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Multi-hole spherical CT scan method to characterize large quantities of bones  
in rats
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ABSTRACT
BACKGROUND New therapeutic options are often explored in in vivo studies using 
�ƒ�•�‹�•�ƒ�Ž�•�� �Ž�‹�•�‡�� �”�ƒ�–�•�ä�� ���‹�•�…�‡�� �”�ƒ�–�•�� �ƒ�”�‡�� �•�•�ƒ�Ž�Ž�á�� �‹�–�� �‹�•�� �†�‹�¥�…�—�Ž�–�� �–�‘�� �‡�š�ƒ�•�‹�•�‡�� �–�Š�‡�•�� �‹�•�� �ƒ�� �…�‘�•�’�—�–�‡�†��
tomography (CT) scan. This study aimed to introduce a multi-hole spherical model 
CT scan method as a new, fast, economical, and reliable method to characterize 
large quantities of rat bones at once in estimating the timing of osteoporosis in 
ovariectomized white rats.

METHODS 50 female white rats (12 weeks old) were treated as the control group, and 
40 rats of the same age were ovariectomized to establish the osteoporosis model. Sham 
�”�ƒ�–�•���™�‡�”�‡���•�ƒ�…�”�‹�¤�…�‡�†���ƒ�–���U�W�á���U�Y�á���U�[�á���U�]�á���ƒ�•�†���V�U���™�‡�‡�•�•���‘�Ž�†�á���™�Š�‹�Ž�‡���–�Š�‡���‘�˜�ƒ�”�‹�‡�…�–�‘�•�‹�œ�‡�†���”�ƒ�–�•���™�‡�”�‡��
�•�ƒ�…�”�‹�¤�…�‡�†���ƒ�–���U�Y�á���U�[�á���U�]�á���ƒ�•�†���V�U���™�‡�‡�•�•���‘�Ž�†�ä�����ˆ�–�‡�”�™�ƒ�”�†�á���–�‹�„�‹�ƒ���„�‘�•�‡�•���™�‡�”�‡���”�‡�•�‘�˜�‡�†�á���’�Ž�ƒ�…�‡�†���‹�•��
the multi-hole spherical model, and characterized using a CT scan. Their characteristics 
were compared using a scanning electron microscope (SEM), transmission electron 
�•�‹�…�”�‘�•�…�‘�’�›�������������á���ƒ�•�†�����æ�”�ƒ�›���†�‹�¡�”�ƒ�…�–�‹�‘�•�������������ä

RESULTS ���Š�‡�� ���‘�—�•�•�¤�‡�Ž�†���—�•�‹�–�� �•�…�‘�”�‡�•�� �”�‡�•�—�Ž�–�‡�†�� �ˆ�”�‘�•�� �–�Š�‡�� �•�—�Ž�–�‹�æ�Š�‘�Ž�‡���•�’�Š�‡�”�‹�…�ƒ�Ž���•�‘�†�‡�Ž�� ������
scan method of tibia bones of rats were consistent with the percentage of the osteocyte 
cavities, canalicular diameters, and crystal size. The multi-hole spherical model CT scan 
�•�‡�–�Š�‘�†���…�‘�—�Ž�†���’�”�‘�†�—�…�‡���Y�T���–�‹�•�‡�•���•�‘�”�‡���†�ƒ�–�ƒ���–�Š�ƒ�•���–�Š�‡���������á���������á���‘�”���������ä

CONCLUSIONS Multi-hole spherical model CT scan was considered good and reliable in 
assessing bone quality parameters in rat samples simultaneously.
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���—�ƒ�Ž�æ�‡�•�‡�”�‰�›�� ���æ�”�ƒ�›�� �ƒ�„�•�‘�”�’�–�‹�‘�•�‡�–�”�›�� �‹�•�� �–�Š�‡�� �‰�‘�Ž�†��
standard for measuring a bone mineral density, but it 
does not provide information on bone quality nor any 
insight into the architectural structure of bones. Bone 
microstructure, particularly trabecula, is important for 
determining bone strength.¹ Hence, a new method to 
evaluate this bone microstructure is important to solve 
these limitations.

���•�‹�•�ƒ�Ž�� �•�‘�†�‡�Ž�•�� �‘�ˆ�� �”�ƒ�–�•�� �ƒ�”�‡�� �…�‘�•�•�‘�•�Ž�›�� �—�•�‡�†�� �‹�•��
research because of their similar genetic, biological, 

