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Morphometric analysis of bone in the ovariectomized rat using in vivo micro-CT

Chang-Jin Lee, Wan Lee, Byung-Do Lee
Department of Oral and Maxillofacial Radiology, School of Dentistry, Wonkwang University

ABSTRACT

Purpose : The aim of this study was to observe the bony change in the OVX rat longitudinally and to study the
alendronate effect.

Materials and Methods : Eighteen Sprague-Dewley rats, eight-week old each, were randomly assigned into three
groups: one of those sham-operated (N=4), the other two were OVX: saline-treated (N=7) and alendronate-treated
group (N=7). The saline-treated group was administered with saline solution (0.1 mL/100 g) daily, while the alen-
dronate-treated group was given alendronate (1 mg/kg, Sigma-Aldrich Corp. Korea) daily. Micro-CT scannings of
the lumbar were consecutively done at baseline, at 3-week intervals during 9 weeks. Two and three dimensional bony
analysis were done. Bone mineral density (BMD) was measured with Piximus (GE Lunar Co. USA). The average
values of these three methods were compared with each group.

Results : After 6 weeks the BMD of the OVX group showed lower tendency than that of sham group. After 6 weeks
many 3D parameters of micro-CT showed higher values in the OVX-alendronate group compared with the OVX-
saline group. Most 2D bony parameters were higher in the OVX-alendronate group compared with the OVX-saline
group at 9 weeks.

Conclusion : This study showed low BMD of the OVX group after 6 weeks and showed the effect of alendronate
on the BMD and bony structures of ovariectomized rats. This study also showed usefulness of in vivo micro-CT in
monitoring individual bone changes over time. (Korean J Oral Maxillofac Radiol 2008; 38 : 29-37)
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In vivo micro-CTE 0|88 HAXME WMo Z7E HEHESH &

dstz Ld=iA g’
GAREES A WA QA7 HA de) fARE
HE WIS BAFY) Wi IS
Wl Aol Aga APFERA, WA 239 HEF,
9 AF Bo] F2 TR IFTZ X 8AA)
% bisphosphonates#] <FE-E-2 Tz 3 F
A4E dAs=d ' ol9] HAg gFe AhgA] T3}
A=E ZNANE Aoz d¥A UM Iwamoto 5
2 bisphosphonates A&} ¢F&o] Z2] dZA] (connectivity)
<+ Z71A719, vitamin K2 45 FAE S7MA700 5
sled A= of Bl wel FE Ao v ] A
ol 4 & Ak

Micro-computerized tomography (micro-CT)x 20|
29| 329 A3l spesta e AFsr) dE
o micro-CTE o]43le] 2X3} 3x¢dx o2 F& ¥4
e 4wt 2l Fotstn Aok 28 micro-CTe
Zojalzke] wi$ Z27] wfjFel invivo ZodE = o
& o) Quk' Ao AN)r)ee) wRe Yo F
gAIZEe]l 2 AlzdellA] = Bz DEo] E in vivo micro-
CT #od&o]| avid s glom, wetr] AYFES 3|44
717 g3 Alzt Wizt wpE d4 el FHIAbe #Ag
2 QA

B Q7N dAHEES A d9Aes 39

& LA WA o2 BB YAlo 2 in vivo

N oAl
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4} o1, bisphosphonates#) ¢l alendronate®) ¢}8 Eof7} Z
24 W3] AT 9ol AN E B sk
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Mz o WY

£ gd7elME 853 Sprague-Dewley (SD) 24 #jA|
18 % (Orient Bio, Korea)y& 957+ AF§-8tgon Alg: Al
HEES AR (FHEALe|d )9} BHE o]f3le A
AN d2Fogr d4aHEES HRY) &
(sham operatiom @& 452 wjAslQT, AdFezE db
HEE & QA 94 Fo]F(OVX saline-treated group) 7
%, alendronate ¥ (OVX alendronate-treated group) 75
E olg3dnh daAHEES 918 mHAYA Xylazine
HCL (u}e]d zg]e} F2]3[A} 23.32 mg/1 mL)Z} Ketamine
HCL (-¢-31ks) 57.68 mg/mL)& 1:72 &3+sted 0.1 mL/
100g $o2 A7) FAT Hes YT ¥ o
A EEE AAEH dadEE £ 15 BT A
# F A2)244(0.1 mL/100 g)9} alendronate (1 mg/kg,
Sigma-Aldrich Corp. Korea)Z& 14 13 2832 2z}t =3}

