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Purpose: Animal models of a chronic wound are yet
to be fully developed, and animal studies on this subject
has yet to take place. The purpose of this study is to
create the foundation for research on chronic wound
healing based on a swine model, the most similar to that
of a human.

Methods: Three female 2-3 month old 'yolkshires'
were used. Total of eight full thickness skin defects, 6 x
3 cm sized, were created on the back of each pigs. Three
groups were created for comparison; Group | (n=4) was
left as they were after full skin thickness excision, while
the excised tissues of Group Il (n=3) were turned inside
out and sutured so that the epidermis would come in
contact with the fascia. Group Ill (n=3) were excised full
skin thickness in depth and silicone blocks were im-
planted in them. Dressing was not practised so that the
wounds would be vulnerable to infection.

Results: In Group lll, the skin contraction rate was
the least among the three groups for each three weeks
of observation respectively. Also during the three weeks,
bacteral colonization was at the highest among the
comparison. On the third week, inflammatory cells were
still active, but the generations of epidermis and collagen
synthesis were detected minimally.

Conclusion: The Group Il was relatively the most
similar model of chronic wounds. and modification of the
silicone blocks, could provide us with a very effective
chronic skin wound model similar to human.

Received April 27, 2006
Revised June 7, 2006

Address Correspondence : Dae Gu Son, M.D., Department of
Plastic and Reconstructive Surgery, Keimyung University,
Dongsan Medical Center, 194 Dongsan-dong, Jung-gu, Daegu
700-712, Korea. Tel: 053) 250-7636 / Fax: 053) 255-0632 / E-mail:

handson@dsmc.or.kr

Key Words: Wound healing, Skin, Chronic wound

LM B2
4449 AR Y217, 927 (inflammatory
phase), Z2]7](proliferation phase), BT A& d(re-
modeling) 2] GAIE AXHA g 35 Yo FI= &
A3 Qo)A "ot ey o el o] F2H A4 AHA
sl Aokl A} 4827} A2 AR 22
g ol o)% WHAAE R2T G2 Tel B
o digh HEs Foje oby gle FHolth
BAAR AAAFE s Aol FHAA ]
A, HrtzA, o] E, wHEAQl 4 28X HE FH 2L
W A 2 2(intrinsic factor)ol] &1k A7} A A9 F
5, 2EZO|E A7 HAARAR 53 2L
K Ql(extrinsic factor)oll &3k Ao g FEE £ .
Pz Z(diabetic foot), €A 3R Y(venous stasis
ulcer), & #(pressure ulcer) Fo| ©]# 3 TN HE
4ol o2 A WA o 70%E AR s I’ B
8 o5 DA HolBWA FFol} Puol 2o
4R F72 A AW ol AlS), 7
A8 BAZ 4404 $ARD Ak, B BAAE
2521717 Asis ukdAbA el H e A g (pathophysio-
logy)g AAHOZ A7e7) AT VASA FEEDo)
U=A Lok B3 AR 42 g 37 )
W AR FEL o435 X A4 Ed(delayed wound
mode)o] A7 stk T} FEe] BHYA RUE
A BTG e 2ESE 18T 202, o BS AAA
F7F Augtitge 59 98] F2 o] wFe] 2
717de] At IE vEn gR 23 AT ALEY AR}
® Zo)7} Bol A AFEdo] HA EaArk! ol
w29 DR A 359} /bt FrAlste 3R
AR A7l 7HE AFE T2 wolsdA T Uk
HA 9 Foll WAAE 2AMG § AP IFAES a0
WA ZAMSEA] e O
A Zubol A7 A A

