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ABSTRACT
BACKGROUND New therapeutic options are often explored in in vivo studies using 
animals like rats. Since rats are small, it is difficult to examine them in a computed 
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 
rats were sacrificed at 13, 15, 17, 19, and 21 weeks old, while the ovariectomized rats were 
sacrificed at 15, 17, 19, and 21 weeks old. Afterward, tibia bones were removed, placed in 
the multi-hole spherical model, and characterized using a CT scan. Their characteristics 
were compared using a scanning electron microscope (SEM), transmission electron 
microscopy (TEM), and X-ray diffraction (XRD).

RESULTS The Hounsfield unit scores resulted from the multi-hole spherical model CT 
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 
method could produce 50 times more data than the SEM, TEM, or XRD.

CONCLUSIONS Multi-hole spherical model CT scan was considered good and reliable in 
assessing bone quality parameters in rat samples simultaneously.

KEYWORDS bone quality, CT scan, multi-hole spherical model, osteoporosis, 
ovariectomy
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Dual-energy X-ray absorptiometry is the gold 
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.

Animal models of rats are commonly used in 
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 
them easy to control. According to the National 
Human Genome Research Institute, most rats used 
in medical experiments were inbred and nearly 
genetically identical. This, in turn, makes the results of 
the experiment more uniform.⁴
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Due to their relatively small size, rats are technically 
difficult to be analyzed using a computed tomography 
(CT) scan. Several methods that have been commonly 
used were atomic absorption spectrophotometer, 
ultraviolet-visible spectroscopy, Fourier transform 
infrared spectroscopy, Raman spectroscopy, X-ray 
diffraction (XRD), scanning electron microscope (SEM), 
and transmission electron microscope (TEM).⁵,⁶ Those 
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, 
Universitas Indonesia (No: 500/UN2.F1/ETIK/2017). All 
actions taken on animal models followed the principles 
of the Declaration of Helsinki. Rats were maintained 
in the Department of Nutrient Science and Feed 
Technology, Faculty of Animal Husbandry, Institut 
Pertanian Bogor, and the ovariectomy process was 
carried out in the Laboratory of Experimental Surgery, 
Division of Surgery and Radiology, Department of Clinic, 
Reproduction and Pathology, Faculty of Veterinary 
Medicine, Institut Pertanian Bogor from January to 
December 2018.

Ninety rats (12 weeks old) were used and 
maintained in individual cages. Forty rats were 
ovariectomized, and 50 rats were used as the control 
group. At 13 weeks old, 10 rats of the control group 
were directly sacrificed. All medical measures 
(anesthesia, blood draw, and tissue/organ collection) 
were conducted by the veterinarian. Euthanasia was 
done using ketamine (40−80 mg/kg) and xylazine (5 
mg/kg) intraperitoneal. Euthanasia was done every 2 
weeks in the ovariectomized rats and control groups 
at 15, 17, 19 and 21 weeks old for each group. Thus, 
nine treatment groups were analyzed, namely the 
control group at 13, 15, 17, 19, and 21 weeks old, and 
the ovariectomized group at 15, 17, 19, and 21 weeks 
old. This study used 10 rats in each group. After being 
sacrificed, the tibia bone was collected, cleaned from 

the attached muscles and soaked with hydrazine for 7 
days, then rinsed and dried. Tibia bones were analyzed 
by a CT scan, SEM, TEM, and XRD.

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 
depth of 3 cm and a diameter of 0.6 cm, as shown 
in Figure 1. Each hole was filled with one tibia bone. 
A gap in the hole was then filled with the remaining 
material to minimize the presence of air. All multi-hole 
spherical model manufacturing activities were carried 
out in the Mechanic Workshop Laboratory of the 
Department of Physics, Universitas Indonesia, Depok, 
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 
and lower were merged, different bones would be 
read as one. The following scan parameters were 
used: 16 mm × 0.625 mm collimation mode, rotational 
time of 0.8 sec, coverage of 500 mm, pitch of 1.75:1 
at 260 mA, speed of 22 mm/s, and scan time of 24 
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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form of the Hounsfield unit (HU) value. HU score as a 
bone density parameter consisted of 12 scores from 12 
slices. The CT scan was conducted in the Department 
of Radiology, Cipto Mangunkusumo Hospital, Jakarta, 
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 
Hitachi S-3400N SEM (Hitachi High-Tech America, Inc., 
USA) in the Center for Materials and Processing Failure 
Analysis, Faculty of Engineering and the Tecnai 200 kV 
D2360 TEM Super Twin (Thermo Fisher Scientific, USA) 
in the Integrated Laboratory and Research Center, 
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 
Institutes of Health, USA). Canalicular diameters and 
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 
19,500× magnification. Crystal-collagen interactions 
at the nanostructural level were analyzed from the 
TEM images for the shape, orientation direction, and 
alignment of apatite crystals in collagen fibril. 

