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Abstract

The skin is important in maintaining the physiological homeostasis of the human body and
serves as a protective barrier against infectious microorganisms, ultraviolet radiation, and
mechanical injury. It is made up of three main layers: epiderm, derm, and hypoderm. Epiderm
is the outer layer of skin that contains various types of keratinocytes (over 90% of epiderm)
and non-keratinocytes (langerhans, melanocytes, and merkel cells). This layer plays a crucial
role in skin regeneration and immunity. The dermal layer is made up primarily of collagen and
elastic fibers, as well as a vascular network and nerves that provide skin strength and elasticity.
Furthermore, it is divided into two layers based on collagen content thickness: upper papillary
stratum and lower reticular stratum. The dermis is made up of two layers: fibroblasts and
myofibroblasts, as well as immune cells like macrophages, lymphocytes, and mast cells.
Hypodermis, the deepest and thickest layer of skin, composed of loose connective tissue. It
protects blood capillaries and nerve terminals due to the abundance of fat cells. In addition,
the hypodermis is a good source of mature mesenchymal stem cells known as adipose-derived
stem cells with pluripotency.

The natural mechanism for wound healing is an interconnected and complex process that
includes blood elements, extracellular matrix, parenchymal cells, and mediators. Wound
healing is typically divided into three stages: inflammation, tissue formation, and tissue
remodeling, all overlap each other. Skin wounds are divided into two categories: acute and
chronic wounds. Acute wounds are classified into four types based on depth: superficial or
epidermal, superficial partial thickness, deep partial thickness, and full thickness. Acute wound
regeneration occurs at a specific time as part of the body's overall wound healing process.
However, long-term use of any of the wound healing processes eventually results in the
formation of chronic wounds such as diabetic foot ulcers and venous ulcers.

Initial efforts to accelerate wound healing and improve the healing process of chronic wounds
and burns included the application of synthetic and biological temporary coatings.
Furthermore, limited resources for autografts, allografts, and xenografts, as well as severe graft
rejection issues, prompted researchers to develop tissue engineering structures. Low
regeneration capacity of dermal layer results in the necessity to use skin substitutes for large
skin wounds. Scar tissue formed in the absence of dermis lacks natural dermal elasticity and
strength. As a result, scar tissue has limited movement, causing pain and an unappealing
appearance. Tissue-engineered structures not only close wounds, but also promote dermal
reformation. In general, key points to consider when developing skin substitutes include a
dermal component for dermal regeneration and supporting epiderm, an epidermal component
for fascilitating wound closure and establishing barrier properties, a permeable part for
immune, nerve, and vascular system components, active cellular components capable of
responding to various types of wounds and conditions, and adequate mechanical strength.
Significant advances in skin tissue engineering have occurred in recent decades, with the
ultimate goal of creating skin substitutes that resemble natural skin tissue in order to heal skin
wounds. Skin substitutes are classified according to a variety of criteria. The first classification
is determined by the presence or absence of cellular content in the skin substitute. They are
classified as either cellular or non-cellular analogues based on their cellular content. Acellular
substitutes are primarily used to prevent environmental contamination and fluid loss. Cellular
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substitutes are more complex and consist of one or two layers of scaffolds together with
autologous or allogeneic cells They improve the healing process, resulting in long-term and
complete repair of the damaged tissue, as well as a lower graft rejection rate. Another
important consideration in the classification of skin substitutes is the nature of their
biomaterials. Natural and synthetic biomaterials are applied in skin tissue engineering. Protein
or carbohydrate-based natural biomaterials can be utilized in skin regeneration procedures.
The most commonly utilized natural protein biomaterials in skin tissue engineering are
fibrinogen, collagen, gelatin, and silk. The four categories of polysaccharide biomaterials—
neutral (glucan, dextran, cellulose), acidic (hyaluronic acid and alginic acid), basic (chitosan),
or poly sulfated saccharides (heparin, chondroitin)—are used mostly in the form of hydrogels
for the efficient healing of skin wounds and burns. The most widely used biomaterials derived
from polysaccharides are alginate, hyaluronic acid, and chitosan.

