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Abstract

Critical-size bone defects (CSD) caused by osteoporosis, severe trauma, bone tumors and bone
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infections have caused serious impacts on many patients, and the repair of CSD and the subsequent clin-

ical regression have been an important challenge for orthopedic surgeons. With the development of
new clinical techniques and the emergence of bone tissue biomaterials, there are numerous studies

on the combination of various clinical techniques with drugs and bone tissue materials for the treat-

ment of CSD. Due to the ethical requirement that a large number of experimental studies need to be

carried out on various techniques and their combinations before they can be applied to the clinic, it is

particularly important to construct a similar, ethical, operable, and reproducible animal model for CSD

that is similar to that of the human body. In order to summarize the research progress of CSD animal

models, this paper reviews the literature on animal CSD models in recent years, both at home and

abroad, and reviews the aspects of animal species selection, modeling methods and evaluation meth-

ods. The selection of animal species includes mice, rats, rabbits, dogs, pigs, sheep, etc. The modeling
methods can be divided into traumatic bone defect model, bone tumor bone defect model, infectious

bone defect model and osteoporotic bone defect model according to the different causes of the disease;
the evaluation methods include gross observation, imaging, histological detection, biochemical indexes

and biomechanics. By reviewing the research progress of CSD animal models, we can provide more

evidence for the research of various therapeutic methods of CSD and the research and development
of new artificial bone substitution materials.
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BEEA IR E. NO 2. AS@sl fidsm kK e, PLRAL S JFORFN G fh s inm e, 8o
BREAA . EEAG . B BRRERRE B S S BN In O SRR R R IR BT, 4
VEZ IR T BRI, BT R TR N ) B A 1] X S A LB R R A, H AT
BLRTT 7 1EA HIR B B ER[2] Masquelet 753 BEER(MIMT) [3].E 22 5] K AR (lizarov £R) [4].
ATEBE N ET IS B A B [S1 VAR HE TR H R [6158, &7 FLMURE A 35 Ko LA e A B i [ 7], AL
AN T 558 A0 BRI R i3 LR SIE B RN T B A BT T RER K . XSRS B
HEN I PR S FH A1 38 75 AT B S5, AR T AR B R b 58 BB S B0, 0 2005 FH BA 3E5-3& 1) CSD 24
B, ASCUTEC R R L, X OF M B A AT W Fp 280 £ A7 sURIPEN 7 20 AR
B, SN CSD &MIGIT AR FL OB BN T B AR B A B T 1 R B

2. CSD HIE X BB B #3815

I B SRAPAR AR BT A AN R R R R B RS BN Ak B S B R
JIRVE SR, RO SR R4 [8] . H BN LB SR A — st e S, SRS, ik A fH
I S SRR A R T R B K S0% B BRA1[9], X T SRI8sh ok Ul, I B A& F 7R AN S8
1) N AN e RAB SRS E B S B BN B BRAG[10], BRE ARSI — BN, KA RS 10%H)F
BRAR[11].

A IE Bk CSD AR BT SLIR AT, IR SEI R S5 R k. MAT/E CSD
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Bt 5 Hp BT A 1R S BE S 4% BRI RSE . aT DR BS sk 202/ s Ay K=28 SR /N B 1 24
WEUREN, /N [12] &% SD OKER[3]55. MEthRBMTEEY) . B, AT NARFAESE 7 TSR N IR AR AL,
1M BN ZRVE 2 (R RE A AEAE /N SR B AP S 13]. W U5 288D E B VG B ) I SE 3G sh i i, o
P AR ARSI IR L ) IR 0 SRR 2 A i [14], HHA S B BRI HTUR G R ), (8T B F AR
B, BT DALTE & 2 R R 1B NI PR R F BT s SE 36t e b A A L B B . /R —
TN LE B R AE A A B Bt 55 8 50 1 LB A B 2R AR VP S IR 78, T bAE
FHIHI LR R BRAR TR BT LA /N BRBE LR 38 (R T oA G R A2 G IR B i 08 e 4k R e
TE RO RS R,  BUEmG UG B W TE L0 B A BT 2 bR, A& B A APl B Ak
HHE RGO, WEGSEN Y E O E R 1B R AR A R R G, RN IE AR E Rk
AR FE[14] [15]. RBRZH IR, HhZ B 2%, BHMEFRRE S ARE S, B
i PEASIRIN, HE A5 ANEARBI G B IR, Wosy CSD R AL & I sLie s 2 —[10] [16]. KA
WA R S HRE[17]-[19], IXLESIYMATIEIR, - SRR 254 S ARBHLE 5 N 8 m AL, 5T
B N S A A, (HESR oA s B @S REgE . WRANHK., 7 KRS,
IXLEEh g PR T ORBENYIPE 9 CSD S S I g o DRI, FEXS S B P R AT e BRI, B AR
B E R FRATYE WFRFMRERENEZ AN T HEATSEH R, XA RIER R REET
SR, W 1 R

