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ZHANG Tonghai' , WANG Lining’, HU Yongkang', MA Tianci', HAN Anyang',
MA Yong”, GUO Yang'"

(1. the First Clinical Medical College, Nanjing University of Chinese Medicine, Nanjing 210029, China;
2. School of Integrative Medicine, Nanjing University of Chinese Medicine, Nanjing 210023, China)
Corresponding author; GUO Yang. E-mail: drguoyang@ njucm. edu. cn

[ 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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EAEMEH BUBLFAE (senile osteoporosis , SOP)
Je NI TEZ A B 5 5 A — PR R IR R B, LA BT
AN RS RS A BEOR i BIURRAIE , X B 4F N
(9 R R A= 398 J5 3 B0 T 0 R AR AR A
KA AP A LRI, 65 % DL AR s
PAE R 32, 0%, I FLB L WA P 47 2
B UG AME (19" B R, S B AR I BUR M EUE
W FEZ RN 22—, H AR E X S E A7 7E
FIBERAT 297 AW B iR A ) A R A B
WEE N D E AR, anfey 56 SOP WA T =
PRSP, H S YA SOP 1Y
KPR R FRIT 2507 RO P R 3% T =
KEEMIER

FIRiT SOP Sh i AR B8 %2 | DL i) s 15 5
EA RPBERGE Bk R NE S ERE
DA A SRR BE ST . DA 1 Sl WA B AE A5
UNIEEAFE B BB M AE 77 TS T 28 (54T
FFAE )R BRAE , Gy ol 22 S 05 BEHIL 1 AN € 22—
B0 I HL TR — B, AN 5] AA 1) B AR ] REAFAE
ZEST XA STMERE RS N, PEAEAY SOP By
TINEALE LA IRt s (1) f 6, BB 114 A5 ] )
FE TR AR 7 1, OF BB G B R B
AT BRI AT PR AR AR ; (2) 205F , R
AR A HLE R UE e T PR A ; (3)
FRMEAS , BEAE A 200t S ety SOP 9 A A HIL il A1
PR AR SOP R AHLHI IR R B AT sh iy
PRI [RRE 25 25 381 BIF S A 5 AN T 3 A R )
FaVE , R R T 5 kA ) T 4R e R A R
BEMIfE i SOP HL 1R AL 259075 B BP0
A B TR ZR GE b ] BRI b Y R/ T2 8 B SOP
SPIRR (BRI 1 Frs ) |, IF0 HpE A bt
RIS S 0 8. LA SOP #F 53 53 3l
IR B R RSB BT R 2 S %

1 I SOP hWiRBI & L F ik

1.1 BAEEEEZX

WHIE SOP W F LR ER , N I 2 Al
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Py by BRI/ IN R, PR B A 50 1) A= i o S0 R
e Y EHHR TR s e n A,
BRI FEA PR T ) % R s B2 HE A AR
ANBAEW RECEE RN 21 ~ 26 H %, w2
WR30 ~ 32 Ak, /N 12 ~ 24 AN
W1 MA SEN R 22 FR A SD K BUER A 4R
WEE TR AL S YRR, A 6 H &Y SD
KA R BB, B9 % B 22 1 % Kk ks o B
FRAN B R B o B0 35 B AIG, B /N 28 (trabecular
bone , TBS) £ FIJE FE BRI TR EH, [H
FE,WANG 25700 21 % SD KBS 9 H i i
SD R RUVEXTEE, & B 21 F 4 K B Bkt A
IR, B % & (bone mineral density, BMD) [, Bt
FE U (osteoblast, OB ) YL IG T i & o AHAR
TN, R BARERG, R AT
REJT ORPERE I AIZ7 2D ACRE T, I, 21 ~ 22
HERY SD REWEN AR 2 sh WA B T
SOP fAFSE . Hhg b, AR BRI i A\ 2R
AR BURANAE B B S 00, OF ELAT AR 224524
B FARM R, H2 A AR R AR ]
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A HAIF R AE R IET, BB A Z F LK,
WFFE RIS
1.2 EBERZE