and behavioral characteristics to humans. In addition, 
rats also reproduce very quickly and can adapt well 
to new environments. The price is also relatively 
low, and it can be purchased in large quantities.²,³ 
Moreover, rats tend to be gentle and docile, making 
�–�Š�‡�•�� �‡�ƒ�•�›�� �–�‘�� �…�‘�•�–�”�‘�Ž�ä�� ���…�…�‘�”�†�‹�•�‰�� �–�‘�� �–�Š�‡�� ���ƒ�–�‹�‘�•�ƒ�Ž��
���—�•�ƒ�•�� �
�‡�•�‘�•�‡�� ���‡�•�‡�ƒ�”�…�Š�� ���•�•�–�‹�–�—�–�‡�á�� �•�‘�•�–�� �”�ƒ�–�•�� �—�•�‡�†��
in medical experiments were inbred and nearly 
genetically identical. This, in turn, makes the results of 
�–�Š�‡���‡�š�’�‡�”�‹�•�‡�•�–���•�‘�”�‡���—�•�‹�ˆ�‘�”�•�ä�€
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���—�‡���–�‘���–�Š�‡�‹�”���”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›���•�•�ƒ�Ž�Ž���•�‹�œ�‡�á���”�ƒ�–�•���ƒ�”�‡���–�‡�…�Š�•�‹�…�ƒ�Ž�Ž�›��
�†�‹�¥�…�—�Ž�–���–�‘���„�‡���ƒ�•�ƒ�Ž�›�œ�‡�†���—�•�‹�•�‰���ƒ���…�‘�•�’�—�–�‡�†���–�‘�•�‘�‰�”�ƒ�’�Š�›��
(CT) scan. Several methods that have been commonly 
used were atomic absorption spectrophotometer, 
ultraviolet-visible spectroscopy, Fourier transform 
�‹�•�ˆ�”�ƒ�”�‡�†�� �•�’�‡�…�–�”�‘�•�…�‘�’�›�á�� ���ƒ�•�ƒ�•�� �•�’�‡�…�–�”�‘�•�…�‘�’�›�á�� ���æ�”�ƒ�›��
�†�‹�¡�”�ƒ�…�–�‹�‘�•�������������á���•�…�ƒ�•�•�‹�•�‰���‡�Ž�‡�…�–�”�‘�•���•�‹�…�”�‘�•�…�‘�’�‡�������������á��
�ƒ�•�†�� �–�”�ƒ�•�•�•�‹�•�•�‹�‘�•�� �‡�Ž�‡�…�–�”�‘�•�� �•�‹�…�”�‘�•�…�‘�’�‡�� �����������ä�•,�‚�� ���Š�‘�•�‡��
methods still have limitations because the sample 
testing was carried out one by one, resulting in a higher 
cost and relatively longer duration. Thus, this study 
was aimed to propose a multi-hole spherical model CT 
scan as a new, fast, economical, and reliable method to 
analyze rat bones.

METHODS

Study design and sample collection
This research was an experimental study using 

ovariectomized white rats model (Rattus norvegicus). 
The animal procedure protocols were approved by 
the Ethics Committee of the Faculty of Medicine, 
���•�‹�˜�‡�”�•�‹�–�ƒ�•�� ���•�†�‘�•�‡�•�‹�ƒ�� �����‘�ã�� �Y�T�T�������V�ä�	�U�������������V�T�U�[���ä�� ���Ž�Ž��
actions taken on animal models followed the principles 
�‘�ˆ�� �–�Š�‡�� ���‡�…�Ž�ƒ�”�ƒ�–�‹�‘�•�� �‘�ˆ�� ���‡�Ž�•�‹�•�•�‹�ä�� ���ƒ�–�•�� �™�‡�”�‡�� �•�ƒ�‹�•�–�ƒ�‹�•�‡�†��
�‹�•�� �–�Š�‡�� ���‡�’�ƒ�”�–�•�‡�•�–�� �‘�ˆ�� ���—�–�”�‹�‡�•�–�� ���…�‹�‡�•�…�‡�� �ƒ�•�†�� �	�‡�‡�†��
���‡�…�Š�•�‘�Ž�‘�‰�›�á�� �	�ƒ�…�—�Ž�–�›�� �‘�ˆ�� ���•�‹�•�ƒ�Ž�� ���—�•�„�ƒ�•�†�”�›�á�� ���•�•�–�‹�–�—�–��
Pertanian Bogor, and the ovariectomy process was 
carried out in the Laboratory of Experimental Surgery, 
���‹�˜�‹�•�‹�‘�•���‘�ˆ�����—�”�‰�‡�”�›���ƒ�•�†�����ƒ�†�‹�‘�Ž�‘�‰�›�á�����‡�’�ƒ�”�–�•�‡�•�–���‘�ˆ�����Ž�‹�•�‹�…�á��
���‡�’�”�‘�†�—�…�–�‹�‘�•�� �ƒ�•�†�� ���ƒ�–�Š�‘�Ž�‘�‰�›�á�� �	�ƒ�…�—�Ž�–�›�� �‘�ˆ�� ���‡�–�‡�”�‹�•�ƒ�”�›��
Medicine, Institut Pertanian Bogor from January to 
���‡�…�‡�•�„�‡�”���V�T�U�\�ä

