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Research status and progress in animal models of senile osteoporosis
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[ Abstract]  Senile osteoporosis is a growing public health challenge with significant impacts on the daily life of
the elderly population as a result of its hidden nature, high prevalence, and high risk of disability. Suitable animal
models that simulate senile osteoporosis are crucial for understanding its pathological mechanism and to facilitate the
development of anti-osteoporosis drugs and identify new therapeutic targets. This review considers the most commonly
used method for creating animal models of senile osteoporosis, analyzes their advantages and limitations, and discusses
research progress in animal models in terms of evaluation indicators, to provide references for research using animal
models of senile osteoporosis.
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LA BB AAE ( senile osteoporosis , SOP)
e NS TE B 7 T Y — Fh R IR R I, LLE o™
i N R E G R R s BRARRAE , X B 4 A
{1 Ak o R A 9 O ™ A B AR A
KRATIEF AL RAET 65 2 DL E NBEE B
PARE BB A 32. 0%, I HLH B A P B 47 S
B BB AMAE B R S AR R B I EUE
B R 22— R X B 5B A AE A A
AR 297 AN B B A AR A AR B D
BEE A 2L pgin i, anfer i i SOP Mk 1 B=
PR AT PR RS, R B YRR AR SOP 1Y
KRR IRR RS 259007 RO b R T =
KEEMEM,

H i SOP st BIFh 2L 82 5 UL A 1 K7
A ERGE L S e RS Sl ARk
DI HAR 8 il Ak 55 B 1Y 3l ) A B 1 A
NGBV B BUB A AE 7 T UG 1 k5% {BAT
FEAE SRy R, Gy b 22 S5 R BBIL ) AS 58 42—
B 91 B ) — A AN [ AR Y S FT B A7 7R
255 IXATAFHETEMERZ I I, BRARY SOP Zh
YR ALFE LT R : (1) T 18 BBt ) s A2 30
A o] B AR T %, OF HAE B A g fe b A
AR A AT PR B 5 (2) 0%, RIE ALK
AN M A B DUE T AEOT S TPt R 5 (3)
AHABLPE S, BEAE AT R0 R et SOP 1Y & i AL il
PR SOP K AEMLHI R R AT h Y
BEHY | [RIAEHT 245 25 2 00 Wi 58 0 25 AN T sh A A 1Y
PR VR 0 1 3 S 1A R T v AR R
HEMIfE I SOP ML YRR DL K 25 W7 UM PFAhr
A SCEAEFRGE b ] RS S i) A8 H Y SOP
SR (BRI 1 R ) | 5% HE b e i
AR AR B S 20 B, LA SOP WF 58 454 )
PR R A AN S BT SR T T 2%

1 ENX SOP ¥ =B W& I 77 %

1.1 BARZBERZ

HEIE SOP MY LRGN R, NI g i il
JZRHIAE SOP BT sE . A SR 8 A R
B —LEAR IR S, B A1 BEE A I A 3 I
3 Y BUR TR BORE IR DL A G 6 Fn B9 52, BiE
RERLIDL R N 2K 5 25 A1 I 9 4 T o B 4 2 B A
B, HET, AR SOP s A 1) 3l

W kg BN/ IN B, R B A ) A i o] 3 R
R EIEAR TR NS e,
BRI, FE 4 PR T ) 9% O B /s B 22 HE AR ok
ANBAEH KRB R 21 ~ 26 %, w2
PR30 ~ 32 Ak, /N 12 ~ 24 F iR A
] MA SRR 22 FEY SD R BN 148
W LA S YA Rl S B 6 H % 1Y SD
KERAE A B 5% B0 22 H i R R A4
FURI B A R 40 %0 0 25 B A, i /N 2 ( trabecular
bone, TBS ) %2 AR E R BLH T A H, [H]
FE, WANG 704 21 i1 SD KRS 9 A # Y
SD KERAEXT LG, &30 21 A #4189 K B Tl gt ik
IR, B % % (bone mineral density, BMD) [, Bt
BE A (osteoblast, OB) B/ AL TG P i & . AH#RL
TR R ARG, R AT
REJ) ORPERE S MIoE iR ACRE T, I, 21 ~ 22
HHERY SD REAE N A SR 32 Sh i B B 1
SOP [AFSE . Blig b, AR B RIAYET I i A\ 2R
EARE DUBAME B SR O, JF T LA 24524
A TR SR, H2 B R 5 R A 1]
K s By Bt fREROIR DL 22, B4R IS Y25 5 18
A HABTF K AEE BICT, REAEA2Z F LK,
5T RIXERS R
1.2 EBERE