J



9 Soll AT ARAE AHE I § IS E AEgo=
A A Bl g wrEal she Aotk AxE S Y
el o 7y, IAL 24 agn O]%éﬁ)f ks

I dgss
2-3709 8l 20-30kge] AFoE FRA] gl

3ei2le] 8 AMF YA AE o] &3t A IFY el
AN APLE §A o)Fd e 2EY2E

1, 484z &3 HAE s £l AHSEE AHEEHA
5}04 Mz BYE 42 ¢ e WsE 290, 323

# ARG E ILP, SEA LR, §3)E HA A
5 Qo2 e N‘—H%E 47T, 2 656%E RAGAS ®
312412 Fek2 B2 AL, UH A 12471 & AA
YUl 5 (diurnal change)& o] FUch

£33t dEE B .% 7}i 60 mm, /‘ﬂi 30
5mm, FA7 0mg £FA 4EHA He
2 o2 AT, G2 A3
2 g Q3 4T L0 Busl
of e} W3te HasAA YA FARATh

AZ JRAE HAE €3 15, 2F, 359 Vistrack
Digital ®(Smith & Nephew, Hull, UK)£ £43}%t}. 242
A zA A AT o2 st 7heEks] dwsid, 23

2 A 9y 348 5 S8 FolE A H°ﬂ
, frgHe 2 Aol gRel g uet A A&

A9 2719} SYEHAl HAIGTE o) F Ao} Zdo}?iﬂ
RS A A3}, ©] T Fo]E Vistrack Digital

748 Bl EHF 5 HStylus) o2 EAH

whet oAl 2 A4 o2 Ao W] ZgH)h

> K

u:Zi

2pHh 2 5 o
o
(o3

to &

R

s

3l
A

R o] F3o azaperone(Stresnil®; Janssen, Belgium)
22mg/kgs ZEFAFt  FAAIZL thE  Propofol
(Popolo, DongKook-Pharm, Korea) 3 mg/kgs 72 91

607

AW (auricularis externalis vein)g E3to] FA}sle] Aol
ulZE A sg “8}211:]-7 Glucuronic acid chlorhexidine
(Microshield®; Johnson & Johnson, USA)dlo 2 & A
Hala HEV|E o] &3t 8 BT e ohg A4
T2 A 43}1 Betadine2 2 A 53t HFFH 9 S
60 X 30mm Z71E 2% 99 2AL T A A3
U8 shede PAS TE Bt A el 0

3k
97t A 2k A2 A sty

& Ao ulE A AgE B8 AT Nylon
3-02 34 B&dsted nAYEY BE AAHE 2yAS

&7 e el ichFig. 1).

=5 A7,
Vistrack Digita
i Fage
o WAL 7
W

9

=
14, 21 ol FHE
R

% 100(%)

S Hagtely] flgte] FUQol 28] AstE O

3|
TRt £58E 257 B4 AA Be

AT BlESFHA) Wilcoxon signed ranks 73
2 TAgS e, A5 Ade B4 Ag dE =

Window-8 SPSS(statistical-package for the
AH&-3HA

social science) version 11.0-&

Fig. 1. Immediate post operative macroscopic findings.



608

3 =AMA & TEEN 2E

&3 A 7, 14, 2196l 742t 3uke] o] AN 24E A
stk ARe B Re FAxHE Huslr] Y3
A AADAN 10mmrtFe] B4R E T
2 AERE AT AT 282 10% F4 &
FEUdslo] = (neutral buffered formaldehyde) o =
43 g2 duiEdd oA @A(hematoxylin and
eosin stain) ¥ F BFHWH L F3}o] 40, 100, 2004}
o} vl goA Bos A=, dFAEY HE A% HrE

=t

g
CELIERE

0

- T

X 2 &5 A7 14 2199 HA 2F AL A
A7)0,
=

of BE AAE 7ln AYSAEe BT AeE 9EL A
YA G5l FE3) A4 O BA SAolA AR o
Fowa 982 554 $49 4N AFAYor, o8

