal 
cord identification in CT images of the thorax. (Jongwon Lee et al., 2011) 

presented a framework for segmentation of  the lumbar pedicle CT images and 

provide the segmented output in 3-D voxel sets. The spinal pedicle edge is 

segmented based on the segmented vertebra and canal reference. To eliminate the 

fault edges, morphological operations are used in the spinal pedicle edge. (Patrik 

Kamencay et al.,2014) presented a 3D reconstruction algorithm for CT slices. The 
proposed algorithm is based on the integrating the SURF (Speeded-Up Robust 

Features) descriptor and SSD (Sum of Squared Differences) algorithm. It is 

combined with the Mean-Shift segmentation algorithm to obtain perfect 3D 

model. 

 
Methodology 

 

The 3D reconstruction of the Spine CT images is obtained by stacking the 2D 

slices after applying the segmentation technique. The outline of the proposed 

work is given in figure 2. Spine CT image is the input of the proposed work. The 

input image is axial or sagittal oriented data. Vertebrae are the region of interest. 
It can be any of the 4 regions of the vertebral column such as Cervical, Thoracic, 

Lumbar, Sacrum or Coccyx. The region has to be extracted from the soft tissue 

background. 

 

Pre-processing 
 

The Image is first converted to grayscale image. The input image is filtered from 

noise and smoothened to achieve a clear picture of the vertebral component. The 

median filter is used to remove the noise from input images. The filtered image is 

then converted into binary image to differentiate the bone region and soft tissue 

region.  To make the image better, the contrast is adjusted by applying a mask of 
5 X 5 matrixes. Thus the image is smoothened.  

 

Vertebra extraction 
 

Morphological operations are set of operations that works on images based on 
shape of the image. In the presented work the Morphological operation ‘Erode’ is 

carried out with the structuring element ‘disk’ to remove the unwanted pixels in 

the region of interest. In (Athertya et.al.,2012) author stated that the Global 

thresholding method is effective segmentation by comparing three different 

algorithms for CT images. Global thresholding method is applied for the 

segmentation to obtain the region of interest. Thus all the CT slices are processed 
and prepared for stacking 

 

Stacked CT slices 

 

The output CT Slices which are obtained after segmentation are stacked to 
achieve a reconstructed image. Isosurface reconstruction is utilized as it is 
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visualized in three dimensional domain whereas two dimensional domain uses the 

isoline method (Kloetzli et.al., 2008). After the reconstruction step the volume 

function or element should be carried out. Marching cube algorithm is employed 

to balance the missing gradient vectors in reconstruction phase and visualize the 
image. Marching Cube algorithm is used in medical visualization of dicom images 

and 3d visualizations. It creates a polygonal mesh from voxel model (Lorensen 

et.al., 1987). The concept in Marching cube is to traverse or move all the cubes 

created by the neighbor slices and creates set of triangles for the output 

isosurface inside the cube. Based on the thickness of input slices the cube 

dimensions are defined.  
 

3D visualization 

 

Visualization is the final step. Volumetric rendering is an efficient rendering to 

visualize images in three dimensional model. Voxels are used for volume 
representation which holds the visual functions and properties. Volumetric 

rendering is used to view number of images slices in a single picture. The 

rendering technique helps user to convert the voxels from pixel (Upson 

et.al.,1989). Thus volume rendering is used to project the processed image slices 

into 3D image model. 

 
Experimental analysis 

 

In this presented work, the datase (https://biomedia.doc.ic.ac.uk/data/spine/)  

used is collected from BioMedIA website. The dataset consist of spine focused CT 

images of 125 patients with different pathologies. The data has been acquired at 
the Department of Radiology at the University of Washington. Spine-5 dataset 

from BioMedIA is used in our work. Filtering technique, Binary image, 

Morphological operation, Segmentation techniques are applied on number of CT 

input slices and the results are tabulated in the following Table 1. The 

performance metrics such as Accuracy, Sensitivity, Specificity and Dice are 

calculated to evaluate the obtained results. The Performance metrics are 
presented in graphical representation from Fig 3 to 6.  

 

Table 1 

Result of Images on applying Median filter, Binary image, Erode image, 

Segmented image, Segmented image after reconstruction 
 

Original 

image 

    

https://biomedia.doc.ic.ac.uk/data/spine/
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Median filter 

image 

    

Binary image 

    

Erode image 

    

Segmented 

image 

    

Segmented 

image after 

reconstructio

n 

    

 

 

 



 

 

2527 

 
Fig 6. 3D Reconstructed Spine - Volume Rendering Results 

 
Table 2 

Values of accuracy, sensitivity, specificity, DSC 

 

Methods Accuracy Sensitivity Specificity DSC 

Mathematical morphology + 

Reconstruction 
0.8069 0.7927 0.7952 0.8027 

Reconstruction 0.7725 0.7685 0.7638 0.7747 

 
Accuracy: The accuracy is the percentage of correctly classified instances 

(Baratloo et.al.2015). 
 

Accuracy= (TP + TN) / (TP + TN + FP + FN) 

 

TP, FN, FP and TN represent true positives, false negatives, false positives and 

true negatives. 
 
Sensitivity: Sensitivity is used to measure how good a test can identify true 

positives (Baratloo et.al.2015). 

 

Sensitivity = TP / TP + FN 

 
Specificity: Specificity is used to calculate how well a test can identify true 

negatives (Baratloo et.al.2015). 
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Specificity = TN / TN + FP 

 
Dice: Dice or Dice coefficient, is used to measures the similarity between two sets 

of data (Moore et.al., 2022) 

 

Dice = 2 TP / (2 TP + FP + FN) 
 

 
Fig 3. Graphical Representation of Accuracy 

 

 
Fig 4. Graphical Representation of Sensitivity 
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Fig 5. Graphical Representation of Specificity 

 

 
Fig 6. Graphical Representation of Dice 

 

Conclusion 
 

The developed method is applied on number of CT spine images. In the proposed 

method the image is enhanced and then it is segmented. Mathematical 

morphology method is used on the segmented image.  Thus the region of interest 

is obtained. Mathematical morphology applied images are used to reconstruct 
three dimensional image. Future work includes developing three dimensional 
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reconstruction algorithm for better result in viewing the CT image and interactive 

visualization model for planning of surgery.  
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