The building block of synthetic biomaterials is hydrocarbons. Despite lacking the biological
characteristics of natural biopolymers their easier manufacturing process and more
controllable composition make them useful for wound healing. Synthetic biomaterials,
including polyglycolic acid, poly-g-caprolactone, poly-B-hydroxybutyrate, and polyvinyl
alcohol, are members of the polyhydroxy orthoester family and are utilized in the production
of skin substitutes. The third classification of skin substitutes is based on the anatomical
structure of the skin. This type of classification includes epidermal, dermal or bilayer
dermoepidermal substitutes. In order to cultivate a mass of keratinocytes in the shortest time,
in large number, and transfer them to the clinic, creating epidermal substitutes was considered.
The main point in this thechnology is the separation and cultivation of keratinocytes and
transformation to the patient. The majority of dermal substitutions are decellularized (mostly
allogeneic or xenogeneic).

Decellularized substitutions are more easily manufactured and the license for clinical trials is
more achievable than cellular double-layered structures. The main benefits of preparing
dermal substitutions are the short preparation time, mass production, and low cost.
Dermoepidermal substitutes, also known as composite analogues, are created by replicating
the anatomical structure of the skin. Dermoepidermal substitutes are more complex and
expensive than epidermal and dermal substitutes. Most of these products contain allogeneic
cells and function as temporary wound dressings. Studies showed that allogeneic fibroblasts
can function for up to three weeks without stimulating the immune system. Allogeneic
keratinocytes are also effective at reducing pain and speeding up wound healing, but they are
rejected by the immune system after a few weeks. Only dermoepidermal substitutes containing
autologous or allogeneic fibroblasts and autologous keratinocytes have been shown in studies
to have long-term effects. Tissue tech autograft system substitute is a dermoepidermal
substitute with a permanent effect that consists of a scaffold composed of hyaluronic acid
membrane, autologous fibroblasts, and keratinocytes. Since the advent of skin substitutes in
1979, investigations and clinical trials have begun in the 1980s. Following their approval in
1997, engineered skin products entered the market. The first product was named Transcyte.
After that, in 1998, the Apligraf product was introduced as the first living tissue engineering
product, followed by Dermagraft in 2000 and Orcell in 2001. However, the appropriate skin
substitute has yet to be developed and studies are currently being conducted to create a suitable
thick-skinned substitute with high-speed angiogenesis. Redesigning commercial substitutes is
also required for improved ease of use, cost-effectiveness, and shelf life. The current article
provides an overview of advances in skin tissue engineering as they relate to the production of
numerous skin substitutes and commercially available products.

Conflicts of interest: None
Funding: University of Mohaghegh Ardabili

Cite this article as:
Taghizadeh Momen L, Asadi A, Ghanimi H A, Abdolmaleki A. A Review of the Types of Skin Substitutes for

Regenerating Skin Wounds. Razi J Med Sci. 2024(12 Aug);31.87.

Copyright: ©2024 The Author(s); Published by Iran University of Medical Sciences. This is an open-access article distributed under the terms
of the CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en).

*This work is published under CC BY-NC-SA 4.0 licence.

v

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

Al 5l aS oS wange |y oleelw b oS
b Slea o o b aniS o ouls b pll
o Rl S Co gl |y Sy o Ol 0
6‘)" t5" Lgl.m U")i"b ‘OA—”F"‘"‘L"Q:A LS‘_“"?"
S8l 3lil 9 03 e (Hw Slas ]
e—digo B (130l S Glaans 0w e
49 {As.o& aS Wiladl arwgs o coian g )
Lg O‘J.o.ﬁ |)A_wo)5~1.o.c5&).;6n)|)§ w.‘>)J,>‘.)
00,0 u,,.mlf ‘me_...u.ulf)‘ﬁ)i‘.o ).3‘).3 ) cdadlx s
pol 8l il b o35 vse gliS)l g oS
i Sl Sl 5l Lol g an (A V) WS o
9 0 sLsA)M‘ JAL..: as J)‘J s wy 6‘)‘.’ 0
VA NS H TS 51 S PRSP RS PRV B
oS oy sl 5iS L olsds sla Jol—u glsil
S5elT (Solgsl Lace aisls oo by 30l ol o
el S sl ol il s S b
slr oSl ol aisl Jo—w e b (oo
o gy b soo Slas 2Lk 5 035 Sonee @ e
Slos yinS oo ax> 31 .aigd oo oolatwl 0,0 S b
) 3529 15k )3 S9ge (s sla u-’fil—’ bl
5 0550 Jlowsl Joles lgie 4 sl 51 S5 em Ly
() Wgdh gas 18,8 a5 )3 035 camslin S9ute 51

