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Accelerated Healing of Composite Graft in a Wet
Environment: a Pig Model
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Composite grafts have served as a versatile tool in
plastic surgery, but their usefulness has been limited by
unpredictable survival in the case of larger defects.

We compared composite grafts take rates in a wet
environment, known to be ideal for wound healing, a
moist environment with mild compression, and a dry
environment in an established porcine model. The sub-
jects of this study were 7 female Yorkshire pigs with 54
composite grafts. These 3 x 3cm sized composite
grafts, composed of skin and subcutaneous fat, were
harvested as samples on the back of the subjects to be
reimplanted based on random patterns. Group | was
introduced to a wet environment with sufficient antibiotic
ointment and semi-occlusive polyurethane film(Opsite®)
coverage, while group |l was introduced to a moist
environment and mild compression with hydrocellular
foam dressing(Allevyn®) and Opsite” coverage. Mean-
whiie, group Il was applied simply with dry. Two weeks
after the grafting, the survival rates of groups 1(89%) and
11(83%) were significantly higher than those of group
11(31%)(p<0.05). The degrees of inflammation and
fibrosis in groups | and Il were less than in group llI.
Epithelial connections between the grafts and the re-
cipients were the fastest in group Il

According to the results of this study, maintaining a
wet environment and mild compression may not only
increase the composite graft take rate but also increase
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the size of grafts that could be transferred successfully.
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Fig. 1. A 3 X 3 cm sized composite graft, composed of skin and
subcutaneous fat, was harvested on the back of pigs. The
harvested grafts were reimplanted at random patterns.
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Fig. 2. Dressing methods. (Above) Group I was introduced to
a wet environment with sufficient antibiotic ointment and semi-
occlusive polyurethane film(Opsite”) coverage. (Center) Group
[I was introduced to a moist environment and mild com-
pressmu with hydrocellular foam dressmg(AIlev}m}) and

Opsite” coverage. (Below) Group Il was applied simply with
dry guaze,
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Fig. 3. Macroscopic findings. (Above, left) Group I maintained normal skin color without graft necrosis on the 1st postoperative week.
(Above, center) Group I maintained a pink colored graft on the st postoperative week. (Above, right) In group III, part of the grafts
developed necrosis on the 1st postoperative week. (Below, left & center) Groups I and I were well taken without pigmentation or

contracture on the 4th postoperative week. (Below, right) In group III, graft necrosis was progressed on the 4th postoperative week.
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Error bars show 95.0% of CI of mean %
Fig. 4. The survival rate of the composite grafts for each
group.
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Fig. 5. Microscopic findings on graft center on the 4th postoperative week. (Left) In groups 1, viable epithelial cell and hair follicle
(+) was noticed. (Center) In group II, mild inflammatory cell infiltration without necrosis was noticed. (Right) In group III, gaps between
the graft and the recipient bed(arrow), along with severe inflammatory cell infiltration and fat cell necrosis, were noticed(H & E, > 100).
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Fig. 6. Microscopic findings on suture margin on the 4th postoperative week. (Left and Center) In groups I and II, thick epithelial
connection between the graft and the recipient site(arrow) was maintained. (Right) In group I, gap within suture margin(arrow) and

dermal necrosis was developed(H & E, x 40).
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Table . Summary of the Macroscopic and the Microscopic Findings

Vol. 30, No. 6, 2003

Macroscopic findings

Graft center

Microscopic findings

Graft base SU.t'L[I'E Mﬂl'giﬂ

Edema Necrosis Inflammatory No. of hair Neoangio Hematoma Epithelial
cell infiltration follicle -genesis collection connection