4CoA YARF FATEI} 24417 ool HAR A oA
HlFstd . A Ee] 9eml FHF AR E Y= 4719
T2 i g dojd A% HAE SotdA 2
g AEIAeH, 35+ 1T Wzl wol wjdst
o} vl G AT 5L 48A17F < wj st AR gl
Bl s A o™ ‘no growth’, Wi Z] 9] 1/44 = W&
W= ‘rare’, W] A] 2} 1/28 % EFHUAS
H] 2] 3/4F = vldE NS WE ‘moderate’, 3 T 2 ¢
AAE €L A2 FHAS o ‘many’ 2 oAt
2= AFe 2FEN 2 ATFEHE AP

£ ‘occasional’,

. & =

129 A% 23 1794 449 S50 32U, 4
Aol AR NARE bt A AT AR
o, HeEoR gAe grEe AR Bel Uk
£F 259 Jslsksh A ) SFo) F4 APRNAL
W, 2% 3FUA N7 BRE Y3t ST
279 3% &7

O
o
—_
N
1o
2
»
o,
_)&
o
X
(B
I
N
i
IS
1
e

A g e)asts]x] Vol 33, No. 5, 2006

N
=~
]

] Q= = A=o] AFYy, 253UA SAFHY

Age Byoy, Al AR

3 gAY £5S BA

g AA 9 FEH AESE A 2
o}

YR A = 270 o] B

FeFoy, % 3571 Hojxop spdate| A 4oist

ol g

fn :Jh R AT
I S ol é
izrs
N
o
% o
H
Wy
o
o HY
AN xg

Lt MAe &8

Vistrack Digital®ol} 9|3t 45 % P2 243
179 4% &% 1%, 25 282
Ao ANE ¥&Z JERWH 97.08 £ 10.73%, 73.
11.85%, 7.25 + 017%°1ch 279 A, F5d o
93.71 £ 3.05%, 92.74 + 6.52%, 45 + 3.89%°]Atk. 372
729, 9426 + 447%, 91.16 + 4.90%, 1647 + 10.98%°] S}
tHTable II, Fig. 2).

(3t
]
[0

Bars show Means

Emor Bars show Msan +/- 1,0 8D

Fig. 2. Contracture measurement every 1, 2, 3 weeks by
Vistrack Digital. Analysis by using SPSS(statistical package
for the social science) version 11.0. *: Significant level set at
p <005

Table I. Comparisons of Wound Culture Among Three Groups Every Week

Group 1 Group II Group 1II
Infection
1 week 2 week 3 week 1 week 2 week 3 week 1 week 2 week 3 week
XA +++ ++++ +++ +++ ++++ o+ ++++ ++++ ++++
TS AT +++ ++++ +++ ++++ ++++ ++++ ++++ ++++ ++++

++++: many; +++ moderate; ++: occasional; +: rare
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Table Il. Comparisons of Wound Contracture Among Three Groups Every Week

1 week

2 week 3 week

Group [ 97.08 = 10.73%
Groupll 93.71 + 3.05%

GrouplIll 9426 + 4.47%

73.19 + 11.85%
92.74 + 6.52% 545 + 3.89%
91.16 * 4.90%

725 +017%

16.47 + 10.98%

Fig. 3. Microscopic findings at 1st operative week(Hematoxylin
and eosin stain, A, C, E x 40, B, D, F x 100). All wounds show
heavy infiltration of inflammatory cells and are covered with
fibrinous exduates and colonized bacilli. There is no evidence of
re-epithelization at all groups (A, B Group I; C, D Group IL; E,
F Group III).
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Fig. 4. Microscopic findings at 2nd operative week(Hematoxy-
lin and eosin stain, A, C, E x 40, B, D, F % 100). Group I: Re-
epithelization is seen at the edge of wound(A). The thin epithe-
lium is covered with thin layer of fibrin and neutrophils(B).
Group II: Re-epithelization is already completed(C). Also noted
are the jagged reticular dermal collagen fibers(D). Group IIL
Re-epithelization is seen at the edge of wound(E). Granulation
tissue formation and heavy infiltrate of inflammatory cells are
prominent at dermal layer(F).
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Fig. 5. Microscopic findings at 3rd operative week(Hematoxy-
lin and eosin stain, A, C, E x 40, B, D, F x 100). Group L: Re-
epithelization is finishied(A). There is noted proliferation of
dermal collagen fibers(B). Group II: Re-epithelization is full
completed(C). Dermal collagen fibers are marked proliferation
with spare inflammatory cells(D). Group III: Re-epithelization is
not completed(E). Dermal fibrosis is increased but moderately
infiltration of inflammatory cells are still present(F).