Table 1. Average body weights (gram) were measured about eve-
ry 4 days

PostOVX.n 4 3 12 16 20 24 28 32 36
days
Sham 220 234 237 241 240 262 279 280 289 295

OVX+talen 219 241 247 265 272 294 309 315 316 322
OVX+Sal. 219 238 252 265 279 295 304 308 304 329

Change of body weight of rats (g)

340
320
300
280
260 1
240+

—— OVX+alen

220+
200

~ -~ Sham

ovX 4 8 12 16 20 24 28 32 36
operation

Day

Fig. 1. Body weights (gram) were more increased in OVX group
than sham group after ovariectomy.

Fsdon 95Y Dol 24F AFE TA= F4
22¢ AR} (Table 1) (Fig. 1).

2.

M4

2z =3 L micro-CT &H

I

#A4 dAMEE 25 F TUEE 35 VAo Boda
gt FHA1vk3 slell PiXImus 2 (GE Lunar Co. USA)E o)
g3bod WA TH 238 Fgslelon], z2 e ol
Blod arbitrary forme g FAlRH-g ARy FUEE A
&3} e} (Fig. 2). Micro-CTE WA 1850 s 3 435
Fogelict dadas Aol 13 BIAAT aA2E
¥ 3F F5E 33 34 GF, 65, 9F) 2.2 33 FoPslch

2 Aol o] 8% micro-CTE oAk WA 94 d74
oAlA A AREgE 7iFeo| e} (X-ray source: Hamamatsu
L9181, Detector: Hamamatsu 7942, Hamamatsu Photonics,
Japan). o} micro-CT¥ 50kVp2) A <}#} 65 micro ampere
A x=F 2R #H ATE 6% 40xeglom] g
9 #71& A% 45mm Z o] 150mme|giet. X Ale] &AM
W 1,024%x1,024 342 FAT A marixe) 9H A}
o] BolA FHw, &oJAlatet 50 x50 % 100 ume} FZrs| A
%9 voxel dataZ. FAIE QA 51278 Agid

Zodgl o§ A} 519-8- Dicom viewer programgl 3D program
(OnDemand Cybermed Co. Seoul. Korea)o & ohdEA; |
A ¥ ¢l e (Fig. 3) VG studio MAX 1.2 (Volume Graphics.
Heidelberg. Germany) 22 78]-& o] 8.3}e] wir] 79 g2
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Fig. 2. Bone mineral density mea-
CALCULATE SUBJEET % surement of rat 7" lumbar by the

SUBIECT INFORMATION Piximus densitometer.
BubjectiD : GHOUPA
Description !

Commenis
Weight =
SUBJECTHESULTS

Bene  ROI TOTAL

D 11618 011289 glem?
‘BMEC. 0092 1739 goams
Area 057 1348 om?
Tissue ROl TOYAL
tean . 17 188.8  grams
Tt 101 91 grams
Total 1 1. 118.0. grams
KFat 33 7.7

INCLUSION ROI fin pixels]
Widlh - 4% Posx: 324

idenyth © 37 PosY : 194
Angle 7 352 [deg)

] 5 animal ROI
Freus one of the Function Keys. or uge the Mouse to click on the desired
function !
Fi F2 F3 ' F5 F& F7 F8 or Esc
Help Edit Subject | Adjust ROI Priat Log Results Adjust Cancel
] Threshold

Fig. 3. Multiplanar reconstructed
micro-CT images of rat vertebra.