X-ray diffraction (XRD) procedure
The parameters analyzed using the XRD were 

the crystal size of the tibia using the Debye Scherrer 
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 
to be characterized. The XRD machine used was Rigaku 
MiniFlex 600 diffractometer (Rigaku MiniFlex, Japan) 
with Cu target metal, which had a wavelength of  
K-α1 = 1.54060 Å, K-α2 = 1.54443 Å, and K-β = 1.39225 Å.  
This tool was operated at 25°C with a voltage of 40 
kV and a strong current of 30 mA. The 2θ diffraction 
angle started at 20° and ended at 80°, with a step size 
of 0.013° and a scan step time of 8.670 sec. The output 
of the XRD machine was presented as a diffractogram, 
which showed the relationship between the diffraction 
angle (2θ) and the intensity of the reflected X-rays. 
The output data from the XRD machine in raw data 

were identified and processed using the HighScore 
Plus program (Malvern Panalytical, UK) by Rietveld 
analysis to refine the crystal structure. This study was 
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 
model was inserted. Active time was divided into two 
categories: diagnostic studies and CT data analysis. 
Diagnostic study time was further divided into 
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 
time, and reviewing image time and the confirmation 
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 
was defined as the multi-hole spherical model from 
the beginning to the end of the inspection time.

Image analysis
The CT scan technique was performed using 

the helical multiple slice sequence technique. All CT 
image data were imported to a personal computer 
workstation. The identification of the tibia was 
performed in each animal model under a constant 
window (window width 1100; window level 100). At 
each cross-section, the density of the four cortical 
bone (anterior, posterior, medial, and lateral) and 
region of interest (ROI) (diameter 3 mm and area 
of 15,169 ± 253.838) were measured. To evaluate 
the variations of observations, the ROI values 
measurement was repeated 10 times. The elliptical 
selections of the ROI, which consisted exclusively of 
the cortical bones of the rat’s tibia, were drawn and 
seen using the ImageJ software. For each ROI, the 
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
The mean, standard deviation, and confidence 

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 
group. As an alternative to the t-test, the Wilcoxon test 
was used. All data were analyzed using SPSS software 
version 22.0 (IBM Corp., USA). The value of p<0.05 was 
considered statistically significant.

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 
time, approximately took 30 min. Setting the irradiation 
field and the irradiation process approximately took 15 
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 
slices in the proximal part of the tibia. Of the four 
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, 
the 17 and 21 weeks old ovariectomized rat groups 
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 
shown in Figure 3a. Rats aged 13 weeks old (control 
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Figure 3. The tibia in rats developing osteoporosis based on 
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significant. HU=Hounsfield unit; OVX=ovariectomized
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group) had HU scores of 205 ± 16, and it decreased by 
50.2% to 102 ± 13 in the 15 weeks old ovariectomized 
rat group. Furthermore, it decreased by 51.2%, 62.9%, 
and 62.9%, respectively, compared with the 17, 19, 
and 21 weeks old rats in the control group. Based on 
the HU score, the tibia bone in the 15 and 17 weeks 
ovariectomized rat groups showed osteopenia in the 
3rd and 5th weeks after ovariectomy. Meanwhile, 
osteoporosis began to appear in the 7th week after 
ovariectomy (19 weeks old ovariectomized rat group) 
and constantly appeared until the 9th week (21 weeks 
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) 
(17 weeks old ovariectomized rat group) shows many 
cavities and rough fibers. Figure 4a(iv) (19 weeks old 
ovariectomized rat group) shows a surface that has 
larger fibers and is likely to peel off. Figure 4a(v) (21 
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 