=
7 Hax=E 2= 9]
AEE o7 290 223 2 Audze Fehe
Ho|R) IStom(Fig. 4), €% 357} Hojxof Zelae

AFNLAAE M

etg g ejaers ] Vol. 33, No. 5, 2006

3F EFoA ‘many'® R=HAL, 3T TEATEH
OFFAAEC] 15, 253 283 3F 2FA ‘many’ &
] ¢k =) 3 tH{Table I).

v. 3 @&

A BV 22 25 E0M HJR1ZE =
WA REE AAstE dA%, sdstE e
& 4AY A77F #a, AL FEEe AT #o
el 44 mdo] HAe Zagoh' =8 23
rodents)= 58 <& (panniculus carnosus)o] $1o] 3 H-
AERA Y A7t FE FF) 3 oA o]t
2ol Ao WOl AFe £ERTE F2 4
Hztof osiA FA7} AfrE7] Wil AAFE HAE @
34 RdE AgstA ath v S AbgE vha
ZH R gFEa&o] gla "Ho| FHon, 2AgHo= A}
o AR v FARBLAL, FAHE E F Us WAl |
3, A7 BFEE F Q7] Wil AR BdEA
S5 g ok R FAD A2 A 2490
& o A7 o1a gol Al 1A 2] wol
248874400 g7} e BHE o)

o) WRel PANS 2 F BF AEEES B
AAA Bde Folxd 44E AT, AT 2
A9 FRANE AFIATE 5 B 24 F 7o
A 159 A}ole] 7|7te) A thETto] Hlsle] AT Ak

B

- -z
:{m ol 2

e

—_—

[
P

N

o
el

rln

o[ﬂ

A

2 Es}aau}. D A
5=38he 2 997} dvia s
HAE o] &3t PSS fFEdhe Yo
2 24, AAakzE aga olBdd e JFgadle of
ath HAAES t4 A X (macrophage) s A3 A
5 A EFI(inflammatory cytokine)S Z7HA7]1, &
T (neutrophil) 9] H&& S7HA ol AHFLEN
71do] A=3lA B, A adk(growth factors)E o]
B, syt AdH o] BAAGHE st Fo
Aol AAE(bacterial product)o]uy} =& Z3Z|(dead
tissue) 18] o] EAe] 3t o]EHHS(foreign body
reaction)©] A YE S FEd = F8

27| A AE FAol ofn] AAE HF ARzAE F
of FA92 Heldt 22g Ho] £t A
Ao AU Ae
T8 Al ] 19] =

o1

l



4]
ol
=
oift

Hoox

MG R e A T
o

pat
2
N

O ofy o
X oglo Hi
b1 $ N

ok
S M Lo
Oft
ot
N,
2
o il 3

o
2
)

i

T

o 2
i3
ACH

g TH
s

(il
tilo

>

1A

ol

o
8.

e
)

o

o
olo
o

e o
bt
=
W
b

2
olX
=
olo
o
e
o
b
k1
2 4 2
Ao
i

£ _Q N = el
o,
T
e
g,
°
R
)
ru
=
=2
)

o
ru
il o
3R
o
1
R
AW
i
i
N
N o

o ok
X

LA ]

M o S
HE
-
lo
Au)

k]
o
=

fo
02(;4‘
¥
E

N
2
ar
A iz
.
&
o M

o N

S
W ogo
ooz
ot g
tlo
ol e

)