A Bole] wTo] TIHEES FAAHEL 40x50x40  micro-CTE 27} Fodslglon] ] VG studio MAX 1.2 =
AR AolE] (orel daw) A7 BehE ABHAT 3 2IRE o830 1B 3 ¥ AR Tel 29
A9 ARG AdEd 2 nATE AxE) FHA  HE% BAADE 0x50x 180 A dolEe] Anr|E
5 Faoch BT TAAES dAG28x2ExMumE  HeZ 3A4 BHE ARSI Fig 4). oF ST
Q7] S5t APAR 95 F AWFREES HAAN ¥ HAE (gray value)s 17006143 2,6007412] e A

l
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© Generalanalysis  Structural analysis |

Please define the gray values defining bone for
section (0]

by sefting the minimum and maximum values:
Minimum bone gray W

Maximum bone gray 3364 000

Bv: 126433501184, pm”3

BSMY: 0.030

BSEV (X, v, 7). 0037 0037 a017

BVITY: 0.055

Mean thickness: 66.056 um

Thickness (x, y, z).  54.232 53.787 118261 pm
Mean number: 0.0

Number (x, v, Z): 0.001 0.001 0.000

Mean spacing: 1134.851 Hm

Spacing (x,y, 7).  931.720 924 068 2043.924 pmn

Fig. 5. Parameters of 3D analysis are calculated automatically by
VG studio MAX program if proper bone gray level value is deter-
mined.

e et
3. 3%} micro-CT X|E3Z}

% 2A17 ZHENTE 24

3241 dAEA =2 78 (VG studio MAX 1.2)0.8 B4

2 371 micro-CT A& (F wlAF2 AR)ES FRF

Fig. 4. An example of 3D CT mo-
del of rat 7" lumbar VOI (50 X 50
X 180 voxel datas) by 3D analysis
program.

EIN 2 vo0zs2 (1}

HEhiE BV, 2336 9 2ERA) v]ge ehle
bone specific surface (BS/BV), percent bone volume (BV/
TV), F4F9) H#F T4 (Tb.Th), F432) HF 4 (Tb.N)
?—’ﬂi 4T 7P—‘(Tb Sp) & 67 &%} (Fig. 5). ¢}
A 52 Pafitt’s formula (1983)Yef] F3lx= EAL 7lx1
SIsich mabEe B4R Y 0F F 9
mand 3D Z2 9ol o)ste] A4, Babd, 9
W34 ARG R (Fig. 6) olsh 2ol AT JAE 3
77 vl AgsA BAHE T a2Ae) A
& Yoz el A% TP A AR
& o4l 7zl 231M BY 2HE shedet
| Zeadel Sate] wehe) Aol AT el Aol
Y 4¢ e By 9 o459 A% 24
g Fol d4oz AF YIS oAste 43} 24
3tgl Ao = HE] Ar.B/Ar.RI (bone surface in ROI), N.Tm
/Ar.RI (number of termini in ROI), N.Nd/Ar.RI (number of
node in ROT), N.NdNd (number of node-node), N.NdTm
(number of node-termini), N.TmTm (number of termini-ter-
mini), PmB/Ar.RI (perimeter in ROI), TSL/Ar.RI (total strut
length in ROI), Tt.Le.NdNd/Ar.RI (total length of node-node
in ROI), Tt.Le. TmTm/Ar.RI (total length of termini-termini
in ROI), Tt.Le. NdNd/TSL (total length of node-node/total
strut length), Tt.Le. TmTm/TSL (total length of termini-ter-

o

Rd

>

mini/total strut length), 3D BoxSlope (fractal dimension) 5-
13708 347z HelA=E
ters)®] ko] AFH oz AREFH Y
N E S

(bone morphometric parame-

A 2HE O g
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Coronal Sagittel

3

Fig. 6. The reference line of reformatted surfaces and sagittal image for 2D analysis.

Lumbar7 BMD

0.33

027

0.25 L

BMD

023+

021

—— OVX+alen
eor | OVX+Sal.
—-- Sham

017 1 1 1 1 L
3 6 9

Week

Fig. 7. Bone mineral density (BMD) of L7 according to time
interval.

z o

G EE(OVX)S] FE=X]E Shamol v]s] AFPA|
2 67 R FUkEE S22/ £3E9 2 OVX-alen-
dronate 2] FHU X7} OVX-saline9 FUx=xurc} =
< 7S By (Fig. 7).