FHEY SOP BB M B AU N KB 3h )
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(tstosterone , T) #E by HE 7 1) SOP FEAY | 2 H & 5|
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Z FECERETRIIE P F-«B SZARBE P F RO
(receptor activator of nuclear factor kappa B ligand ,
RANKL) Fh i, 7F 10 51 0 & A 26 A, 15 51 dit
420 YEH 48N HEE Wistar K B2 AL T %,
HETBRTFARA, ARG 4 A EZBEHRKR T KF
THET 57% B AT, B FLER B8 0, TBS %X
B RYU SEHYXE 10 JR Y SD HEdE R BT
BALYVIBRA  FEARJGHE 12 LS R RRUIEAH: AR
H BMD i AR W] A, | A Fi e S R
5K (type 1 procollagen amino-terminal peptide,
PINP) ‘B %5 % ( osteocalcin, OCN ) &5 i b5 7
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Table 1 Common animal modeling methods for SOP and their advantages and disadvantages

BRI
Model type

TR
Modeling method

AT 43k
Research field

(0=
Advantage

B

Shortcoming

AREE
iR
Natural
aging mode

TR
Castration
model

D51
T A
D-galactose
induced
aging model

SAMP h4Y)
LAY
SAMP animal

model

1S
A
Gene induced
model

e RURSRTESIY L, AR
TR /N 12 ~ 24 TR
BA KRR 21 ~ 26 AR
A, HER 21 ~ 22 R
SD R
Mice were maintained in the
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

FHTF AR HE A bR S 56 Ik
L B S S
One or both testicles were
surgically removed from
experimental male animals

FROBE T A MR i S 5 T i D-
HFUME, 45 2550 e T —HLUE
— L 50 ~ 500 mg/
(kg-d) RNE HLL4AE256 ~ 8 14
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

Hid AKR/) B/ LIRS AR b
A — AL/ )
A model mouse developed by
inbreeding AKR/J mice

0 3 T PR B A K SR 2
[N 43 A Sl 40y 5 D 2 00 3 )
SR DIEATRAE R g R
SIS AT AP B
i
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

TR B A
i i
To study the process of
natural bone aging

TR 7T
B RGN AE
To study osteoporosis in
elderly men

T WO A Qs
ZALATS R B A
B BGAAE
It is used to study senile
osteoporosis caused by
the disorder of glucose
metabolism in body

BRI A
G A o B AR
Better simulation of
senile osteoporosis
pathological process

& TR SR D
TE AL BT AR
HRYSE IR, 75 T2 T
RIEAENVE B BUbi b
E A B
It is suitable for studying
the effect of gene targets
on senile osteoporosis
and exploring the
mechanism of senile
osteoporosis at the
molecular level

B B E AR
e, BN A2 B4 B U
FMIE Y FLSE 00, AT LA £
M E F AR
It simulates the natural aging
process of bones, which is
closer to the real situation of
osteoporosis in elderly
people, and can save the
process of drug administration
or surgery

BAUEAE F 1 H R,
AR AT M AR
Model is simple,
reproducible and stable to
simulate osteoporosis in
elderly men

TGRS A | AT E R AR
2 TARAFHIME A3
Advantages of short molding
time, good repeatability and
easy access

A 5 N B AR TP Y
TR ERMCE AL, £ BE
AN )
Model is similar to the
pathological changes of
human senile diseases, with
rich genetic information and
short modeling time

A DRSO ST 0 T EE A T
AL, A IR AR
FTBANE A HL I
Models can be built according
to the needs of research to
better explore the mechanism
of senile osteoporosis

R BB 22 , ShHTE
TR, FEFER

Poor health, higher
animal mortality and
higher costs

AR Hra] g A B b
LSO , AT RE 23520 5
DgseE S
Traumatic stress reaction
may occur during the
operation, which may
affect the

experimental results

TR 2 RIE%
B, 5 AR R
sesg bR BN —E
P
It needs to be
administered every day,
the operation is
complicated, and there
are still some differences
in some indicators with
natural aging mice

AU A= i SR I S
I THAIMEEDIE
K6 s A7 AE LR s
Short life cycle of the
model is not conducive
to long-term
observation, high price
and genetic defects