plil o gy (o) p & (55900 dlEa (pl 5o
oolaiwl b ciw gy o 3l cole ais) o ad
9 Jobw s lo Jolis el cwiige ol jolic
ol me s 5o Ll 5o 3z e Lo le glyil
Lol 00l dallas Jwgy slaps)

Sy (095U
beze Gy o oIl 00 555 Glie 4 gy
S8 3ee oS5 ) G gl Laoe 5 S
Slocaw] plp jo G 5l cdadlre (idS Cowgy b
Slgo il B axd | (215 Jolge dais 58l (S 58
beoojl cudg i8Il g O o2y cwd 5l g oloor—i
aS iy g pyaml QY Y el cplolo 1y oy Jdsls
GY yzmes g awload la ool 4l slid g
OV A e) clodal 9529 4 0050 pb 4y gal> 5
Lay pl 1SS 2 7d o M j5b 4 sl (o

Ohlen 5 (g0 03l (I

dodso

aS Cowl (o e oaiill g plasl g 5SS Cen
a3 oo S5 ) G (2l 9 (JEI Laoe (5
O (Bl a0l 50 (oot oy G5 el 0
WS oo Wl o alaaes g ool Jelge ol 5o
254V Lpydemd g )0 e puml Y 4wl o wy
s S sl aY e cunlonds LSus gul>
o oS5 b (S ol wiile s ol
Jlaee g can Ty 5 aw pyanl () ain o
P OV URSESIN P K SR J INCHUEI K 3
oS I 30 el oids oSt bacawdlg b 5l boas
caz Jebissil glo Jsl s oz BB luie o
2® dBlioe 55 (Fgy (Bge SloaSe—D JS85
l Jbissl slosl e 5 o ool oo o5
V) csb Q‘ﬁ:;gs“

(O] DA A Al (i o | gy a5 oK
@ 035 Gile b Glr S gy caims LS sl ST
S5y sl ,eiS B nl pogdle g B oo ax8 )5S
iy 5551 Dy e s, 55 Aiile ilisee
oibojlo sl (B9e JLbgail ol ;551 5 (o0 po
52 S (1) Sl 5li 0 )50 055 2guge a3
GBI dlag 5o K g 5l (8L JolS Caals
e S 59,55 kg )l sl ole 55 sla 1
o> 5l ol Wgd oo (oie Slaps ol 4
9 g—ae glad 4 oo Wl oo 45 Ab ood Sgnte 03
455 2 Gloys Slp Cow gy Wgm (F) 358 e 9 S s
Srgre oo ¥l G Culis b (w9 055
8 Smg Sont Sl 09790 (22 laghs, i
L ol cansSTanl ol ogs S5 Judo 4 (el
Slp b o sl ulawl gy 4 g, Co v
Cwlbd b gy Sgm Syl Sy la i
ol pled Jolds (S5 Cualed b Cwgy ol (S5
Sl ol 4y e el g il g0 5 sy
L S0 Sl (I35 55 0325 el 255
5 00S lgili Wilgs go a5 il ol yo A 36l LSS
Cealis s Eangy Wigmy e bl )0 Al 00iS Jiske
1 5 S5l S5 4 g Yons S
(F D) 355 plol Sz sblio 4 il o daiid ol