2. AR micro-CT 27 = X[H

BV, BV/TV, Tb.N 59| 419l 272 SAHe|A =

OVX-alendronate=2] 7% 350 A 6F74A| = ZFA4E 7}
6FAREE A F7HHE AE Bgon, OVX-saline
o] Zfele 3FALE AEHez Aade AL B
9t} BS/BVE OVX-alendronate o] OVX-salinewzel] 8]
8lod 2 735 ¥ gv}(Figs. 8-11). OVX-alendronate -
450 HFFA (Tb.Th): 65714 FHAH T} 6343
Bl ZAEE At 3159020 OVX-saline¢] Tb.Th
* ASHeoz 2aHE AFE Bk (Fig 12). OVX-alen-
dronate ¥~8] FAF 7FH5(Tb.Sp)2 6FHHE ZAHE
258 2o} OVX-saline=2] Tb.Spyx 354 BE A&
Aoz Z7lEE AL BT} (Fig. 13). Shamz2 BV,
BV/TV, To.N & 657X Z7}8l= AL Holtr) 63
A e = Z}iﬂ—t— 228 pyon Th.Th: A& om
ZAaHE A%, To.Spr 63714 FaFTr) 6331
Bl Axh —7}QL 78F& ¥.g v} (Figs. 8-13).

3. O[XHHH =7 X|&

o| 812 FFx H7FA] OVX-alendronate 2] #¢] =
E X$Ee] OVX-salineg-9] =X nct

= =9}}. PmB/
Ar.RI, TSL/Rr.RI, N.Nd/Ar.RI, fractal dimension (3-D Box-
Slope), N-TmTm, 5-2] Z&e] A& Shami-o] OVXEE
o A4t & AFE 2AT (Table 2).

oz FHxe FAHE =
771 AZreloh H3A)



In vivo micro-CTE 0|23t LtAXE HHA Q)

6.500

6.000

5.500

5.000

4.500

4.000

Week

Fig. 10. Mean number

6.4
6.2
60 - -
58 |
5.6 L
54 |
521
5.0 H
4.8

OVX+alen
-------- OVX+5al.
—-— Sham

0 3 6 9
Week

Fig. 12. Mean thickness
0.046
0.045
0.044
0.043
0.042
0.041
0.040
0.039
0.038

Week

Fig. 9. BV/TV

0.29
028 t
027 r
0.26
025+
024
023 ¢
022t
021
0.20

Week

Fig. 11. BS/BV

54

VX+
50 b OVX+alen

50 -

48 L

m

44 }

0.16
0.15 [’
0.14

OVX+alen
T -------- OVX+Sal.

—-~— Sham

0 3 6 9
Week

Figs. 8-13. The 3D bony parameters values of each group were monitored over time by 3D micro-CT analysis program (VG studio MAX).

ol folA Slold FwAgo war o
290 A5 WYsme e A
Al o] & -9]9] photon absorptiometryt} quantitative com-
puted tomography & o]43t Fx FHAiArl Mdazsyw g)
22 w7 2ohEE ATl AdsEe AsEm gl
T o2t el R A7|ke] Bon IaAEEs
AlA] QAzrel 317 = #H7A djel fAkst SjHE w3

e BeAF7] HEolht qlslden FHTES 2
71 g WA dadEse] AF ol4HEd, & F 8F
5,26

Z2 3 o)He] I3 AL BHE 5 Y] bFo)’
AgE wzA AP & glon FHEE A=AE F
sl 2 Mg &53E T2 Az §43 FE=A gy
) =

o

el AW TAF TG o) Wb Qo)
3 F2Ae) AAH ¥3) Sol WY 4 oY) e

ol micro-CTE o]-£8 FnjA3x dF5 F o] ko)