Wik B 5%, BORZOR
5,5 B AR AFTE
FRbR2E 5 38 A
X
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

HHAA K, & 2B MOk, kR
SEEALVIBR G, R B TBS Kot/ | e
AR TBS (14 5 K07 A 7 i 28 B o I 2k 1 B

o I, SEALDTBR O BRUBE Y S h3d 1 T 2
SRR PR OB AME A 4 AR BILRL , O HL A B4R
O BRI R B T T



o [ SE U B 2R 2025 4E 3 A5 33 558 38 Acta Lab Anim Sci Sin, March 2025, Vol. 33, No. 3 443

AR Al RE 2 5 R RIS J5 LU, 23 % S 36
BER A —E W R, PR A T AT R P T A
FEFET ARG, DA S0 B (1R 22
1.3 FERBEEE

BN RERNAEYEE R e E L
PRAEIR B LB B, HAH SV & B 2 B 4RI
R BRI AR . SOP i S O R IR
UANIOESE O g 55 A A R (T e e SIS E Y
PRI E R e 9 (AL A B = = B N 7
SRS S AR B S
AR R H AT 5 5 8 AN T e Tz AR A
FEASEA D-2PFUECE B Ptz b/ B
( senescence accelerated mouse , SAM ) #5145
13,1 D-2RILEHA S E ik

D-2PF U5 T 0 0 I s o 45 B W
S D-2ZUME TR Rl WS B2R B B R
PAEIRATT AR, Frslm Rl A S, D-F 3L
WE 2 FUE AL B AL e AL e AN LA
HEI = A2 3 P 4 (reactive oxygen species, ROS) ,
ROS A4 i 5| 4 Ak 1 33 ( oxidative stress, OS) |
LRI ) RE A AN S E Y X s FREE S SOP
FASG . OS SR N AL ST E IR AT R 4521
S 1 B BRI 77 A 1 — B R, oA a2
S SOP MYE Z N Z , OS 1 3 i 1 240 1
(osteoclast, OC ) A= B, Y /B AH 41 AL 7 4L 3] OB 3%
2, AR E A e, DA I OB 0 40 Jifd
T RS R AR R A WANG 251 X 8
JE e 1) CSTBL/6J MEVE/NFRUH D-2FFURE 22 T i
6 J& , Fl T3¢ SOP 5 RANKL/RANK 15 5 il %
IR . SoRiiA I A i N RE = e AL 3 i, o2
AR TR T B, 2351 i 20 M s 20 15 JE i e
JIREAR, A 3 B o i P E 1 2B e, AT R
SFTIXE SPF 9 8 SRR MEME KM /NEUESE 12 JATE
5 D-2EFUME, A 90/ BB BT 5 R B TBS HE 1
Wi, i BMD T B [ i 5% S i Q10 R
PIERTE B D-2EZUMEACH™ A4 09 B i BRHER BEAK
OC BY7KF- S SRR (1 32 4 A, il SR b 4
PR TS B A5 LR35, Bl B Sl s M R IR
SIEHE /N, D2 FUBEE 50 2/ B S 9
811 A N A T R o B S 1L i 5 e 2 )
KA D-2EZLBE B0 0S RE M BT % A 1
kB ( nuclear factor-kappa B, NF-kB) & 4iF {5 5 i

Y NF-kB 5 557 Sl A2 B OC BYTE B Fi
PO, H Y 0C | g S0P g M Of 51k
SOP'™ | D-2f= 2L 4l oy 4y 15 R 2 A5 00 A AR PN AR AR
AL AR, AT LU TR s A G e SOP i
YER . VRS D2 LS 5 5 AR AT LR H R
TS ECE IR S, T REE A D LR
WS R S22 R T B R TSR o A STk
E TR D-2F FL0E 2 BB 25 24 ) 5y
50 ~ 500 mg/(kg-d) ,#LHZH 6 ~ 8 FHLEA
i RS I AR PR AR S50 T SR DA B B ] Y
e, W ELA IS A R SR DL SO A, DR
FLBE S YR B R B rT B A S T
ARG B A FE PR Ao 8 v 8 1 3 45 2 ) ) o e
TSRS BF I BT 45 AR i A A Al AT JR 2 3 3k A
PN
1.3.2 PR EfshP sk

