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Multi-hole spherical CT scan method to characterize large quantities of bones
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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.
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*$¢an 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
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T M}:‘;}jlyHb]D%O female white rats (12 weeks old) were treated as the control group, and

E §udo rats of the same age were ovariectomized to establish the osteoporosis model. Sham
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rge Uﬂﬁ&)’ﬁﬂ%le spherical model, and characterized using a CT scan. Their characteristics

were compared using a scanning electron microscope (SEM), transmission electron
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CONCLUSION@ulti-hole spherical model CT scan was considered good and reliable in
assessing bone quality parameters in rat samples simultaneously.

KEYWORDSbone quality, CT scan, multi-hole spherical model, osteoporosis,

ovariectomy
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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.t Hence, a new method to
evaluate this bone microstructure is important to solve
these limitations.
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research because of their similar genetic, biological,
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foe" =< ot —"> and beh8viora%eharicteristics 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

Moreover, rats tend to be gentle and docile, making

—Ste Ffe> —' L te_7'Z& ... Ttce% -1 -
—efe fe'etr Feif"..S ee_c——_—F4 oo

in medical experiments were inbred and nearly

.. 'e ' e 7 genetichllly identical. This, in turn, makes the results of
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Te¥..—Z— =" ,f fefZraeit —ece% [ .. days-thHeh rinsetbaridfdrige. Tibia bones were analyzed

(CT) scan. Several methods that have been commonly
used were atomic absorption spectrophotometer,
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ultraviolet-visible spectroscopy, Fourier transform Multi-hole spherical CT scan procedure

<o fTET etk L =Tte A fefe o'f ="'  Multkholesplierical was made using a wax-based
Tej"f...—<'e 4 o...feece%o tZ7F..—""e ematerial.thdt resendbled a human head (sphere)

fet —7"foeesceecte $7F . —7"e oc..) oS tétt modeal with a diameter of 16 cm. It consisted of two

methods still have limitations because the sample
testing was carried out one by one, resulting in a higher

parts, the upper half and lower half of the spherical
model, which had 50 holes in total. Each hole had a

cost and relatively longer duration. Thus, this study t1'—=S 7 W ..e fet f te<fet—-t" " Taz
was aimed to propose a multi-hole spherical model CT ~ <¢ <%o—"% U4 f..S S‘Z% ™fe nZ27tt ™c
scan as a new, fast, economical, and reliable method to % f' <o —St S*'Zt ™fe —Ste nZZFt ™!
analyze rat bones. of—1"<fZ —" ecococ®t —SF "Fete 7 fori
spherical model manufacturing activities were carried
out in the Mechanic Workshop Laboratory of the
L 3UaOIRS T f7—efoe— 7 Ssec..ed o< "F’ec—fo ot‘efe.
Study design and sample collection Indonesia. The multi-hole spherical model with bone
This research was an experimental study using samples was merged to the upper and lower parts
ovariectomized white rats model Rattus norvegicus and characterized using a CT scan (General Electric
The animal procedure protocols were approved by BrightSpeed 16 Healthcare, UK). When the upper
the Ethics Committee of the Faculty of Medicine, fet Z'™zt” ™1E % o: "% Ftta Tejf"fe— et
e« f"ec—feo efiefecf ‘a YTT VA& U readvasWones TheZfollowing scan parameters were
actions taken on animal models followed the principles used: 16 mm x 0.625 mm collimation mode, rotational
=St L ZfUf—=<'e T fZeceecA f—e ™MFIF f FEfeftt A L CTE f%E T YTT eed
<o =St frfr—efe— T ——Vcfe— w<FefF VAT cdaE b FEt 7 VV ee 0q feot o fo .
t..Se'Z' %4 f..—Z-> ‘" ecefZ —esgefisthis studys-a-64-slice CT scan was used, but

Pertanian Bogor, and the ovariectomy process was
carried out in the Laboratory of Experimental Surgery,
«Tcecte 17
Tt — . —cte fet f—-S'Z'% >4
Medicine, Institut Pertanian Bogor from January to
F..ofe, ¥ VTU\A
Ninety rats (12 weeks old) were used and
maintained in individual cages. Forty rats were
ovariectomized, and 50 rats were used as the control
%" —'& — UW ™iftee ‘Z14 UT "f—-o
™ETE  f<"f...-Z> ef.."¢n..fta 27
(anesthesia, blood draw, and tissue/organ collection)
were conducted by the veterinarian. Euthanasia was
tiet ef—foeced XT«\T *% %o
mg/kg) intraperitoneal. Euthanasia was done every 2
weeks in the ovariectomized rats and control groups
f— UYa U[a U] fef VU ™itfes ‘71
nine treatment groups were analyzed, namely the
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images representing the tibia bone were taken 12
slices because the 26 upper slices and 26 lower slices