ZHaEH SOP A I il i A AU N 2L 5 sh )
PR KPR AL, WG HN 352 LA KB B A
R B A 3 3 P 2 AL DD AR P A B oA A
o Sop, il it U1 ROk RO, T S
(tstosterone , T) FEUE & 37 ) SOP &Y | 328 2 5]
i TBS MR, WFoE R B2 AL YIBR e, KR T B
Z BRI B Z AR KR A
(receptor activator of nuclear factor kappa B ligand ,
RANKL) JH 5, #5117 5 | 08 B A5 2 i, & i
SV YEH 28NN HEPE Wistar KBS ALY,
M TFARY, R)G 4 I EZEHAE T KF
TRET 57% AR 5 FLBR BN, TBS %X
B/, RYU Z0SE 10 JEIS 9 SD Mtk K BT
BAVIBEAR  EARSG 12 8 L3 A BRI A A%
5 BMD HABF AL BT, 1 YRR R R
% ik (type 1 procollagen amino-terminal peptide,
PINP) ‘B 5 2 ( osteocalcin, OCN ) 255 10 b5 2
Yyt BB 2 AL DD R R B AR 1B B R 5
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Table 1 Common animal modeling methods for SOP and their advantages and disadvantages
HERITY T 7T (s B
Model type Modeling method Research field Advantage Shortcoming
Y BURFRAE I LI T, T AL 1 B IR R
FER /N 12 ~ 24 kN (RN S A = g
H) 55 ~ oy ) 4 RS REY V] ‘ -
e PO RN mARS o i RN s
AR E T B AR o . TRB R B
- SD KR PN It simulates the natural aging
s Mice were maintained in the LR rocess of bones, which is
Natural R ’ ) To study the process of proces: o o Poor health, higher

aging mode

LAY
Castration
model

DL
FREERA
D-galactose
induced
aging model

SAMP 3h#¥)
L
SAMP animal
model

TR
Gene induced
model

animal laboratory until the desired
age; mice were aged from 12 ~

24 months and rats were aged from
21 ~ 26 months. SD rats aged
21 ~ 22 months were often used

MFARIT MRS g
TSNy S AN RN S AL
One or both testicles were
surgically removed from
experimental male animals

SRR U M S BT AR D-
FFE, AR TG HE
— g E A 50 ~ 500 mg/
(kg-d) NG LGP 6 ~ 8 JH]
D-galactose is administered
subcutaneously, intraperitoneally
or orally in mice. There is no
uniform dosage regulation, and the
general dose ranges from 50 ~ 500
mg/ (kg-d), and is administered

continuously for 6 ~ 8 weeks

it id AKR/J Z/NBUE 22 S50 i
T N
A model mouse developed by

inbreeding AKR/J mice

18 e 5 PR 2 B AR MR
PR A Sy Rk P A s 3h 4 A
BRI WiBR g R Ik
S Y RA AR RS
By inserting exogenous genes into
animal genome or mutating,
knocking out and overexpressing
their own genes by gene editing
technology, animals can have
senile osteoporosis characteristics

natural bone aging

T WA T
B BB AE
To study osteoporosis in
elderly men

IR RTIEMINGE )i
ZEALTS I A A
B BT
It is used to study senile
osteoporosis caused by
the disorder of glucose
metabolism in body

BT AR S AR
B BB A B e
Better simulation of
senile osteoporosis
pathological process

3 TR ik DR 8
TEEAFPE S TR AT
FERZ IR , 15 1SR T
PRI BAEAE B BUSTARL
AERIHL
It is suitable for studying
the effect of gene targets
on senile osteoporosis
and exploring the
mechanism of senile
osteoporosis at the
molecular level

closer to the real situation of
osteoporosis in elderly
people, and can save the
process of drug administration
or surgery

B AR T P B BOBRANAE
S (BN =R SN R
Model is simple,
reproducible and stable to
simulate osteoporosis in
elderly men