Ninety rats (12 weeks old) were used and 
maintained in individual cages. Forty rats were 
ovariectomized, and 50 rats were used as the control 
�‰�”�‘�—�’�ä�� ���–�� �U�W�� �™�‡�‡�•�•�� �‘�Ž�†�á�� �U�T�� �”�ƒ�–�•�� �‘�ˆ�� �–�Š�‡�� �…�‘�•�–�”�‘�Ž�� �‰�”�‘�—�’��
�™�‡�”�‡�� �†�‹�”�‡�…�–�Ž�›�� �•�ƒ�…�”�‹�¤�…�‡�†�ä�� ���Ž�Ž�� �•�‡�†�‹�…�ƒ�Ž�� �•�‡�ƒ�•�—�”�‡�•��
(anesthesia, blood draw, and tissue/organ collection) 
were conducted by the veterinarian. Euthanasia was 
�†�‘�•�‡�� �—�•�‹�•�‰�� �•�‡�–�ƒ�•�‹�•�‡�� ���X�T�«�\�T�� �•�‰���•�‰���� �ƒ�•�†�� �š�›�Ž�ƒ�œ�‹�•�‡�� ���Y��
mg/kg) intraperitoneal. Euthanasia was done every 2 
weeks in the ovariectomized rats and control groups 
�ƒ�–�� �U�Y�á�� �U�[�á�� �U�]�� �ƒ�•�†�� �V�U�� �™�‡�‡�•�•�� �‘�Ž�†�� �ˆ�‘�”�� �‡�ƒ�…�Š�� �‰�”�‘�—�’�ä�� ���Š�—�•�á��
nine treatment groups were analyzed, namely the 
�…�‘�•�–�”�‘�Ž�� �‰�”�‘�—�’�� �ƒ�–�� �U�W�á�� �U�Y�á�� �U�[�á�� �U�]�á�� �ƒ�•�†�� �V�U�� �™�‡�‡�•�•�� �‘�Ž�†�á�� �ƒ�•�†��
�–�Š�‡�� �‘�˜�ƒ�”�‹�‡�…�–�‘�•�‹�œ�‡�†�� �‰�”�‘�—�’�� �ƒ�–�� �U�Y�á�� �U�[�á�� �U�]�á�� �ƒ�•�†�� �V�U�� �™�‡�‡�•�•��
�‘�Ž�†�ä�����Š�‹�•���•�–�—�†�›���—�•�‡�†���U�T���”�ƒ�–�•���‹�•���‡�ƒ�…�Š���‰�”�‘�—�’�ä�����ˆ�–�‡�”���„�‡�‹�•�‰��
�•�ƒ�…�”�‹�¤�…�‡�†�á���–�Š�‡���–�‹�„�‹�ƒ���„�‘�•�‡���™�ƒ�•���…�‘�Ž�Ž�‡�…�–�‡�†�á���…�Ž�‡�ƒ�•�‡�†���ˆ�”�‘�•��

�–�Š�‡���ƒ�–�–�ƒ�…�Š�‡�†���•�—�•�…�Ž�‡�•���ƒ�•�†���•�‘�ƒ�•�‡�†���™�‹�–�Š���Š�›�†�”�ƒ�œ�‹�•�‡���ˆ�‘�”���[��
days, then rinsed and dried. Tibia bones were analyzed 
�„�›���ƒ���������•�…�ƒ�•�á���������á���������á���ƒ�•�†���������ä

Multi-hole spherical CT scan procedure
Multi-hole spherical was made using a wax-based 

