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OPGHE N w5 2 5, /> B B0 FE ) A o A5
HYNIT AN, 75 B B DS S PR, T OPGHE
PR i 5 /0 B EH T 1] DAAS e Hb S DB s AR e R,
R R

DAFE IR 8 &5 R I 5 3 R B 2 A4 4027 (Stere-
ology)W 5T 71, i1l 5 ., &R i HZW) v 15 245
K, T HCA R, THRAS B ISR AR THEAL
X5 2% W1 )2 $1 Hfi(computed tomography, CT) & 5= 2% 52
BE s H T HE, R T PG IR, T s
ity . BRI, AR T 55UCT(micro-
CT)o BRI N, AT AR ERFFE ks
1, AL GARR T8, 142 - FE, Reig it AT
RS ERI =g g, i Hoo] DL g e FR oA
7 (micro-finite element models) A 57 H /NG (K #AE: il
Al HER, micro-CTH] LASE 40 #7815 T2 44, v]
DUKS 48 21 B s P b S s i T HAE S A b ()
PeBB, ZHARR 2 N T8 BiAs 5 ST RN
W I R S R R FEY AR SCAE FH micro-CTXf OPG
FEPRTR S SR AR AT B 23 A

1 #RI57HE
L1 35 Fn R

I3 B B2l B Sigma s\, A I 0.8 %09k
J&; micro-CT(eXplore Locus)% | GE Healthcare /3 7] .
1.2 KIGzh4Y

OPGHE N i B 41 & F(homozygote, Homo) Az F
[F] 55 57 £ A (wild type, Wi/ A6 5L, HEPE, 4F5810
J, A E23~28 g, LI Eh W) b rg 7 A i
FeH LR, AR FRAETER(21~22 °C) b7 1a], BEk
12 WGIEIEIN . S50 3 H 1) B[R] B 24 9:00~12:00,
H /N E gk bnif BURR S K
1.3 LSRR

S /N SRR, A I micro-C T HLiE A T4 5 1
iy B A E A DA SR AR bR AT, HARD IR
FZHUR: (1)0.8%)3 I H Z A3 40.001 mL/kgfk
L 1) A BRI B () BRURRIE S, g I
JEC T micro-CTH IR b, [, #7454, 34
W 80 kV peaks, 450 pA, 0.045 mm effective pixel
size, F14fi B I [A]60 min. 14 45 )5 5215.4%0.0449
voxelsx0.0449 voxelsx0.0449 voxels(45 pm4;#E%)
AT EMR E L Q)RR E R R IR H IR s, 765 W=
B IBOR R, BB i W 25245 5 ) A 2L AT R

KK BEAE 22 57, 43 S, (e & 2 g = F T
R) T BT P S R X Je (the regions of interest, ROI),
JBEr ROTIE AR A JHE AR 1) 27 b 25 A A 2 1), AS S A
A S PR JBE T S JBE P 200 I8 v A 2800 i ) 47 DU AR
WAER. f FJGEHC micro view 2. 28T =4 5
. R BRI E T, TR RS
B 50 FIAR BT 1 43 S0 MR 4 JL2 ok e 18, B2
FUE AR R I B ALK 2, A U
SRR AT A FLIFE N N 2B 42,
3BT LA SO DL T A e 1 (DS A,
/N BB RO, AR I S TR A

14 SSHHAR NG 4T
JiiOrigin 8.0% f4:(Origin LabZy )ik 47 45 i 4

#r, 1 HHOne way ANOVAT £ 400k, JFAFEl. Hids
278 Hmeans+SEM.,

2 &

4 Fmicro-CTX /N fRE AT 4 5 H i I = 4k i
t, CABEE A 006 B S5 A6 1R 25 IS KA T 3 M
21 =5 BR-HEE

LR —CTEIE (1 000)I}, /N Bl 4= L 1 s — 4k <]
BB S5 WS EL(E TAFTE1C)AH B, Homo)s Fl (&

A: WHEHLIE]; B: Homo E#LE]; C: WL, D: HomoflI#LIE]; ¢4
7k s S Homo BB 9 B A1 (1 B M IRAR BT 5%
A: front view of Wt; B: front view of Homo; C: side view of Wt; D:
side view of Homo. White arrow indicates the widespread honeycomb
shaped low density areas in the vertebra.