Group I 4+ + o ot - _ +++

Group I - v + T i - i

Group III 4 +++ +++ - - _ +

B2 drlud AGHEE S22 wie 5984 8 o $3 34 A3 A 127 A 2804E 4y
O olE SolA ez pe Quie] AT Sold o] £% 3-6YRE 2T 22EWA 1Y JFRE A
FREN AL 2 o HERGEY PRES o]g AW vEd AL FANAD, A 3FL o Ye %
Gt AR ArFHeE 95T g 2AHE 2 U2 Autzgo] &Y} 4, 5YAGE Fdule] Adx 2 gy
o, BANETZES o RAAN A7 HRAES FEZ o VAN AL ¥ BAL ATINUL 9 P
A3 e ASAUEE Pou £F T3y AxF AT 4530 WeiAA ol NTe R Fue Ao
Zto] sl ARz AES FE3E vieE 4 Rjl7 z7)o] o]Fojgon),” FPHFE & FAFHol
W Eo] o]A%s) gEo] stk BREHo|A&e oy  sjFo] I APem AAEHUT. Uyt P Az
gk ek Rel dAE FEREY Adoly EuNtETE & AEZAFE A3 7|2 239 Bde5 2A4ste 3
o) Aeel FHo) BRAQl Mol 2y Aeol 2 gAYl gnTdoz ARHWA 2PN YA
T HolA & Bgzo|4ug oldstelol @ Mol 4 An AEAL ZAste] FRHHE ARG o
F5o] WolAe wHol glolH, o]F ZAAFI AT oA AT £, 2-347 % 270 =5H Az
oe) 7bA WEe] AAHALk FelRe FAMAY F ARe 219 P57} WA Aeso] 02-03 mme 3
BlZ22S dAE] AAS S o]4zie] Yo fﬁmrﬁ} =2 OFo] alEE Ae2 gEA o AxEY 4Fd
Fel3E FUsE P, SeRs ol WL = AE 0l Az 242 DY A 3ToIA o4RY
A Sl WRTFE FolPt AR Goth B AHe] AZ AL o|4n Aue Are ¥ $4d
Z1azte 2 Q1R 229 HALE FolHA e WAl 7|7} ol Ao FRAT s AR AT AE E7
Pl Agezd AHES wAE RaE ok’ &= oz qhulsle] ToRel 4aR 7he] YBAYL Wl
el dee avle) g ol4ue AFse] 2A2Y 3 Ao] Y9 WA S2HYd AuPYL A 27
A BFEA 0|43 ohg olANE DHAAN olHHH o] A 17o) sk 2F Wk, ol /Y w@ Al 1
S Aol YRARE FASIE AU 2 9ol 2ol A oA Aze] B AL D47} A4 HEL
T oL PAAAM 279 UAHES WEAY DEGE  wdshis Aot o]A¥le] Bao A 130] A 2] d
of SFAREEN YPANR XIS ZAAAAN A gl 23 Alslglon, o)Ay e BEAL Qe
AES wolux) 9w, WAz FAnAzeRow 2G5 2 230 A 71 B SAHe =T, o= ﬂJ-%'ﬁfﬂ?i
A AET FEES F9 AFAES w490 Ras 99 19} Opsite“gro 2= o]l o] A3l glule] BERT
o AFAA Bz o)A Ee] AFES ol 98 7] qRo® M= 4 37 Auge @ alet ¥
Asd NS oladlA PR 2AELE oW Fo] AR Agded, o] F o)AWe) Hap= G 7
S = 0B QoREr, ot 8 ¥HE YW 9 gaz AFEo oW AR %ﬂi fﬂﬂﬂﬂ‘i’l
kol A 3l e o 3 o] AkAF ol A

a

~ I

¥

T
o

Z Se

57 ?—*‘1%5 fFolstglek. Al 125 #] 27 Abolo) A%

& Ao

rir

A

ol/do] glolA] 7

A 129 @70l A 2



7o) ARG EFZo|49 A o Fou @AY
= ot Al 3T

o] AZtE Ao =, 5 X 5mm 27|19 o] 5T A
7 glol= AZe] 7hesittal FEE £ ok Al 139
gAEe AANA LA A% A5 A 2719 1
Lem o] 4] 4v) 27]9 o4 Wo] AzE Holth. oA
o 2gsRo|He YTl Fd% A o4

sie] A7) Apojel A Az|sh- AP AFo] M2 AP
g wek ozt DHANE FAFFo] o] F|H]
g0l Aoz 49 ¢ ok EY, F4T 4L 437
2 A&EAA 27)0] FANE AYso] Aol @
rach] BgzAol2E F o2l sEEE I

o, -

e |0
N
k=
L

=2
I o
rol
o
_U
&

4 e

3
3} | el dHs A4 AZo| A&

glzzlo| A& Ao dAoz A4F 4 Ak Hr| R
shadol| A A 173 A 2782 A 37t vlste] HFAZ]
180 Astgerl, £ 7 o3 I Ta
b A 123 A 27 AFe] FUhE K U ddLE
ANz E Q). AEE wge o)A AFEF vl st
A 13 2 A 27l A ¥ AR FEAFUL, FUT
o)A AuAAL o|AWL AelA sl FAAM AT