SAM HHYELA Bl & AR I 1 < B P o
B4R AE, A el Z Ak /N L 6 &R ( senescence
accelerated mouse prone 6, SAMP6) {2 il T AKR/J
F/NER, I a2 BRSO, A am I Il T
/N, HoE o R R, R SR B R R
BRARAE  H W FHERFSE SOP, SAMP6 /)N il A i
TRRE B B AR AR A, O B B A AR IE
HARG LS T2 v e 5 N AR, (B HE B X
MAFTEZE R . GONG 457V i) SAMP6 /]y A
U SOP W5 K Blid i K BR ROS i OC 1A=,
HEFEAR T OC 7E SOP s REFP FERT . iR 72
it 40 M ( mesenchymal stem cells, MSC) SEERAws
FYIMK, W58 & B SAMP6 /NRUTE 3 ~ 4 A il
IF, MSC iy /b, F 1 BB 2 B0 e A £ 0
RN R HOR 55 IR U ( parathormone
PTH) A4 48 1 F1 i 4 Z-11 (interleukin-11, TL-11)
55 /D AT RE 22 5 SAMP6 /N BRI 5 %
(3t e, 51 AR R MR T HAL AT
il SOP SR SAMP6 /N R PR H: | 9k 5
EHVRE R, AT LU A AR SOP By & JE T/, (H
J& SAMP6 /N USSR (1 A i JR) 01 8, DRI DG 58 3
TEBET S 30 I 22 36 65 25 A I 1) A5, 25 WL 48 Al
A, LU RE 08 T 4 T b UL 21 2848 A
HHEEN R,
1.4 ERFEFEEE

FEPR 5T i B 2 3 ok 7 Bl A A R Y
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i E BE DR SRARALL SOP 45 BRDIR 2 19 77 1% |, A1 475 ik
PRI 53R s v R B P o Rk i vk BN
T AR T i SR O Rk E R Y, R LURS
HIIFEHAE SOP HHAYFERT, RA T fff SOP 7141
(I ENS BN 57 N 22 N W T i Bl e
FEAXT B 7 FERIE S8 B b N 2585 2 07 T R
VEREE I8 IS BT R T SOP IBFY
14,1 BEPIRBRIE Rk

SEPH w B B R A S SOP s i AL U 1 &
AR, 8 R E R R, ] DU AU
NZEB BB A GE 195 B B, SO BF 5 BB A Y
S AL BT 24 W i o B it R Y S A6 AR
Ecto-5" -#% # & i ( Ecto-5-nucleotidase , CD73) f=
AR IR E OB 0TS A i A o R TR
KEEVEI, 20 CD73 MR/ R B i a b
P P A S R N R U AR Y R b, H
200 R 1 A ARV O TR Il T 2R AL i A R
PR SE I RBR AR /N BL MSC i R A R
(osteoprotegerin, OPG ) FE [ | Z 4 /N BMD HY
WFEAR, W) OC FIRHG I, BT K a2 30 B-
catenin {5 5 REBE T AL HE OPG YKL M D
OC [TE R W > o 2 Z BEALT 6 (sirtuin 6,
SIRT6 ) S - Qi A e 80 1 DR 5, 7/ BRI 26
R v B i i 5T 40 i RN B RE OC 48 Y b 3R Gk
SIRT6 Ak Al Bk 25 5 6 /) B S AR E , A 43 1M Y
H) OPG ¥k B2, W) s 0388 1 TR TR 114 9k e iy
5b(tartrate-resistant acid phosphatase 5b, TRAP5b)
VR T g, T 5| RS R 2 O R IR A 3 B R
55 SOP KA L fERE R LR T, MSC B
AT e B 3 0 2 B SR BE T T . WANG
SEUCOR ST & PR 1 W SR R Il SET 2544 51 2
( histone methyltransferase SET-domain-containing
2,SETD2) 4 Y H3 #i &AM 36 — H Z Ak (H3
lysine 36 trimethylation, H3K36 me3) 5 i & MSC
()L oAk 12 AT BAES 3 1) SETD2 K& PRI B /) B
I T B s B AR 1D A R SE Sop
FHIE, SMAD % 1 E3 12 % & (1 % H# 5 2
( SMAD specific E3 ubiquitin protein ligase 2,
SMURF2) & OB 1 OC Z[A] 2L T [H T, XU
SEUCTRRE Y SMURK2 PR R B /N B, 2 B/ B
HAI D, OC Bt s, A Wl o BT SOP
[ ZRAL Ly SMURF2 748 SMAD [l 54

