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Types of rat flap models and strategies for flap survival

WU Tao'*, YANG Yingcai'*, CHENG Qiangang"*, LIANG Zhifeng'"
(1. Yuncheng Central Hospital, Yuncheng 044000, China.2. Shanxi Medical University, Taiyuan 030607)

[ Abstract] Flap surgery is a surgical method to cover a defect and remove a wound after skin and subcutaneous
tissue, including deep muscles, are cut by surgery. It is widely used for various skin defects and bone exposure that cannot
be repaired by traditional surgical skin grafting. However, finding vessels to supply the flap and protect the blood supply of
the flap after transplantation is difficult. To better understand the blood supply of the flap and explore how to improve the
survival rate of the flap, numerous researchers have established a large number of rat models of the flap and applied various
treatment schemes to increase the survival rate of the transplanted flap in clinical practice. Currently, many rat models of
skin flaps with various parts and functions have been established, and various treatment schemes have been developed.
Through animal experiments, the operation mode of skin flap surgery has been improved and expanded, and the necrosis
rate of a skin flap has been reduced. Moreover, some new treatment schemes have been developed, which lays a theoretical
foundation for the development of skin flap surgery in the future. The purpose and significance of this paper was to
summarize the types of existing rat flap models and their flap survival strategies, future technological innovations and to
provide a corresponding basis for the follow-up study of rat skin flap model.

[ Keywords] rat; skin flap model; survival strategy; summary

Conflicts of Interest: The authors declare no conflict of interest.

[1EEBN] T ( 1994—) , 5 WiH-wF5 A= W57 ) B Rk E-mail ; wutaogulang@ qq. com
[BEEZEIHFA (1964—) B FAFEI, 554 S0, BF5R 76 F R, E-mail Yangyingcai2@ sina. com



154 [ HLAR R 22 2023 4E 4 A 45 33 B4 4 ] Chin J Comp Med, April 2023, Vol. 33,No. 4

20 22 60 AFACHT, B ARAMRLZHT 4R DL Hil
TR S B 25 b B S TR A AR OC BRI B4R 1
HZ e BRI BEE T REUR R IT R, 1980 4R,
BEMeSMRE K JR it 7 2 BRI B AHE ) Sl 3
R Xt R A AL e A A T AN A
LW T RORAMEHE R BOMAMEHE 1990
AR RSO AR i PR B 2 — AR B
BRI7 K ) 3 i, B2 e SR BRAE KB AR o A BB B
AR TR

B = B 0 47 | I e 45 5 B 4L 9 12
2 OUIREE A R RANILAE AR T B AT I RORRE
IR FHARK -, 33X g I PR L A S T B, 4
TSP T S Y X — R B, B R
BT T — RIS PRI B0 , SRR AR i B
TR R A B s A

PEIBOR BRAE N SE BB FE Xt 42, E 20 NN R
HAA LU RIRTE 2 W SR J7 (8 5 5 1 57 4K
PUAT58R AR ST HRAR AR JF M T7 | B 42 5
SRR UL AN 2 I R TR R
e B M s MR R B R BB Sy B b 5
Peflt TEERAR B RE T BOR A L BEAR AT B
IRBEHLH , VAN [R) B2 T AR 7 58 B 48 Bl oy 75 56
MR o AR SCH B R R SR X A KRR A
TR o 288 B H: B2 R I3 B4 SRS, R R B B BT 48
—ZRIR I N I SR R A L 14 AF 5 B 3t A
W

1 AEZEBE KR ERER

Il PR _EARHEAS [R5 B 1, P45 G R B
AR A DL R A R S ST AN [ ) R K R AR
(B I
1.1 BEEREEE

YRR I R B ez, 2 K B
S 0 Al R X A 2 A K R o MY ) i Y
REASTIRY L7548 B2, McFarlane 261 F 1965 4F 1k
TR BT ARG g 3K sigdy 7 B2 A, FOOF Jo LR il 878
170 LI BB PSS A A5 i K 8 b ) e e
B RT DT 3k B T R B AN [m] 1 3 B 22 5
J& K IX R B 0 1 R e = E R it , T
WF5E A B A7 16 AR LA FE 0, 1967 4,
Adamson 451 DIZ RN SERIIE— 2 2E R T K BT
W A B2 e I R ) R R Y T AR RO AR
>50. 0 em® WP & X AR REHEE 2 BE INAE TR %, 2