TE AL ()T | 7T H AT |
2 TR A
Advantages of short molding
time, good repeatability and
easy access

RO 5 N B AR PR 1Y
B RR L, AL R B
B, AR [
Model is similar to the
pathological changes of
human senile diseases, with
rich genetic information and
short modeling time

AT RAE A58 1 T AT
TR, IR B
FEGRANE A HIL ]
Models can be built according
to the needs of research to
better explore the mechanism
of senile osteoporosis

animal mortality and
higher costs

AR A] RE A A 3 1
PR, 7T RE 23 5E R 52
UEAE S
Traumatic stress reaction
may occur during the
operation, which may
affect the
experimental results

[AEPN TEIE (S
B, 5 H AR R EH
SesEbR LANA —E
S
It needs to be
administered every day,
the operation is
complicated, and there
are still some differences
in some indicators with
natural aging mice

AL g SR ST, A
FI TGRS,
i B A7 TE LR B
Short life cycle of the
model is not conducive
to long-term
observation, high price
and genetic defects

ks B Bt BRERS
=, 5 AR RATTE
fEbR2E 5 Gl TV FAH
XA

Price is expensive,
technical requirements
are too high, and there

are index differences

with natural aging mice,

and the scope of

application is
relatively narrow

WA R, Gid Z A E MO SERE, HErE R
REALTIBR 5, 2R B L TBS $oi s | B sy
FARIR TBS 18 5 R A7 A 7T e 25 B o I 2k 19 B

G, P, SEHUOTBR K B B B3 T 5
AR5 R RN AE B8 & AR AL, O HLRAA R A T
o E MR BUREREMRE (R, T T
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ARl RE s 5 R A 05 5 WU N, 23 %k 52 56
SR A — i WS ] PTG T A A v T A
T ARG , DA S g B 1 1R 2
1.3 FERBIEEE
BER—DERNEY IR, BEiREE
PRTEIR B BB B, A SURI 4 B 23 Bl AF
W R fe A2k, SOP J& i #f W B IR
RNEAE =g AN E S R IR DR S Y
TE iR RE 2 LI L S AR LR A R A
FEHMIAE DS A AR B AT
ARAL R H AT ST 5 AN )z AR A
FEAFEA D-2EFUMEEOE AR P A/
( senescence accelerated mouse , SAM ) FEHI 55
1.3.1  D-pFLBE T Bk
D-EFLWHS 5 0 8 1 AR 2l i s sh Y T
S D-2EFUBE  TERRIN ] NGB 2R AL A SR =2
LR BRI T N8k RS A B A S, D2 3L
W22k FURE AT B AL 5 AL S E R A L
HE = A 36 P4 4R ( reactive oxygen species, ROS) |
ROS #9845 | & A AL B 3 ( oxidative stress, OS) |
LRk Ty R R A% AN A RETY X s AR S sop
G, 08 stk N AL S HT s AU E IR MR 4521
& L AETEAR N 7 A2 ) —Fh S R T Bi0A R
F1iE SOP M E N ZK, 0S il i 5 s 15 240 i
(osteoclast, 0C) A= i, 8/ H LA AR /3L F) OB 1%
B BT A LS, LA G I OB 71 248 i 4
T, 2R 5 1R B A WANG 45 Xt 8
JEl e ) C5TBL/6J BT/ UM D-2FFUH 2 2217
6 J&, HFWF5E SOP 5 RANKL/RANK {5538
I FR . SORLIA I 4N N RE HE ALY r, 32
LRARTIBE T B, 251 & 40 i s b & E i RE
FIREAR, A2 3 B BT A E 1Y e A K S, F AR
SIS SPF 9 8 JAIS HEME KM /NEUZESE 12 JH 1T
S5 D-2FFUME, A& BN BUBCE B i R B, TBS il
Wi , e BMD T R, [R1 B AfF 92 A B4R Q10 RE
P TEER D-EFUBEACH™ R 5 A o ZEHER, FR AR
OC BV il SRLAAR 11 3 484k, (5 SR AR Hh 4
AEBERR A6 I B A5 DL 4EFRR 205 B TS 8 1 I
HIER /N L, D-FZLHA 5 /N R
HRE T B, 2ol Rt AE  fe i 2 piEoE & B
KIS D-2EZL S 800 0S B 0G4 A -
kB ( nuclear factor-kappa B, NF-kB) & 4 {5 7 i