S I e
ne
o
N

of,
N
Ol
L
i
h
ﬂi
N,
N
2.
i)
peis
T

o o
)
rO
o
N
D)
Ho
=
ol
rlo
=
S
w
I

o &
AZEAQ AN BAE
1 & AxpEol ahe} 2ol 7} AR 2
A& s|olor G’ AXES Ao A 3T
T 1647%7} /35 8L7} o] F-01A| x| o} g2
SRS BRSGA T A2 EF] felA 4
¥ gL olfR ARAHor dshs ARTF A
FelstA e Rt deEe) duE A5d
ol ohd, TAe] 8.4 Bel2 A%e 45, A
1AAE & Yol 7t dELe
gHo R gop F 57} 910,

ox
oy i

op

2

N

__Nl_';’

N

—_

o B
g
ox,
L

o
_O|L
=
N 0

o e
or.
rlo
2
(A= )
- = o B
Loy ?10»
W

N
Mo ROH g e S oX

]_

A

=

>
p

2

= I

wx gm o

O o
V)
r

kel o]

1 TR O < W 1}
W O ez

o2 g
rl
4=
ol)ll
NS
ox
_)‘.1_1‘
s
f
2
o
QL
30l
S
&}

2
o
r U

Ne Aoz Az,
oderate®]| A many 2
ol A&EH o ¥ zpol7} Ik AP AN A A
2 < 7

(tissue ischemia)S

=]
da

- =
o
onl
o
=
¢ Ho
HE b
2 -
R
=

=2 O =]l
HAAHE FEdhe

nEsad AoE Bushdrk

611

AASE HAE 088 FEUYL Fokol WA
2dg FHHTA AT 17 greos Ay A%
AEFAE e aNE YA, 27 AEZA
AAG 282 AW ¥eozH HA} 22 od 23
o] Ads 1 PFWGo] FEHES P, 3¢ 4&
AR 22 2719 AF E58 AYstd EYFeE
$5%¢ U EE A3 AUFE HFLHES AT T
AL 247AL 283 A £ SAe it AAE
s 370 ZAAANA g Fofl Hlgte] gFo)
NHD A 55 AEE FNHOE 2o} 73 WA
z2do 2t

REFERENCES
1. Izadi K, Ganchi P: Chronic wounds. Clin Plast Surg 32:
209, 2005

10.

. Schultz GS, Sibbald RG, Falanga V, Ayello EA, Dowsett C,

Harding K, Romanelli M, Stacey MC, Teot L, Vanscheidt
W: Wound bed preparation: a systemic approach to
wound management. Wound Repair Regen 11: S1, 2003

. Nwomeh BC, Yager DR, Cohen IK: Physiology of the

chronic wound. Clin Plast Surg 25: 341, 1998

. Zhou 1J, Matsui R, Ono I: Development of a chronic type

skin defect model and a study of cytokine secretion
using the model. Wound Repair Regen 8: 304, 2000

. Bernatchez SF, Parks PJ], Grussing DM, Matalas SL,

Nelson GS: Histological characterization of a delayed
wound healing model in pig. Wound Repair Regen 6: 223,
1998

. Lavker RM, Dong G, Zheng PS, Murphy GF: Hairless

micropig skin. Am | Pathol 138: 687, 1991

. Park SC, Son DG, Park KG, Han KH: A standardized

model of partial thickness burn in domestic pig. ] Korean
Soc Plast Reconstr Surg 31: 707, 2004

. Middelkoop E, van den Bogaerdt AJ, Lamme EN,

Hoekstra M], Brandsma K, Ulrich MM: Porcine wound
models for skin substitution and burn treatment.
Biomaterials 25: 1559, 2004

. Lorenz HP, Longaker MT: Wound healing: repair biology

and wound and scar treatment. In Mathes SJ(ed): Plastic
Surgery. 2nd ed, Philadelphia, Saunders, 2006, p 219
Goldman R: Growth factors and chronic wound healing:
past, present, and future. Adv Skin Wound Care 17: 24,
2004



