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Abstract
BACKGROUND: With the introduction and application of guided bone regeneration technology, bone augmentation technology has been rapidly developed,
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and the indications for implantation have been continuously expanded. In the pilot studies, small animal models of craniofacial critical bone defects were used
for evaluation of implantable materials, providing guidance for subsequent research.

OBJECTIVE: To summarize and discuss the small animal models of critical size craniofacial bone defects used in guided bone regeneration studies.

METHODS: CNKI, WanFang, and PubMed databases were searched for the articles regarding the guided bone regeneration studies in the small animal models
of critical size craniofacial bone defect. The keywords used were “guided bone regeneration, alveolar ridge augmentation, critical size defects” in Chinese and

English, respectively. Included articles were summarized.

RESULTS AND CONCLUSION: The critical size bone defect model has the advantages of strong operability and controllability, which can be used to initially
simulate clinical conditions and evaluate new materials in guided bone regeneration. With the introduction of guided bone regeneration technology, bone
regeneration can be achieved in various types of craniofacial bone defects in mall animals. The jaw and cranial bones are mainly used as modeling sites. For
the jaw model, except for cases involving special anatomical structures such as the maxillary sinus, most studies are conducted in the mandible. By choosing
a reasonable modeling method, the small animal model of critical size craniofacial bone defects can be also applied in some special situations. Researchers
should choose appropriate models according to their research purposes and actual conditions.

Key words: bone; oral; implantation; guided bone regeneration; bone augmentation; critical size bone defect; cranial; maxillofacial; model; review

How to cite this article: HE F, XIONG XL, SHAN XF, ZHANG ST, HU J, WANG XJ. Guided bone regeneration in a small animal model of critical size craniofacial

bone defects. Zhongguo Zuzhi Gongcheng Yanjiu. 2021,25(20):3226-3231.

0 5|= Introduction

BT, QAR RKC2RET ERGIR, K2
J Tk F 5 E., AHUR ) 8 — Ak S0 28 B Ab Ak
WANB| IR RSB & A ML B, X3 TR A5
FokFR+HEZNY, EMAALRETY, BERUETIRA
T oA L RTLE. A $FRARKGREf A,
T EHAIFE T ik e R, RBTETAE MIE, K,
Yot T T Bl a5, B S R & F AR KA F it
ATAPAEAS B P, R RS2 O SRS HG 7 P ogRE S, SRR
BEOHAABARE LB AT RN AGRERAELT,
s RiG T Bk T B B, AT EXRR AL A4 TS
AR TG TEL, RT AR L6903, R
KA B ITLAR TAER R LI R A Y B A, BKe5] 5
BRABRARRTT RESBAERETBEANEZK.

WE, WA EB RS A MM A AR S R LS
W —, (2R AALAT AR L, KRR R ERT
$umpn i RB K@ Y, Bk, SRR AR A DS
LHRAMT T RSRT VG, @i FE L) FRAER, R
F R IPAER  E A B fe A ) ) F AR L N A #4948
KIMHHEAR, XhERE, FHWEIRAER TAE 4L B A MG R
B, EZRTELAS T4, B, £93E8 TS
BHAEA DA AT T, REARFEAMERE T ERT
BB, PP B R BIAEA R T RABE T G RME, BB
AARSETRREZIATRLY. Kh, FEINERR DY
PRGN R EATE R TRARKG £, HAEMMA
S RMAR BELEN TR+ 5L 400 —AMoEw
FIAEE 4 B AR KAZE LI T8 09 R 3 5 fu 2k 28 46 AT
REHANERHZ G KM B AA R T i AR RS R P
B b, 2L AR B R 6 R Vo, B S A B
MO RET R, HTRERGEY, E2FLEESKEHAHT
ARG AEMFREZHB e tR ", LESBAAETFFRA
RS H T AR R 64 N R S A PR AR I R B AR AR R AT 4 e
ik, h R AS

1 &RlF753E Data and methods

11 J/ERR o “IlFFRAL, BHE, BRI

guided bone regeneration, alveolar ridge augmentation, critical
size defects” FAE A# ks, AT E4 M. 7 F#4E. PubMed
FHAE R ATH EAN &, BRI A T XA kE, ket
6 E A 1984 £ 2020 4. AR EBXMRER AT RE
Fatzid,
1.2 NiEhntE

MNFRE: Q5 v i, o B E4RE] S5 B A48
KR, @5 & 2 A W FRARE e i SR AR AR X 49
R, @R EARAT R A £ MiHAE,

HERRARME : O AR @ ey A5 ; Q@A TEME R
R, BRI 21K AR,
1.3 HUBIRENAIGREWNAMN 1+ Hbuin 4 44 155 450 & Uik,
HP UK 189 F, T ALK 261 B, A, #HERE,
Y G R B E A AKX 6 LR, A A Lk iF 4 ) ik F
KRR, HEREA T R RiFmIiak, RAER &L
AR IRIE AR Z, ANEA R 89 LAk 59 Bt AT4 4,
AiRiAAE e 1,

R RAR Z R <51 ST IR, g E, IS S B4 guided bone
regeneration, alveolar ridge augmentation, critical size defects” # % r [F %1% .