B NF-B {5 55 SRR 0C AYTE
WG, XETT OC B W, ST s i ot g R
SOP''™ | D22 b oy 4 45 R 2 A 400 A AR P AR
WAL R AR, T LU TR A E SOP i
YERT . RS D2 LA S AR B AT LR
TG IR TS, TR D2 FURE R
WS R RV S R T B R TSR . A STk
I TERIE D-2 FUME 5 2 BRUBT RN, 25 24 5] i
50 ~ 500 mg/(kg-d) ,#ELLHZy 6 ~ 8 JHLEA
T RS I AR rpOAR Al S50 T SR DA R B[]
B, UG 3 AR S R DA RS A, DR
FLBE S YA A AR R AT G M S T
ARAF B A, FE PR A Ao A B 1 T 05 24 B [ o
I ST Bsf G R 45 ARl fi ASE A0 R R R e B i A
PN
1.3.2 PR sh sk

SAM FERY ELAT B 35 AF e 15 1< H B bR i 2
B R, HoA P 3 4k /N B 6 & ( senescence
accelerated mouse prone 6,SAMP6) i+ AKR/]
F/NE, 38 3 52 B B A, A A R
/N, Ho o R, H RO R e
AR B B FHAERF ST SOP, SAMP6 /) FLE A7 i
A BRSSO E B IR 2R IE
LR AW T3 e 5 N AR, (A AE & IX
EAETEZ R GONG 2612 5@ 5 SAMP6 /)N R
8L SOP , WF5T A Bl L 15 B ROS #1fi] OC A9AE AL,
HEMIRRAL T OC 7£ SOP iR VEH , B BEM 7T
T4 Y ( mesenchymal stem cells, MSC) 55415}
FYIMK, WESE KB SAMP6 /NRAE 3 ~ 4 A il
iF, MSC s 9 b, I 1 Bl 5 T2 BT B R 2 U8
L RN HUIR 35 IR B & ( parathormone,
PTH) A4 34 il F1 11 4 211 (interleukin-11, TL-11)
(R 5 /0 AT RE 2 2 5 SAMP6 /)N BRI
iR, B B AR R, M T HA AT
TilfY SOP Sl SAMP6 /)N RIS K H: [ $R 5%
IR, AT DU AR SOP iy & et 2, H
J& SAMP6 /)N B RY ) A= iy Jo S AL, DXL e e
FEBE TS 56 I 2 1R 55 3 1) R[] A 25 L8 Al
AR, DR A2 B fin 4 T b R EE B T AR
B EN R,
1.4 ERFSIEEE

PRI 5 A e ok el 72 Bl A A A v
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R i R RARAL, SOP ) BUIR AR 1Y 7 ¥ , 0 45 ik
PRI Rl I53% 3 A5 vk R B PR ok R i B v . R PR A5 &
TE R T8 o o B e R R R e BRI AT LUOKS
HuATFEHAE SOP H VR T IR A T fiff SOP 7354
il o AL DA A X R | A A v, A i Y
FAERT 87 T oE ad Re v B 25 5 2 05 H HL &R
PEPEG IS ISR Bk AT SOP IBFSE
141 JEDIRERIERE