Table 1. Advantages and disadvantages of CSD modeling in different species of animals

= 1. TRIFEENY CSD BB ER =
IEYRES K&z P R

FEAEW) . JEIR AT WML S J7 T A

B, MREARAE, K. gk e e R

PR ARG SPRRC S, Rtk tusenn O <EEERLER Bt
FHF AW A R
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TR HHZ% W, FLE 5 N AR L B 2% N5 2
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3. CSD IR EHEERESF N
3.1. flpEEiRER

BB SRATSE AR SRR AL AN E], W40 ot B SR [20] (211 PUJBCE- B SRR [22 180N i E &
FRAR[ 18] JUMSEAY, b DU JB i K A B B SRS AR SRR IR AR 6] 5231 B B SRR (BT B B [23 ]

P SRS YRR R i e NS, AN R R TR R B AR TR A R A LR TR
JERE RN A AT HE R S R AR (<1500 rpm) TG 18 PR T IR A B LI 22 B U0 SR 10 B A o) Rl I3 28 7 1) i s [ 21
P B SRS B R F R 2 R I B R R TR R ) S A%, BT A TR AT 2, B RTE St A 20 E s
IR, X R T AR A A A SR T R AT, 0 SR T A AR R ML B 2 R
T [24]0 AR VAR E R, A DAASE A R FEADRAE 3 ) 2 VR 88 PEA% AH 27 TH IR 72

VU fi B 1 B e R A 2 1 A 7 3 A v A DU J i (9w B, T 9 3 PR B AT S A AT AR
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SR JEHRAE AR BN R SR AN SO0 75 0, RN RAT . B PN B Bl A ] 5 SR 25 B 52 [25] [26]; 4R tBa
— BB AR S [ R AR AT AL ER 27 AT DU SR B G L A Sh AT KRR R
YRS DU E B i i A A 3o A 57 3 T o 7 DU PR T, IO R T £ — DU /N B
B 3 I R S AR S TR P SRR S A Y B B R B R I B AR i R — AN S B ER 28],
SR RRAE S (RN ) 16 936 2 75 3 0E A7 E i Ak P AR A (R S o T DU R TR TR B R (R B0 5 KRR
Fa ABFEE[29].

NAUE B AL B KR s REESE, IRAE SIS R RLIO AR, HE A R
AR NI BT ST R > RS, AU X RN R A E, R
BN R AR B AL S UA[30]. RSN G A R R AR . BERRCEE, N AA X
B HACE R R, IR BB & S 30 2 3 F R S 18] [31]. RBUBhIR . B N
HE AR B SRR E, BT DAL T AR AR A R N A A R R AR A T . AR SR 4
BRI, HPrH TRWAFX S, 5B S w0 AN RE# %, 5 B w0 3R R
LAl Sk il 2%

3.2. EEMY SRR

B IR VB R 2 B IMORE AR B 6 B AR i VR B R AT VR T I R e TR D) R S TR R R ik
A7 o F P R B R B P T B IR P R 2R ) ) %, i P IRE R B R ASE AN B T R 1 R R 1 2 5y
o BRI (1) £ A BT DX o TR R i R i R AR 2R () 2 A 7 XA A P R L R R R A 4
FNTE, W FITHIT F0 g ] £ Rl 20 P B A R 2L 2, 2 B v P e i 8 vy 4E 2 P 20 s vk B
FIF 50 IR P & i i s B R B 1 6 i ) e R i B o R R 2 TR R R MR LR . i A
5 e 9 S5 Do R T M R S A R A 5 T, L SRR ) S AR B T AL H AR, Bk SR R FLARSE e A
I ot 9 A IR 43 ) FH 400 P B v B B SR AV A N9, I B B VRIS T S S0, Kt AT
i T ) S, PR 248 B A2k VB0 FH A i 280 N e o 2 BBl A K R B DL 28 AT R U A 1) Gk R R R 4 AR Y
[32][33].