O T PR DA RCONI] ALIPON Za P P |



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

YL peilp—ul g oYL (Stratum papillare)
A Ay 09 (o0 pame & Sl (Stratum reticulare)
Gt 9 05 Sz sodly sol> ey )3 00 Jore
L Lo 9o slo Jo5dg8 5 50 s0e aiile gounie
Foshee IV 1 Wlg s o) s g el oy 0as
S0l e Gy Sy 5o el T U oS ()
Swgen L g o jul 5l Gloi iy jslaie 40 (YY)
ol g3lad) 39,0 5 G5 B9 5| S t—om
Aol pglitn T ad bigs 0n ) pyo9n 5l 43S
O g I g T g9 S sldaiis) 51 g 0090 S50
3 eYb o515 shls o cpl ol oo | SCis
ol i Sl 85 el oDl
) S SLT s Lo S5 9255 50 DI 51 JS—ste
S a3 ]y e S (S LS g ey
(S8 ol o515 5 035 e V5, ol
[ g9 o slaaiss ) 5l oSy slaain o 5l 90500
Mg pd o0 Y g0yl o LSS
ooy Sl wiile stosl (sla ok Lo Sl sz
2 oo S 293 yo Iy b i ule g baa—wsai

Y AY)

PIC5R
gy AY G JeePd 5 (2 FGees p 09
5 O sbrard ) L olyed S s dien 2L i
gapo glopw plp 0 o Bl a5 b oo iVl
sl g ol il (6550 9 (sdse Blge suiiSo S
O 5 S Sl oSl A v
5 b eSamsl w5, slo 551 o 9090 e
aile 55590 GL“;;}".’.B (YO YY) el by Sgw
559 5l o g 5l a8 8 s Y el
e el ogdle (VYY) s b o (S8 gie 5588
Olore cod Jlb o ilie o3l slo ol 51 (225>
Nz Co B b oz jlead Flie ok slo sk
anile b Job—w 5 Ko el (Y8) c—ul Slgs
(13,5 Lo Buos) el sloJobow 5 Lo dlog yud
R g (V) 05—b o0 oanl oo o350 )0 s
b oleil (s e oSl g Sy e

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

]

pos/

SP U elyl a5 Conl Sy 4 (p 5 S 0]
sk ¢ oee) lormsisl S lsie o ool 3
S laSs) o) b oa—wsde (VY AY) (6,0
QOVF) (L slygle anil ply jo cladlxs g pidlo
s culled glils oS o) Luils Y e Jol
=l 5 Jed g o5 6l eanas &l wnile oy 50
> oS (£8) IS o sladske 5 (V0) (oo )i
30 V) (o y0m) c—ae Ll b SGop Jolas o
A 8L o s somlie BB o] i ig 8L
Al 58 oo 4 iy o Cls g o0y (Fgye
b o Sdy 59, 2 eg,See 00-V0 Sga> 5l e o
OY) el pxio by g s (a5 [0 g S F0
Stratum) g5 pgsl il ¢ Jol& ¥ O 51 6 00!
O-VO Jol—b g pyaml Y (o 5 > ,15) (corneum
b CorgiipgS ol @ slooye slo Jobews 5l @Y
S LBl g ais a8l el 4l pled Commgis! S
(10l oo e Jlad (oloord s Blod 0 Lol ¢ goms My g
o) poil il ((VA)
Sg aiile lal oy glocionn 8 (S j0 &dly S5
3990 GBS g b S g Cawd S (il
(2 0l a5 LI S sl @ o o
(Stratum granulosum) eg;¢/9il,5 pgsl il (V1)
5 IS gzl slasbe Sl JStia ¥ Y-)
peil il (Vo) (e YT YeWOr S BT
0-V0 3 i) (Stratum spinosum) g gl
S5l 5 o 2z Cogidl S sla sl Y
3t il 5 (sho & Jsbo YL L apgjams
sl shils Y (o 5 J5Is) (Stratum basale)

YY) ol ool also| (g0l

4,Y) (Stratum lucidum) pq0.,

r°
5 oS pSoinl A Cn | aien Sl g0 4Y
bl g a8 oo obml ) gy (ol )| s>
b eyl il Y g0 4 SPIS Glgiow o