JiJ7 ¥ . PubMed % %4 1

'

VIR A H 450 FSCHR, Hode
SCICHR 189 FE, HSCICHR 261 F

B MBS, MBI
B AR SR

v

X T A SR A ] 15 AR A
I3, HERR G IR IR AN VA SRR

IRAAKSE IR R, A RARE
PRI SCHR 59 FiEAT SRk

1 | Xk R REE

2 Z5EE Results

21 SISBEBERAK 20 #% 70 FXKF 80 £, X T 5/
AR BAEBRG— R IR GTIRT 5| SR A R IEH
RE AR, EXEREF, HRTHIENT LR FERRSS
LR FtE SRR I, T AT R BAR A A1) ) F R I 4
M EH & B FARK @ I T B R T AT 6 F B A R AT
Feg i Aantia Y, 5| SLam B AR AR R AR
AT WA E FREE, BR—A R T RS TR R
Rinfe EAH S ER. FAT, FREBLFE TR S

Chinese Journal of Tissue Engineering Research | Vol 25 | No.20 | July 2021 | 3227



Review

LR temlieA v LR EFAREA D AR, Bt Lk, X
FrF BB HmARMETL R, Ai, FEHRLEREN,

MR FRERLTR B h aE A R R, A A TR SR R 6 B
RS T b 48% % 8 St — ARk A K ey eT A Y,

R, 3455 FARBARRFHER TFRALLBAEZE,

%G RATA NS RAF R AR T AR R 4976 57 R B2 R AT B
MEARFEE DY, L FIHERGER, AETZFAR
H B 869 5| FLAL B ABRKBREXS L A FHBAEAHK,
H A A R 3D RN B AR P AR R R AR G BRALLR, R
AR B B A S RE T A BB E R ] Y,

2.2 IEREBHRIRER  SCHMITZ & ™ F 4 20 #4 80 4,
A T R R SR — A, BPR SRR KA BB RS,
B ARRAE T840 RRF LA AR B M OE, RERTHLES
APIARE, XA R F AT AL WAR RN M EEE LY
FIAER, PN RRS 5T 7 AT E BABRG YA, &
FB AR A 2 ) TR ERA T, AHE LR
FAE: OBSRERETARSE, A TRERARA,

EARAFARR 45 BA IR T FAa AR B4 SR " @l
FB B ARAL R A 5 A VAT A AR R o 0 7 KP4 B R
AR, B REBEMR T IR A R, EBE R
Bk T RH) D R KN R RS0 2 Sy o A
AR, MR, “lERERMR T 15 AR T I A A B L
EG A TR T VY, SR MA AL K A & b T
. WA St e AR AT AR A, Plde, &
CD-1 /s RAATAE 44, A2 3mm. 4mm 2 5 mm &4
PNRmE, REME; B RmE, HERRZOTET
g6, B SRR E T BRIR T, Ll T R R R
HFIREL ST IR G B 1) 1E K B Sy AR R g AN F e, B T
Xk B, RE B AARBOFRARRE TRETELS.
Je— B R ] ) B3R R RS B0 L IRARA . R B AT
FEMFEAEFRI IR AT T ERGHE, RATGLE
ST B J AR A IR0 B RAREA B Bm, TE A
H 233 0 B 4 52 B AR R AR SRR T A e 3 AR AR VG R A%
AT IPAE H 2 At A Ay BOM 69 IRAE IR HE,

2.3 TIYDRPEAVER R RE W, wHEFBBF, b TR
fB3An A BAR LB AR R ABIL, #AH RN RITHR 6932
AAEAL . RAESL, KA 2R FA RS, —RARIEE
ATER. M. BEFRT P, R WRR T RIAT
sERE, I FEHRAESR TG R MAER AT A
DR (DR REFRRT ) XS AR AR (K.
HANEE ), FRAER G RBTRK —F GIRETHRTE 54
R E QRG] e XBRIEIFENW G, FEIMEE. RA
Fait &l A, KA1 A 2 E R EL Y, il X,
JI AN FL S M TR AL AR 1 RS ST SR AR R 69 R R
Bagm B ERSZHEAT, FAREEHGHARF, %
B An R iX A4 AR R LR 2 KT B s A
HHARSEN R BA TR, HERLA RS OG%RITE