Bl NRESER=HER

Fig.1 Reconstruction of the three-dimension mouse skeleton
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B 1D) 4 54 B (OCTH AR LR, i
FEH AL S5 R B
22 REBEEEXSENE

AR SRR, R G R
SR ROL WIS IR T Sk L IR 131

Homo

Lo JBE Sk 2: BB 20 3: BET; 40 AOIER; 50 MR
1: caput ossis femoris; 2: colum ossis femoris; 3: corpus ossis femoris; 4:
Condylus medialis; 5: Condylus lateralis.

E2 BREW=#5E

Fig.2 3D restrucrion of mice femur
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BMC). ‘5% % (bone mineral density, BMD). 2 21
1) 5t &5 H (tissue mineral content, TMC)FI1 41 21 &
% Ji¥ (tissue mineral density, TMD), 45 % i 7R OPGIE
DL 3% 7> BT A 4 B 280 B S /N T[] B A 28/ B
(P<0.001)(E3A~&3D).
2.3 BRBSWEREEINE

DU SIAG IS BB TR S5 RS Fie £l (structure model
index, SMI), £ %L i 71, Homo Fi [)SMI A (4.0 83+0.301), i
/N T WEEL(5.36620.187)(P<0.01)(K4A).
24 REBNRSH

SRR S N RSEORI, SRR
HEF /NG JELFE (calibration of trabecular thickness 3D,
Calib.Tb.Th.3D) Homo i >4 (0.252+0.010) mm, ] Wt
2y (0.319+0.006) mm, Homo i} % /N 1> Wt (& 4B,
P<0.001); =4ER e /NG 4y B JE (calibration of tra-
becular separation 3D, Calib.Tb.Sp.3D) Homo fi{,
(0.37520.013) mm, i Wt (0.369+0.004) mm, P %
JG it #F 1 2 (E4C, P>0.05).,
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A: bone mineral content, BMC; B: bone mineral density, BMD; C: tissue mineral content, TMC; D: tissue mineral density, TMD.
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Fig.3 Index for mice femur mineral density

2.5 lREHRRFENE
‘B AT 5> # (bone volume/tissue volume, BV/
TV % B, Homo B 24 (0.6670.012)/mm, i Wt

29 (0.704+0.005)/mm, 2% KT Homo il (P<0.01)(F
SA); B R 5 R L {E (bone surface/bone volume,
BS/BV)Homo i (6.316+0.163)/mm, &2/ T-Wt
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fi (5.847+0.049)/mm (P<0.05)(&] 5B); #%45%% & (con- 2.6 BgE % @5 M (anisotropy)

nectivity density)Homo il 4(0.503+0.139)/mm’, 1fij Wt - 18] 7% & (degree of anisotropy, DOA), Homo
fL5(1.588+0.157)/mm’, 3% K FHomo il (P<0.001)  §l 41.187+0.035, MWt 41.165£0.027, W # I &
(1 5C); e Laa v AT 2B /N H (trabecular  ZF 27 (KI6A, P>0.05).

number, Tb.N) Homo g, 4 (2.102+0.024)/mm, 2% /)5 27 BEBEREREEE

TWtH(2.057+0.018)/mm (P<0.05)(&I5D). J 5 JE J¥ (cortical bone thickness), Homo
(A) 6 1 %% (B) 035_ ks
y 54 7 0.304
24] E 0251
3 2 0201
g3 g
£ < 0.15
L, =
g £ 0.10,
ERg © 0051
0.00
Wild type Homozygote Wild type Homozygote
Genotype Genotype
@
© 0.40
0351
£ 030
97 0.25
(2' 0.20
£ 015
£ 0.101
<
©0.05 A
0.00 - .
Wild type Homozygote
Genotype