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

O S oo lax axsl ogupn 030 pyousl 5loayo

(V) sl oo 35 59, Vo J10 sl o

2 cwlro b xbw slps
@ eyl pled (S Cualid b (b laps; 5
ol 59 e ol )0 (raw gla iy ol e
Jsb py0 9 pyaml G el VY Job o daps; g9
Sz ol Lol jen 50,8« SUs o jleas g 00l ol
P& @l Kidg wiilioe G g A p b
BVY el Sae asyco 35 s oy L Loz
ortid (S Cwbus b ( Kid g 4 am el YY
Al oo 090 55, VYV JIY jo e cpl gl ools
2 Sadg iyt Kl b g0 ,Shos JLS Ygans 5
2155551 51 sl Y el (Sae 5 ,S ad (sl>
9 9l g o3 e (59 059,55 Ll 5 (o e
209 i 2L Sh g wlidllS e ) o=
by Sloyo OMSlae 0SS (6090 40 0Bl A
Olody po Jolds (S3 Cles b (oxhaw sl @
Olomily R385 9 (smd50 (929,500 Ao Slgo Sl oolatul
a5l 55 0% 0950 3 seeey Slaal ol
Bl 4l Gloca—wsislS 5 955 oo plnil o35
5 Od—b ol digy el iS5 9 O p2lpe G5k
by 90 JsSds8 (ygelim sl rizen igh oo
23 RS (e Srend )3 9250 (3,0 208 Ll

AFF ) S o & 15 Comgy one

e colko b Aac slops
el 030 5l gabiel e B lae3 5 g5 ol 5o
slall g oae c3b e slo JoSdsd )0 5 wim oo
b sb o b ps) ool iS oo oloey] DS e
WY iy e | e SL6 S STl il (age
A e Lo, g ,La 8 ol 31,0 Ss,s 8 bl
D9 53 o) e Gy e s lo Job
999> 4 355 job & 0 g 5 osie | 6 S ol
@eps; ez wiboe e ALY Wigy (e
Wi oo Sy yi o Sl sbnl cel 4 _ien

http://rjms.iums.ac.ir

1

Ohlen 5 (g0 03l (I

(YY) 05 o olomy! caenls

g seps

(shee (oS e 4y Cungy grsly 5 (bblre 1S
sl el b b e gljoa—wl Jelge by
Loy o )T 5 il ol Sib g slaes asile
g Ao Sl g oleond Slge b i3 (S Slasl
Ll slops; 5 6 )lid slaps; aile (eie slaps;
8658 5 el loie 4 135 (YA) wdl o Hlas
45 D9 o o §F Lo gy (grb JLSLe o DL
a09d o &8l o Jlast (58 sl cel Wlgs o
Syt Oloj e sl (g Sl S 55k
(V) Wgls o0 pumnnli (pojo g Ol Cl> g0 4y

ol slops

Ls W om 3l ) S8l (S LS oS pleps;
Jsb 5o whate 5 gBse an (care s 3l 5l G
Olge 4 edpd oo Ay 395 &y 095 atin 1V Sl
(ol edle s biee i pai b ol sl o3
b il slaenilSo il o il o ol (slans
oo ol Ol s wle Jalge om0 y0 28,5 108
e S Wigd ol pitiaid g olawd olge b wles
(V) 99—d o0 Sogde 9 (v & ol )l 299 4
omaib A F 4 Goe bl ol slaes;
(Y (Epidermal) oo ol by ol () idig—5 o0
Superficial partial) Si> co b —o L xla
Deep partial) ;> cwlbrs L dos (Y (thickness
(YY) (Full thickness) oS cwlzes (F (thickness

ol sl
5 g LSl 3 5150 (e puml slaes s
ol s o0l s oS Ng—5 s sl Lhe
oo (o (59, p il olom ! b g it SBo o Ll
Lozl 53,9 5, 4w B go (o '(’\“Y) SR dnhw v
el pyoml e lez 59y 50 Ly g WS o0 (45958

VBTS00 YY AY dn gy o5led Y 055 15jl) 1xSaisji ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