3228 | PEHERTIEAR | 5525% | 55208 | 2021F7H

BAEFMXE, B—F @, NESHYT AN LR
FREG RNSEGEYIRMH, R TRETET [ R
FRBAAFEB R (K 17 mm, & 16 mm, E 6 mm), +5F)
FOPAF R AN . R1ELT 0 AL T F L
HAr K ETRRI AR B 6T a9 AL,

1 | BREWINPERIAOE TN

BFR W E N S

R Tk A
RKHE e +
i +4+ +++
itk +
A +
i + -

FE: e+ UEIERIMER TS, ++ BB ML BLAT, + REEAYE M - 1R
FAMeE

2.4 FENESPNYIGR BT IMER

241 A\EERE MR REZKRTHER T F
B A ARG Y. 20 #4280 F X K, DAHLIN 2 7 %4
TERANRINFBHRERRERERERTBLGE S, £
Sprague-Dawley X F MM T 47 #] & 7 425 mm Ko 6948357,
HREXRABHRBATT 51 FFHARRGHFR., FHAA
Jv9 # K (poly tetra fluoroethylene, PTFE) 28 2, xTRBZH
RBEZNE, RAN, EZREFY, 26 ARbE, MK
BILT 20T AL; MATRBAREAL 22 AE, TR
RLGHRHSRAE, BMP S HFAELEHFAL., TRATHERE
KEB, BT R AR 8 B B B AR T oA R R T H AR
B R ML E R R e E B A, R, FEEMEAET
kB BB IERT @MHEN, 2B, RYHREL
JLARR) R EAMEGER, RARTETRE XTIl +FF4E
B EP, (e ERRHA T, [WEREFERE SR £
A, B AR BB R B AR A 6 B R R AT AR ALY
AR, AT HERLERAFEN, AFFRETES LA TS
FF AR 6 R AR @ TR R ARAR R 69 AR A2 . LIU
5 U AR e K R RS KRB RMAIFRET,
AT CT AT KR T ARF fE 3454, AH T ARAT T R AR LA
TEFRAALEFZLFE, REAELERETHIRA
B A%, ETAA T K@ RBT T KR K DNEAE RLIAH
6 mmx2 mm( & x 5% ) F= 8 mmx2 mm &£ 357 5T AAE A 6 RE
BFERTIFERAGHARLY, A S EDAA RN
R, IAH EAPAREACAGAER G845 R A A R B K,
A — T RACH AR AR &

ST R FRA RIS AL, 20 #de b Fet,
ST B R TR AR, RS R A R AR, O
A A AR N R SR8, BOChw ILEY R B RSt AT
8. RO TRETELEHRAETM, EUNTFAGTHRE Y,
B fik S R A AR b AT, R £ T R TAARR
P, XARIRE R T L4 2 NI T AR Ao T AR, TARA
xR G HATFAR, TP RN G H LR, 22T



AR —REGE T R, BHERYY, AT, XTiAR
FAE B PR T AR A5 SR A AR A B Bk, TH
A BARARAL ST g B3 AT @A il B IR E T B A0
R, T, FTAUVEARE LA BAFAER T oL B R BF R T
F|ARERIJUATAR AR G F A, RBHRITE 69 5 4R 048
HARGG KR, ToABREFRETRE FTEARTAETA T IHM
BHBR, PR Pt e T 5], TSGR T v 4
FAAYZ G BA, T AR ARG BAR N TR RIRER . T
HFo 0 PR 6945 A P LYE & P PN R T A R R T Y
(PMMA) ¢4 £ A AR T, A T RIRAH A, @
FTFRTEAT, FRET RSN T AR RME (AT
FAE, HYH6mm, FH10mm), RERFE2WMETES
1T MM R £, QR F ABE T EREHRT 85 A=
sTRRAA, RENBUES. EXNMER T, ARERTT A
& R AR 452 AT B B A 6 7 ik, AT AR 837
BART AR E — A7 E#ATE L, XAERLR S/ LI aF
RPEXRTR, (2RIANEA LA PR eG4, B F R
BB ERES, BRRGERBE R T TR EE 25
BE AN E R A SR AR —4FAE; BO), FTA T ARA
ZAFNBREEZAOIR, XEINEINRGEIRAET L, K
%R AR 69 S bk .

