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Abstract : The number of patients with osteoporosis is increasing every year in Japan. The bone-mineral-density (BMD)

and spinal curvature are two important factors related to the fractures and osteoporosis. Recently, multi-detector-row CT

images are widely used in clinical medicine and may have the potential for osteoporosis diagnosis. The development of a

computer-aided diagnosis (CAD) system that can support the osteoporosis diagnosis is now required. This study proposes a

method that can measure the distributions of BMD in each of vertebral trabecular bones and angles of spinal curvatures

automatically on torso CT images. This method extracts the regions of the vertebral bones firstly and then generates a

sagittal plane of the human spine. Finally, 4 corner points of each vertebral bone region are identified and used for

measuring the BMD distributions and spinal curvatures. This method was applied to 20 CT cases and the results were

compared with the gold standard that were generated by a medical expert. The errors of the average value of BMD have
the mean value of 6.93 mg/cm’ (std.dev.: 6.82). The angles have the mean value of 4.62 degrees (std. dev.: 3.23) in
thoracic region and 4.40 degrees (std. dev.: 5.08) in abdomen. These results showed a good performance of our purposed

method and possibility for supporting the CAD of osteoporosis diagnosis.
Key words : X-ray CT images, CAD, Osteoporosis, Vertebral body, Bone mineral density
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3.4. Extraction of characteristic
points at vertebral body

!

3.5. Feature measurement at
vertebrae

Fig.1 Flowchart of our study.(The previous works were marked
with the shadow.)
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(a)

Fig.2 Recognition results of skeleton. (a)Vertebral canal. (b)
Vertebral body.

Fig.3 Reconstructing a median plane image of spine.(a)One
slice of sagittal section in CT images.(b)Median plane
image of spine.
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(b)Th1 (Image after stretching)
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(c)Thé (Image after stretching)
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(d)L1 (Image after stretching)

Fig.4 Stretched images for three vertebral bodies. /: Normalized
width of vertebral bodies, t: Angle. The corresponding
points before and after image stretching were attached
with a same number (1-8) in (a) and (b).
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Fig.5 Range of cortical bone at vertebral bodies.
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Fig.6 Result image after edge-enhansement filtering.
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Fig.7 Examples of the pattern images. (a)details of pattern, (b)
pattern adjusted by parameter s, (c)pattern by parameter
C, (d,e) pattern by parameter a.



(a)

t 0° 180° 360 °
L 1 |
(b)

Fig.8 Extraction results by pattern matching. (a) Result of
thoracic vertebra, and (b) Result of lumbar vertebrae.
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Fig.9 BMDs for gold standard and measurement result (Th1-L5). @ : averaged BMD for gold standard,

A : averaged BMD for result.
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Fig.10 Curvature results of thoracic vertebrae and lumbar vertebrae. (a) curvature result of thoracic
vertebrae and (b) curvature result of lumbar vertebrae. O : gold standard and, A : measuring
result, (] : subtraction between the gold standard and measured result.
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