Sl sl as gol,dl o lae Aol jo (YF) i
aiile (omlb sbag lam 4 Wi i oo ) o0
a3 25l e (V) s Bl L cubs
e Ghle b Gl 5 o)L Glaps abe 5l epe
whlylas o8 o )l Goe SYeb oo S
B 59588 sbaml g (oSl YL St yne
sl ez ol Gy el 9 Byl sl e yo a2 o
cslos 5 Llse a5 il o Solil Cnigy gy cgo
@ e S Sy poe (V) 300 1) 995 o>
ino Sy Olgre 4 poloe Ll 505 s )lg b S
ol ol Y 51 (S il ouile 3L 53l 2l
JHs g w59, (2L L slapldsn JoSas
Sl Gk sl dapldsn cul (ro3e Sl
e bl slasly Sl 5 b L3y 59
Eo2S 4 i &S ALiS (o0 RS eRy Ol e (el
Tumor necrosis) TNF-o ale ol sle S siw
Owixon o (Interleukin 6) IL-6 4 (factor alpha
78 A 503 (9 51 (TA) 052 o0 Sl pgllie
iS5l sloaps ) (Gl banze oenlais
sere 45 > Sl ely 5 S e Culos b g S
@ nl 2 ogdle 098 0 polae DLl 5 plidgn 03
3979 phedom 4 (9,500 0 Jalge 395 oS o
Cuoglie @y dxwgh ddale (99,50 slodi oS
3ok 5 pledse sl 25t g (Sigm S
Sloyd il lapkdon 0o p (w5l S0 laidly

(V) s5le g0 Slgs

Sy s Kl
@ Sy S8l (g5lil @i dS Jlw paiz b
Sl ol (pudige o Jpaze (paiz Sl Lo
C o (Grired Sl 0o iy 5 gy
b Seigl g Seijey oSeiggll Gilisee glo e 18
Loy T 0,05 5 soydaabsey0 b soyinl g0y sliiio
Oz (Fr) Cl 00y az g5 5550 (5)lxd O j3—o
) lops) Lol a5 Camgy 00 (it slagn S0l
axibe alidee slo oS 5118 S xS o awe
Slels slagls 5 lacSiign sl ) la,gise

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

s

OBl igd S0 Lt a5 Jald o puioren
i 5 S |l BB o lae o Slae jo P
bld 4 o5 cls b LsiL“P) BT &9 &2

ol Ceoliia (s lopes
o el g s S epye 1y ey S5 Laps; ol
P g S Lidiion o T 05 slacdl
Sl T 00,558 G d Yoo coad 0,550 g 03 40
5 5 b o2 sleplal (aile 0us; Wil o (Janoee
o5 Calr—o sla o) ojlaan s 4 as b
bogbes,l BB a8 (S is wonsS oo o Yooro
S b (soge s S5 a1 Ly Gl & 5,0l
4 ge paizmen b dboo oy J5 b (oo
lo J5%s59 5 g (o0 0§ g0 slaJsSsd 5l 2>,
JolS ol (sl i ad oyl sl
Sl ) (g Camgy wilgiy Conl (S 5508
s sl b gy S50 45 glis oyl b Lol s
e o5 S8 5l cales o Sl o b oo 9pb
|y gl S Cdly 5l bl Sgegy sy S g S5is o0
Lo 2lym pas Oyg—o 0 daps ) ol oS o ol
) laad SLb (g ilinl ol jon 4 055 (LA
ol oo dyals Ll b ooy oloy! [ w00l o D9
ot iy Sl JelS (6095 s 595 Sgugs 9 S
VG olail 4y 65k b cnl oS aal 2 5o
595 oo ool Coms gy gy et b 4z I e il
YF Y

]
L s eyt ol ® iBs 1,0 gy eie Slaes
slal 3L g ws )T o obl 05 ) cwliol s
5 plao (sl i sie pglae Sletl aiile S gl
2B (i8S (YD) gl oo Lt 59,55
iJo L a5 Wi lo 3929 (pope o35 Sbxal Sk >
Sl 057 50 Al (ebs) SSlglie slas Lo
og I (tints 5l (o3 o azmo 39,8 5 ko)
Jed Sl i 0 Shos s ipge