242 FRTRE IS RFRBAER AR B GTh, F5
R A S W PRIR SR F 2 X AAT T 7 B A A LR,
— AR K R ATR SR, £ AR 0 % Ao
B M AR I AL A B 2 R STROIAY PTFE B2, JHATR B4k
L, W A B RAR R AL R A AR, MBS ER
J& 3 FIMLRE| K EHFEHAR D, me—2km A5 X AR
BT, LA RBEINLY%, ReB AL,
I ALK B £ mMa 48 %, AR XA B A M6 s7 4+,
BRI R I P, XL FFR LRI T I F R ARARK
RSP e FARS, AW R G EZIRET 36
B, B4E L BRIRE LI, AR Sprague-Dawley X R 9% A
15 RALAR R ~F # 4-8 mmP; Wistar X & ¥ % F 4916 7R 4
5mmP, WA R AL T mmAEHERR TP Fam 2k
B b FRIERRTH 5, 6, 849 mm>*, & &HTik 12-
15 mm™, 438 SUE MY A R RTR R I Rl B AR AR
WL RAR R A ASRIRAE 12 AR A B R Amn ¥ 2
A, RILHZ=5mm 49 AR B S 48 A AT 4. CHEN
5 e B R K B A AL AR e R K BRI B B A 09
o, EIAT —AAREAAER. R TR LA A
RARFHIE E A, AeA14E PTFE B R B EAE R TRER VLB
EHW, mABEEMME L, 2o FX A% IR
ZEE, TARE| AR, ARXAMEA Y, BAHTAHR
T QIR R A N SRR 0 Rt , R B B AR A T
ik AT AT, At e aF R E.
BARERA, ZMATRERFELEF R ERAEV R
A, BAHa gt EE, FRMETFLZ+ FW, F

RIT¥EMsR, THMAT, HIEEIAFEMGER, Ndf iR
REGT bk R, BARRRFAB AR, KEHRREHH
Bl BAEBE E 2RI ERFEDE AT ANLAFELH
BEARMGRA TEBAGHEIL, FAZ LR R AR A
Bt

2.4.3 AL 64 FRAR & I B SRARAEA!  FRATIAF LG AR A
s, Ry FH I A T T S AR AT 5] 5
FHAAMXHRL. MATZEN 5 “ 2 X S4B B 69 542153
BFAEZT PTFERE, 7MNA BIRE| G T 4T 2605 F
4. EREEERREGKXIATWRARE G FFHLES
., LNEE T EMLER. I FFRALFE, TR
TAMERE| K@ ARF MG EE, LT AERIEATHSEAE
Ko RAREFIRI T HA. BATe) ki kg, @itk
16 R AR b i R 5| B BARK, TAERR @ E 4
% A B AR T FIE B

25 [eRBRIERERRFN TS | SEBEPIINA

251 BABRKETFEREFT —AEH, EHRL
P, AAEEEIREMERRRESNHMAER, REFt
TR A 5, B A SRR LB 69 R m AR 6952
1BV fom R sh AR AL, R 2 AU R R RAE T R E L
o988 fkm R AL, 1 AURE kR SR B S AR AL R B i F 55 3
WARA FANE R, $HFRAR LFESER £ 225 -
B RERAMK, FIREH; H—F @, RERERE, &#F
1 AVE R R 52 e Sh AL R LT oA KRB R AR E K, B Ade
RARBATF IS 97, 2 A LA 8988 LR ARt B ARt A1 1
WHEFAPETNI@HFA. SR, OTFIWZIRAUEFHIME
A8 6 W F B & TARR), BT Sh AR A AR A
LA LA AE, B SRR A LM AR R R, ed
kL, BRI T HL 1 AR R K S BT PN RS
B JA% & (50-100 mg/kg) sk ILEG W B FAE R AR IR
WA FFBAERAGHRY, AHRA B RAEIE—
KO ESHE T A7ALER 242 4% (0.01 mol/L, pH 4.3) #94E A%
# % (60 & 65 mg/kg) ik Lk 0. ma Ry, A
AR R A A TR ZHEMREE (40 mg/kg, 11 /d,
&4 5d) RIAFEL T A SRR . A T RAOA A 2 KR S
AL E F 5 FAEA G — APt B AT T AR T Bk
MRAR IO KB LB, Mm-S T 5AE 1 ANE R R4
WLEGHE JR TR . A B A R A B W BB RIS A A
FEMEIRIG., F T IEEAL M By b T AB IR RIE LT, #t
HARE oI TR ANARF TN, ARAEBLEXAH
Rk 24 v FCEE (42 mg/kg) 2 T 1 AUE ARRAER B, &,
A R AR 64 3 T8 T VA ST AR B BiE AT 80 mg/kg W A
wpuy P 48 h B4 120 mg/kg R EA Y. 1R, FEix
BWR, IHFESFHEFSEN S R, PEERT I
RN By AT FARATER], BT, B A AL
BRAER EH AR RNERA, REEXKAREELIER
FHAFAER, RPN RR K RERAITI R RAEEREE