A SRR B = UEACHET NS, C SRR NS T
A: structure model index; B: calibration of trabecular thickness 3D; C: calibration of trabecular separation 3D.
E4 PDRERBHEMRIER RS/ RGN E
Fig.4 Mice femur structure model index and trabecular bone structure measurements

A B
A 0.8 oo (B) gic *
0.7 6
0.6 T 54
.- £
£ 04 =
Z 03] 2 39
@ e %)
02 M 2
0.1 14
0.0 04
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© ®)
- 18] EEEY 25
£ 1.6]
E 0
= 14 20
2 L2 E sl
Z 10 £
'; 0.84 Z 1.0+
e .
5 044 0.5
§ 021
0.0 -
= Wild type Homozygote 00 Wild type Homozygote
Genotype Genotype

AR EG B AT RIS AR C: MR D: B NRELH o B R A B EhRHER, n=6, *P<0.05, **P<0.01, ***P<0.001.
A: bone volume/tissue volume; B: bone surface/bone volume; C: connectivity density; D: trabecular number. Data expressed as means+SEM, n=6,
*P<0.05, **P<0.01, ***P<0.001.
E5 #HNFEsH
Fig.5 Parameters of stereology
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Wild type Homozygote

Genotype

B) -

0.18]
_0.16
£ 0.14]
Z 0.12]
Q
£ 0.10
e
Z 0.081
S 0.06
% 0.041
0.021
0.00-

Wild type
Genotype

Homozygote

A K PR B BBUE IR o Bl R R BB ERRE R, n=6, **P<0.01,
A: degree of anisotropy; B: cortical bone thickness. Data expressed as means+SEM, n=6, **P<0.01.
Eeo HRFMUEESRRBEE

Fig.6 Degree of Anisotropy and cortical bone thickness

79 (0.122+0.005) mm, 1fif Wt >4 (0.167+0.009) mm,
Homo % 7 /N T-Wt(P<0.001)(&6B).

3 itie

BRI w7 M, g3 A dE
o ML WS, BT EEZ AN T . B
SBRAAGE & LU s8> i IR R B AL R RFAE 1),
A By PR R 385 I DA R By 3 U AT I — s B R
M Rk, B R 2k R RS
ITREE RPN 7 1 o DAAE DN B 53 B 1) v e
AL CUREX G sl 5 2™ i BEAE WS 1 1
JIESE N i ) i AT AR T,
R T ERR U A RR )2 V) ks H 4 KA,
PRI AR A SR, A, THRGRIG I 224
ST IR BE TV 2 T BRI bR A () S Mk, ok R i
W )15k, T B SIS H S H0R
HOE BTG F (YT Rk, HERPEA S . %
BCTH T He I, TCiETHCE k45 45 micro-
CTRZ G, R g T LA b n) 8, 78 5056 3 4 5%
FNTRR A [P S5 8 o0 i B BAT — o AR, mr LA
R A R IS0 e R R R A R, A A
B b1 30 1) i S5 A B s TR . AR G AR 2 7
5T S RS AL AN D) 1 1 4k 4%, ifimicro-CTR]
PLEF W =425 MK . micro-CTidk nf DAFE — 4 f
Ry v BRI B 2 AR, AR A T 2 AP AR
B BEA AT BT, 5 SR micro-CT (1) £ s 5
JkEHE; Ji4k, RAISMIL DOA%E HEbr A A micro-CT
AFLASR AL M SE IS B A 1) A (replacement) |
I /b (reduction) A1 4 4k (refinement) (“3R” J& N4 52
56 il IR D S B )W) AT, G BEmicro-CTHE

