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 The problems related to the spinal cord are multiple sclerosis (MS), meningitis, neural 
tube defects, syringomyelia, transverse myelitis, traumatic spinal cord injury (SCI) and 
various diseases such as tumors, infections, inflammatory diseases and regenerative 
diseases. The exact segmentation and localization of the spinal cord are needed to 
clinical management of such conditions. With modern treatment planning methods, the 
accurate definition of the target volume and the organs at risk is a crucial step for the 
treatment. One of the main organs that must be protected during the irradiation 
treatment is the spinal cord. High resolution computed tomography (CT) images are 
necessary to perform accurate treatment planning. Quantitative assessment of disease 
progression is an issue for therapeutic monitoring and understanding the development 
of disability using magnetic resonance imaging (MRI). To detect the spinal cord or to 
study the diseases, segmentation is carried out.The objective of this study was to carry 
out a systematic review of the literature to evaluate the various segmentation processes 
in CT or MRI. 
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INTRODUCTION 
 
 The spinal cord is an important organ of the central nervous system. It serves as the only communication 
link between the brain and the various parts of the body. Any damage to the spinal cord may result in paralysis 
and sensation loss. So, an exact identification is required to understand the conditions of it. Quantification of the 
spinal cord helps in diagnosing the diseases. To capture the spinal cord image, a lot of techniques have been 
made. Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) play a vital role. 
  CT enables the acquisition of two-dimensional X-ray images of thin “slices” through the body. Multiple 
images from adjacent slices can be obtained in order to reconstruct a three-dimensional volume. CT images 
show reasonable contrast between soft tissues such as kidney, liver, and muscle. The basic principle behind CT 
is that the two-dimensional internal structure of an object can be reconstructed from a series of one dimensional 
“projections” of the object acquired at different angles.MRI can be used not just to image anatomy and 
pathology but to investigate organ function, to probe in vivo chemistry and even to visualize the brain thinking. 
MRI produces a much better soft tissue contrast than CT. MRI has some further advantages if compared with 
CT. MRI can be generated with arbitrary slice orientation including coronal and sagittal views. 
 Spinal cord is radiosensitive organ. Overexposure may lead to neuronal disfunction or paralysis for the 
patient and can induce a number of neurological complications (Archip et al., 2002).After imaging, the spinal 
cord is segmented to detect the diseases and to quantify it. In this paper, we review the segmentation techniques, 
their validation and lesions with pathologies. 
  
2. Review of Imaging Modalities: 
 Based on a variety of imaging modalities such as X-ray, ultrasound, Computed Tomography (CT) and 
Magnetic Resonance Imaging (MRI), the physicians detect the abnormalit+ies such as breast cancers, lung 
nodules, vertebral fractures, and intracranial aneurisms.  
 The common diseases related to the spinal cord captured in MRI T2-weighted images are tumors, 
infections, syringohydromyelia, spinal cord trauma, vascular malfunction, inflammatory and degenerative 
diseases (An et al.,2004). MRI was used for segmenting and visualizing the surface of the spinal cord (Coulon et 
al.,2002). The segmentation and measurement of the surface of the spinal cord from MRI was used to detect 
atrophy (Koh et al.,2010). Spinal cord was detected in MRI (Horsfield et al.2010; Schmit et al.,2004; McIntosh 
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et al.,2006a; Nieniewski et al., 2002; Losseff et al.,1996; Horsfield et al.,2010), and in T2 weighted MRI (Koh 
et al.,2011). Conventional MRI was useful in predicting MS (Morrissey et al.,1993; Filippi et al., 1994).  
 The segmentation was done on cervical intervertebral discs from T1 and T2-weighted MRI (Wachter et 
al.,2005). Combined watersheds with morphological operations was used to segment the discs from thoracic 
spine of MRI (Chevrefils et al.,2007). A segmentation of normal and degenerated lumbar intervertebral discs 
from T2-weighted MRI of the spine was used for quantification and characterization of disc degeneration 
severity (Michopoulou et al.,2009). MRI was the preferred modality for diagnosing intervertebral disc 
degeneration (An et al.,2004). In T2-weighted MRI, a normal disc appears as a bright ellipse surrounded by a 
dark ring whereas a degenerated disc appears darker and its shape is irregular (An et al.,2004; Adams et 
al.,2006). 
 In radiation treatment, CT imaging is used in dose calculation. The radiologists must trace the outline of the 
critical structures on images. The main region that must be protected from irradiation is spinal cord (Nyul et 
al.,2005; Archip et al.,2002; Karangelis et al.,2002). The segmentation method identifies the spinal cord in CT 
(Archip et al.,2002). 
 The spinal canal was detected from CT (Burnett et al.,2004, Koh et al.,2011). Segmenting the spinal canal 
was done and the vertebra of high contrast of bone in CT was seen (D’Haese et al.,2004; Mancas et al.,2005).  
 Segmentation of vertebral bodies was possible from CT and MRI (Klinder et al.,2008; Carballido et 
al.,2004). 
            
