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Automated segmentation of sternocleidomastoid muscle
using atlas-based method in X-ray CT images: Preliminary study
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Abstract : Sternocleidomastoid muscle is the biggest skeletal one in neck region and has a medical significance for
evaluating the influence of Amyotrophic lateral sclerosis (ALS). Since the morphological change of the muscle is often
associated with ALS, the precise measurement of volume and density for the muscle is important for the early and
quantitative diagnosis. The purpose of this study was to evaluate the initial results of automatic segmentation for the
sternocleidomastoid muscle in whole-body and torso CT images. We construct a probabilistic atlas for the
sternocleidomastoid muscle without any abnormalities. The procedure to construct the atlas was based on the technique
developed for internal organs. The muscle shape for the atlas was created by manual procedures, and used as gold standards
for the evaluation of segmented results. The probabilistic atlas was aligned with each individual muscle on the basis of the
bone anatomical location and the edge of the muscle. We used 10 cases of whole-body CT images with abnormalities in the
skeletal muscles, and 20 cases of torso CT images with no abnormalities in the skeletal muscles. As a result, the average
concordance rates of sternocleidomastoid muscle were 60.3% and 65.4%, respectively. We successfully segmented the
major area of the sternocleidomastoid muscle. This is because the atlas of sternocleidomastoid muscle deformed using the
information of bone anatomical location and edge of the sternocleidomastoid muscle is fitted in the shape of the individual
muscle.
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Fig.1 Flowchart of our proposed method. DB: Data Base, TPS:

Thin-Plate Splines
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Fig.2 Atlas generation of the sternocleidomastoid muscle
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Fig.3 Origins and insertions of sternocleidomastoid muscles in
Orange: Sternal head, Blue: Clavicular head, Yellow:
Mastoid process of temporal bone and outer side of
superior nuchal line of occipital bone, Green: The front
of candidate region of sternocleidomastoid muscle.
(a) whole-body CT image and (b) torso CT image.
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(a) (b)

Fig.4 Before and after the rigid alignment of atlas using edge
information in (a) and (b), respectively. Red: Candidate
region of muscle edge, Yellow: Atlas.

(a) (b)

Fig.5 Before and after the non-rigid alignment of atlas using
TPS in (a) and (b), respectively. Blue: Gold standard
image, Green and Orange: Atlas.
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Fig.6 Segmentation results of the sternocleidomastoid muscles in
Green: Concordant area, Red: Over-extracted area, Gray:
Un-extracted area. (a)whole-body CT image (accordance
rate: 72.8%) and (b) torso CT image (accordance rate:
75.3%).
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Fig.7 Segmentation results of sternocleidomastoid muscles. Green: Concordant area,
Red: Over-extracted area, Light blue: Un-extracted area.
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