Figure 4. (a) SEM and TEM images of the tibia bone. (i, iii, v, vii, ix) SEM of the cortical bone, red arrows=osteocyte cavities, yellow 
lines=canalicular diameters. (ii, iv, vi, viii, x) TEM images of the trabecular bone, red arrows=needle-like elongated crystals, red 
circles=plate like crystals; (b) average of crystal size (Å) and the percentage of osteocyte cavities; (c) XRD spectra from the tibia 
bone control and time after ovariectomy. SEM=scanning electron microscope; TEM=transmission electron microscope; XRD=X-ray 
diffraction
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21 weeks old ovariectomized rat groups showed 
an increasing pattern. Three to 7 weeks after 
ovariectomy, the percentage of the cavities intensity 
increased twice, compared with the normal tibia 
bone cavities. Nine weeks since ovariectomy, the 
percentage of the cavities intensity had tripled the 
normal (21 weeks old control rats) tibia bone cavities. 
Thus, the highest level of bone damage occurred 
in the 21 weeks old ovariectomized rat group. Five 
weeks after ovariectomy, the canalicular diameter 
was 411 ± 25 nm versus 406 ± 14 nm in the control 
group at the same age (p = 0.292). Seven weeks after 
ovariectomy, the canalicular diameter increased 
compared with the control at the same age (439 ± 16 
nm versus 406 ± 11 nm, p = 1.710×r⁻⁵). It also increased 
in 9 weeks after ovariectomy (442 ± 24 nm), compared 
with the control at the same age (408 ± 17 nm) with 
p = 0.001. The cortical bone SEM images showed 
significantly different osteocyte cavities (red arrows) 
and canalicular diameters (yellow lines) between the 
19 and 21 weeks old ovariectomized rat groups (Figure 
4, a[iv] and a[v]).

TEM images of the tibia in the trabecular region 
showed nanoscale structures, as shown in Figure 
4a[vi−x]. In the control group (Figure 4a[vi]), the 
crystals appeared to have two dominant shapes, 
namely a plate-like shape (red circle) and elongated 
needle-like shape (red arrow). In contrast, each image 
of the ovariectomized rat group as a whole (Figure 
4a[vii−x]) had a needle-like crystal shape. In the 
control group, the crystal structures were scattered 
randomly and tightly in small sizes. In certain regions, 
some patterns appeared in a circular orientation. 
The crystal structures in the ovariectomized group 
were almost the same as the control, but it was 
more random and irregular. Likewise, the canalicular 
diameter also appeared larger. The regular canalicular 
diameter of trabecular bone in the tibia control group 
was 207 ± 20 nm and increased up to 248 ± 17 nm in 
the 19 weeks old ovariectomized rat group with p = 
4.160×r⁻⁵ and still relatively constant in the 21 weeks 
old ovariectomized rat group (250 ± 13 nm) versus 220 
± 12 nm in the control group (p = 1.650×r⁻⁵), as shown 
in Figure 3b. The SEM and TEM analyses showed that 
the ovariectomized group had a greater effective 
canalicular diameter. The canalicular diameter started 
to show significantly different values in the 19 weeks 
old ovariectomized rat group and was relatively 
constant until 21 weeks old.

The increase in osteocyte cavities percentage was 
comparable with the increase in crystal size, as shown 
in Figure 4b. The 21 weeks old ovariectomized rat 
group had the crystal size, and the osteocyte cavities 
increased by 1.34% and 65.42%, respectively, compared 
with the control group. Other comparative data were 
the result of characterization with XRD, as shown in 
Figure 4c. The XRD data records were analyzed at 
a 2-theta angle between 24°–36°. There were two 
dominant peaks with relatively high intensity, namely 
at 2-theta between 25°–27° and 31°–34°. A 2-theta 
between 25°–27° showed a 2-theta angle shifted to the 
left of the ovariectomized rat group. This angle was 
in the reflection factor (002) plane, while the 2-theta 
angle between 31°–34° showed overlapping peaks in 
the reflection factors (211), (112), and (300), making it 
wider and difficult to analyze.