3. Review of Segmentation Methods: 
 Region growing method was used for segmenting the spinal canal, setting the initial seed point by a human 
(Nyul et al.,2005). Attention model was used with active contour (AC) model and saliency map can be used as 
prior knowledge to segment the spinal canal (Koh et al.,2011). 
 AC segmentation uses an active contour or snake algorithm. Here, a closed curve will separate the object of 
interest from its surroundings when its shape and placement is such that an energy function, defined over the 
boundary, is minimized (Cohen et al.,1991; Cohen et al.1993). Active contours were used to segment the spinal 
cord automatically (Nyul et al.,2005; Mumford et al.,1989). 
 A deformable approach was spline active surface (AS) model (Coulon et al.,2002). B-spline functions are 
used to represent general shapes (Liao 1992) or anatomical shapes (Amini 1996; Amini 1992; Klein 1997).This 
process is similar to AC model (Kass 1987; Schnabel 1999; Williams 1992). 
 In AS model, the model is initialized by the user, marking the approximate cord center-line on a few 
representative slices (Horsfield et al.,2010). 
 Region growing segmentation combines local and global differences between gray values of voxels. This is 
known as seeded region growing segmentation (Schmit et al.,2004).It is prone to leaking out if object 
boundaries are not well defined in the image data.  
 Boundary tracking algorithm works at one image level at a time. But proper selection of user defined seed 
point and threshold, limited its applicability (Karangelis et al.,2002). 
 Spinal crawler is used in the segmentation of spinal cord (McIntosh et al.,2006a), and Gabor filter bank 
were also used (Guironnet et al.,2005). A method employed multiple boundaries to detect the spinal cord (Chan 
et al.,2003). Automatic gradient vector flow field-based segmentation can extract the spinal cord (Koh et 
al.,2010). Morphological method can be used to segment the cord (Nieniewski et al.,2002). Spinal cord was 
detected with prior knowledge (Nyul et al.,2005). 
 Texture analysis is performed on manually segmented spinal cords to study the effects of MS (Mathias et 
al.,1999). There are some problems, including the choice of the level at which the measurements are taken, the 
orientation of the cord, and the segmentation process (Horsfield et  al.,2010). To get unbiased measurements, the 
image is reformatted (Losseff et al.,1996), or acquired (Filippi et al.,1996), with slices perpendicular to the cord. 
 There is a requirement for a fast, reliable post processing method to assess spinal cord atrophy, since the 
rate of atrophy is only on the order of 1% per year in the relapsing- remitting form of MS (Rashid et al.,2006a). 
There are methods to segment the cord over an extended region, covering more of the cord length (Coulon et 
al.,2002; McIntosh et al.,2006a). 
 
4. Regions of Segmentation: 
 Spinal cord consists of 31 pairs of spinal nerves of which cervical nerves with 8 pairs, thoracic nerves with 
12 pairs, lumbar nerves with 5 pairs, sacral nerves with 5 pairs, and one pair of coccygeal nerve. Therefore, its 
morphology is diverse in different regions: cervical, thoracic, lumbar, ad sacral (Figure 1). 
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Cervical Region

Thoracic Region

Lumbar Region

 

2D-detection: 

SPINAL CORD INJURIES: 
 
1. Cervical (Neck Level) Injuries - Numbness, Paralysis, Can affect the  
      Arms, Legs & Middle of the body. 
2. Thoracic (Chest Level )  
Injuries    - Spasticity (increased muscle tone),  
      pain, weakness 
3. Lumbar Sacral (Lower,Back) 
Injuries    - Can affect one or both legs,  
      sensory changes  
  
Fig. 1: Spinal Cord with its Regions. 
  