Kelly %57 R A 2 3 SR FHKe B e SUAH X 5 437 1
T AT AR AT A T B B — B iy J7 =X
B HAHRAE IR A & AT McFarlane 250 fOBIFSE L85
ESPLNISGEN S SUSINE S N iSiid2 i K i =
FE ML, DA TE T BRI AA TG R, ARk
NAWIFEE K BLHESE 25 ] LI R e i 28 T B
TR G 2, 25 B, DI ol R A 2R ) 2t <7 3] R A
S A T W SRR, (0 OR BR#EA T Y
i B R 28 ] DAL — F L R e LT &
(AR T 5 E TR A 590 R ) O ol P o)
i 70 B TR e RS (1 B0 A8 FE AR AR A B I
T
L2 FXHRER

1989 45, % S0 B 1 R I R s 1 Bl
O SCEOMA I 4 LI A B Tl PR AR 2 S 5
IREIAE 27 2 Koshima 251'°0 F 1989 4F 1 5645 i 11,
SEBR b AT LB S e — i S R AL, L
2000 4F:, Coskunfirat 55" #2371 K BUE ELULILEE %
S BORAEAL (TRAM) |, 38 FH R BUE B LI M A4 545 2
ARG SCMAEAE A, A RN AR L F DT
e PR — DB MR, R R HE
B TR SE 3P AR A 1) IR A S5 O TG AT IR A F
FE,2008 AR5 HE Bk TR B BE R 8l Bk 2F 52
(deep inferior epigastric perforator, DIEP ) JZ 3R il /F
AL AN B R B UL, R TR R UL A
THT B VIR 45 R AR L, SR HIAE DIEP B¢l X i
Y 0 B b S 44 o T A B ) ) [ B el A2 280 5
ffasE rsR T E R, ERAN T 2013 4
WFFE T 28 B AE IR AR 22 148 N 5 SR AR AR R
— & BYFEI B e T LA e B R S ik (DCT) ) |
JHhTB] 5 2l JikOR i 5 Sl bk ) B DCT Ay 4 18 2R B R
SEIAE RGNS G, LR IR S L2k, 2885
R, 42 2~3 em ZE AW B, FEAEHL DCT AL,
TEHLEARZY g 30. 0 em® KM, feJ5 N Ry, 7EF AR AT
— JAIS5FLAT R I 28 S 4, 2 A AR O T R
X choke DX 8 I A8 HEAT 9 5k, LA3k 21 5 a5 B2 A A
T, 2016 AEX04k 4 0 ARy SR FH 4 00 il 55 W) &
D7) ST K B DEP K e 125 R4 A% 1) 201 4 5%
BRI 205 AR R B T BRI AT S, & T /0
FARIMEE , Gk 1] DIEP Bz ¢ 3L b5 ol i 1 48 i) )
B BRAEAROT T B AR B2 IR SR
TR B AT R 2 i, T B B MR e I, 9
TR RIS LA B AN [ 2590 | 4 245 07 58 0k Bz i



P LR PR R AR 2023 45 4 55 33 B4 4 Chin J Comp Med, April 2023, Vol. 33,No. 4 155

BRI ST . B S SR RS AL B W 5 A R
SRS (8], FLER 32 AR v AR 3 A ] A o =
TR S R AR AU (R SR B[R R
1.3 AILIEAN Bz Mgz BY

JUUHRE LB AR ME A& A 1977 AR 15 Il dt i, 1987
4F, Black %5 @37 T 55— K FUHE R LIRS
M 3B FH R B 5 0 3L 30 ) [ R S A e 2 FLAL
AT AE T R A T REVK Z 1550, Hartrampf 45
H RN AT IE B TR g2 B2 F
AR Wi Al SRR, (7 P 35 ol B e FH T 3 2L 2L &
CINNEP FEE e S YN RIS s R
N N IR (RSN 3 VN o = W LN5°2 e S
B, TRAM P99 M A B2 R AIE , FH T8 e B2 0 17
5 R HERERE A K FRBE A A 2590
1.4 BALRMEEE