material that resembled a human head (sphere) 
model with a diameter of 16 cm. It consisted of two 
parts, the upper half and lower half of the spherical 
model, which had 50 holes in total. Each hole had a 
�†�‡�’�–�Š�� �‘�ˆ�� �W�� �…�•�� �ƒ�•�†�� �ƒ�� �†�‹�ƒ�•�‡�–�‡�”�� �‘�ˆ�� �T�ä�Z�� �…�•�á�� �ƒ�•�� �•�Š�‘�™�•��
�‹�•�� �	�‹�‰�—�”�‡�� �U�ä�� ���ƒ�…�Š�� �Š�‘�Ž�‡�� �™�ƒ�•�� �¤�Ž�Ž�‡�†�� �™�‹�–�Š�� �‘�•�‡�� �–�‹�„�‹�ƒ�� �„�‘�•�‡�ä��
���� �‰�ƒ�’�� �‹�•�� �–�Š�‡�� �Š�‘�Ž�‡�� �™�ƒ�•�� �–�Š�‡�•�� �¤�Ž�Ž�‡�†�� �™�‹�–�Š�� �–�Š�‡�� �”�‡�•�ƒ�‹�•�‹�•�‰��
�•�ƒ�–�‡�”�‹�ƒ�Ž���–�‘���•�‹�•�‹�•�‹�œ�‡���–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ���ƒ�‹�”�ä�����Ž�Ž���•�—�Ž�–�‹�æ�Š�‘�Ž�‡��
spherical model manufacturing activities were carried 
out in the Mechanic Workshop Laboratory of the 
���‡�’�ƒ�”�–�•�‡�•�–���‘�ˆ�����Š�›�•�‹�…�•�á�����•�‹�˜�‡�”�•�‹�–�ƒ�•�����•�†�‘�•�‡�•�‹�ƒ�á�����‡�’�‘�•�á��
Indonesia. The multi-hole spherical model with bone 
samples was merged to the upper and lower parts 
and characterized using a CT scan (General Electric 
BrightSpeed 16 Healthcare, UK). When the upper 
�ƒ�•�†�� �Ž�‘�™�‡�”�� �™�‡�”�‡�� �•�‡�”�‰�‡�†�á�� �†�‹�¡�‡�”�‡�•�–�� �„�‘�•�‡�•�� �™�‘�—�Ž�†�� �„�‡��
read as one. The following scan parameters were 
used: 16 mm × 0.625 mm collimation mode, rotational 
�–�‹�•�‡�� �‘�ˆ�� �T�ä�\�� �•�‡�…�á�� �…�‘�˜�‡�”�ƒ�‰�‡�� �‘�ˆ�� �Y�T�T�� �•�•�á�� �’�‹�–�…�Š�� �‘�ˆ�� �U�ä�[�Y�ã�U��
�ƒ�–�� �V�Z�T�� �•���á�� �•�’�‡�‡�†�� �‘�ˆ�� �V�V�� �•�•���•�á�� �ƒ�•�†�� �•�…�ƒ�•�� �–�‹�•�‡�� �‘�ˆ�� �V�X��
sec. In this study, a 64-slice CT scan was used, but 
images representing the tibia bone were taken 12 
slices because the 26 upper slices and 26 lower slices 
hit the multi-hole spherical model material instead of 
the tibia bone. The CT scan data analyzed were in the 

Figure 1. Multi-hole spherical model for bone density 
measurement with a computed tomography (CT) scan
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bone density parameter consisted of 12 scores from 12 
�•�Ž�‹�…�‡�•�ä�����Š�‡���������•�…�ƒ�•���™�ƒ�•���…�‘�•�†�—�…�–�‡�†���‹�•���–�Š�‡�����‡�’�ƒ�”�–�•�‡�•�–��
�‘�ˆ�����ƒ�†�‹�‘�Ž�‘�‰�›�á�����‹�’�–�‘�����ƒ�•�‰�—�•�•�—�•�—�•�‘�����‘�•�’�‹�–�ƒ�Ž�á���
�ƒ�•�ƒ�”�–�ƒ�á��
Indonesia.

Scanning electron microscope (SEM) and transmission 
electron microscopy (TEM) procedure

To ensure that the method was done accordingly, 
the measurements were also carried out using the 
���‹�–�ƒ�…�Š�‹�����æ�W�X�T�T�����������������‹�–�ƒ�…�Š�‹�����‹�‰�Š�æ���‡�…�Š�����•�‡�”�‹�…�ƒ�á�����•�…�ä�á��
�����������‹�•���–�Š�‡�����‡�•�–�‡�”���ˆ�‘�”�����ƒ�–�‡�”�‹�ƒ�Ž�•���ƒ�•�†�����”�‘�…�‡�•�•�‹�•�‰���	�ƒ�‹�Ž�—�”�‡��
���•�ƒ�Ž�›�•�‹�•�á���	�ƒ�…�—�Ž�–�›���‘�ˆ�����•�‰�‹�•�‡�‡�”�‹�•�‰���ƒ�•�†���–�Š�‡�����‡�…�•�ƒ�‹���V�T�T���•����
���V�W�Z�T�������������—�’�‡�”�����™�‹�•�������Š�‡�”�•�‘���	�‹�•�Š�‡�”�����…�‹�‡�•�–�‹�¤�…�á������������
�‹�•�� �–�Š�‡�� ���•�–�‡�‰�”�ƒ�–�‡�†�� ���ƒ�„�‘�”�ƒ�–�‘�”�›�� �ƒ�•�†�� ���‡�•�‡�ƒ�”�…�Š�� ���‡�•�–�‡�”�á��
Universitas Indonesia. The upper end (proximal) of 
the tibial cortical region was characterized by an 
SEM. The resulting SEM image was then analyzed 
using the ImageJ application version 1.46r (National 
���•�•�–�‹�–�—�–�‡�•�� �‘�ˆ�� ���‡�ƒ�Ž�–�Š�á�� ���������ä�� ���ƒ�•�ƒ�Ž�‹�…�—�Ž�ƒ�”�� �†�‹�ƒ�•�‡�–�‡�”�•�� �ƒ�•�†��
the percentage of the osteocyte cavities were also 
evaluated.

