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31# (Daehan Biolink Co., Eumseong, Korea)olA 3
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9| Micro-CT Z&

o] A3 # A8 ARSI &= 20~24T9 F=
40~60%°] 43 Q] FEsta HPEEE LFAR
(Purina: Nestle Purina PetCare Korea Ltd., Seoul,
Korea) & AFF7171el nh5dl2 AFASIES stolom, A7+
& A AR Yol A Algt glo] 53t E 3T

AHE Fds A% A= 5 mL A9 5 mL(300
mg/mL) F%A(Telebrix: Guerbet, Aulnay-Sous-Bois,
France) ¥ 100 mgel MIA(Signa, Saint Louis, MO,
USA) E3&S skt ¥4 il ¢ ol ketamine
hydrochloride (Ketalar: Yuhan Co, Seoul, Korea)%t
xylazine hydrochloride(Rompun: Bayer Korea, Seoul,

Fig. 1. Measurement of retropatellar cartilage thickness, joint
space of tibio-femoral joint and height of tibial epiphysis.

A. Micro-CT arthrographic image shows three locations for
measurement of retropatellar cartilage thickness in axial plane
that are labeled ‘Medial’, ‘Center’, and ‘Lateral’.

B. Micro-CT arthrographic image shows three locations for mea-
surement of retropatellar cartilage thickness in sagittal plane
that are labeled ‘Upper’, ‘Middle’, and ‘Lower’.

C. Coronal reconstruction of micro-CT arthrographic images
shows location of measurement of joint space of medial tibio-
femoral joint (arrowheads) and height of lateral tibial epiphysis
(arrow).
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Korea)9] 1:1 Ed4& A5 1
o 25 FAFste] nkHE =8t =1
of YobflE Fa YA 205 fdo7 IR
A FA] Zx](Shimadzu corporation, Kyoto, Japan) %
stoll $-59] ity E3de] SUl= o F2= 10 mg/mL
°] monosodium iodoacetate 0.05 mL(0.5 mg)< 26 G
needled AH&3te] T4 o FYsHATh =5 SR =
A Aret 294 111 £FE 0.1 mLE Fdede}, #%
W= oks 79 F SHE FA] X E o] &t EFE0
A UZ AR FYol A=A gelstalrt.

[l

)

Micro-CT Bt XY= 2ZAf

BE AEFAE MIA 79 85 Fo A7 A g
Sy tis 27 HEAHE FAHSE micro-CT (SkyScan
1076 SkyScan, Aartselaar, Belgium) #8299 %S A3
stk A& A7 VA XA FAA] i sl 29
A 0.5 mLe £/ stiolA uE e §7]Ake] &3t
(intercondylar space)< &3l F4g ¥ FdakA 2GA7t
TEHES S3E 1@ HE gEEsITh. 29 A= I
& (Daesang, Seoul) ¥ Lipiodol(Laboratoire Guerbet,
Roissy, France)2] 3: 1 E&HL o]&31%

Ao dE a9 S-S 23t 18 mme] &7 H 9ol
9 pm =S THHA S A&skar(144 A 55 kV:
image matrix, 1,024x1,024 pixels: field of view, 20
mm: slice thickness, 9 #m) micro-CT A+A Zz 1
(NRecon: SkyScan, Aartselaar, Belgium, version 1.4)
S o] &3l AdH S AT g ths micro-CT 97 2=
g (DataViewer: SkyScan, Aartselaar, Belgium)< ©]
Gsto] AT A QS AP st AT 270 ATE
2 30i Bk AgEdon, dud JAs T oF 15

ot
ol

2>
=

A
Fig. 2. A. A cylindrical VOI is defined at lateral tibial epiphysis at CT Analyser program window.
B. 3D trabecular indices are measured with CT Analyser program.

W

CTYM 2N
Micro-CT #dxgde=z A2 #4o] g4
GBS A A I A
Micro-CT %%
Belgium) 2 94-&
AT A Jud gl EE S
e A Az FAE S48 (Figs

g A" 5 2443 == .
1A, B), #3993l WS 2 95 da-thEa vde
72y FgR-S1oA #d 3PAS SAnH(Fig. 10). &5
dol= A4 S457] ofels] e GBeIA a=& 24T
Mz 7P 2 7k Holg SAste] 259 ZolE A
o2 frpskglnh. duet Sqe] A9k TR =ol= B
HogdelA dE Wl B oola wdwe] Y el 33
& o= skt