LR 8 T2 A R B M — A0 Linsell
ST T R RUB LR B A B, %R
K ERAKIBRILPR DL S e i) Bz R 1 48, ik 17 52 5 Ui
B RO AR OB PR LA K S92 SE U A9 . Mutaf
SEUHES T BE AR LR IR AR | 2 /N R P
A0 %) Bz 1K P e LR > Jie JUL A B — A28 T B il 4 5
4 12 B B A B )1 LB RS Riicker 281 3F
— DT TR R A L B R R R S
AR LT 000 TR BSG a A: e S5E RT-F-3E Y)  3 2
e R AT PEAY 107 B e DR B0 1R B 16 7 R W 1Y)
B, BEEEREE T 2014 AR AR R BB A % 1A
B SR oy I B b B s - WL 4% 5 A, 9T
HAEA 10 B B 2218 A X, 4T A8 &, LA
sl KR SZ AR Z H) 72 B SR I . FARE X4
A IHEA T RAR S B 24 K A, LB RS AEL ) 1 A=
RO, W RY AT T Al AT YRR 3, 45 2R FER S
F-F- 4 I 8] (159. 0+8. 3) min , H o1 Ak {4 51 25 1 1)
(68.0+4.8) min, B I} 8] (55. 8+6. 8) min, FAR
Je R 34 A7 05 I [A) 84, A D AT ] — 151 31 3, B2
MERTEDOEH I BAK N, BRI E HE B34
A AT IE R 1Y, X WS A RIS PR 3 T i —
RN, SR AR I8 B - WL IR S — T
A AR YIRORL, AT LAh DLS B I DR I
PRt IR
1.5 Fukg Rz i

Diller 251! f5 FL 45 4 70K Fz 0 0 ME 2« 3 2o 2t
SER AT I 1] iy B AR AR | 8 S ) FH RS %) g vk
A LUE SUSAS AN AEAE B B R WL, 21 20 5489

Li %5022 g7 T K BRI RE B Bl Ik 748 1z 14 3 g A
T JF PR R 7175 5 0 L A N R AR KR
(Ad-VEGF) 7 Tl #4) jz 3 b oE 47 5286, 45 R R
VEGF ] DLt 55 St 19 5% 2%, 38 in 790 +f) B2 9 1) 1
R S TR R[], H R TR R AR L (1 BF 5
AR AR T KBRS B R I A8 Ak B B e B T
1R 5 7 T

2 RERWAERETAR

2.1 YEERRE

YT, AR A IR T B A A5 ) B B A R
EER=05 = RI=p g i L LN VA GRS LU 1) 3
HRS, Horiz I K RS IR A 1 32 B2 = R TR
J7 . Rech %2 Hyi T KB McFarlene Sz R, Jf:
iz F R R R T MBI 98 3R W i R AR 8 v T R R
M) A7 05 2 BT 02 S AR, Ramon
S B Y e R RAR T R R TRAM B G AFF 55 2 W
15 SR 42 5 B B9 B % . Gampper A AR
T VI RE e LA S A R BRI e A AL i H
FEAURYT , 2RI R A 2 B v 1 4k M il il e
FAIG R, AR T A5 20l T 8y e S AR i 990 Ak 28 174
KT B Bl 2 e A 7 | Bt 9 25 R R U v TR A
TOAL AT DL g B A 0 05 3, 32 B0 e e AU i
T RS R A P R A A KR B R
IR AR HE BT IS AR B, SE I U TR IR AE
T3 AN At R BRUBE 78 b Ry R R R AR T R B R
GEROTTAE T o X TR R R AT 4 4 R s B
G IR TN N R i VAR Z/BL T
DI R B A o B A7 06 1, b s R RR Y B
T DAT JUR R AR 52 2 B AT 32, (1) B gz
M LVE T e 5 (2) Jnsi e A UM AE 385 (3) B
RCIsRe i P9 3 7 A A A 75 (4) DR I B IR ALY
M
2.2 =ESAEWET
2.2.1 L-KEmR