For the TEM analysis, thin sections of trabecular 
bone were cut using an ultra-cut microtome with 
an ultra-diamond knife and mounted on single-slot 
Formvar-coated grids. TEM images were taken at 
�U�]�á�Y�T�T�­�� �•�ƒ�‰�•�‹�¤�…�ƒ�–�‹�‘�•�ä�� ���”�›�•�–�ƒ�Ž�æ�…�‘�Ž�Ž�ƒ�‰�‡�•�� �‹�•�–�‡�”�ƒ�…�–�‹�‘�•�•��
at the nanostructural level were analyzed from the 
TEM images for the shape, orientation direction, and 
�ƒ�Ž�‹�‰�•�•�‡�•�–���‘�ˆ���ƒ�’�ƒ�–�‹�–�‡���…�”�›�•�–�ƒ�Ž�•���‹�•���…�‘�Ž�Ž�ƒ�‰�‡�•���¤�„�”�‹�Ž�ä��

���æ�”�ƒ�›���†�‹�¡�”�ƒ�…�–�‹�‘�•���������������’�”�‘�…�‡�†�—�”�‡
���Š�‡�� �’�ƒ�”�ƒ�•�‡�–�‡�”�•�� �ƒ�•�ƒ�Ž�›�œ�‡�†�� �—�•�‹�•�‰�� �–�Š�‡�� �������� �™�‡�”�‡��

�–�Š�‡�� �…�”�›�•�–�ƒ�Ž�� �•�‹�œ�‡�� �‘�ˆ�� �–�Š�‡�� �–�‹�„�‹�ƒ�� �—�•�‹�•�‰�� �–�Š�‡�� ���‡�„�›�‡�� ���…�Š�‡�”�”�‡�”��
equation. The tibia bone was crushed into powder 
with mortar, then 5 g of each sample was taken and 
placed in the sample holder until it was full and ready 
�–�‘���„�‡���…�Š�ƒ�”�ƒ�…�–�‡�”�‹�œ�‡�†�ä�����Š�‡�����������•�ƒ�…�Š�‹�•�‡���—�•�‡�†���™�ƒ�•�����‹�‰�ƒ�•�—��
���‹�•�‹�	�Ž�‡�š�� �Z�T�T�� �†�‹�¡�”�ƒ�…�–�‘�•�‡�–�‡�”�� �����‹�‰�ƒ�•�—�� ���‹�•�‹�	�Ž�‡�š�á�� �
�ƒ�’�ƒ�•����
with Cu target metal, which had a wavelength of  
���æ�=�U���¯���U�ä�Y�X�T�Z�T���%�á�����æ�=�V���¯���U�ä�Y�X�X�X�W���%�á���ƒ�•�†�����æ�>���¯���U�ä�W�]�V�V�Y���%�ä�� 
This tool was operated at 25°C with a voltage of 40 
�•���� �ƒ�•�†�� �ƒ�� �•�–�”�‘�•�‰�� �…�—�”�”�‡�•�–�� �‘�ˆ�� �W�T�� �•���ä�� ���Š�‡�� �V�E�� �†�‹�¡�”�ƒ�…�–�‹�‘�•��
�ƒ�•�‰�Ž�‡���•�–�ƒ�”�–�‡�†���ƒ�–���V�T�·���ƒ�•�†���‡�•�†�‡�†���ƒ�–���\�T�·�á���™�‹�–�Š���ƒ���•�–�‡�’���•�‹�œ�‡��
�‘�ˆ���T�ä�T�U�W�·���ƒ�•�†���ƒ���•�…�ƒ�•���•�–�‡�’���–�‹�•�‡���‘�ˆ���\�ä�Z�[�T���•�‡�…�ä�����Š�‡���‘�—�–�’�—�–��
�‘�ˆ���–�Š�‡�����������•�ƒ�…�Š�‹�•�‡���™�ƒ�•���’�”�‡�•�‡�•�–�‡�†���ƒ�•���ƒ���†�‹�¡�”�ƒ�…�–�‘�‰�”�ƒ�•�á��
�™�Š�‹�…�Š���•�Š�‘�™�‡�†���–�Š�‡���”�‡�Ž�ƒ�–�‹�‘�•�•�Š�‹�’���„�‡�–�™�‡�‡�•���–�Š�‡���†�‹�¡�”�ƒ�…�–�‹�‘�•��
�ƒ�•�‰�Ž�‡�� ���V�E���� �ƒ�•�†�� �–�Š�‡�� �‹�•�–�‡�•�•�‹�–�›�� �‘�ˆ�� �–�Š�‡�� �”�‡�ª�‡�…�–�‡�†�� ���æ�”�ƒ�›�•�ä��
���Š�‡�� �‘�—�–�’�—�–�� �†�ƒ�–�ƒ�� �ˆ�”�‘�•�� �–�Š�‡�� �������� �•�ƒ�…�Š�‹�•�‡�� �‹�•�� �”�ƒ�™�� �†�ƒ�–�ƒ��

