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Introduction – Diseases of the spine are quite common, especially due to degenerative changes of the 
ligamentary and osseous structures. With increasing incidence of vertebral bone disease and resulting limitation 
of mobility and quality of life of older patients has led to increased number of spinal surgical procedure in this 
age group. When making the decision for adequate procedure neuro-imaging plays a main role for estimating 
the dimension of surgical treatment [1]. Accurate and objective evaluation of vertebral deformations is of 
significant importance in clinical diagnostics and therapy of pathological conditions affecting the spine [2]. A 
Computer assisted diagnosis system aims to facilitate characterization and quantification of abnormalities as well 
as minimize interpretation errors caused by tedious tasks of image screening and radiologic diagnosis. Our aim 
is to perform semi-automated segmentation of vertebral bodies derived from T2-weighted MRI acquisitions to 
speed-up a pure manually slice-by-slice analysis which aids therapy planning and image guided surgery of 
spinal injuries [3]. 
 
 

Material and Methods – We used the GrowCut segmentation method of the 3D Slicer platform [4] to delineate 
vertebral bodies of 13 cases. GrowCut Segmentation is a competitive region growing algorithm using cellular 
automata [5]. The algorithm starts with a random number of seed points and automatically converges to a 
natural segmentation. This is useful when deriving classes from large image datasets for applications such as 
region-based image retrieval. The algorithm achieves reliable and fast segmentation of moderately difficult 
objects in 2D and 3D using an iterative labeling procedure resembling competitive region growing. After trial of 
the various segmentation facilities available in Slicer, we determined that the use of GrowCut by initializing it on 
sagittal, axial, and coronal cross-sections [6-9] provides the most efficient segmentations of vertebral bodies 
(Figure 1). 
 
 

Results – For an evaluation of our study, the GrowCut results have been compared with manually slice-by-slice 
segmentations using the Dice Similarity Coefficient (DSC) [6]. The DSC measures the relative volume overlap 
between M and S, where M and S are the binary masks from the manual slice-by-slice (M) and the Slicer (S) 
segmentation. The average DSC for all data sets was 82.99±%±5.03% and shows that the two are comparable. 
We also found an average segmentation time for a GrowCut-based segmentation of less than 6 minutes 
(5.77±0.73). For visual inspection, Figure 2 presents a direct comparison of a manual (blue) and a GrowCut 
(yellow) segmentation on a sagittal slice, and a 3D visualization (Figure 3) of the GrowCut segmentation result 
(green). 
 
 

Discussion – In this initial study, we present segmentation results for vertebral bodies in T2-weighted MRI data 
using the 3D Slicer platform. We showed that a Slicer-based segmentation can be more efficient and thus a less 
time-consuming process compared to manually volumetric assessment. The time and user effort required for 
GrowCut segmentation was on an average about 50% compared to a manual segmentation. There are several 
areas of future work including the evaluation of a larger set of data and comparison with other segmentation 
methods, like [11]. 
 
 

Acknowledgements 
We want to acknowledge the members of the Slicer Community and in particular Harini Veeraraghavan and Jim Miller from GE for 
developing the GrowCut module for Slicer. Furthermore, the authors would like to thank Neha Agrawal for participating in this study. Finally, 
the authors would like to thank Fraunhofer MeVis in Bremen, Germany, for their collaboration and especially Professor Dr. Horst K. Hahn for 
his support. 
 
 

References 
[1] A.F. Joaquim, et al. Degenerative lumbar stenosis: update. Arq Neuropsiquiatr. 67(2):553-8, 2009. 
[2] G.E. Hicks, et al. Degenerative lumbar disc and facet disease in older adults: prevalence and clinical correlates. Spine (Phila Pa 1976); 

34(12):1301-6, 2009. 
[3] A. Neubert, et al. Automated segmentation of lumbar vertebral bodies and intervertebral discs from MRI using statistical shape models. 

In Proceedings of International Society for Magnetic Resonance in Medicine (ISMRM) Scientific Meeting, page 1122, Montréal, Canada, 
May 2011. 

[4] GrowCut-Module under 3D Slicer http://www.slicer.org/slicerWiki/index.php/Modules:GrowCutSegmentation-Documentation-3.6 
[5] V. Vezhnevets & V. Konouchine. GrowCut - Interactive multi-label N-D image segmentation. Proc. Graphicon, pp. 150-156, 2005. 
[6] J. Egger, T. Kapur, A. Fedorov, S. Pieper, J. Miller, H. Veeraraghavan, B. Freisleben, A. Golby, C. Nimsky, R. Kikinis. Capability of the 

Medical Image Computing Platform 3D Slicer for Glioblastoma Multiforme Segmentation in Magnetic Resonance Imaging (MRI) Data. 
In: 5th NCIGT and NIH Image Guided Therapy Workshop, Boston, Page 39, September 2012. 

[7] J. Egger, et al. GBM Volumetry using the 3D Slicer Medical Image Computing Platform. Sci Rep. 3, 1364, 2013. 
[8] J. Egger, T. Kapur, C. Nimsky, R. Kikinis. Pituitary Adenoma Segmentation Using the Medical Image Computing Platform 3D Slicer. In: 

5th NCIGT and NIH Image Guided Therapy Workshop, Boston, Page 38, September 2012. 
[9] J. Egger, T. Kapur, C. Nimsky, R. Kikinis. Pituitary Adenoma Volumetry with 3D Slicer. PLoS ONE 7, e51788, 2012. 
[10] K.H. Zou, et al. Statistical Validation of Image Segmentation Quality Based on a Spatial Overlap Index: Scientific Reports. Academic 

Radiology, 11(2), pp. 178-189, 2004. 
[11] J. Egger, T. Kapur, T. Dukatz, M. Kolodziej, D. Zuki�, B. Freisleben, C. Nimsky. Square-Cut: A Segmentation Algorithm on the Basis of 

a Rectangle Shape. PLoS One. 2012; 7(2):e31064. Epub 2012 Feb 21. 
[12] J. Egger, B. Freisleben, C. Nimsky, T. Kapur. Template-Cut: A Pattern-Based Segmentation Paradigm. Scientific Reports, Nature 

Publishing Group (NPG), 2(420), 2012. 
[13] R. Schwarzenberg, B. Freisleben, R. Kikinis, C. Nimsky, J. Egger. A Cube-Based Approach to Segment Vertebrae in MRI-Acquisitions. 

Proceedings of Bildverarbeitung für die Medizin (BVM), Springer Press, pp. 69-74, 2013. 
[14] R. Schwarzenberg, B. Freisleben, C. Nimsky, J. Egger. Cube-Cut: Vertebral Body Segmentation in MRI-Data through Cubic-Shaped 

Divergences. PLoS One, 2014; 9(4):e93389. Epub 2014. Apr 04. 
 



Figures 
 
 

 
Figure 1 

 
 
 
 

 
Figure 2 

 
 
 
 
 
 
 
 
 



 

 
Figure 3 

 