Chinese Journal of Tissue Engineering Research | Vol 25 | No.20 | July 2021 | 3229



22 TS

s B BA G H A Y S RAI, PPARAERESR RS EHERL
T, RRAEZFFHFEABARLIES 60d, FRIREHAR XA
ARENTEEAL. Fsb—F @, BARREGHERE YL
SRR R, ETRERBERRGFLT, 515 HAEGTH
FRALZE Hoh, @it A %AER RS ERERSHEH, T
DR VR . R, 4B R R R S E5 FF B AETES
A2 R I A AL B F A K AR AR 69 AR TR

2.5.2 BABHF B FEBELARR MG TF2WH TR
#, RV E AR, W T R EA MR . s,
RATHSE T 2R 2WHTRES, FHRERRXALBLES
WR P el B RARRAER T, MG F R
AL, SRR EFRK. LRIRET 28 T RER (X
MeAnik %, 45 60, 46137 %), 1RIE R AR REF, BHE
FETLE A 1-55 Gy, KA F 2.9-15Gy, KHH 1-15 K,
BATAN A F AT 1IdE6AMA, FRE3dZE10J;
AN A 10d £ 12 B RF 0, BaT, A6 e %
FRAGH Ik AT oE R, K TRISET BN SR
FA B R AR A KRR SR ALY . JEGOUX 5 B fE S84 2 )
TARFATHRSIRARE, EFLBEFRELT —A 11 mm x
9 mmx 7 mm KF A BRI AR, RvABR B R
% A B BRER Z 45 h £ &m0 B A HL A AT A B R AT 5=
AT B A, KB TSR, Re A3t
ATHH 4 By iBiastis T, RE B QARE BUES ) s
ARA, £% 16 AR HERBITHN. ARFHSHET
PR Mz BT B RM, ARTFESFERMAELRE, L
Hepingiiion; M, ML R R GIRERAS A £ X 2k
BB T TR A RBGFTESH . 22, ZHt
TP E TR R F—ABRAEZ IR T, AR AIRE
AATRAMLEG IR E. A A B R I 7 R
ik, XHEREFERZA—F £, AdEEH—F034
B Aele RATAF R, VARABEE S8 XA 5 97 B AR
GRS E

3 i1 Discussion

VAR AR AR Ay Hah ey A AR | B B AR K E
WMERHAE RS, MEHGER TR RERIL, #
SHARA R L LA Tl FhRERRGMRIL L, BmA
B0 RATAER b AT T 3R E. W SR S AR AR A LA S
FavT PR GG H, T VAR Sk 0GR 52 IR SLH374E
FMAES FEBEBRRPHEAME. KERKEDME
AR B A DGR R AER, NER R RGRME
wE, (2R BB ZHRA, TREWABCENLFRE,
TEXRA M GEEE A, PR LR, el K. KR
Fa S, TREBELLRFKF LM A E RS
AR LA RBHRITFEL, RHTHRBIFGRE, F
JER|fRBN A FESFAEAG AN KM, ER T O EEBREANR, &
B R FR SN F 5 AL HAEARMGY AL, DA S

3230 | PEAHERTEAR | 5525% | 55208 | 2021F7H

FRAR G BT AE T 6k, AR Y F LR %
E¥ AR FRATE, EAFARE Y, RT PRI LAEF
HRBHEMAFTAT, KSHRHRAETHRE FHATH.
XTHRARN, THAETEZEHLFETHAR, EH5ARMEM,
LR EELTURE N REAE; BSh—7 @, THREE
TRAEFT E LM LT RA —THY. AAMEEEY, B
Hy FARAR R @, AEFUT, T LM, ARG E
H I AATEK AR, FRIAE 6 g S AR AL A AL R AL
B Fak, HARAEREEAT T, BiLAFESTeG B TG &,
AL B AR B B B B AR AR AL LT VAR L ) B — 4 ik
AR T, e BEHAB SRR A 2T BB BAMR.
AR TR AT RELERORELEL:. FEERMG
HEASAR R, 4G A AR S AE L, VA BAR R 69 A 4T
B AR R, B, EERERTRERSHE, RT3
AR RY, LFEZBETL ARG AT ER G A,
{28 B2 FHA, RETAB X KRR NI KE|FF/
gL, S e B AR ES AR BB AR K6 TR,
TR YK R AR RAL Y L. BARA L LARIE A
THFFR B oA F IR ARk 3 B A9 AT ROARRY

TEHTK: FTIRF L HAIA B ST ak, AR H 4, ERRTFR
X ARAEH AL TA I E St EF AR L F RS,
R T FRASEF .

BEI: ZLFEABRTETEE L.