3.3. BB RRIRRE

TG R BRI 5 R A 9 S SR A R SRS P B S L A0 5 SO R T R G P RO (g 1k
HHER) TG I B B, B EERSMA DR KR R e, B I S a4
ERTE 5 WL [34] . A TT sURLIDLIG PR 8 IR A2 75 ) R 73 9 =) B e VM SR R R R e B SR e sk
TR, oy B IR Sk A Y Aoy 22 AR i S B [34], Ml I AE I F i Sk R Kb LR N 2 88
(O A BR T B BN T AR R A R SR G P 1 SRR R [35] 5 4 B ALk SRS TR i i A5 T 25 4
I R <22 B €00 460 K B B EL IR E R I AR GU 51 D i SR R 0 e P SR A AT AR ) Sk
PEI 78 SRR [36] -

3.4. BRHEBREETRIER

BB NOZEALRINE, ZHEN MR E, AREE G R R EEA T, EE R ke
HATHIZ R B BRI L, AR AT VR T IR AR LU 7 W A i I S A A SRR
SRAT ) B B AT N, A AR R T ) 3L X, (AL, ST S R R RA N S kA5
R T IR R AT W FOR RO B HAT, TS BLBRA SR RN KRR e PE S M, 47
SEEET], XN [FIRE R T S SRR R IE AR, A 2 AR SIS AR b A T ) Bl R A
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Pl S AR AR T . A A S 7 B R A e S R AR T AR SN2 LR R RIS R AR N
JR B BRI A f5 F T AT A AL 1], BRI AN ST A P R R 5 E SR S [3 7] e B VR [38] A 4k
FEREE B VR (301 B S/ B R R A B R AR AR Y J5 b L AT 3 i A 3 4 i T A PR I S R AR TR
4. CSD ZIRB R ITE M A REXTAR
4.1. K{EWME

AR BTG A S s pks R L. B EI3E8). B L B A, REAR SRS, DR
JEYIOE LA, ARG E S EIEERI . RIS RFIARRE, 2 e i 18] G 5F s i s st 47T 4k
FEEAAALER, KA S B B XA E K A el R AR 450, & S X AS B & KA E CSD shik iy
T T
4.2. B&EF

BB AT E D X G AG B (X-ray) [40] [41NH5O8) 2, ATE R & Fh CSD 3@l i S48 0
HIEWTEDS, SR K/, WL SNBEYIIE E R & T FESET7 AR, R B, S0 ARG, B
FEXTE NGRS M e . BEE AR BRI KR, S AL Z 3 R (micro computed tomog-
raphy, Micro-CT) [42] [43 |3 CL A V-G & 2R AR SN NS IR B B TR S ISR 1 “ <A™ o 55 Xeray #H
Et, Micro-CT MY p Heeia . ARTEMT, & AT AT B 8 BEVPAL . B R N =4 25 E . Rtk
PR AR 2R B At AR CSD i R A AN R B A5 7 S AN ], A XUBE X 5 2 25 (dual energy X-
ray)~ /INEhW)IE RS 72 F 4 H R (micro positron emission tomography-computed tomography, Micro
PET-CT) % ®Tem W F 35 B IR £ (**Tem-Methylenediphosphonate, Tem-MDP) 4 5 B 5 R 25 [44]. XL
A8 X IR 2R [45 Tk 8 ] DU % FEREAT VPG, P RIS SR & BB ia CSD B AL T FUBCR (1174 » Micro
PET-CT FJ A& 52 77 v] LA SR A7 e AT A 2, °Tem-MDP 4 5 BAZ B A W] LUK 4k kM iR it A7 i 2
KPR AR AE H T M8 1 CSD e B T R (1 P A

4.3. HAFEM

LM TR Z MER, R, A, RErtiete. RS, KERaH 8 ra
ISR AR AR Gt )5 2, WIRARs - BHLHE) Y, WHIEIE - Bt 2044 (4. Von Kossa 4%
% Masson B[40 a8 TS . HE Yetun] DUREFHBIX 70 223850 . 1 B P 4 B X% ¢ k4 i
&, G TARZH SRR G S HIPPAL o T2 R - PR PR A L AL 0 RT LATE T3 R B AR . i
FEJG LSS, 8 T B R AR R AE B T . Von Kossa 34 (b (AT F T-45 R TR IX 33, #5970
RURFTE AR bR, BT DAL IE A6 D1 it DX A 754 1 A il S LA A X 33 Masson Bt B H] 45
GG, T A e BRI R AT K ULET S, ARSI R AT AR AR, W] DX o F SR h