 Pathology in the cervical spinal cord is an important cause of disability in MS (Oppenheimer et al.,1978). 
Using 3D acquired T1-weighted images of the cervical spinal from human controls were compared with patients 
with MS (Horsfield et al.,2010). AS gives reproducible measures of cord cross-sectional area from the cervical 
region. The method to assess atrophy is to measure the cross-sectional area from C2 to C5 in cervical region 
(Filippi et al.,1996; Edwards et al.,1999; Losseff et al.,1996; Tench et al.,2005). During segmentation, the 
cervical cord surface was extracted (Coulon et al.,2002). To quantify the changes, a 3D segmentation was used 
in MRI of cervical spinal cord (Schmit et al.,2004). 
 Thorax region was taken for segmentation (Nyul et al., 2005). A method identifies the spinal cord in CT 
images of thorax (Archip et al.,2002). 
 Lumbar spine was also segmented to get a relatively clear snap shot (Koh et al.,2011; Koh et al.,2010; 
Roberts et al., 1997)  
 
5. 2D/3D Methodology: 

 The segmentation is based on 2D boundary tracking (Karangelis et al., 2002; Michopoulou et al., 2009). It 
requires an initial point to  trace the edge. The initial point travels to the vertical or horizontal direction until an 
edge is reached. Then the algorithm examines the surrounding pixels of that edge. The algorithm uses a constant 
threshold selection. It can be sensitive to where the starting point is placed in a slice image. So the accuracy is 
limited.  
   
3D-detection: 
 The spinal cord is extracted in 3D from CT and protected from irradiation treatment to minimize the 
exposure of the dose sensitive structures to high dose, thus increasing tumor control probability (De Neve et 
al.,1996; Pirzkal et al.,2000). The user must define only the starting point for the algorithm. Therefore it is semi-
automatic. In order to expand the approach in 3D (McIntosh et al.,2006b) we have to propagate the contour 
tracing in both direction cranial and caudal from the user selected initiation point. 
 2D algorithm is applied to the slices until it succeeds in finding the contour of the spinal canal in as many 
slices as possible. 
 To quantify the changes, a 3D segmentation was used because it used not only the gray level as in 
thresholding, but also used 3D neighbor information to insure that each segmented voxel was connected to the 
original seed(Schmit et al.,2004) 
 A semi-automatic 3D method was proposed for segmenting the spinal cord to provide an acceptable 
accuracy speed as the initial point is propagated from the user defined point (Karangelis et al.,2002). 
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 Two methods namely, AC and region growing were applied for automatically segmenting the spinal cord 
from 3D CT images (Nyul et al.,2005). An automatic segmentation can save time and increase precision (Koh et 
al.,2010).  
  
6. Evaluation Methods: 
 Validation of a segmentation method should evaluate the performance and limitations of the algorithm. 
The following parameters characterize the validation of segmentation. 
 
Accuracy: 
 Accuracy is defined as the relative number of acceptable contours of a particular type that can be detected 
in an exam. Accuracy is computed as the number of slices in the exam in which the particular contour was 
located. 
 Accuracy, reproducibility, and disease progression in MS are evaluated to validate the results (Coulon et 
al.,2002). The Losseff method measures the cord area only in the region of the C2 (Chart 1) and in AS method, 
the cord area was averaged over many slices. The cord at C2 is sensitive to MS-related pathological damage and 
atrophy. This will lead the assessment of a greater length of cord which is not sensitive to disease –related 
change. 
 In MS, there is a higher atrophy rate for the white matter of the cord compared to the gray matter (Gilmore 
et al.,2005) and the lower cord will not suffer from atrophy to the same extent as the upper cord (Evangelou et 
al.,2005). 
AC segmentation provided better accuracy. 
 

                        
Chart 1: 
 
Reproducibility: 
 Reproducibility measures the degree of agreement between many experiments. Reproducibility is assessed 
for post acquisition measurement technique and for scan-rescan. It is expressed as the standard deviation of 
measurement variation and as the coefficient of variation (Goodkin et al., 1999). It is divided into two: 
 -Inter-observer reproducibility 
 -Intra-observer reproducibility 
 Intra- and inter- operator reproducibilities are defined as a coefficient of variation (COV) which is the 
standard deviation of multiple measures of the same parameter, divided by the mean of the parameter value 
(Goodkin et al.,1999). 
 Some methods were less sensitive to intra- and inter-observer variability (Coulon et al.,2002; Uitert et 
al.,2005 ; Nyul et al.,2005). The intra- and inter-observer reproducibilities were improved with a greater 
sensitivity to change in cord area (Horsfield et al.,2010). AC segmentation resulted in higher intra- and inter-
operator reproducibility and better accuracy. Region growing segmentation produced lower accuracy and 
reproducibility. The mean inter-observer COV was 1.07% for the AS method and 7.95% for the Losseff method. 
The mean intra-observer COV was 0.44%  for the AS method and 2.15% for the Losseff method. The intra- and 
inter-observer variabilities were better for the AS method (Table.1). 
 
Table 1: Comparison of evaluated result according to reproducibility. 