FIZEHZE: LFa9hE4 B, EREMARLETRETLY RGE
Al R,

S{Ei&ma:

NEES:

iﬁgl\ﬁ
FIEABTE.

EMA: LFE AT A& O AR RALE T mARAR L.

FFRERARR: X & — B AR E, ¥ (St AT “F
4 - AT AR A - AR K F 407 £, EAEIAGELT, A
AVAAE T Akt B 69 TR N At R, e R, R B AT A P
T, N, FE, T, k. RSB, A2 ES R3], Ak
AR N BB R AT AR R iR

EARET (R AGERFBFENSIIREDIL) (PRISMA #51%) ),
X FE R 2T F L R B 5 LA A AT 3 REE,
XFZNRTING £ RF T, FATRBUAD LEFAH

4 %t References

[1] CHIAPASCO M, CASENTINI P. Horizontal bone-augmentation procedures in
implant dentistry: prosthetically guided regeneration. Periodontol 2000.
2018;77(1):213-240.

[2] NAENNI N, SCHNEIDER D, JUNG RE, et al. Randomized clinical study
assessing two membranes for guided bone regeneration of peri-implant
bone defects: clinical and histological outcomes at 6 months.Clin Oral
Implants Res. 2017;28(10):1309-1317.

[3] SPREN J, CATON JG, ALBANDAR JM, et al. Periodontal manifestations of
systemic diseases and developmental and acquired conditions: Consensus
report of workgroup 3 of the 2017 World Workshop on the Classification
of Periodontal and Peri-Implant Diseases and Conditions. J Periodontol.
2018;89 Suppl 1:5237-5248.

(4] ELGALI I, OMAR O, DAHLIN C, et al. Guided bone regeneration: materials
and biological mechanisms revisited. Eur J Oral Sci. 2017;125(5):315-337.

5] JAEA , LEeE, B, 55 AR DRSS TR I S SR 7 ik
J& ). PR % € ,2020,22(1):51-54.

[6] WATAHA JC. Effect of cell line on in vitro metal ion cytotoxicity. Dent Mater.
1994;10(3):156-161.

[7] FREITAS NR, GUERRINI LB, ESPER LA, et al. Evaluation of photobiomodulation
therapy associated with guided bone regeneration in critical size defects. In
vivo study. J Appl Oral Sci. 2018;26:€20170244.



(8]

(9]
(10]

(11]

[12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

(32]

(33]

(34]

HELGELAND E, SHANBHAG S, PEDERSEN TO, et al. Scaffold-Based
Temporomandibular Joint Tissue Regeneration in Experimental Animal
Models: A Systematic Review. Tissue Eng Part B Rev. 2018;24(4):300-316.
FEEE, TR, EBG AR A SRR AR N R KB R AT
F5it R 1)), T E ST RS ,2018,22(31):5021-5026.

LIEBSCHNER MA. Biomechanical considerations of animal models used in
tissue engineering of bone. Biomaterials. 2004;25(9):1697-1714.
GOTTLOW J, NYMAN S, KARRING T, et al. New attachment formation as

the result of controlled tissue regeneration. J Clin Periodontol. 1984;11(8):
494-503.

AVANTIKA N, SAKSHI G, BALJEET S, et al. Bone Augmentation Materials and
Membranes Used In Implant Therapies with Guided Bone Regeneration
Technique. Baba Farid University Dental Journal. 2017;7(1):76-81.

TKIE, B, SRR, & TR R A AR M RAE 56 2 X 5] i A
UL D). T EHH TR F ,2020,24(26):4112-4117.

KHOJASTEH A, KHEIRI L, MOTAMEDIAN SR, et al. Guided Bone Regeneration
for the Reconstruction of Alveolar Bone Defects.Ann Maxillofac Surg. 2017;
7(2):263-277.

SCHMITZ JP, HOLLINGER JO. The Critical Size Defect as an Experimental
Model for Craniomandibulofacial Nonunions. Clin Orthop Relat Res. 1986;
(205):299-308.

WANG J, GLIMCHER MJ. Characterization of Matrix-Induced Osteogenesis
in Rat Calvarial Bone Defects: I. Differences in the Cellular Response

to Demineralized Bone Matrix Implanted in Calvarial Defects and in
Subcutaneous Sites. Calcif Tissue Int. 1999;65(2):156-165.

SHAH SR, YOUNG SK, GOLDMAN JL, et al. A composite critical-size rabbit
mandibular defect for evaluation of craniofacial tissue regeneration. Nature
Protocols. 2016;11(10):1989-2009.

SUSIN C, LEE J, FIORINI T, et al. Screening of candidate biomaterials for
alveolar augmentation using a critical-size rat calvaria defect model. J Clin
Periodontol. 2018;45(7):884-893.