FEH R B H AR A ST SOP 3h A7 5 T &
PEE HEAE N T8 R A E LA AT LA
NZEE BUBANAE 095 B A, S B 5 1 i b 1Y)
S HIL BN 24 W O ok 4t it RS Y S g A A
Ecto-5" -#% # PR [ ( Ecto-5-nucleotidase , CD73) ;=
AR IR TE OB BUTE M E i A K b iR %
KEVER 2% CD73 /N R7E B i G
FEIWHS P A S R R i o AR A B 2 ek b, HL
20 0 04 P AR O T Il T 2L AP A
A B R S AR/ B MSC T B R TR
(osteoprotegerin, OPG ) FE [ | Z4F/NR ) BMD B
R, R OC FaBHEm , w5 % Bl 0 B-
catenin {5 5 RS HE FALUE OPG M3k, ki
OC TE BRI MR >, 2 2RI 6 sirtuin 6,
SIRT6 ) 2B A Qi %) = 28 45 A+, 78 /D BRI 2K
AU v By 5 L BT 40 R RN R RE OC AH i 3R A,
SIRT6 K& A ik 25 5 ke /I Bl R ik, A0 9 1l
Y OPG ¥ 3 5548, 7] Bt 470 V8 A 19 19 17 3 e Tl
5b(tartrate-resistant acid phosphatase 5b, TRAP5b)
TR EE Ty, T R R 2 R R O X SRR AR
5 S0P MR JRA L, fER i B, MSC B
AW 0 3G 2% B E BE D R B L WANG
SFUOVRIE Y R B B Y SE R B W SET 2544 451 2
( histone methyltransferase SET-domain-containing
2,SETD2) /5 H3 #i & R 36 = H &4k (H3
lysine 36 trimethylation, H3K36 me3) 5% i & MSC
(R AL I AT AR IR (8 SETD2 PR B [ /) B
RIS T B8 b A i AR 105 AR R 4E SOP
FRfE, SMAD H§ 5 M E3 12 H & (114 85/ 2
( SMAD specific E3 ubiquitin protein ligase 2,
SMURF2) J& OB 1 OC Z [a] B9 #2151 7, XU
EUTREE 1 SMURF2 FER Bl /N, & B/ B
D, OC By, B R s B T SOP
(e FARHLE & SMURF2 #0725 SMAD [A] 54

3 ( mothers against decapentaplegic homolog 3,
SMAD3)iZ Z LK B IR SMAD3 Fi4ekE & D 21k
Z MBI AEEAEH , ITE 5 RANKL Rk, B3R 17
OB 5 OC Z A B~ P-4, AHAS T AL A8E 5 k| 2
PR o 5% s A 3k SN FH - 0F 9% R e S R X SOP
ISR, BERE SR A BIHRSE SOP 143 F-HL
1.4.2 PGS RIRER L

FEH 3 ek SOP AR TR 3 B3 o 1 i e Sk
PRI ) 28 38 SR L UL A0 1 B T i b X AR (] U
O 5 ¥ 1 ( paired-like
transcription factor 1,PITX1) ZEH AT A B H
AHEZ M, KARAM %7 55 35 1) Rk
PITX1 AYFEHE /N, e 25 Y 3™ HL 1Y SOP
FHE R AR Y ) B S R, AL T
A2 PITX1 HAEJESY MSC 19 A B #r, Jfmid b
& Wnt {55401 %) DKK1,SOST 1 GSK3-p [i] %
JE OC 434k, TANAKA %7 B 58 &k B 3k &
5% I F2 (forkhead box protein {2, Foxf2) J&
MSC 43468 OB o F& v i S JH 15 I 7, KR B
(1) Foxf2 33 Fih/INEL, RBLH T H046 MSC 4316 h
OB MR, (A R e, LI B3 i
RNA-188(microRNA-188 , miR-188) 12 & 1k % JL A
/MR, IEP] miR-188 25 1 MSC /) 404k, & B
miR-188 2375 [ #2 MSC i ] T~ 534k >4 Jig 15 48 Jd i
A& OB, fFAEA /N IR AL R i 5 i
R %, RINOTAS ZE0Y B & i 7 # a7 A 2%
RANKL FER /N, 528 T RANKL 35 R &
ik /NERERIE T TBS k= 0C A= il insE sop
PRFAE XS SE B AIL TRl A JE (R i 2R3k SOP
SRR REASFEIE SOP & A HLHI AR AT .
1.5 HiigERA*E

v SRR R A 2R A R, S BUEY K
Pifn, MR BN R A, X H H I 0S
ROV IESEAIEIE T, 520 OB F1 OC iR, &
FE WG IR, v L5 T e
R ELAT AR TRT B D S A5 s () A A8 e ) P A
HE: v BFER AR 1 2833 7, X AR — 2 [ 8
B, E — B SI2 06 5 X LA 3R A5, T 75 it AR XfE 3 3
e HEIR N LEAAE RecQ fiff i€ filE 55 7 ( werner
syndrome Rec() like helicase, WRN) A& 2 it — Fjr
ELAT f e mig A% R A DI 16 M 0 B 1 i R A 7
DNA 2| 5% 5% A& 52 LU I sirg b 4 47 45 5 7 b &