LK &R AE — FAL & (NO) A 5B ) 4 Ak A
THAL R NO, NO & FRBERR & 17 (cGMP) 7R 12 Bl
T 000/ A PR 2R S T (A5 T I P A5 3 el 3, AR
G SRR R A T R S e P A RS R R
BEAY 30 X BB Bk 3 3 L-AS 2R 5 ot 23
A7 A 5 B A T O B O A, S5 R Lo
AR R AR 157 5 TR B R P 00 B 0 B, VB P
e P T R A AT 2 S A R A S



156 [ HLAR R 22 2023 4E 4 A 45 33 B4 4 ] Chin J Comp Med, April 2023, Vol. 33,No. 4

TR B Ik 25 S A 8 1 = 28 SR DX B A A | S 5
FW] LAE 2R ] $ 5 B J5 UM NO K- i
T S R R #40 = F S R ot 3, i A i A5 ™
SR AR B AR S
2.2.2 HEANELAME SR

T NI A4 B (+HuEPOs ) J&—Ff A T
B AP R AT AR TR R RURE K B
MR [ N rHuEPOs (4 19F 5% 32 B 21 40 g A= 1l
AJ BB 1 1 i SDF—lot \MMP-9 \VEGF A%k
Pt R A 1A 1 A AT A v R R 7 7R B 9 1Y)
FE00 o ZEWIAE Y S A BT 30 336 17 0 K e ot B e
RIS, & B rHuEPOs FliE; i 48 DA M — 2 B A I
FH AT LAGR 2 e il Bz 8T 70 26 20 1 A8 A i, £ v B2
MAFIE R,
2.2.3 HUNGEGHLVEKHAT

HPNGGALVE KT (fCTGF) B Rk 1T DL
FoE N B2 B, CTGF 38 2 5 45 Fhid 72, 1 IR Jig &
B JREIE K g e i A BT A A R AT 1 A Y
TR A ST T K R I R R A
FFREBESS (CTGF, B 5% 3% B BB 75 5 K2 8 AE il 45
TE R, M AR 2 K 3 00 A7 0, HIZ AR R &2 50 a4
ik
2.2.4 MEME

WA R ELAT TR PN B A LR JC NO 9 T, NO
AL RIS P9 R A TR 1 2R 58 T 2 A R A
I o Vasilenko %1% 7 K BT 6 bifl 20 2 RS Y Hh 11
WFSE R I, 76 B AT AT 5 (87 P 8 3R T 1 g 2>
TR B IR AL, 76 KA TR | 3 d FFIRIB YT Y
BROANAETE St o 28 A B S ) 70 A RN 0 B o e
I PE FE AR A o e B 9 2R T el B
St L PR T 400 4, 4 v B B 5 VR AE LR AT
AEAZIE LT Jun N Ui (JNK) {558 8%
2.2.5 4HerEEC

e C RE—FoKIEEYEE R Tomur 450
WFFE K B0 e R R M4 A: R E+C nl iy /b S i — 7
VEE A 5 107 b 5 B 1R BTG 77 . Bekerecioglu 45 7E
KT TR B A 7 P oy R B8R E.C
I YR e o PR 3 A ) T R B v K RRBE A R
MR
2.2.6 & /MR M S EE R

& /MR S (PRP) J& A4 I 3R A5 1 A 1k
WA /MR I 2% . Chai 557 il 85 K B 14 PRP
EERE I T K BT 50 bl R R A A 1 BF Y R R
PRP HEE AT LABR 5 B A B0 22