�™�‡�”�‡�� �‹�†�‡�•�–�‹�¤�‡�†�� �ƒ�•�†�� �’�”�‘�…�‡�•�•�‡�†�� �—�•�‹�•�‰�� �–�Š�‡�� ���‹�‰�Š���…�‘�”�‡��
���Ž�—�•�� �’�”�‘�‰�”�ƒ�•�� �����ƒ�Ž�˜�‡�”�•�� ���ƒ�•�ƒ�Ž�›�–�‹�…�ƒ�Ž�á�� �������� �„�›�� ���‹�‡�–�˜�‡�Ž�†��
�ƒ�•�ƒ�Ž�›�•�‹�•�� �–�‘�� �”�‡�¤�•�‡���–�Š�‡���…�”�›�•�–�ƒ�Ž���•�–�”�—�…�–�—�”�‡�ä�����Š�‹�•�� �•�–�—�†�›���™�ƒ�•��
conducted in NanoTech Puspitek Serpong, Tangerang, 
Indonesia.

Experimental design
The calculation time was grouped into two 

categories: inactive time and active time. The 
duration of all periods was manually recorded. 
Inactive time was calculated from the preparation 
to become a multi-hole spherical model. The scanner 
was considered active when the multi-hole spherical 
�•�‘�†�‡�Ž���™�ƒ�•���‹�•�•�‡�”�–�‡�†�ä�����…�–�‹�˜�‡���–�‹�•�‡���™�ƒ�•���†�‹�˜�‹�†�‡�†���‹�•�–�‘���–�™�‘��
categories: diagnostic studies and CT data analysis. 
���‹�ƒ�‰�•�‘�•�–�‹�…�� �•�–�—�†�›�� �–�‹�•�‡�� �™�ƒ�•�� �ˆ�—�”�–�Š�‡�”�� �†�‹�˜�‹�†�‡�†�� �‹�•�–�‘��
three categories: preparation, scanning, and take-
down time. Preparation time was the time from the 
preparation, positioning, and placement of the multi-
hole spherical model to the actual scan time. Scan 
time included the interval time between the contrast 
injection time, after contrast injection to the result 
�–�‹�•�‡�á���ƒ�•�†���”�‡�˜�‹�‡�™�‹�•�‰���‹�•�ƒ�‰�‡���–�‹�•�‡���ƒ�•�†���–�Š�‡���…�‘�•�¤�”�•�ƒ�–�‹�‘�•��
of completion by a radiologist.  Take-down time was 
the time interval between the access removal and 
removal of the multi-hole spherical model from the 
scanner bed. Total examination or procedure time 
�™�ƒ�•�� �†�‡�¤�•�‡�†�� �ƒ�•�� �–�Š�‡�� �•�—�Ž�–�‹�æ�Š�‘�Ž�‡�� �•�’�Š�‡�”�‹�…�ƒ�Ž�� �•�‘�†�‡�Ž�� �ˆ�”�‘�•��
the beginning to the end of the inspection time.

Image analysis
The CT scan technique was performed using 

�–�Š�‡�� �Š�‡�Ž�‹�…�ƒ�Ž�� �•�—�Ž�–�‹�’�Ž�‡�� �•�Ž�‹�…�‡�� �•�‡�“�—�‡�•�…�‡�� �–�‡�…�Š�•�‹�“�—�‡�ä�� ���Ž�Ž�� ������
image data were imported to a personal computer 
�™�‘�”�•�•�–�ƒ�–�‹�‘�•�ä�� ���Š�‡�� �‹�†�‡�•�–�‹�¤�…�ƒ�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �–�‹�„�‹�ƒ�� �™�ƒ�•��
performed in each animal model under a constant 
�™�‹�•�†�‘�™�� ���™�‹�•�†�‘�™�� �™�‹�†�–�Š�� �U�U�T�T�â�� �™�‹�•�†�‘�™�� �Ž�‡�˜�‡�Ž�� �U�T�T���ä�� ���–��
each cross-section, the density of the four cortical 
bone (anterior, posterior, medial, and lateral) and 
�”�‡�‰�‹�‘�•�� �‘�ˆ�� �‹�•�–�‡�”�‡�•�–�� ������������ ���†�‹�ƒ�•�‡�–�‡�”�� �W�� �•�•�� �ƒ�•�†�� �ƒ�”�‡�ƒ��
�‘�ˆ�� �U�Y�á�U�Z�]�� �¬�� �V�Y�W�ä�\�W�\���� �™�‡�”�‡�� �•�‡�ƒ�•�—�”�‡�†�ä�� ���‘�� �‡�˜�ƒ�Ž�—�ƒ�–�‡��
�–�Š�‡�� �˜�ƒ�”�‹�ƒ�–�‹�‘�•�•�� �‘�ˆ�� �‘�„�•�‡�”�˜�ƒ�–�‹�‘�•�•�á�� �–�Š�‡�� �������� �˜�ƒ�Ž�—�‡�•��
measurement was repeated 10 times. The elliptical 
�•�‡�Ž�‡�…�–�‹�‘�•�•�� �‘�ˆ�� �–�Š�‡�� �������á�� �™�Š�‹�…�Š�� �…�‘�•�•�‹�•�–�‡�†�� �‡�š�…�Ž�—�•�‹�˜�‡�Ž�›�� �‘�ˆ��
the cortical bones of the rat’s tibia, were drawn and 
�•�‡�‡�•�� �—�•�‹�•�‰�� �–�Š�‡�� ���•�ƒ�‰�‡�
�� �•�‘�ˆ�–�™�ƒ�”�‡�ä�� �	�‘�”�� �‡�ƒ�…�Š�� �������á�� �–�Š�‡��
mean HU values were calculated and recorded. The 
average of the four cortical values was calculated and 
described as cortical bone density.
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Statistical analysis
���Š�‡�� �•�‡�ƒ�•�á�� �•�–�ƒ�•�†�ƒ�”�†�� �†�‡�˜�‹�ƒ�–�‹�‘�•�á�� �ƒ�•�†�� �…�‘�•�¤�†�‡�•�…�‡��

