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Automatic Analysis of Bone Formation in a Mouse
Model of Frontal Bone Defect

Sun-Kyung Kangi Sung-Tae JungH

ABSTRACT

In this paper, we propose a method for automatically analyzing the bone formation in a mouse model
of frontal bone defect. We perforate two holes of 0.8mm diameter in the frontal bone and observe the
bone formation process using a micro CT. Because the conventional analysis software of the micro CT
does not support automatic analysis of the bone formation status, we have to use a manual analysis
method. However the manual analysis is very cumbersome and requires a lot of time, we propose an
automatic analysis method. It rotates the image around three axes directions so that the mouse’s skull
come into regular position. It calculates the cumulative image of the voxel values for the perforated bone
surface. It estimates the hole location by finding the darkest point in the cumulative image. The proposed
method was applied to 24 CT images of saline administration group and PTH administration group and
hole location was estimated. BV/TV index was calculated for the estimated hole to evaluate the bone
formation status. Experimental results showed that bone formation process is more active in PTH
administration group. The method proposed in this paper could replace successfully the cumbersome and
time consuming manual job.

Key words: Image Processing, Morphology Operation, Bone Formation, Bone Defect, Automatic
Analysis
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Extraction of mouse frontal bone

Transform of frontal bone Into a
regular position

Z axis centerad rotation
Y axdis centerad rotation
K axds centered rotation

Generation of cumulative Image for
the perforated bone surface

Exploration of two darkest points
in the cumulative image

‘ Generation of a aylinder

‘ BY/TW Index calculation

Fig. 1. Block diagram of the proposed algorithm,
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Fig. 2. Example of mouse head image. (a) XY plane view,
(b) XZ plane view, (c) YZ plane view, and (d) 3D
view,
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Fig. 3. Binarization and detection of the biggest con—
nected region, (a) Binarization result for the Fig.
2(a) image, (b) 3D view of binarization result, (c)
Detection result of connected region for Fig. 2(a)
image, and (d) 3D view of detection result of
connected region,
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Fig. 4. Slice detection for the calculation of rotation
angle in XY plane,
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Fig. 5. Interior filling and contour detection, (a) Interior
filled image and (b) contour detection result,
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Fig. 6. Ellipse fitting. (a) Ellipse fitting result and (b)
calculation result of rotated angle.

(b)

Fig. 7. Rotation in XY plane, (a) Rotation of a slice image
and (b) 3D view of rotated mouse head.
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and virtual line,

Fig. 13. Calculation of rotation angle in YZ plane, (a)
Search range and (b) search result.
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Fig. 14. Rotation in YZ plane. (a) Rotated slice, (b) 3D
view before rotation, and (c) 3D view after rotation,
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Table 1, Comparison between manual method and proposed method

BV/TV (%)
Mouse Hole - 0 day - 14 day
Saline PTH Saline PTH
Manual | Proposed | Manual | Proposed | Manual | Proposed | Manual | Proposed
{ Left 1.325 0.963 0.826 1.706 22.652 25.245 37.205 35.067
Right 1.256 0.78 0.258 0.12 28.176 27.61 38.178 37.462
9 Left 2.679 2.849 0.972 1.097 27.356 25.428 39.729 37.561
Right 2.025 3.073 3.591 3.315 25.907 23.211 40.196 42.181
3 Left 0.618 0.512 2.274 3.022 21.509 19.748 41.25 39.394
Right 0.85 0.771 0.212 0.414 19.307 18.047 50.158 48.554
Average 1.58 1.64 1.58 1.85 25.12 24.25 39.31 38.33
P-value 0.9304
Table 2, BV/TV index of saline administration group and PTH administration group
BV/TV(%)
Mouse Hole 0 day 7 day 14 day 21 day
Saline PTH Saline PTH Saline PTH Saline PTH
{ Left 0.963 1.706 12.336 10.728 25.245 35.067 44.065 51.556
Right 0.78 0.12 12.162 9.092 27.61 37.462 46.538 53.112
9 Left 2.849 1.097 9.759 10.82 25.428 37.561 38.662 54.254
Right 3.073 3.315 10.938 11.38 23.211 42.181 39.73 62.317
Left 0.512 3.022 11.311 129 19.748 39.394 35.471 53.552
5 Right 0.771 0.414 13.054 17.47 18.047 48.554 34.105 65.813
Average 1.82 1.92 1.41 1.56 26.02 25.37 38.83 38.07
P-value 0.8694 0.7210 < 0.0001 0.0003
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