DISCUSSION

In this study, the result of a multi-hole spherical 
model CT scan to analyze many rat bones at once 
was consistent. This study lays the groundwork 
for further pre-experiment studies and shows the 
potential of a multi-hole spherical model CT scan in 
the translational process of quantitative imaging 
analysis for routine experimental practice. In the last 
decades, CT applications have acquired a fundamental 
role in diagnostic imaging, resulting in an increasing 
demand for visual examination by radiologists.⁷ In 
the biomaterial science research community, visual 
sample or morphological analysis can be performed 
using an SEM or TEM.⁸,⁹ However, these two tools have 
limitations in the sample preparation used.¹⁰ Sampling 
using organisms should be characterized using an 
SEM or TEM and must be taken and separated from 
the organisms, which requires surgery.¹¹ Meanwhile, 
characterization using a CT scan can be done without 
separating the parts of the body. One of the methods 
used is the morphological analysis of a material, with 
bone density as the most commonly used material. 
In analyzing bone density using a CT scan, the femur, 
tibia, or spine of the bone can be directly prepared 
without any special pre-treatment. In contrast, the 
SEM or TEM requires special pre-treatment, such as 
grinding the bones. For conventional imaging using 
SEM, the specimen must be electrically conductive. 
Thus, the bone must be firstly coated with an ultra-
thin layer of electrically conductive material, such 
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as gold or platinum, deposited on the sample. This 
metallic coating can increase the signal or noise ratio 
of the sample. In addition, TEM is a fairly complicated 
procedure because the samples used must be very 
thin, and the preparation technique should not induce 
any artifacts, such as precipitates or amorphization. 
Therefore, CT scan is the best technique for bone 
characterization based on its convenient sample 
preparation.

Research using animal models is continually 
used until today. However, specific investigation on 
rat bones using a CT scan is rarely used. The main 
advantage of this methodological approach is using 
the same scanner for different bones with the same 
protocol, thus eliminating confounders observed in 
most clinical studies, such as longer duration between 
the scans, repositioning, or anatomical changes of 
the target volume. In addition, intra- and interscanner 
differences resulting from the CT vendor-specific 
characteristics, as well as different technological 
developments or local institutional preferences and 
post-processing of acquired images, result in a lack of 
standardization.¹²,¹³

Apart from the clinical approaches, most 
conventional CT phantoms for the comprehensive 
scanning evaluation are not applicable for quantitative 
feature analyses due to their lack of a textural 
background.¹⁴ Therefore, we designed a customized 
multi-hole spherical model, which is a feasible tool for 
investigating the repeatability and reproducibility of 
bone parameters in general. Additionally, the materials 
used are close to human tissue, thus closing the gap 
between the non-human model and preclinical study 
designs.¹⁵

This study found that CT scan images are more 
informative in representing the osteoporosis process 
resulting from ovariectomy (Figure 2) compared with 
the SEM or TEM images (Figure 4a). This observation is 
an important basis of recommendation in selecting the 
characterization tools used to analyze bones, especially 
rat bones.

Previous researchers have analyzed a bone density 
based on the HU scores of a CT scan.¹⁶ The CT scan 
has been commonly used to diagnose bone and soft 
tissue. However, the scanned objects are still limited 
to relatively large samples (human scale). Therefore, 
special methods are needed to characterize relatively 
small samples such as rat bones with a CT scan. Using 
intermediary media such as multi-hole spherical model 

may overcome the problem. A multi-hole spherical 
model is a specially designed object scanned or imaged 
in the medical imaging field to evaluate, analyze, and 
adjust the performance of various imaging devices. This 
model can characterize small-sized samples and allows 
direct application to humans (large-sized samples 
compared with rats). In small-sized samples (rat bone), 
it can characterize large amounts of sample data 
simultaneously. In addition, the speed in producing 
data is relatively fast. In the diagnostic study, it takes 
a total of approximately 55 min from the preparation 
to the data generation. The data are produced in one 
direct process from 50 data objects, thus required 1.1 
min on average for each sample.