homeodomain
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FFEEAE, WRN 2 K (1) 28 48 0] 330 Werner £5
BAE, TE Werner 25 A E /) B R v % AR 16 AH
ek I RE RS OB b 32 45 i i 7E SR IR 2
—, MSC. b il 19 3ok B Rk 34 0 1B B A, i
R L) BB B AHA 451 082D, 5% 0l W B 3 Ak,
M5B R . Werner 254G AE /)N AR %L S
W IR TE 21 D H 22 B2 5 6 I HAb S S,
TEWTSE SOP W 252 B, 4F 4 J& JIK M STE24
(zinc metallopeptidase STE24, ZMPSTE24 ) 2 4l il
AN T A AR 2R R B A ¢ B 1,
ZMPSTE24 F& K Sk K B, #% £F E B A ATk A
(prelamin A) ANEEE W B Y, 5 8OLE 40 i
SRR prelamin A 2351 & 40 Ml 27, 5 & %
% ZMPSTE24 {28 B /N, HA B B /b,
B R, B BEAR Km0 SRR
FR T 2k B bR Y ZMPSTE24 i 26 19 /)N B
NEIWIHLULT-58 e 2%, iX A B 52 B 7 4 U
SRV B A C RSt TR A B
HAarkl, G, It BRI AL AR
PG 22 5 X BARA B TOH s i ik ek & (1
RN R S v S Ny ) St i

2 Hf SOP ¥R s

BR T8 LA B /N BRAR R 2 Ak iR A7 HoAl
P S PR AL $E 40 =F  BF D f1 55, MAENZ
2095 S 5 4 2E SOP KER R I B A S4E
A HH G 1) B 45 4, B A A A 10 1 B e
b AR I HA SRR R s R,
NS BUAH 2, R T 40 2 B A AR B O AR
AT RE A W AR O JE 4 25 0 A R B T e D A
AU (R BT R U, s & 5, T DA %
o BE A RRDN AR Gk g T
B IR 3R GERE AR, 2 T OE A I B i A R,
CARNOVALI 457 76 B T £ ()t F v /6 0 3] -
ZAk, HA OB 1£ 6 ~ 9 A~ A BHZ#I TG, 0C 75 9
A A B I HAE 6 ~ 9 A B AR ks
FEEEMCE, TR 2R, B
A i 5 NS B AT 2Rk i ) £, IR e A
SOP IR A i Ttk — AT AR

3 SOP zh ¥ BIEMN F5 4R
SOP B4 M 70 PF 8 b 3 B4 45 2 16 19

HERRAGI BMD Kol B AU A k)
TSRS BMD KSR AU A2
DE H AT IR L2 W SOP 1 & bn ik, 78 L
WgE b, SEg B WA Y L) 52 30 28 PPAN 8 A A
AT AL WA . SRR i A AL AR
FEPR S BMD FEAR, B RS A BIR , B A2 1
SHCT R TSR, SR WF 5 8 4 P 1 B A
AR P iR A SCHF
3.1 HRGHEERG N

B A br — RO AR A A SR AU R
FEEE AR AR, AT LU L 9 s PR A
ME], BEE BN A K. R AR AL A
PR bR H I bR B B OhR B R
o PR EEAVE T YRR, 45 R R AL
FEGIE BMD B[ 52U BB A B E BN K
OCN 4452 ( calcitonin, C) 7 DL B 44 P 45 7K S
AL, C S 5 8B ARRT, FEAK OC IR
TP VA IR, PTH 2k 435 ML 55 s - £ 17
T A, AT e 2 ORI B A, Bl BE A
AL, S T, 5 R B e T T B A
IX C-2K %t IK ( C-terminal telopeptide of type 1
collagen, CTX) Fl PINP 4351 by Js B8y W ic 1
BRI B AR S W, B REUE 45 57
i B RE L, T T P R B SR OIR AR X T
HPHMEA —E W R . OCN 1B B I
WY, SRR, S SRRt R &
OB 4346, OPG T %5 i RANK/RANKL #
GERAEVR B AR, 3] OC 704k, fle 2 s
OC HIPAT=, CTX S OC B MR A 1k, i
W A AR S T B A N-A i
JIK ( N-terminal telopeptide of type I collagen, NTX-
1) S PRI RS E BB B i 2571, 9ok g 212
W B R WS A S e B e A, SRS R[] 119
PR NTX-1 BEAR S 3t 52 Wi e e AR
2R HEBRER A D St AR K R,
AR RO, Xof B A A0 R 30 08 2 A T S A
(ERAWIBOE iy s
3.2 BMD &l