d,
RS FA37] daelnE o4 nHo) FRY
g 2AY 5 YAk

AT Qi R Afold A2 8 BAL B

A %3 B4 ATE A 1TNM M 2E ARES 2
2 % 99D, vl2A PEE FASEA s 24
A 2ol A Al 17T N 44 28 F AT °IE
W Bgzzole) AAEL fol7) AFdAE ¥ B
Aol Wastn] oW AL ARl FTAF 2XWL
Fo1d 4 AUk AFe] 28 AR 7|HE ¥
Jatel s Hzd AEER 9 RAEe FE O
g7 78 4 Y= Bz sle Ay §o2 U4
AA o] 2712 913l 7] 9|3 F7L AHe] BaY 2=

4§25k,

V.2 %

AREe AN YA Pdel Aol oAl
dn A @ dAe BgEyoeldd Agstel 4
29 =Az 2 Qe Bate] AFsidnh F 79
5120 So 54rfel wR-maAu Egurzug ol
N#m 33oz el Al 17 71 58 B4L A
g = u2 sgm, Al 27 olduE vEA ¥E

oh oo o N rlo 2 O o X I

-

g 7 2zlA 74 BA o) Folye & 4l
| 7

10.

11.

fu

£ B oAl
rCJ-
e,

807

Y

ofl

S0 xR
£
a3
1>
e
1o

b &
loy

i

mcl
[

Ol

ol
rE
R

)

o

3

]
rE
o

K
.
Y
rS
oz
B
gl

tl]

-1
ol
o
2
N
M
)
o,
ox
Wl
-—l-.r-d'
it}

b
2

REFERENCES

Winter GD: Formation of the scab and the rate of
epithelialization of superficial wounds in the skin of t&e
young domestic pig. Nature 193: 293, 1962

Maccollum MS, Grabb WC: Increasing the incidence
and the size of successful experimental composite ear
grafts by advance preparation of the recipient bed. Plast
Reconstr Sirg 60: 759, 1977

Tory PS, William HE, Stephen CD, Partricia M: The pig
as a model for human wound healing. Wound Rep Reg
9: 66, 2001

Goodwin CW: Current burn treatment. Adv Surg 18:
145, 1984

Artz CP: Historical aspects of burn management. Suig
Clin North Am 50: 1193, 1970

Dyson M, Young S, Pendle CL, Webster DF, Lang SM:
Condition of the effects of moist and dry conditions on
dermal repair. | Invest Dermatol 91: 434, 1988

Jonkman MF, Hoeksma EA, Nieuwenhuis P Accel-
erated epithelization under highly vapor-permeable
wound dressing is associated with increased precipita-
tion of fibrin(ogen) and fibronectin. | lnwvesi Dermatol 94:
477, 1990

Davenport G, Bernard FD: Improving the take of
composite grafts. Plast Reconstr Surg 24: 175, 1959
Rohrich RJ, Barton FE, Hollier L: Nasal reconstruction.
In Aston SJ, Beasley RW, Thorne CHM (eds): Plastic
Surgery, 5th ed, Philadelphia, Lippincott-Raven, 1997, p
513

Khouri RK, Brown DM, Leal-Khouri SM, Tark KC,
Shaw WW: The effect of basic fibroblast growth factor
on the neovascularization process. Br | Plasi Surg 44
585, 1991

Douglas EH, Thomas CL, Roy SL, William W5: Com-
posite graft survival: an auricular amputation model.
Arch Otolaryngol Head Neck Surg 121: 1137, 1995



» o) skAd &l 2] 3}8)5] %] Vol. 30, No. 6, 2003

13. Zawacki BE: Reversal of capillary stasis and prevention
of necrosis in burns. Ann Surg 180: 90, 1974
14. Evans RB: An update on wound management. Hgyg

Clinics 7: 409, 1991

12. Dyson M, Young SR, Hart J, Lynch JA, Lang S:
Comparison of the effect of moist and dry conditions
on process of angiogenesis during dermal repair. ]
Invest Dermatol 99: 729, 1992