— "% F"> fet fT<'Z'%>a 1’ f hirthe-muhi-hdleesphedical model material instead of

f ... — Z the tildia bonret The £T>scan data analyzed were in the
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bone density parameter consisted of 12 scores from 12 Z—e "7 %" fo fZ t"e fefZ>—<..fZ4&
eZ<..fea St s fe ™Mfe et — L —fTfef ZoSte £ fhpeette — St L Tre—fZ o7 — -7
T fT<Z %A < —' feY%o—ee—e—o' ‘o’ corfdidcied fneNaheFe&h Puspitek Serpong, Tangerang,
Indonesia. Indonesia.

Scanning electron microscope (SEM) and transmission Experimental design

electron microscopy (TEM) procedure The calculation time was grouped into two
To ensure that the method was done accordingly, categories: inactive time and active time. The

the measurements were also carried out using the  duration of all periods was manually recorded.

<—f...S¢< aWXTT <—f...S< <% Seldacti& time”was fcalcuated drom the preparation
<o =St fe—t” " f_t"<fZe fet 7' .tothecomioa rfiulii-heletspherical model. The scanner
sfZseced f..—Z—>"'" e%ocott’co% f*twasScbnsideredfactivd@ When the multi-hole spherical
VWZT — 37 ™o St7e' <oeSt” LetFEZoMEe oot FtTA . —<"f —cof ™fe F¢7
<o =St e—f%"f-tt f,"f-""> fet 1-chtphorick: dingrosti@ studies and CT data analysis.
Universitas Indonesia. The upper end (proximal) of <f%oe'e—¢c... o——1T> —<eof ™ fe ~_"_G§it”

the tibial cortical region was characterized by an three categories: preparation, scanning, and take-
SEM. The resulting SEM image was then analyzed down time. Preparation time was the time from the
using the ImageJ application version 1.46r (National preparation, positioning, and placement of the multi-

se—<———te 7 Ff7-S4 & fefZ<.. —hdlg spherfcattmdded t§ ¢Hfe actual scan time. Scan
the percentage of the osteocyte cavities were also time included the interval time between the contrast
evaluated. injection time, after contrast injection to the result

For the TEM analysis, thin sections of trabecular —<efa fet "f ¢t ™<ce% <of% I —<ot fof —St
bone were cut using an ultra-cut microtome with of completion by a radiologist. Take-down time was
an ultra-diamond knife and mounted on single-slot the time interval between the access removal and
Formvar-coated grids. TEM images were taken at removal of the multi-hole spherical model from the
UJAYTT- ef%eco..f—<'ed 7>e—fZae.. ' Zstdriaet bed.»Fotdlfexamination or procedure time

at the nanostructural level were analyzed from the ™fe ttoeft fe —St e—7Z-<eS'ZF 'St c..
TEM images for the shape, orientation direction, and  the beginning to the end of the inspection time.
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Image analysis
®&"f> T<i"f...—<'e L FT—"41 The CT scan technique was performed using
St 'fUfet—1%"e fefZrett —eco% —-S8t SIMENHFZ o —7-<' 2% oZc..F of —1t. ..

St ."se—f7Z ecoet ‘° =St —<,<f —ece%mags Mata yete imp6Srtetl”tb”a personal computer
equation. The tibia bone was crushed into powder ™ "ee_fc'ed St <tte—cm.. f-<'e 7 St

with mortar, then 5 g of each sample was taken and  performed in each animal model under a constant
placed in the sample holder until it was full and ready ™cet ™ ™ cott™ ™S YUUTTA ™cof'™
- ,F ..Sf"f..—f"«etta St o f ... S <« baeh «ctass™¥etwons ¥a¢g density of the four cortical

o< 2F8 ZTT t¢ij"f..—'«f—1" <% fe— hene Adrieriorf ppsterior, medial, and lateral) and

with Cu target metal, which had a wavelength of "F%o<'e T co—t"fe— Tefed—%" W oo
®@=U ~UAYXTZT %a& &=V  UAYXXXW %A Y& Ze>- WAWHEYWY %8t effe—"11t
This tool was operated at 25°C with a voltage of 40 —S$ “f <f—«c‘ee " * ef" " f_c'eeqd —St

o foet f e="'e% ..—""fe— '~ WT « & SrhedsHrerment fvas—repeated 10 times. The elliptical

fe%oZt e—f"—F1 f= VT fol ftettt f— \FHZMc—S"ofe #212S¢et & ™MSc...S ..‘eece—11
“C TATUW.: fet f o..fe o—f’ —coF ‘"~ \AZ][tle ebrticiil b&hés ‘of-the +at’s tibia, were drawn and
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™Sc..S «S ™It St "fZ7f-<c'eeSc ,t—™rhgan HB alues”fere-caleulated and recorded. The
fe%oZt VE fet —St <e—feec—> *° —S taverdge.oftheffouraedrfical &alues was calculated and