<

AYH 3 ek T2 ol AFEE FHEEE 2
17130 A% Aol met AREEEE HAAL F 27
ARt A A4 A B BxA We) e @
5] el A7 GAZE Sl A2 Bol dad
F4¢ 5o ANH02 IATEE AT B4R U

4 99z )Y 22 W3R
1Adwte] B A7 WA Boll u]3) 3 Hé Fof 3 AAIZ)
WA 2] FFz7) FFaEe] Heof 3 73 A
= —“—'Xﬂ MM oz Aelst Xde g o A
o Aol g8 AAAE Bd AdAe] sl FHZol Al
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Table 2. The average values of 2D bone morphometric parameters
according to the group

Parameter Sham OV.X+ OVX+
saline alendronate
PmB/Ar.RI 45104.74 40104.81 39920.73
Ar.B/Ar.RI 0.46 0.46 0.47
TSL/Ar.RI 575.12 505.85 509.93
N.Tm/Ar.RI 861.92 860.85 992.49
N.Nd/Ar.RI 1017.31 899.21 1126.68
Tt.Le.NdNd/Ar.RI 195.06 170.01 205.80
Tt.Le. TmTm/Ar.RI 31.58 37.73 35.42
Tt.Le.NdNd/TSL 0.34 0.34 0.41
Tt.Le. TmTm/TSL 0.06 0.07 0.07
3-D BoxSlope
(fractal dimension) 2.65 2.61 2.61
N.NdNd 362.75 323.14 465.71
N.NdTm 283.17 262.62 300.57
N.TmTm 47.33 49.14 65.33
2= in vivo micro-CTE AR ZTEE FAA TR ¢ A
7 M) o A&He FTUSE BAY 4 U7 o
Foll ¢t 22 FAAS 55 £ e AR eletn A
Zbalo), B o oA WA JAHZ<E F in vivo micro-

CT #3% ool 37, 65,95 DAoz st g B
Fegrle) =) Aoz Fejol

Fogont 1 ool
2rhsshale.

FaEee Adstd dased dMe oA 2
A79 WAEY A= 34 AT FEHEZ(OVK)

FH=Ax ShamZoll w8 APAF} 63 FRE] F71E
£x7l #3590 om OVX-alendronate 2] &4 =X
OVX-saline?-9] FYWEx R} =2 AS Bod) o
4 A HaE AAT AUEE SUEAE o 6
B =7} %27} AslEr] Aztsla, dAadEe
5} /}J_?Hﬁ oA alendronate® FoJA] FY =7}
FAEI S AR 7oy oyd Adge
T A7ES MR P Bel:

Gl

-|n:

oh

l

13

Breen %2 Lepola
Aol

Micro-CTE o] 48 33X Zu|Al7z F71A] 2 d79
OVX-alendronate 2o 4] BV/TV, BV. Tb.N E-& 3264 6
AR BaTh (FATEE AR ZhHE As
Bolom, OVX-saline-2] 7 o= 3FRRE LA o=
HadE ARe nvh

Hu %2 alendronate®] Z4Zo] g w7 w32
ebus] sla) WA 23} 29 AL Aoz Tl
MFz 7S A8kt 2 23 alendronate F-of 2ol A]
FAF T FUE So] 27159l bone surface-to-
volume ratio7} Z}4% éa}—— vt s19 e Grynpas
5> pamidronate ¥4 F4F TS} TR Z7}
£, Lepola 572 clondronate EAA] ZALF Y IS