2.2.7 HAhzi

Sarifakioglu % #F 57 % B0 74 AR AF X6 A Bl B
LT H 04 TG A — 2 B R, Choi 1% 3
F5 2% BT 51 3t Z% 004 3t 3 3 25 4 B i mT L
Uok /R BT 0 I R B2 R Y (1 Bz IR AE . Lucea™
W & B0 OB m] R AR A 80/ K B TRAML B2
IRBE , Tsai 2510 B9 & L VG HUAR A 5 148 9 e
AR 1565 1 FH T 20 KRR S B B A TR
SR DRI X, - ELIBE A V6 7 TS SR 1 K IR i 5
5 BV AR AR AL, KRR S W 5T Kk AR K
BRI 75 35 R IS B R Wi Sy B B i S i )
HNAERLE (rhGH) REAEHE =1 B A 19 B0 | 2R
PR T 2 AR R R T A A AR i, D B
SRR BRI AL ) D T AR R B IR AT R

S NI e Ak 2| AR R DL B 2 W A
KRB IREAE 06 e it , 2] 32 2 R 2 sk i
B LS 2R | V4 MR AE 45 5 G fd i A A a0
rHuEPOs . rCTGF VA &% rthGH 25 ; yai /b e if $5-38E 1 4
Dran iR AEE R C 555 LU I 48 6 1
0 238 55 7 O AR B IR

3 KEKEE

3.1 THBEETT

T B A o 25 AL 22 B
TETIRE R —JSANA 45— 40 4 A B F BT AR
ERKE BRI Z —, 2010 F2=1E R 5
T4t AL AR i B A TR 3k R v i A R AR 5 ARk A
AL 2 0] (1 1A Ak AN A SR AR i AR 0 TR R
RS (0] BEPE L I 7E W 5T UE ST 40 i AL A RE
FRBEY 5K B2 IR Az i 2L I 32 A Luciferase %4t
KBB4 1) 70 5T T 40 L ( BMSC) |, W% & 3 22
[k B LB Luciferase-BMSC , fE#% ] 4" 7k jz k30 A7 %
HERAEMITH , H SDF-1/CXCR4 B 5 1 B k4
SRS T4 e e R Ak A . eSS, 35 H 415
PR T AU AS 5K S5 R SO0 BMSC #6471
b B At I 5256, 25 AL IESE SDF-1a/ CXCR4 18
XA T T 20 M 1) B 5K R K G RS B A E A
Suartz % F 7% 2 WA G 5 ok UR A4 18] 72 5 T 40 e
(ADSC) 7EAATTAY BE 352 T REME S, b ATT3A X L o
17T s B0 RS 15 5 Ak, AR AR SR 5
UE T 0 W7 ok R ) 70 5 400 it %) R i, X b i B RS
A RE AT A5 e K BRI 2 2 B 1Y) BTG B ) o Ding
SRR T K BROBE RS TR LA R A AR | 3 S B ]
FEBT AL ( BMSC ) 52 50 45 5 3K B G| i BMSC i



o LR R 2R 2% 2023 4 4 A5 33 55 4 1 Chin J Comp Med, April 2023, Vol. 33,No. 4 157

b bR I A b ke B AR A A N R A K
Kl F1 CD31 Y33k, b 38 0wl 4848 A2 A8 JiE
B A B KN B R AN T AR, UESE T
(1) 75 5T T 448 B % 22 DX 3l 2 S R A7 T 1 AR AR AR
o UG YT TEAL K BEAE 5 ) 2 P R B AR A
PO R SO H R TR R R R IR TS RSO T
AT
3.2 EREEYT

Rah 217 (R se g0 25 SR W, R 26k I 4 e A=
K (HGF) 4 Bt s B 2547 2 BRR Y7 K BT R
B, AT DU i B AR R, FEEIRH R
ik HGF B9 iR 2% ( dE1-RGD/lacZ/HGF ) § A K B
B RASAY FE SRR 3 P i 59 38 HOF B B B¢
AT HEI B R ) 3% 7, 380 B B A i B850 B
A N B AR TR - i 22 3k, DT 488 /55 B I 1) 7 T
F, Seyed ZH By sb 4k B gOR  F B FELN T
1) HGF XK B 1 b A B et A7 2L P S BB 9T, 1%
J7 AT DA 5 K BB 0l B R ) A7 TR ALMLGE .
TR HGEF JEP BB L K T ST, 7
TS ORI (8 Ik o A A AT AR Y L 2R LA &
LR %, HGF AT LAYk 20 1 45 P Bz 240 B ) R 1
B EAE A T, R K i A 2 I A AR B, DR D
MERFE , BT B 7538 i e A ot i) 7 Ok $
R BB R ) A0 3, v ) T T R A o [
F By F IR IR I BRI A

