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Introduction 
Computer aided diagnosis, therapy planning or image guided surgery of spinal injuries and degeneration (intervertebral disc (IVD) prolapse or herniation, cartilage 
degeneration, vertebral fractures) has the potential to aid many orthopaedic, neurological and oncological applications where precise segmentation of the spinal anatomy 
is beneficial. MRI offers an ideal modality for simultaneously imaging both the bony and soft-tissue structures of the spine and there have been many studies focusing 
on vertebrae and IVD segmentations from MRI (see for example [1]) but they rarely segment both at the same time and are often restricted to a particular acquisition 
type or parameters (Figure 2a, 2b). In this study, we introduce an automated segmentation algorithm for vertebral bodies and IVDs across the lumbar spine that is 
applied to MRI images with various properties. The segmentation scheme uses prior knowledge of the shape and appearance of the structures by incorporating a 
statistical shape models (SSMs) and a database of gray level profiles to account for appearance variations. The individual segmentations are initialized using a 3D spine 
curve that computes the initial vertebrae and IVD positions by analysing the intensity profile along this curve. The initial SSMs are then placed into these locations and 
the final segmentation is performed. 
Material and Methods 
The testing database of healthy subjects consisted of axial images of the lumbar spine in 6 (T1, 1.5T, slice thickness 5 – 6 mm) and 4 subjects (3DSpace T2, 3T, slice 
thickness 1-1.2 mm); in-slice resolution of 0.3-0.43mm for all images. Four SSMs were created in total (one vertebra and IVD from T1 images, one vertebra and IVD 
from 3DSpace T2) following the algorithm described in [2]. A shape model based segmentation using gray level profile matching was used to perform the segmentation, 
similarly to [3] but using different matching criteria. At each iteration, gray level profiles are extracted along normals to the surface vertices – 61 points (30 inside, 30 
outside), sampled by 0.25mm. The displacement is determined using normalized cross correlation as a matching between positions along this profile and the database of 
corresponding profiles (extracted from manually segmented cases when training) – 10 iterations with search length 40 points. The best match over the whole database 
was used to determine the displacement and if required constrained to 3 mm. The shape model was then used to constrain the surface to an allowable shape space 
(within 3 standard deviations of most important modes of variation).  
For initialisation, a custom implementation of curved planar reformation 
(CPR) from [4] is used. The CPR analyses the structural shape of the spine and 
extracts a 3D curve passing through the centres of vertebral bodies and IVDs. 
As initialisation, user is required to set one point close to any axial vertebral 
centre. We extract an intensity profile along this curve (Fig. 1) and filter it by a 
specialised low-pass filter that takes into account the expected number of 
vertebrae in each field of view. As an input parameter, the user has to specify 
if current modality images the nucleus pulposus as bright tissue (T2w, unlike 
T1w) to adjust the cut-off frequency of the filter. The centres are identified by 
finding local maxima of the filtered signal (Fig 1.). The Shape model based 
segmentation is initialised by placing the statistical mean shape to this centre       Fig. 1. Filtering the intensity profile to find vertebrae centres (IVD is put in between). 
point following the 3D spine curve and axial symmetry previously calculated       Sagittal slice with computed centreline and detected centres of vertebral bodies is 
by CPR. Each MR image was smoothed using anisotropic diffusion as                   shown on the left, the original extracted profile on top-right and filtered profile with 
a pre-processing step.                                                                                                local maximas corresponding to vertebrae on bottom-right side. 
Results                  
The segmentation algorithm was tested on the cases used for SSM creation using a leave-one-out experiment (the 
segmented vertebra/IVD case was removed from the SSM and training gray level profile database). SSMs created 
from each respective image group were applied to corresponding cases (T1 model to T1 images etc.). Some IVDs 
located near vertical extremities of the image could not be included in testing as a reference vertebra needed to 
automatically place the initial SSM was not present. Fig. 2 shows an example vertebra SSM and segmentation 
results. The Dice scores are reported in Fig 3. The algorithm delivers promising results for both vertebrae and 
IVDs, especially for 3D Space images where the mean Dice score for IVDs (0.869) is comparable to the state of 
art technique [5] (0.917 for lumbar IVDs from high resolution sagittal T2w). Axial T1w images with greater 
partial voluming are more challenging, especially the IVD segmentation (mean height 9-11mm in males, slice 
thickness 5-6mm).  
 
 
 
 
 

 
 
 
 
 
 
 
                 a)                                b)                                c)                                d)                                  e)                        Figure 3. Dice scores for both image groups. The 
Figure 2. Example sagittal slice of 3D Space (a) and T1w axial image (b). The delineation of anatomical                    mean score for axial T1w images is 0.826±0.03  
structures varies importantly among different acquisition types. The statistical mean shape ( (c) in the middle)           (11 vertebrae) and 0.782±0.07 (11 IVDs). The 3D 
is used to  initialise the segmentation algorithm (the most important mode of variation is also shown at (c).                 Space result mean is 0.869±0.05 (16 vertebrae) and 
Segmentation results of corresponding slices are shown on (d) and (e).            0.869±0.03 (16 IVDs). 
Discussion and Conclusion 
Shape based segmentations are a favourite tool in many applications. Our study shows its potential for  References 
developing an automated algorithm for segmentation of MR images of the spine. Promising results are  1. Seifert S et al., IEEE TMI 2009, 28:494-07 
obtained for both T1w and T2w MRI of different resolutions. Future work will involve validating this  2. Davies RH et al., MIA 2008, 12:787-98 
approach on a larger database using more MRI sequences. A combined SSM, characterising images of  3. Fripp J et al., PMB 2007, 52:1617-31  
different modalities, acquired in different acquisition planes, of different resolutions could then be used  4. Vrtovec T et al., PMB 2007, 52:2865-78 
as a universal model. User’s input is limited to specifying the acquisition protocol (to know whether the  5. Michopoulou S et al., IEEE TBME 2009, 56:2225-31 
IVDs are bright or dark) and to a one point initialisation of the curved planar reformation.  
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