3 ( mothers against decapentaplegic homolog 3,
SMAD3) 7Z ALK R SMAD3 e 3 D 221k
Z AR EAEHT, T 5 RANKL 33k, B3R 1
OB 5 OC Z [ H-FAF . AHES T B4Ry 125, ik
PR i ¥ 1 S 12k BNk FH T 0 52 4 5 R R % SOP
(R, BRERS B MER A BYHRSE SOP 14Tl
1.4.2 PR SRk

FEPR o K3k SOP A5 AU 32 L3 o 3 IR o 2
PRI ) 2 35 SR AL AU A 1 B B g b o C RF A9 ] 5
W% s W F 1 ( paired-like
transcription factor 1,PITX1) ZEH#EF KT AT H
AHE M, KARAM %08 3% 3% o B 3% 0k
PITX1 f5EEE /MR, e BRH 23 Hh 8™ HL ARG SOP
P E B AR Y ) A R B AR, AL AT
B PITX1 HHHYY MSC i A SR, Il -
P8 Wnt {55 #0155 DKK1,SOST #1 GSK3-B [A]4%
75 0C 434k, TANAKA %7 W58 & 90 303k &
5k IHF F2 (forkhead box protein {2, Foxf2) J&
MSC 734t OB 3o 72 Hf i G5 5 R 35 & o
%) Foxf2 it Fih /N, R B T 4| MSC 4346y
OB MYHFIE , (i B ik . LIS 1 E b
RNA-188 (microRNA-188 ,miR-188 ) i F ik %5 3 [
/N IEW] miR-188 25 1 MSC W 731k, & B
miR-188 2 5[k MSC 5[] T 731k 24 Jig s 4 Jtd i
NI OB, flifgE4E /N AR T AR 2R | kT 5 | B
Ui 2%, RINOTAS 450U 8 & iy T #54fF A 3%
RANKL ZEPR /N, 5238 T RANKL 26 Rl 3 i &
ik /NEERILH T TBS = OC AR i s sop
AL X EERFSEER M T A Rl B R i 2R ik SoP
SR REREIEE SOP & ALK AR AT .
1.5 HiERGZ®

v FTEIRGTRE A 2 Fh A th 5, S EBUE Y IR
Pt M R R X A0S
SN S B AR T, S0 OB A1 OC e,
BB W E I AT,y SR T e
T LA 1A 7 B LA B S A I [) A 6 55 0 AR 0 A
B2 vy S IR 1Y 5535 ), X AR — € e
W, e — S 30 2wk LA SR A, (1 7 3 AR wfE T Y
TS YR 9 LE A RecQ ff 1€ i 3 I (werner
syndrome Rec() like helicase, WRN) RENE 4 i — Fb
HA e Mz R AN S Y S 1 2 T
DNA &l [ 5t A& 5 LA K s 24 47 45 5 F v &