interval were measured for all sample groups. The 
paired t-test was used to analyze the HU scores 
and canalicular diameter of cortical and trabecular 
bone. The t-test analysis was used to compare each 
parameter between the control and treatment groups 
and between the treatment groups. In addition, the 
t-test analysis was also used to compare the HU values 
at the ends with the middle of the bones in the same 
�‰�”�‘�—�’�ä�����•���ƒ�•���ƒ�Ž�–�‡�”�•�ƒ�–�‹�˜�‡���–�‘���–�Š�‡��t -test, the Wilcoxon test 
�™�ƒ�•���—�•�‡�†�ä�����Ž�Ž���†�ƒ�–�ƒ���™�‡�”�‡���ƒ�•�ƒ�Ž�›�œ�‡�†���—�•�‹�•�‰�������������•�‘�ˆ�–�™�ƒ�”�‡��
�˜�‡�”�•�‹�‘�•���V�V�ä�T���������������‘�”�’�ä�á�����������ä�����Š�‡���˜�ƒ�Ž�—�‡���‘�ˆ��p<0.05 was 
�…�‘�•�•�‹�†�‡�”�‡�†���•�–�ƒ�–�‹�•�–�‹�…�ƒ�Ž�Ž�›���•�‹�‰�•�‹�¤�…�ƒ�•�–�ä

RESULTS

The duration of scanning 50 tibia bones using 
a multi-hole spherical model at once was relatively 
short. This stage was only conducted once, which 
took about 16 hours (2 full working days). Then, the 
multi-hole spherical model can be used repeatedly. 
The diagnostic study time, which included preparation 
�–�‹�•�‡�á���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���–�‘�‘�•���W�T���•�‹�•�ä�����‡�–�–�‹�•�‰���–�Š�‡���‹�”�”�ƒ�†�‹�ƒ�–�‹�‘�•��
�¤�‡�Ž�†���ƒ�•�†���–�Š�‡���‹�”�”�ƒ�†�‹�ƒ�–�‹�‘�•���’�”�‘�…�‡�•�•���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���–�‘�‘�•���U�Y��
min, and the take-down time was about 10 min. The 
diagnostic study only took 55 min to obtain data from 
50 samples directly. Meanwhile, data analyzing time 
highly depended on the expertise of the data reader or 
researcher because the output data from the CT scan 
were directly transferred to the computer system.

Multi-hole spherical model trial test
Based on the HU values, using a multi-hole 

spherical model in analyzing rat bones using a CT scan 
can detect osteoporotic changes in the tibia bone 
due to ovariectomy. The condition of osteoporosis 
and osteopenia is seen from the CT scan image of 
slices 1, 2, 11, and 12, as shown in Figure 2. Slices 1 
and 2 were the two end slices in the distal part of the 
tibia, while slices 11 and 12 were the two most end 
�•�Ž�‹�…�‡�•�� �‹�•�� �–�Š�‡�� �’�”�‘�š�‹�•�ƒ�Ž�� �’�ƒ�”�–�� �‘�ˆ�� �–�Š�‡�� �–�‹�„�‹�ƒ�ä�� ���ˆ�� �–�Š�‡�� �ˆ�‘�—�”��
slices, the control group showed a full white area. 
In the 15 weeks old ovariectomized rat group, black 
color in the middle part started to appear. Similarly, 
�–�Š�‡�� �U�[�� �ƒ�•�†�� �V�U�� �™�‡�‡�•�•�� �‘�Ž�†�� �‘�˜�ƒ�”�‹�‡�…�–�‘�•�‹�œ�‡�†�� �”�ƒ�–�� �‰�”�‘�—�’�•��
showed a bigger black color in the middle parts. The 
widening of the black color in the middle decreased 
the HU value.