4 THEERE

Li LT, F AR 5 R ) ) RO AR R AR
RV BB 12 0 LAY BB T B L 2 S RO L
RN A 1 LB G | TR B 45 | JHG v it 368 B AL
BIROR B, H AT A $RAE 7 RS 37 2 1
BEEN, 4 R4 75 16) 22 8 v T (0 AR b i 551 ok
PR TIHZ B AR R 1) BTG 3R 9 S B AR LR H Rl
FH P AR LR WF S A SR R T R A —
b, 388 b A ok 75 2 DR 2 S B RS R 1) IR B ) U
AR E BTy 1), HeAx =l A 5 ) 3 3
A —REZOR, A G HOR i s e fa 2 et v
BRI BB R ot s B 2 dk E A, B
PR B BB 5T MK FEHRAE A 26 A ZK B AT
o FESEBRIEHT R, FATT— E BEAE & I R 2, 5T
gris At B A 1R BB, A fie 2 HL A B
BIY TR B E N AT A

LA, e DR B RS TR %ok Bz e R e e, B I
15 A B SRS BOR SR B T2 R E AR

o BT, BoAHES: SN F% A BRI E | B
S R B A 1 Tt — 22 MR, SO
BOMRREAE R UL AT TR A BIERT, 1] 4 )i i
R —E M S HKTE, X TR — L
B, m IR YT H AT AE I R B A ), fH
Hoftn 77 :ANFRAT 0 ik — B 5T, mAR Ll
“F LEP IR L L 25 ) 4 I AE S B E 5T A 2 R
SR T IRATAM Y 22 Ak A R Y 77 25 )
AT R AR, T A0 L B A T
TR R AR T BT AR T7 1 (HRE AT
FHBLN I 95 LSO TR 8 A S B A5 0 7 2
LR IE,

S 30k

(1] #okil, B, BOmshRimgste (1], hEB =)
RHeik, 2018, 32(7) : 781-785.

[ 2] Knackstedt R, Gatherwright J. A simplified cost-utility analysis
of inpatient flap monitoring after microsurgical breast
reconstruction and implications for hospital length of stay [J].
Plast Reconstr Surg, 2020, 145(6) : 1097e-1098e.

[ 3] EBEWI, XU/, 22580 55 KRR AT I L UL B R e 30 2 B
EREEESE [J]. TEDEZ, 2013, 20(28) : 11-13.

[ 4] BRI, RAFHE, BRI, 5. B3 YRR p BF 5E it
JB 1], hHEE RS, 2021, 31(8) : 143-148.

[ 5] McFarlane RM, Deyoung G, Henry RA. The design of a pedicle
flap in the rat to study necrosis and its prevention [ J]. Plast
Reconstr Surg, 1965, 35; 177-182.

[ 6] Adamson JE, Horton CE, Crawford HH, et al. Studies on the
action of dimethyl sulfoxide on the experimental pedicle flap [ J].
Plast Reconstr Surg, 1967, 39(2) . 142-146.

[ 7] Kelly CP, Gupta A, Keskin M, et al. A new design of a dorsal
flap in the rat to study skin necrosis and its prevention [ J]. J
Plast Reconstr Aesthet Surg, 2010, 63(9) . 1553-1556.

[ 8] ChoiJA, Lee KC, Kim MS, et al. Comparison of prostaglandin
E1 and sildenafil citrate administration on skin flap survival in
rats [J]. Arch Craniofac Surg, 2015, 16(2): 73-79.

[ 9] Seyed Jafari SM, Shafighi M,

Improvement of flap necrosis in a rat random skin flap model by

Beltraminelli H, et al.

in vivo electroporation-mediated HGF gene transfer [ J]. Plast
Reconstr Surg, 2017, 139(5) . 1116e-1127e.