homeodomain
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HHEZAEH, WRN 3K A %28 1] S 2 Werner 7
BAE . 7E Werner ZE-&HE /N BRI b % B4R I3 AH
TR v D BEFRAS 2 OB b A2 # T 7E i [ 2
—, MSC i R il 1 4k B ek 3 5w 1B A, Y
Wi ) i R A5 (0 45 B T s /b, 5% e 1B o4k, i
i R . Werner 284 HE /N FRASE LS
BB fE 21 N H G B S & IF HAb SR,
TERFSE SOP B 2332 52 . BF 4 J& K STE24
(zinc metallopeptidase STE24, ZMPSTE24 ) J& 2Ji] i
W T A AR 2F JZ R A B9 O S il
ZMPSTE24 K& [A Gk 25 I, B 21 )2 238 H B AR A
(prelamin A) ANBE#E 1E % 59 ), S BCH7E 410 ffg
S, M prelamin A 2351 40 i 75 M, 5 k=
#P ZMPSTE24 i 2k BU/N R, H A B s /b,
B HCRAR, B RENR WK &, X R B A G
(R B 2 B bR 7Y L ZMPSTE24 i 2k A/ i)
REWTHZULT-5¢ A 2k | 3X M58 B Dy 1 AR
SR BT A O R AL TR AR A (H 2
HA&Eak, ®RMWE SR, I BRI HEW LA TE
PR 22 5, X mARA B T Bk s R, 1
o R I SR AR S AT

2 Hfth SOP h =5

B 15 LA R BRI BB EY 2 A1 | i A7 HoAth
FhER S P 548  HE 54055, MAENZ
SESUE ST I E 4 OF SOP B R BB H4E
WA G 1) B 5 Bl A 1 0 15 KB T R
b BRI, I B FEARBR B R AR,
AR EE O Y, T 45 32 WA A B T AR
17, AT RE T A 3l A b IR A 2 B AE R R D AR
AU AR R i TRl S, oA B 5t BT AN A
b BEH A EAARRN AR ek o T
B ) 9 AERR AR, R OB A O CE sh i B AL,
CARNOVALI %57 75 B h o1 (1 85 1 v k6 0 3] 5
24k, ot OBTE 6 ~ 9 P H BT & k1% ,0C 7E 9
A H IS, I BHAE 6 ~ 9 H AR TG
BB EMHRE, BT ER R, 5D 0
RN Ty 5 N LR ) 28, LR
SOP AV A 4 T il — LR ARV IR IE

3 SOP HRE M IEIR
SOP 2415 20 P-4 i b 1 22 4 45 A AL AR

FEARASIN  BMD A6 B 2H GUB &7 E B A=)
T2 2RI . BMD A ISR b B LGB &
W7E BTG IR Fi2 W SOP i &xbrifk, 78 FL Ak
WFFEH SEUR S AR A ) S 0 2 PPAfT 4 A AL 2
B SWRk IR SR i A AR g
FEbR S BMD B, A &AL, B AR
ST BRI RS , 5T B AR BB A
SESE L U 1R A SCHF
3.1 EHREHERE N

HACHHE bR — R 45 B H 2R A
FEAERIAHSC T M RIER | n] LA IL I SR I P A
I3, BEaE R A A K-, T S R A A
PR bR BRI S WORhR R R
o PREENETYBOTR, 855 RG>
SEGE BMD RS BRSBTS 1 R
OCN 4452 (calcitonin, C) ] LL B W A4 PN 45 7K F-
AL, C 2 58 BEACHR Y, FRAR OC AYXiE Al
T VD B, PTH 2 5 HLAA S B S 45 A1
A, AT LU B AN B e e, 3 DL S
L %5 T, 5 R A R, T B s 52
Bt C-2K %5 Bk ( C-terminal telopeptide of type 1
collagen, CTX) Fl PINP 43 51| Ay 5z e W g Fn B
T BUBUR M B S W bR 35, B REUE e 8
e YRR L, AT T R B R RS X T
EAYTHIEA — 2 E XY OCN 1B R H T8 L
WGy, 5E G, 2 5B it R X
OB 4L, OPG %@ i RANK/RANKL %
G5 ARV T AR, 0 OC 204k, £ 2k g2
OC AT, CTX W OC Hy-E I 1, 2B W
Wy BB AR S o T BB RS TR N-A i
K ( N-terminal telopeptide of type I collagen, NTX-
1) JE PRI PR E B BUR R 1), BOA N 212
T B R AR DR S P B 1 P 8 e, R AR (] 11
PR NTX-1 BEAR &4 S B W SO 1087 o A R
2 MR AT D e A K A
A A, S0 AR I P A 0 9 4 4 T R A
A A bR
3.2 BMD #&ill