Based on the results, more extreme changes 
occurred at the end of the bones (proximal and distal). 
The HU score of the upper/proximal bone (slice 12) is 
�•�Š�‘�™�•�� �‹�•�� �	�‹�‰�—�”�‡�� �W�ƒ�ä�� ���ƒ�–�•�� �ƒ�‰�‡�†�� �U�W�� �™�‡�‡�•�•�� �‘�Ž�†�� ���…�‘�•�–�”�‘�Ž��
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Figure 2. The computed tomography (CT) scan images of slice 
at the distal (no. 1 and 2) and proximal (no. 11 and 12) of the 
�–�‹�„�‹�ƒ�����U�Y�­���•�ƒ�‰�•�‹�¤�…�ƒ�–�‹�‘�•��

Figure 3. The tibia in rats developing osteoporosis based on 
age. (a) HU on the tibia slice 12 (proximal tibia); (b) canalicular 
diameters. The value of p<0.05 was considered statistically 
�•�‹�‰�•�‹�¤�…�ƒ�•�–�ä�������¯���‘�—�•�•�¤�‡�Ž�†���—�•�‹�–�â���������¯�‘�˜�ƒ�”�‹�‡�…�–�‘�•�‹�œ�‡�†
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�‰�”�‘�—�’�����Š�ƒ�†���������•�…�‘�”�‡�•���‘�ˆ���V�T�Y���¬���U�Z�á���ƒ�•�†���‹�–���†�‡�…�”�‡�ƒ�•�‡�†���„�›��
�Y�T�ä�V�¨�� �–�‘�� �U�T�V�� �¬�� �U�W�� �‹�•�� �–�Š�‡�� �U�Y�� �™�‡�‡�•�•�� �‘�Ž�†�� �‘�˜�ƒ�”�‹�‡�…�–�‘�•�‹�œ�‡�†��
�”�ƒ�–�� �‰�”�‘�—�’�ä�� �	�—�”�–�Š�‡�”�•�‘�”�‡�á�� �‹�–�� �†�‡�…�”�‡�ƒ�•�‡�†�� �„�›�� �Y�U�ä�V�¨�á�� �Z�V�ä�]�¨�á��
�ƒ�•�†�� �Z�V�ä�]�¨�á�� �”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›�á�� �…�‘�•�’�ƒ�”�‡�†�� �™�‹�–�Š�� �–�Š�‡�� �U�[�á�� �U�]�á��
and 21 weeks old rats in the control group. Based on 
�–�Š�‡�� ������ �•�…�‘�”�‡�á�� �–�Š�‡�� �–�‹�„�‹�ƒ�� �„�‘�•�‡�� �‹�•�� �–�Š�‡�� �U�Y�� �ƒ�•�†�� �U�[�� �™�‡�‡�•�•��
ovariectomized rat groups showed osteopenia in the 
�W�”�†�� �ƒ�•�†�� �Y�–�Š�� �™�‡�‡�•�•�� �ƒ�ˆ�–�‡�”�� �‘�˜�ƒ�”�‹�‡�…�–�‘�•�›�ä�� ���‡�ƒ�•�™�Š�‹�Ž�‡�á��
�‘�•�–�‡�‘�’�‘�”�‘�•�‹�•�� �„�‡�‰�ƒ�•�� �–�‘�� �ƒ�’�’�‡�ƒ�”�� �‹�•�� �–�Š�‡�� �[�–�Š�� �™�‡�‡�•�� �ƒ�ˆ�–�‡�”��
�‘�˜�ƒ�”�‹�‡�…�–�‘�•�›�� ���U�]�� �™�‡�‡�•�•�� �‘�Ž�†�� �‘�˜�ƒ�”�‹�‡�…�–�‘�•�‹�œ�‡�†�� �”�ƒ�–�� �‰�”�‘�—�’����
�ƒ�•�†���…�‘�•�•�–�ƒ�•�–�Ž�›���ƒ�’�’�‡�ƒ�”�‡�†���—�•�–�‹�Ž���–�Š�‡���]�–�Š���™�‡�‡�•�����V�U���™�‡�‡�•�•��
old ovariectomized rat group).

Bone morphology analysis
The CT scan results were supported by the 

SEM and TEM imaging analysis results, as shown in 
Figure 4a. The SEM image showed that the longer 
the time after ovariectomy, the greater the degree 

of damage seen in the tibial cavity, with the deeper 
cavities appeared darker on the SEM images. The SEM 
characterization results for the tibia in the control 
group (Figure 4a[i]) appeared to have a smooth 
surface with fewer cavities. The cavities in Figure 
4a(ii) (15 weeks old ovariectomized rat group) show a 
relatively small size cavities enlargement. Figure 4a(iii) 
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ovariectomized rat group) shows a surface that has 
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weeks old ovariectomized rat group) shows clearer 
and deeper cavities.

The SEM images of the tibia bone in the control 
and ovariectomized groups were also analyzed 
using ImageJ. The average osteocyte cavities and 
canalicular diameters was obtained. The average 
score of the osteocyte cavities intensity in the 15 to 
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