CT scan showed the process of osteoporosis. 
It was supported by the crystal size data obtained 
from the XRD spectra trailer at 2-theta between 24º 
until 36º, representing the diffraction angle as shown 
in Figure 4c. Based on the figure, there were two 
dominant peaks with relatively high intensity, namely 
at 2-theta between 25°−27° that corresponded to the 
field position (002), and 2-theta between 31°–34° that 
seemed overlapping with field (211), (112), and (300), 
making it more difficult to analyze. In the field shift 
(002), there was a shift in the 2-theta angle to the left 
in the ovariectomized rat group. The 2-theta values 
in the control and 21 weeks old ovariectomized rat 
groups were 26.32º and 25.94º, respectively. Based on 
the Scherrer equation, a decrease in the 2-theta angle 
value in ovariectomized rats would cause a longer and 
thinner crystal size.

On the XRD, there was only a peak of 
hydroxyapatite crystal and no other crystal phases. 
The diffraction pattern showed that crystal size was 
larger and significantly different with p<0.05, compare 
with the 19 weeks old ovariectomized rat group (Figure 
4b). Thus, the osteoporosis characteristics started 
to appear at the 7th week after ovariectomy. A large 
crystal size indicates a higher porosity.¹⁷,¹⁸

The multi-hole spherical model CT scan protocols 
were applied to close the intact bone and visually 
investigated in the cross-sectional sections. Based on 
the HU score, the tibia bone density measurement 
result was consistent with the SEM, TEM, and XRD 
results. Based on the CT scan, the middle tibia bone 
had a higher HU score because the central part 
was composed of denser cortical bone, resulting 
in a higher density. In contrast, both the upper end 
(proximal) and the lower end (distal) of the bone 



Mulyaningsih, et al. | Multi-hole spherical model CT scan method 189

Medical Journal of Indonesia

showed a lower HU score compare with the center. 
As it was composed of trabecular bone, the density 
was lower.¹⁹,²⁰

In our study, the results of the SEM, TEM, and 
XRD analyses supported the analytical data obtained 
from the multi-hole spherical model CT scan. The new 
method might be a valuable medical diagnostic tool 
essential for elucidating diseases and their therapies. 
CT scan can be a solution for practicality. However, 
another tool should be added to complement the 
characterization.²¹,²² Recommendations for future 
research include comparison with other tools to test 
the suitability of this method. In addition, the images 
generated from the multi-hole spherical model CT scan 
can be analyzed and compared with other images such 
as micro CT.

Using a multi-hole spherical model in analyzing 
rat bones using a CT scan has provided several 
advantages, including a simple proposed model 
regarding its physical structure. A multi-hole spherical 
model of 50 holes can be more practical and faster 
as it can generate 50 data directly in less than 1 hour, 
which also reduced the cost. This model can be a 
leading innovation for advancing and developing an 
accurate and innovative multi-hole spherical model 
to replace the conventional irradiation technique. 
Thus, it will result in more accurate and cost-effective 
experiments and help the researchers test several 
different protocols and parameters and gain valuable 
knowledge for the bone remodeling process. A 
standardized preparation procedure should be made 
to improve the use of the multi-hole spherical model.

However, using a multi-hole spherical model CT 
scan in analyzing rat bones still has some limitations. 
Improvements in preparing samples for CT scanning 
and matching the data sample with hole codes should 
be conducted. In addition, the irregular shape of the 
bone may cause space in the hole, thus covering the 
void in the hole is necessary. Placing tibia bone samples 
in the multi-hole spherical model should also be done 
carefully and thoroughly to avoid misreading the bone 
number. In this study, the images, either the CT scan, 
SEM, or TEM, were subjectively analyzed because it 
was based on the assumptions of the researchers or 
the operators. A high-contrast resolution test was 
conducted to reduce the subjectivity. A line pair image 
to determine the resolution was used and plotted 
using ImageJ software to produce more objective 
data.

Furthermore, the multi-hole spherical model 
had the same hole size despite different bone sizes 
and shapes. No rules on sample placement had been 
determined. Thus, the effect of object position on the 
measured noise value is still negligible. Considering 
the geometric aspects such as spatial position, object 
size, shape, and other specifications is suggested 
in using this multi-hole spherical model. Although 
it has some limitations, determining osteoporosis 
in ovariectomized white rats with the multi-hole 
spherical model CT scan can be considered one of the 
new methods to characterize small-sized samples (rat 
bones) simultaneously, resulting in more efficient and 
cost-effective experiments.
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