Segmentation Type Intra-Observer Reproducibility Inter-Observer Reproducibility 
Attention & an Active Contour Model 0.70% 0.90% 

Active Contour 1.94% 1.72% 
Active Surface Model 0.44% 1.07% 

Losseff Method 2.15% 7.95% 
 

Measured mean CSA at C2 Level where the true CSA is 77mm2 in 
the spinal cord

75.33

62.83
65.81

71.795

55

60

65

70

75

80

AS Losseff Manual B-Spline AS

Methods

M
e
a
n

 C
S

A
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Expanded Disability Status Scale (EDSS): 
 When applied to 60 patients with MS, there was a correlation between spinal cord area and disability 
measured by EDSS [9]. Patients with MS who had atrophy, had higher scores on the EDSS [56], and the 
correlation between cord area and the EDSS were calculated [1].Correlations between cord cross-sectional area 
and disability scores confirmed the relevance of the new method [5] in measuring spinal cord atrophy. The 
correlation between cord atrophy and disability has been shown [9],[57]. 
 
Speed: 
 Semi-automatic segmentation or fully-automatic segmentation are faster and more accurate (McIntosh et 
al., 2006a).The results were validated quantitatively and compared with a manual segmentation that used the 
connected components and level set method. The segmentation took an average of 10 minutes per image with 
the user providing only two seed points (McIntosh et al.,2006a). A fast semi automatic segmentation was 
needed for local optimal filtering (McIntosh et al.,2006b). One method provides good speed performance since 
1-2 seconds are needed in average in order to segment a volume with 90 slices (Nyul et al.,2005), and the 
another method needed 10 hours for one segmentation (Coulon et al.,2002). The AS reduces the user interaction 
time to 5 minutes per subject and Losseff analysis takes a total of 20 minutes. Computational cost. 
 It is the total execution time in seconds required to find all contours of a particular type in an exam (one 
contour per slice). The most time consuming routine is Snake algorithm, which optimizes the location of the 
contour by minimizing the total energy. This algorithm is only applied to slices where the spinal canal is not 
surrounded by spinal  cord. Computational cost is high for this algorithm. 
 
Comparison: 
 Segmentation was assessed by comparison with contours generated manually by radiologists (Burnett et 
al.,2004). 
 In the SCI subjects, the area of 4 slices in the C3 segment were measured and the mean area was calculated. 
There is a 20% decrease in area for SCI subjects, when compared to the normal subject (Schmitt et al.,2004). 
 The quality of segmentaion will be improved by investigating other types of active surfaces (Caselles et 
al.,1997). The intra- and inter-observer reproducibilities were compared with the other methods for assessing 
cord atrophy at the C2 level (Losseff et al.,1996). The reproducibility of the method (Horsifield et al..,2010) is 
similar to that of another semi-automatic method that can measure the cord area in the C2/C3 region(Lin et 
al.,2003).  
 
Cord area: 
 A method (Losseff et al.,1996) is used to assess the cord cross-sectional area at the C2/C3 level on 3D T1-
weighted images. Change as small as 0.67mm2 in cord area is detectable using the AS method and 2.72mm2 for 
the Losseff method. Cord area was assessed over a larger extent of the cord of 80mm (improves the 
reproducibility and gives greater sensitivity to physiological change) (Horsfield et al.,2010), compared to the 
15mm of the Losseff method. There was a reduction in cord area for the secondary progressive patients, but no 
reduction in area for the patients with relapsing-remitting MS (Losseff et al.,1996; Rashid et al.,2006b; Mann et 
al.,2007). AS models are an extension of the AC (Kass et al.,1987). They give reproducible results and 
reproducible measures of cord cross-sectional area from the cervical region. The method to assess atrophy is to 
measure the cross-sectional area from C2 to C5 in cervical region (Filippi et al.,1996; Losseff et al.,1996; Tench 
et al.,2005). The measures of cord atrophy have correlations between cord cross-sectional areas and disability 
scores in MS. It is applicable to 2D T2 weighted images to segment the whole cord from the upper cervical 
region to lower lumbar region. 
 
7. Conclusions: 
 We presented a review of the segmentation processes of the spinal cord at its different sites from the MRI 
and CT images. We also focused on the strengths and weaknesses of the validation methods used to characterize 
the methods. 
 Many papers give limited solutions, where they deal with only one type of disease. Many advances have 
been made over the past, and many methods have demonstrated promising results with MRI data or CT data 
from small group of patients. The challenge remains to provide segmentation methods that can work in all cases 
regardless of the type and duration of the disease. 
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