PESIIN. RBE A A T LW S R AL B IR TS . GRACH e AL TS SRS B, 1&H T iRk CSD
ENIRER (P

4.4. £{LiEHF

ME B AR A A TR AR B 1) ESBEACUHTA TR HUIRS5 1 2 (parathyroid hormone, PTH). [#45
% (calcitonin, CT). 442 % D (vitamin D), 2) HWRUCHEFR: LI5S A BLER P 5 IR I (tartrate resistant acid
phosphatase, TRACP). IiE 1Y % A2 Bk C-A Bk (type I collagen carboxy-terminal peptide, CTX). JE CTX.
JRIZA i R 22 Bk N-AK 3 I (type I collagen amino-terminal peptide, NTX), 3) ‘B /il ta ¥ : TP BE L B (alkaline
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phosphatase, ALP). & 45 % (osteocalcin, OC; bone glaprotein, BGP). ‘& 4 57 P4 5l ' 8% 12 B (bone alkaline phos-
phatase, BALP). [MLJEIAYJE i J& C-%ii Hif Bk (C-terurinal propeptide of type 1 precollagen, PICP). IfLiETHY JF Ji
J5 N-5i# T ik (N-terminal propeptide of type 1 precollagen, PINP), [F]H} 3l 72 £5(Calcium, Ca). #(Phosphorus,
P). H&(Magnesium, Mg)&5 03 & B ARA, ISR E AR A6 [47], A BT P74k % Fh CSD sh AL
BRSSO AR IR IT 9T 880 BAh, BN g PR B SRS AY, FRATTAE mT DA I 35 FF IR 25 1 (alpha
fetoprotein, AFP). Ifili% A 4] IR 2 (prostaglandins, PG)&F AL FEFR AT AL o BT X RS B BRI, FRATTIE
AT LUK I AN [ s8] A 9% 3 40 0 (white blood cell, WBC). £ 41 i (% 3K (erythrocy sedimentation Rate,
ESR). C-Jx % & [1(C-Reactive Protein, CRP)IAZ 10 [48], AT PPt /8% G P4 1 il 453 5 70 1 3o AL A7 1 S et 3G
R TT 77 P PUR GG O o

4.5. £ HE

FrX$ CSD ZhWs REEAAEAT PP o, X @5 1677 7 SR AR BT VRO, o B BARER
WA 1A MERE VAl o B 2B A VR T A B R IR A SR 06 . Bk sk . ARSI BYUISEIR K
=R SR AT DY S i [45]SEIR A, AEWETT T 3RATT AT DRSS A R R S H A RSB Ak A, RS IE P
W7k, RGVHE CSD ANARNGTT 77 sNEA R R £ T2 T RE -

5. RESRE

CSD [RE S L% e B2 (0 e PRI VA — T2 i sk 1 T T s P B B R, i PRBT BRI e Jee b i A3 by
BHEHT 2 CSD VRYT PAE R AR BT, &, bRl CSD SRR AN & a7 77 B2 h
AR EEEAT, UL I CSD Sh R gl LB 2L, 2k LPrik, CSD MzhWig ik 2
B, B ERASMIAR. . MEFEERMS, — RSB AL 2 5 AR B, Hl
AR AEAT o T BRGSO KRR B LU 5 A SRR B, 5 TR A
FAR A RO, HR AR B EEREEE . WY, ST KRG, X G
i 7RIy CSD SR SEIR T e /DB KB, PR s, RO ICHE. &
KRAIE S TR PURGRE 98 SRR 2 5L R, £ CSD MBI rh i W e Y, (HHL Bt
RE, Hlas NKEHAGMIL, TNV FEAR. s mE LR ERR, WhikRai
R Z B IS HE RGE. B2, BCAWM MR RR SRR G IRRI, W TS AR S YAl
REATIEFENS, ZXTTFCHI JTRAATH WFRAE ARG OLE 2T #AT R e 5, RISt
TS, XTSRS HEAT 22 FhITAY, IXFEA BRI R BN B IE I SE IR BN . AR LR 0 SR AL
AFRRA VU, BT BARYERT FUSK PR 22, 45 & % P 07 AUy | AT R g e B @iy a(
AR, HVFN T B AR O, (HRARAVP T7 SO0 T AR @7 ) CSD s Ry 45d
HA R v 7 A oM B

EHEWmHE

W AR X ES AR ARV R NIZY173); WE i HIE X EE s R A8 & 5 H
(GXKY22083); W5 I KB =0 5001 H(NMDYB1725); N 5 f IO K 2% I s A 2% By T H
(2024FYKF028).
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