AALAMI O, NACAMULI RP, LENTON KA, et al. Applications of a mouse model
of calvarial healing: Differences in regenerative abilities of juveniles and
adults. Plast Reconstr Surg. 2004;114(3):713-720.

SANZHERRERA JA, REINAROMO E. Cell-Biomaterial Mechanical Interaction
in the Framework of Tissue Engineering: Insights, Computational Modeling
and Perspectives. Int J Mol Sci. 2011;12(11):8217-8244.

WILLIAMSDAVID F. A Paradigm for the Evaluation of Tissue-Engineering
Biomaterials and Templates. Tissue Eng Part C Methods. 2017;23(12):
926-937.

BIGHAMSADEGH A, ORYAN A. Selection of animal models for pre-clinical
strategies in evaluating the fracture healing, bone graft substitutes and
bone tissue regeneration and engineering. Connect Tissue Res. 2015;56(3):
175-194.

ANDERSEN ML, WINTER LMF. Animal models in biological and biomedical
research- experimental and ethical concerns. An Acad Bras Cienc. 2019;
91(suppl 1):20170238.

AKAR B, TATARA A M, SUTRADHAR A, et al. Large Animal Models of an In
Vivo Bioreactor for Engineering Vascularized Bone. Tissue Eng Part B Rev.
2018;24(4):317-325.

STUBINGER S, DARD M. The Rabbit as Experimental Model for Research

in Implant Dentistry and Related Tissue Regeneration. J Invest Surg. 2013;
26(5):266-282.

STRUILLOU X, BOUTIGNY H, SOUEIDAN A, et al.Experimental animal models
in periodontology: a review. Open Dent J. 2010;4:37-47.

DAHLIN C, LINDE A, GOTTLOW J, et al. Healing of bone defects by guided
tissue regeneration. Plast Reconstr Surg. 1988;81(5):672-676.

HAN J,MA B,LIU H, et al. Hydroxyapatite nanowires modified polylactic

acid membrane plays barrier/osteoinduction dual roles and promotes

bone regeneration in a rat mandible defect model. J Biomed Mater Res A.
2018;106(12):3099-3110.

MILLER MQ, MCCOLL LF, ARUL MR, et al. Assessment of Hedgehog Signaling
Pathway Activation for Craniofacial Bone Regeneration in a Critical-Sized Rat
Mandibular Defect. JAMA Facial Plastic Surgery. 2019;21(2):110-117.

LIU G, GUO Y, ZHANG L, et al. A standardized rat burr hole defect model to
study maxillofacial bone regeneration. Acta Biomater. 2019;86:450-464.
CAMPILLO VE, LANGONNET S, PIERREFEU A, et al. Anatomic and histological
study of the rabbit mandible as an experimental model for wound healing
and surgical therapies. Lab Anim. 2014,;48(4):273-277.

SHAH SR, YOUNG SK, GOLDMAN JL, et al. A composite critical-size rabbit
mandibular defect for evaluation of craniofacial tissue regeneration. Nat
Protoc. 2016;11(10):1989-2009.

LYE KW, TIDEMAN H, WOLKE J, et al. Biocompatibility and bone formation
with porous modified PMMA in normal and irradiated mandibular tissue.
Clin Oral Implants Res. 2013;24 Suppl A100:100-109.

DAHLIN C, ALBERIUS P, LINDE A, et al. Osteopromotion for cranioplasty:
An experimental study in rats using a membrane technique. J Neurosurg.
1991,74(3):487-491.

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

FADEL RA, SAMARANI R, CHAKAR C, et al. Guided bone regeneration in
calvarial critical size bony defect using a double-layer resorbable collagen
membrane covering a xenograft: a histological and histomorphometric
study in rats. Oral Maxillofac Surg. 2018;22(2):203-213.

DONOS N, DEREKA X E, MARDAS N, et al. Experimental models for guided
bone regeneration in healthy and medically compromised conditions.
Periodontol 2000. 2015;68(1):99-121.

ARONI MA, DE OLIVEIRA GJ, SPOLIDORIO LC, et al. Loading deproteinized
bovine bone with strontium enhances bone regeneration in rat calvarial
critical size defects. Clin Oral Investig. 2019;23(4):1605-1614.

RAFTERY RM, MENCIACASTANO |, SPERGER S, et al. Delivery of the improved
BMP-2-Advanced plasmid DNA within a gene-activated scaffold accelerates
mesenchymal stem cell osteogenesis and critical size defect repair. J Control
Release. 2018;283:20-31.

BROGGINI N, HOFSTETTER W, HUNZIKER EB, et al.The Influence of PRP on
Early Bone Formation in Membrane Protected Defects. A Histological and
Histomorphometric Study in the Rabbit Calvaria.Clin Implant Dent Relat Res.
2011;13(1):1-12.