BMD il 2 5 Wr SOP 2 58 A 2 75 38 A 1
DAY EEARE , AR A W] AR Y 4G BMD FY i
]9 AN Y, AR AR B 21 ~ 22 J]
ESESHEAT BMD A6 ; SAMP6 /)N FR7E & 4 >
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ZEATFURHE I BMD , 2 J A ] — Y ; D=2 FLAE %
SR/ A BT TS D-2EFLBE 8 ) it
£7 BMD AN AR O3 LA XURE X SRRk
7% ( dualenergy X-ray absorptiometry , DXA) %€ &
i+ &AL B = 3 ( quantitative
tomography , QCT) il | &% CT ( micro computed
tomography , Micro CT) Kxll 45, Hir DXA HA7
T AR 8 S 1) 4 A T) P A0 A 0 g M o
JULIA Jo e, B AT v O RS T B2, il DXA S Al
SOP S A R 7
3.3 BHAESFNE

BHHLUE 52 I E 2L TBS Kt | =
J& B AR U S 280, Micro CT AXAE
g8 3 = eGSR BMD, JF H B LY s
AT, PR HEUE S, X L)
Fr R ARG @ 7512, FIH Micro CT 234 34k
P G RE, AT LA B b W 8 B s A,
ST TBS BOKCEE: TBS YR LI OB il OC F53
Aii, ] DLW E AR 5 ), BB HEIB S
05 B FBALAH XS J= BIR 388 A s A L 4 i el
JBEHT T ELS BMD LR S0
3.4 BEYHFERN

B AR ) 25 2 ORI 3 o o A R B )
(14 VBT 2R 2 v L P 28 e R A8y AT P 28 o)
CiEA LIPS e 90 B = i S A e o
P, BERE S W B G M 25 e e . W BB
TP EREIN T AL S B T = i S e T 4
SE AR LB 4F . TANG 48 XT SOP Kk Bk
FrE 1 M S8, K IR BUBCE 1Y B R 67 far B I
WA, O B R e, (ER AR ks R BR 1
HHREZ IO, IFAE A B R R 5 2
i 2RI 7 L G RPN AR TR )

4 SEERE

Zi b, HHT SOP st Al Fh R £ A 4 H
PR AT, AR T S A5 511 R S 47 M B T A
9iE B R AR (R AR S ) ) 5 i R P AE T AR A
B, a6 T HAb g, IF HH R R SR 9k
W, B2 BR /N BB AL AT DS G B 4L H
AR M BB AE AR5 B R (BRI 2
FAR AR O] RE 25 | A5 1 8 I, 2 i) 45 B
AOUERR IR . D-2F FUBE S0 P BB TR 4 3 By A

computed

TAREREAE Dy WIF 5 2 4F 55 1 - o0 0 A0 A ) B 22 T
He, I HBAR AR SR fa] 5, {ER AN [R] A e A 57
It I E) A5 D7 T AFTE 22 5, HSORY A R M ]
ML R E— AP W ST RIBRAIE . SAMP6 £ 7Y
AT LS 5 ] SOP g PR AR AL | 72 H iR
NG ARV B T A E B BHAR A AT L A
5T AR T 7 B PR BB, AT LUKS W L E 5
R B E SOP A AL 891 AT, I H T LA
TERUERT 25 WL 5, VAL 25 1 07 ORI A2
ER PR 2 FORER S JF S &, 18
SR R rp BRI A [ B S50 22 B S A
S A AT H B e R AR i i A AR
SPYERUERGT SOP M Z ikt T B, fglg
BRI IR ER SOP 1y & BN, BRI 1Y
B 25 A DB, B R B J 58 LR sh s
TIRERSASTAU SOP FYJps Bt 72 (H I Bl B PR BOR
4 AT AR A | B3 55 1Y Sl )R DR A
B, AT T SOP ML A9 AR B TR
WK BT M 25 W) B9 WF 5T DL RO Y 245
A B R B S AR
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