[10] Koshima I, Soeda S. Inferior epigastric artery skin flaps without
rectus abdominis muscle [ J]. Br J Plast Surg, 1989, 42(6)
645-648.

[11] Coskunfirat OK, Oksar HS, Ozgentas HE. Effect of the delay
phenomenon in the rat single-perforator-based abdominal skin flap
model [ J]. Ann Plast Surg, 2000, 45(1) : 42-47.

[12] 4. EWEANI K GM-CSF X K B DIEP SR B 5% 11 (1 55
Bedfrge [D]. dbnt. dEMBERER, 2008.

[13]  ZERAN. BOMIEIR RIS 25 L4 1A 28 S0 BRI 15 K AL
HERSE [A]. 2013 4F4 EBOBE ¥ ARG 21U 2013 45
HILAR B e S ROE SRR R 218 G [C] ;5 2013,



158

o B PR A AR 2023 4E 4 A4 33 B8 4 1 Chin J Comp Med, April 2023, Vol. 33,No. 4

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Xdke, Ed, 8k, % KRR DEP IOl s S « 4
mwy & SAER e (1], PRBHMAMIRE, 2016, 39
(1): 58-60.

Black KS, Hewitt CW, Grisham GR, et al. Two new composite
tissue allograft models in rats to study neuromuscular functional
return [ J]. Transplant Proc, 1987, 19(1) . 1118-1119.
Hartrampf CR, Scheflan M, Black PW. Breast reconstruction
with a transverse abdominal island flap [ J]. Plast Reconstr
Surg, 1982, 69(2): 216-225.

Linsell M, Jablonski P, Howden B, et al. The thigh flap: an
osteomyocutaneous free-flap model in the rat [ J]. Plast Reconstr
Surg, 1988, 81(2) . 240-245.

Mutaf M, Tasaki Y, Arakaki M, et al. A true osteomyocutaneous
free-flap model in rats: the saphenous artery osteomyocutaneous
flap [J]. Plast Reconstr Surg, 1995, 96(7) : 1629-1635.
Riicker M, Schifer T, Stamm A, et al. New model for in vivo
quantification of microvascular embolization, thrombus formation
and recanalization in composite flaps [ J]. J Surg Res, 2002,
108(1): 129-137.

PR, sREREE, BRR, 5. R G 8BRIE R Ry
H-NUERERAE (1], AERIRsRIAR, 2014, 30(1) : 29-
32.

Diller J, Hartwell S, Anderson R. The mesenteric vascular
pedicle: review of its clinical uses and report of experiments in
dogs [ J]. Clevel Clinic J] Med, 1966, 33(4) . 163-169.

Li QF, Reis ED, Zhang WX, et al. Accelerated flap
prefabrication with vascular endothelial growth factor [ J]. J
Reconstr Microsurg, 2000, 16(1) ; 45-49.

Rech FV, Fagundes AL, Simdes RS, et al. Action of hyperbaric
oxygenation in the rat skin flap [ J]. Acta Cir Bras, 2015, 30
(4) . 235-241.

Ramon Y, Abramovich A, Shupak A, et al. Effect of hyperbaric
oxygen on a rat transverse rectus abdominis myocutaneous flap
model [ J]. Plast Reconstr Surg, 1998, 102(2) : 416-422.
Gampper TJ, Zhang F, Mofakhami NF, et al. Beneficial effect of
hyperbaric oxygen on island flaps subjected to secondary venous
ischemia [J]. Microsurgery, 2002, 22(2) : 49-52.

RITHE, BRIEFT, PEHEZE, 4%, o M S ThIAL B K R 2 21
M AR F Fefb AR N g Rk [J]. P EAR
TS, 2016, 20(11) : 1525-1531.

BAG AR, R IR AR RE IR T BUAE IR B A I IR G
FERNGRRIIER B e G2 TR AT IR) [ 9], b E AR TR,
2021, 25(11): 1658-1663.

PRI, FEUEDS, WBIR, A5, A0 HERS 2R N I bR B R e ot
LER AR RSN [J]. S—ZBE R, 2005, 25(7) -
871-873.