St ‘——"—— tf—-f "'e =St o f ... S <« tlescribed &S carficafbone density.
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Statistical analysis Slices
S A » ~ ¢z 1 2 11 12
St effed eo—fetf"t Ti <f-<ced feof .. sotte 't
interval were measured for all sample groups. The Control
paired t-test was used to analyze the HU scores
and canalicular diameter of cortical and trabecular
bone. Thet-test analysis was used to compare each 15 weeks old
ovariectomized
parameter between the control and treatment groups rat group
and between the treatment groups. In addition, the
t-test analysis was also used to compare the HU values & 17 weeks old
. ] ) o ovariectomized
at the ends with the middle of the bones in the same © rat group
%" —'a o feo [Z-1"tfeskiHe Wilcexdd test
™fe —ettda ZZ tf—f ™It fefZreit - ece%o ot T _T™M fr g 19 weeks old
- . . . - Y~ " ovariectomized
Frec'e VVAT - ¥ ap<8.as way — 1 ¢ rat group
Lot i ET e—f—<o—<...fZZ> *<%oecn. . foe—4
21 weeks old
ovariectomized
rat group

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
—<otd [ 8cof—FZ> — e WT
atZt fet —=ST <""ftcof—cie " fee [
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
and 2 were the two end slices in the distal part of the
tibia, while slices 11 and 12 were the two most end
oZ<... te -S4t & fZ fr- -St
slices, the control group showed a full white area.

e

ccod Fo—co

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
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Eigl;l,l’@ g he tibia ig rats developing osteoporosis based on
age. (a) HU on the tibia slice 12 (proximal tibia); (b) canalicular
diameters. The value 0p<0.05 was considered statistically

In the 15 weeks old ovariectomized rat group, black Yoot fe—a  ‘—eeniZt —ec—2a TR =t
color in the middle part started to appear. Similarly,
—-St U[ fet VU ™ztfee *Z1 '"fct. . —'ecBasdd "oh—théo fesultss more extreme changes

showed a bigger black color in the middle parts. The
widening of the black color in the middle decreased
the HU value.

occurred at the end of the bones (proximal and distal).
The HU score of the upper/proximal bone (slice 12) is
S ™, <Bo—"Ft Wfa& f—o f%It UW ™4:
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%" —' Sft o "Fe T VTY = UZ4& f - Pof dantade.sédrf intttie fibial cavity, with the deeper
YTAV" —* UTV -~ UW <o —St UY ™t 1eecavttits appeartd.darker anitife SEM images. The SEM
"f— %"'—'8 —"-St7e'"ta «— tif.."FfecHaracteNzdtibN Tésults/ b the tibia in the control

fet zZVal a "fte't..—<"1Z>4 ..o f"tt YrowS (FigBre 44fii appeared to have a smooth
and 21 weeks old rats in the control group. Based on  surface with fewer cavities. The cavities in Figure
-8t e '"FA —St —<,<f ,'eF <o —St Wa(i) (R5twebks Bididvariectomized rat group) show a
ovariectomized rat groups showed osteopenia in the relatively small size cavities enlargement. Figure 4a(iii)
W”t fet Y-S ™itee foot” *"frct. — el ™MFIINSIATEA f <t . —ec@Et "f- %" —

fe—tt "tece f%ofe —' fUEf” <o =St [-S.PThi«ip F£ET " — %S o, f"ed <Uo—"f Xf <
CfTct=te> U] ™itfes ‘ZF TfVcE .. —'econdribctofnizebhorat-group) shows a surface that has
fet feoe—feZ> fUEf "3t —e—<Z —St |-Bf™pst¥ oY IMfrdbece ZcotZ> - "FFZ ‘A <
old ovariectomized rat group). weeks old ovariectomized rat group) shows clearer

and deeper cavities.
Bone morphology analysis The SEM images of the tibia bone in the control

The CT scan results were supported by the and ovariectomized groups were also analyzed
SEM and TEM imaging analysis results, as shown in using ImageJ. The average osteocyte cavities and
Figure 4a. The SEM image showed that the longer canalicular diameters was obtained. The average

the time after ovariectomy, the greater the degree score of the osteocyte cavities intensity in the 15 to
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