BMD #6:JJ2&H10 87 SOP 2l 455 ) J2 75 35 455 A
T i) EE AR AR A [R] A RSB 4G I BMID (14
[ SR AR, AR B B E 21 ~ 22 A
I EAT BMD A6l SAMP6 /)N BRAE 3 5 4 4~ H
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ZEARTFAGALIN BMD , 2 J5 Wi JEl — U D-2F FLBE 7%
SR/ DU T AT D-2E LR 8 J S it
17 BMD AU B PR AL SRR X SR
W72 ( dualenergy X-ray absorptiometry , DXA) %€
B ML W 2 H O#5 ( quantitative  computed
tomography , QCT) Kl | i i CT ( micro computed
tomography , Micro CT) Kl 45 . v DXA HA
TP AR it A 1 R i TD B R 8 A T i 7 Jo
LA B f , B A R B A TR B2, B DXA S T Al
SOP SR T ik
3.3 BARESENE

HH UL A0 E T 2L TBS Kk | &
JE Iy BB LB S R AE SR Micro CT AMXAE
g ik = AE R ER BMD, I H LAY 7
G, FE PN B HLOE RS, X EHAY)
F R AR Ge @7 4%, FH Micro CT 23 # JF4L
P SRR , AT DA 0 M 0 2% B B Tt A, g
St TBS H%CE: TBS 19 L OB A1 OC 953
Ay, FTLAAIW G A2 5 2, HR B HAUE S
N5 PP AR X J B 368 8 Ry sl W A ) I8 B
BB T Eigh A BMD MELEA b
3.4 BEYAHFEEN

B A 3 5 2 B0 W0 3 e o A5 R B ) R
FIRY DRI 228 2 Ay LR AT | e R 38y AT P 2R 0y
Br, P 2 5 3 Ry, o0 M B B A2 W ) o
P, REE S B A5 MR 25 e, IR B AR W)
IR Ty A A T = R it e ) 1 4
SCU AN HERE SR 45, TANG 2509 %f SOP K Bk
AT M S, e 0 BRUBC B 1Y B R 7 £ B
BoARG RO B it R, AH 2B 9 g 245 I ) PR T
B RS2 I3 O, I AEE AR A R B T
ot Z RPN T LSS S R PN AR R )

4 BEERE

£i b, HAT SOP st A i 2 A 4 A
DL, , IR T BRI 5l PR AR VAT BB A
E foe R FUE AR S 1A 97 1 A P AR TR 4K
1, B A T A, O B B R R R A B R
B, SEALIER /N BB R AT LU 4 R0 1 2
AR 53R BT FARE (1405 B3 AR (HRAE DD BR 52 0
TR RE T fE 2251 B 5 RSN 52 Wi K0
AOTERR R . D->F ZLWE SORE P BB 0T B A% 3l ) A

RUREAS A S BIF 50 22 4F 55 VB o et WA E 1) B 2 T
He I HSAS R AR 5, {ELR AN [R] B e A 9]
I () S5 7 AR 25 S, ELRC TR AT E 1 A )
HE AR A Rt — L AP S MERAIE, SAMP6 A< A
AT LSS 4¢3 SOP fi R ARk, 2 H AR
NG AL B AN AE B BEUAH AR, 5k
5 PG R e 3 R G AR RO, RT LR B s F 5T
RS NTE SOP Z ML A9 4 AT, 9 LT DU
TR 25 M A S A 250 RO
IR 52 2 AR SER 5, OF FLYOH 5 20, 5
S A AR AN [R] (0 S 22 B S A
S TR AR ST B A0 e R R AT B AR
SRR SOP BT B ke T B A
B R R R SOP 1Y & BN . BRI )
BREIRUA 2% AL, EL i R 5 7 58 SE i sh e
RIBEASRAL, SOP Ry BRI A2 (H 2 Bl A BE P BOR
R AT IR A, B3 5 B Sl MR T A Wy
B, AATIXS T SOP ML A AR BN TRA
LR DT AN 25 9 B BIF 5T LA SR 1Y 25 4y
s 8 e BB E TG AT
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