W, A, IR, . LARERNE I L-Arg-NO &R
HER B M08 X B M A s (7], P EAS TR,
2020, 24(29) : 4632-4637.

R, ZHn, mAR, 2. B LD A0 A R X
PR R T B2 [J]. BEAEBER AR, 2013, 42
(4) . 44-48.

W, B, SR, 4. WA RN A RS

[33]

[34]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

F SR RS AR K BT 70 304 7R ol ORI R 5 (0]
EHA TRU SRR, 2009, 13(15) ; 2845-2848.
RAME, VNG, Befhak, 5. @A ALGGAHSUEREF XK
BT HR A A ARG B [T]. IR ZESAAR (B2 R
2008, 39(1) . 111-113.

Vasilenko T, Slezdk M, Novotny M, et al. Pre- and/or
postsurgical administration of estradiol benzoate increases skin
flap viability in female rats [ J]. Aesthetic Plast Surg, 2013, 37
(5): 1003-1009.

Zetl, ERUE, RIBRK, 45, c-Jun BRGNS 5
R X R Bl B B L P TE S B PR R (0], R R T
ABHRA, 2016, 32(1) : 62-65.

Tomur A, Etlik O, Gundogan NU. Hyperbaric oxygenation and

M

antioxidant vitamin combination reduces ischemia-reperfusion
injury in a rat epigastric island skin-flap model [ J]. J Basic Clin
Physiol Pharmacol, 2005, 16(4) . 275-285.

Bekerecioglu M, Tercan M, Ozyazgan 1. The effect of Gingko
biloba extract ( Egb 761) as a free radical scavenger on the
survival of skin flaps in rats. A comparative study [ J]. Scand J
Plast Reconstr Surg Hand Surg, 1998, 32(2): 135-139.

Chai J, Ge J, Zou J. Effect of autologous platelet-rich plasma gel
on skin flap survival [ J]. Med Sci Monit, 2019, 25; 1611
-1620.

Sarifakioglu N, Gokrem S, Ates L, et al. The influence of
sildenafil on random skin flap survival in rats: an experimental
study [ J]. BrJ Plast Surg, 2004, 57(8): 769-772.

Lucca AF, Brasolin AG, Feitosa RG, et al. Histological
modification in TRAM flap in rats treated with pentoxifylline
[J]. Acta Cir Bras, 2014, 29(2) . 34-37.

Tsai JW, Ayubi FS, Hart KL, et al. Evaluation of the effect of
sildenafil and vascular endothelium growth factor combination
treatment on skin flap survival in rats [ J].
2008, 32(4): 624-631.

R, 23, e, &5, KRB AE 3 R AR = 8
LS thGH X BORAIE \VEGE 1 CD34 23k KA
AR [J]. IRRASEEREE 24, 2019, 18(2) : 133-136.
At 2RI N B AR R T S R ) AR D5 T 2 R A AR
BRI SZIRATFE (D], M B BERER,2010.
Suartz CV, Gaiba S, Franca JP, et al. Adipose-derived stem
cells (ADSC) in the viability of random skin flap in rats [J].
Acta Cir Bras, 2014, 29(2): 6-9.
Ding JP, Chen B, Qian WJ, et al.

Aesthetic Plast Surg,

Effect of bone marrow
mesenchymal stem cells on perforator skin flap survival area in
rats [ J]. BrJ Oral Maxillofac Surg, 2020, 58(6) ; 669-674.

Rah DK, Yun IS, Yun CO, et al. Gene therapy using hepatocyte
growth factor expressing adenovirus improves skin flap survival in
a rat model [ J]. J Korean Med Sci, 2014, 29(3) ; S228-S236.
Seyed Jafari SM, Blank F, Ramser HE, et al. Efficacy of
electroporation-mediated  gene transfer of

VEGF, HGF, and IL-10 on skin flap survival, monitored by

combined  in-vivo
label-free optical imaging: a feasibility study [J]. Front Surg,
2021, 8: 639661.

(Wefs B #3)2022-12-12