BWFFC N AT G IX — 2K,

T FURAA G IT 25 0T v s B2 ) 1) 5t
AR . — B2 F O S0 B 1 EVE S DS 0 2
PELA LS J5 1 AL R 8 ST sl AR RS % R
LRy v, 0 IR, wE DUJT e KL =T,
AERTIE Y/ B NN B2/ UR = @t vl T S SO B N
B BAT A 22 5, FBUEIR S R ERIR K. h
T FIR AR 2, A SCEFEOPGHE PR /N B
1 0y 1 0 A ) ) B 8L OPG A — i RE I 15 B I L
(153 RO £ 1, J8 T8 R K IR - (tumor necrosis
factor, TNF)SZ {48 500 1 04, A #00 At 2 40 i 434k,
A InE B Thae s e, IR «BZ A
AL A FBc AL (ligand of receptor activator of NFkB,
RANKL) H J B /28 ST 40 M 32k, e R T AR i A4
2 Ji0 4 171 1) 32 44 (receptor activator of NFkB, RANK)
g5, P TEDCE A0 LT 23 Ak B R OPGHE % BH 1K
RANKLATRANK A G454, M1 il it 2 40 Jtd
S S LI OPGHE DR bk 3 SUHE Ui AL 1 I
PRBOR T B G ), A5 A NS BURAL R v
Blil. OPGEEIRI R 2 J5, /N BB T 45 5 ki 1
B AL

micro-CT4x 5 i i 41 il = 4t # 4 K I Homo il
4 5 i % 2 Al S IRAIC A FE R, A8 e R ARG
91, 1 B Homo i H IR BRIE PE B s . 1
B S0 B U AL T 00 B A I AL,
A ST DL R 448 P micro-C T3 HT 1B 45 K 1 4%
TiFEbR . RS RE AN, FEZ 0L GHRE
PR Z T IROL. S50 LU BERE A h 28, 45
Bt TN B E AT S S 4, WHBMC. BMD. TMC
MTMD YA EFR, T2 N F 1) 2 b A B )
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W ALK, 45 3 57 Homo ) BLIFIBMC. BMD,
TMCHITMD Y AN 45 b 347 B (2 /N -F-Wob) JE, 3 i3 B
OPGHEN b I, /N BRAE & e o b B0 T i B
SMI & 25 4, Homo fil {2 2 /N T- W] i (P<0.01)(&]
2B). SMIMUE A Ml 1y /N B & 1B IR (plate-like) 5%
“FEAR(rod-like) [ 2 J&, 1X — $5 Fx s micro-CTHE A5
) = YE 35 bx, 18 AL 50— 4 7 (R M 24) TE 7845 2
X5 hRe BOIRE N RERFF IR /N2 B SMIARvE
S5 R OFN3, R AEE STOBAA RS, B ZINGE AR [ FFHR
AR . SMIF RN Z5 R I 2%, IEIISMIAR 3
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RO B SRAE U D I F B T s A e AT
/N R 2 BHomo Fi /N T-WER, 17 — 4 A M /s
By B FE WG A TG {0 3 0k 22 e, T /N R |
PIE I R 2 5 o i /N EAE B JBUBAL g i R v
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gions of interest, ROT) Py #5481 M 15 4 1 7 =X W i
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SRR EE A o EOAE R 1INE, 3R H AR Ik 3k 44
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/e Homo 5 WG I 35 72 F¢ o 1M B2 W1 WF 90 K B,
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REAS 3 0 7 o 52 (1 Zh REAH X 2. Mmicro-CT
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The Use of Micro-CT in the Study of Bone Microarchitecture

Wang Weigang'?, Liu Zhenze?, Li Jun®, Yan Huimin**
(‘Department of Chemistry, Tongji University, Shanghai 200092, China; *School of Life Science and Technology, Tongji University,
Shanghai 200092, China;’*Shanghai Research Center for Model Organisms, Shanghai 201203, China)

Abstract OPG knockout mice were scanned by micro-CT. The reconstruction of the three-dimension
mouse skeleton showed the widespread honeycomb shaped low density areas in OPG knockout mice. And we
found that OPG knockout mice with lower level of BMD, SMI, Calibration of trabecular thickness, BV/TV, BS/BV,
connectivity density and cortical bone thickness in comparison to wild-type littermates. But there was no any sig-
nificant differences in the trabecular number, trabecular separation or DOA in both genotypes. The deletion of OPG
in mice leads to osteoporosis. Micro-CT can be used to study bone architecture noninvasively in mice with some
advantage over stereological measures.

Key words micro-CT; bone microarchitecture; osteoporosis; osteoprotegerin; knockout mouse
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