Py g W Gl dEdt E s, =] dest
T F ook MR 25 g4 of el dislA A8k

ETET

b dAdolA 3D-Calculator (SkyScan, Belgium) 4
ZEY oS ARESte] 7zl AEo] 95 Tl ddE

o] LA &%F 0.9 mm Zol9 YEHOE VOI(volume
of interest)E A3} HFig. 24). 3ld VOIZHEH A
T 3 (percent bone volume = trabecular bone
volume/endocortical total volume, %), ZAaF9 4
(trabecular number, #m™*), &4F F7 (trabecular
thickness, #m), ¥4 {4 (trabecular separation, #m),
Z4F9] AAE (trabecular bone pattern factor, km™), %
A a8l Ak 2] ] (structure model index) S AR A
o2 FASItH(Fig. 2B).
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EH 24 2 Fol8hA 2ktth(p € 0.05). Micro-CT #dxg <& GAbol
W% el B T AT 9 dEe TR F AR $5 B4 B U A2 gl AATHFigs.
7, B ol £MB /bR do] TElW BT A g 3AB).
So] APwr gzt 7ol #fo|7t J=AE paired t-testE
o] &3t ATt SA ;1A (SPSS, version 13: ZHE A A
SPSS, Chicago, 1L, USA)E ol&ate] 45 A3l p dAzet o] FAE 9 BEs vud o Gz el A
grel 0.05 W wf o] gk Zpol 7} gl AR 1H353d = F5A FAAARE, QM= o7k Aol 5 HolA| &
Steh. B8 9] B ol Ul 2 ol wF 5 &3
017 247} o frel@ Aol molx WStTh(Table 3). AHCIA 3
A% A2} gEZ Aole] B AL W Y 93 wE
2 =0 FH Z ol A frolstAl FobA AT (p € 0.01). EHE2
B e 333 A AdH 33elA 47 273 5 oA A 255 Pl 3B ShE T}
St S S AFe FAE X2 AHEsN v (Tables 1, 2). 2 do)7t frefstA AA Z8=AHp € 0.01).
B4 Ao Tl HALL FUD 95 BN BAKe  RE $Z RN Aol F47) noled 59 A2
Table 1. Retropatellar Cartilage Thickness (zm) on Mid-axial Images
Medial Center Lateral
Rt. Lt. Rt. Lt. Rt. Lt.
1 99 162 153 180 108 144
2 162 180 117 198 144 171
3 126 171 144 198 108 180
4 108 207 135 234 90 216
5 72 225 135 243 144 207
6 180 243 153 252 135 234
7 180 198 342 297 144 171
8 180 252 171 297 153 243
9 81 171 171 198 108 198
10 162 198 144 297 153 216
11 153 216 108 252 81 243
12 189 216 171 279 81 234
Mean=+SD 141.00+41.92 203.25+-28.84 162.00+60.19 243.75+42.98 120.75+27.80 204.75+32.36
p-value <0.001 <0.001 <0.001

Rt.: right side, osteoarthritis group; Lt.: left side, control group; SD : standard deviation

Table 2. Retropatellar Cartilage Thickness («m) on Mid-sagittal Images

Upper Middle Lower

Rt. Lt. Rt. Lt. Rt. Lt.
1 162 252 90 234 108 216
2 162 198 126 180 54 198
3 162 216 126 198 180 162
4 198 252 198 216 126 162
5 198 234 198 180 180 144
6 198 288 144 270 144 234
7 162 234 162 198 144 198
8 198 252 180 234 180 234
9 144 216 180 216 234 198
10 216 198 198 270 162 234
11 144 288 108 252 144 234
12 162 288 180 252 162 270

Mean+SD 175.50+£24.42 243.004+33.01 157.50£37.70 225.00+32.11 151.50+44.40 207.00£37.21
p-value <0.001 0.001 0.008

Rt.: right side, osteoarthritis group; Lt.: left side, control group; SD : standard deviation
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st BaATh(Figs. 3A, C).

Table 3. Thickness («m) of Subchondral Bone Plate, Epiphysis Height, Joint Space and Patellar Transverse Diameter

Rt. Lt. p-value

Thickness of subchondral bone MTP 288.00+31.68 232.56+27.18 0.003
LTP 283.50+32.76 289.44+19.44 0.474

Epiphysis height medial tibia 1513.44+129.24 1438.56+138.60 0.157
lateral tibia 1866.06+71.28 1876.50+61.92 0.684

Joint space medial 259.56+50.04 291.06+33.30 <0.001
lateral 154.44+35.64 225.00+32.04 <0.001

Patellar transverse diameter 4175.28+216.36 3292.47+96.39 <0.001

MTP: medial tibial plateau; LTP: lateral tibial plateau; Rt.: right side, osteoarthritis group; Lt.: left side, control group

Fig. 3. Micro-CT arthrographic finding of MIA-induced os-
teoarthritis in rat

A. Micro-CT arthrographic image shows irregular thinning of
retropatellar cartilage (black arrow) and prominent osteophyte
of patella (white arrow).

B. Sagittal reconstruction of micro-CT arthrographic image
shows resorption of subchondral bone plates of patello-femoral
joint (arrows).

C. Coronal reconstruction of micro-CT arthrographic image
shows bony resorption of intercondylar notch of tibia and later-
al margin of medial femoral condyle. There is no definitive mar-
ginal osteophyte in tibio-femoral joint (arrows).
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Micro-CT Arthrographic Analysis of Monosodium lodoacetate-
Induced Osteoarthritis in Rat Knees*

Jong Won Kwon, M.D., Heung Sik Kang, M.D.?2, Sung Hwan Hong, M.D.?
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Purpose: To evaluate the arthrographic findings of MIA-induced osteoarthritis in rat knees using the micro-CT
arthrography.

Materials and Methods: Intra-articular monosodium iodoacetate (MIA) injection-induced arthritis was induced
in the right knees of twelve rats; their left knees served as the control group. Eight weeks after MIA injection,
micro-CT arthrography was performed on each knee. We measured the thickness of retro-patellar cartilages,
the distances of tibio-femoral joint space, subchondral bone plate thickness, tibial epiphyseal height, and trans-
verse patellar diameter. Subchondral trabecular bone indices were measured in the tibial lateral condylar epi-
physis. The data were analyzed statistically using a paired t-test.

Results: The retro-patellar articular cartilage showed thinning on the right side that had been induced to devel-
op osteoarthritis. The right knees showed a significant reduction in the distance of the tibio-femoral joint
space, prominent patellar osteophytes, and the resorption of subchondral bone. Among the subchondral tra-
becular bone indices, percent bone volume, and trabecular thickness was reduced on the right side.
Conclusion: The articular cartilage thickness of MIA-induced arthritis model could be measured using micro-
CT arthrography. It was possible to evaluate the osteoarthritic findings including the change in subchondral
bone plate thickness, osteophyte formation, and subchondral bone resorption, as well as quantitatively ana-
lyze the trabecular bone indices.
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