SALAMANCA E, HSU CC, HUANG HM, et al. Bone regeneration using a
porcine bone substitute collagen composite in vitro and in vivo.Sci Rep.
2018:8(1):984.

CHEN C, TIEN H, CHUANG C, et al. A comparison of the bone regeneration
and soft-tissue-formation capabilities of various injectable-grafting materials
in a rabbit calvarial defect model. J Biomed Mater Res B Appl Biomater.
2019;107(3):529-544.

B, XUANE , M, S GORAE S P R S T I S sk
MBS D). JERURZE AR (R22I),2018,50(1):42-48.

PELEGRINE AA, ALOISE AC, ZIMMERMANN A, et al. Repair of critical-

size bone defects using bone marrow stromal cells: a histomorphometric
study in rabbit calvaria. Part I: Use of fresh bone marrow or bone marrow
mononuclear fraction. Clin Oral Implants Res. 2014;25(5):567-572.
FPESC, AR, ERRAE , A5 . AL G T W T SRS« ST
THUIfG B B i 2548 ). o E 41T ,2014,18(18):2789-2794.
MATZEN M, KOSTOPOULOS L, KARRING T, et al. Healing of Osseous
Submucous Cleft Palates with Guided Bone Regeneration.Scand J Plast
Reconstr Surg Hand Surg. 1996;30(3):161-167.

MARDAS N, KOSTOPOULOS L, KARRING T, et al. Bone and suture
regeneration in calvarial defects by e-PTFE-membranes and demineralized
bone matrix and the impact on calvarial growth: An experimental study in
the rat.J Craniofac Surg. 2002;13(3):453-462; discussion 462-464.

FARA), R, TR A5 AREBONENEIRERIES 1R
I A (A (). AR 2R RS54 ,2019,35(6):763-767.

MJ DB, HUYNH N, DEO M, et al. Defining the Progression of Diabetic
Cardiomyopathy in a Mouse Model of Type 1 Diabetes.Front Physiol. 2020;
11:124.

RETZEPI M, LEWIS MP, DONOS N, et al. Effect of diabetes and metabolic
control on de novo bone formation following guided bone regeneration.Clin
Oral Implants Res. 2010;21(1):71-79.

CHENG K, LIN Z, CHENG Y, et al. Wound Healing in Streptozotocin-Induced
Diabetic Rats Using Atmospheric-Pressure Argon Plasma Jet.Sci Rep. 2018;
8(1):12214.

XIAO L, UENO D, CATROS S, et al. Fibroblast Growth Factor-2 Isoform

(Low Molecular Weight/18 kDa) Overexpression in Preosteoblast Cells
Promotes Bone Regeneration in Critical Size Calvarial Defects in Male Mice.
Endocrinology. 2014;155(3):965-974.

SIQUEIRA JT, CAVALHERMACHADO SC, ARANACHAVEZ VE, et al. Bone
Formation Around Titanium Implants in the Rat Tibia: Role of Insulin.Implant
Dent. 2003;12(3):242-251.

W&, 2B, RIAZR, S BRGTRE R R G AT A8 Al AR S
R [ e ()], HEIRPE AR 5544k ,2019,44(9):1118-1126.

RETZEPI M, CALCIOLARI E, WALL |, et al. The effect of experimental diabetes
and glycaemic control on guided bone regeneration: histology and gene
expression analyses. Clin Oral Implants Res. 2018;29(2):139-154.

AN H, LEE J, OH SE, et al. Adjunctive hyperbaric oxygen therapy for
irradiated rat calvarial defects. J Periodontal Implant Sci. 2019;49(1):2-13.
JEGOUX F, MALARD O, GOYENVALLE E, et al. Radiation effects on bone
healing and reconstruction: interpretation of the literature. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2010;109(2):173-184.

JUNG H, LEE J, LEE S, et al. Development of an experimental model for
radiation-induced inhibition of cranial bone regeneration. Maxillofac Plast
Reconstr Surg. 2018;40(1):34.

PARK K, KIM C, PARK W, et al. Bone Regeneration Effect of Hyperbaric
Oxygen Therapy Duration on Calvarial Defects in Irradiated Rats.Biomed Res
Int. 2019;2019:9051713.

JEGOUX F, AGUADO E, COGNET R, et al. Alveolar ridge augmentation in
irradiated rabbit mandibles. J Biomed Mater Res A. 2010;93(4):1519-1526.

( FPAESiH: WZH, ZN, TXY)

Chinese Journal of Tissue Engineering Research | Vol 25 | No.20 | July 2021 | 3231