Bty o Boyd 578 &S APt UAME 3

A E3t A5Hon HAY A 2rIs) FoF 47}
Zassits s e d7EnEe ¥ A7 A9

o Ux|gichy e,
OVX-alendronate 2] 4% 7] (Tb.Th)= 6F7}A]=
A3t FraEErE 6FAREE Fase Axr 3
9021} OVX-salineZ2 &M oz 4= ASkS vy
o}. 12] 37 OVX-alendronate -7—_‘1] F4F 7+ (Tb.Sp)L 6
FARE ZAaEE 24 o1} OVX-salinev-2 33
ARE A&Hoz 7 ]'5]—‘5 75‘?’*—— B9} Lepola 572
o] 9Jshd clondronate o X] TAF 7+ 74
3 ERen FAF T4 Wik vz stk =3 Par-
fi’'o] J3lH FFFA] FAFER FPe| ZHE
a7 FAL dNdes FANAE APl et 3
2} A 2rar) o9k stgdth Chun = in vivo
microCTE o] 83 WA N5 2o 245 ool B o
FelA daMEes A FAF FA7 Fadde
Ae Bud v vk E4F FA9) %ﬁ:—’r— Z+2ol| Tt
= 2A| A ge] A"
F218] 7h5o) 57}‘6}131] alendronate =
Z7HE At wsr) Az %s

ofch. Dempster 72 Z7}x 9} Bsa= T A&
% Tb.Thrt 71 Fed Azety spge 22 Vogel

2V Z4F T 2AHE FTAF W] roddE E:
plate3 o|ufel] wet AlabHe] Ateld 4~ etz 39l o
Vesterby = 22104 72 24 Ao FzAol vk

4] (anisotropic structure)o] &3] mA|HzA] 7] wfjFo)
gAHol ol& 4 AT 2 v Aok Yoz 234 o
Hol N FaF S FAANE B d77h A4S
ofof & Ao J7Hee

2729 A olmlx] EAE APsh= olfi u]
W44 3404 CT 2720 9T o
7 33144 ﬂﬁuhﬁoﬂ Hlel 7hehs)
o felet. - A7 A 2204 FFE YrHA] OVX-
alendronate 1‘4 Y289} x4Ee] OVX-saline2] A4
2B} =9keh Dempster’s= W47t A AY WA 24
F9] 4, node number, node to node strut length S-o] 7}4-5]
Autxm 813, Mellish 52 2739l Feis)AlE node
o) 7} 74 223 A :oln noder} ow T vl
T ARSI stk FuA Tz o)xkdA Bl o)
HE AsEs g3 (connectivity)--qL #2% Aol 2‘2]—2}
o webie FoATE B4E AL A &
A7A A, F53] (volume fraction), HEFA] (anisotropy) S

m\n

o 3

2 A& 319dom,” Boyce 5% dA4aAZE 3 Aoz
oA 3x02 QAo RAHYT T B ysle], 7z

A4 B2 st WA B B2 ) ok
JUY AFRT F& Y] w7 249 TR B
He FUAgel BE FURE 75T & s A4
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In vivo micro-CTE 0|28 UAXE YiAe] Z7= HEH=E8N 2
ol A& WozA o it A7} oS Alg = oo}
otz Yzeio).

YA7HE] BEFFE AUsAY Had sr|9e oFF
< AH&3hedl o] % bisphosphonate Foh-3-F-olvt oAl
o Foll AHgE= oAl F9 dhvtel™ bisphosphonate 7<)
alendronate= el FFE v|AA gdowN FFSE
AT Aoz A YeY

E d7et AFE d7E5S S5l 21 alendronate
ARg A 29 7} Z7b5] 2 BV/TV, BV, Tb.N -2 Zn]
HFzA= Z7H8 e 23S B3l o2jdt A2 alendro-
nateAR-g-o] o] AEZA BEo =z i FoiyF AP
MM 2FFE A7l 9L 3 e HE AL
3= 7 o]t} Alendronatel: w9} I Z W2 F5H o]
HZ2H 2] MEALE §58t7 G2 Mree Btz
€ dAlste FF5E A2 Ao deEA gl o
AT FEFFAY Anase o= AT TEA
d 5% 58t BaHe] ghon] A FohgF: A&
B oollvtel ARE-E 3 glovh, A7 Bz Qi AgEiat
o] A Pz Ee B} 59 X aHA
of FRMEYE FAIALE obA] #AsloF & Az do} 9l
° = IS PEdts 2% gle] ofd
o destty QY3

2
1

s HAaREES AlEE A
g F Wl A alendronate Fof o] salinge 2ojZxHc}l FUx,
22k A 3x9] FF2 A& Bl BF A Jehger in
vivo micro-CT+= o] &t FAEE d&H o= Vet
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