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

Eao g b sl ;S

Ol 4 b O sy s Rl o
sl Jsb 25 oS le o 4w laS LI
&ly 45 (23S, 5 anT B b uizen 5 ALS o 1
el $5978 ool 5 p0 Sl sbe (LB 4S5 0n;
3o oolaiw | 5,90 calizes (5o youds g i 2,15 5L
(b Slgegn (Aol g9 a4y )l Sl
(Emas 9 srmb 5l (5 5) CujenelS 9 (gian
S50 S SR g )0 4 Wsd oo el
@ e @b yedly Gz 8 S (e )l 8 eolai
4 g Ng—B o0 S Pge 3Ll g o S0
Semsj sl (Jobo )5 S 5le 4 caleds Lo
lod S jobo s Vb (s pdy 58 Sy 9 5,85
3 S Sl il 0 )8 (i g g 03 by 5
Srlore g sl sl Sy b (eo—as Gla yoddy
Sl oo 9 2SI gy Gk 5l el oui ) yus
(F0) Wgd oo

b sl S

u_....:}: Lg)Lw)L’ )é oala O)yo GL...L D‘ﬁ.oﬁ.u
b bl Shoee S L oy, L aily o0
590 oolai il 3,40 M_JLC L;""i"ﬁ)" (51....10 \)‘5.99&
9 el Y5 OIS Juld (S g Sl (o g
B e e Ol Sloee (3gh e
oy Sl J59 00 S 4 Bows a5 ooy S
4..\45.m ° ool | ‘sa.u}: 6L“g5i->9-w ) me}) ).:é.a
6b (Segslls ol 5 Sl o) (go—l
o) slaly —w slaoy Lo L L (Gli905)
oy Slge (s el oo oAl (Guig,aS
OleS Jolis conds asle 5L Llu b
(F0) aiee ST 5 apsl SCigpslln

oSyl 5l b gle it lee a4 3

http://rjms.iums.ac.ir

A

Ohlen 5 (g0 03l (I

G ) 03 Ssete Wy Suled o a5 Wi
b il ol e o sl (FY) NCR T
JEl gl cgam 4w [LSLe o (s o )lo
pled g o, Wl Wlae Bd> ( 15T ) (sdnn dlge
shls bbb o Sloa i oloeyl Jol—w
58 Sy 655w Cny ol ol S
O3 Hlom G i & (S > Sl 5 ndy
A w5.0.c ﬁ‘fg ) f°>) )| cdaslrs 9 ‘SW‘ S,
aile ‘;51_...: 6‘9...7;0 L: LS:LQU_M...:)‘Q )‘ oalas_u
S S5 U as > oo biasdlg b g o gisl)S
595 s3le aned Jlojam! iy ol Bl g sblas

(YY)

g sl S el
L Selie slajlae wlal o swg Glacn Kl
PRl 5 Jokw lgioe 0929 pae b g 0929 bl
‘gﬁJﬁL“ ‘_g‘wdad&ybowsoum.owy
ol Gs b (sl ST a4y wiilgs oo )]
Olyie 4 bose Joko (a0 b 3 ole g pnis
S e g Gb.au ufoj.'l ol o Ladl=e
A Conpylo Y g0 b S5l g o Foouoms Jslo
Ailoois JuSis Ssiell b Solgsl sla Jglos o o
N9y ol a e o Jolw wg slan ol
<l oS 9c;:_x.e6‘>‘>!9.la POUVIT O‘).o.b SO guts
S0 (F) B o digm 3, F 5 el g sasdaul
sl ol uns diib Gl e Jolge 51 500
Slgage ! T saias JuSis Slgag Cudle g
E5—ae b (03955 b 0391 «Selil) orml Wil oo
Dl (i B8 Sy e b pdico 50 C))
Lebe el p g oKl pow sunas b
gs‘)"‘ﬂ“ﬁ"ﬁ 4 Yo b ° ‘s‘)%:}‘ sl u—’)-i’l-”'

VECFS0s 0 YY AY din g o)l Y oy 5jl) 1xSasjs ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

Slp ¥ g Y & o wgy sl S YLl sl
(BF ,00) Cewl 03,5 hoad g0yl b (o003l
5 s wlgt ol S Lags Boae ol

(Fibroin) (pgyed (o qo—iv pl 590 £99 99 (2
Cpad (g o) (Sericin) s yo g (2,5 <)
Sy Plas b 608 o 58 iy s Shs b
Slge Vb (s p3de85 9 Vb ()5 Cmnj (2Ll
2 Leylo ds Gl Sloo S ol 4 (gdse
Slacans o (OA DY) 098 o oslaiw! 28l swaigs
At o )9S b 95 45 ks pl (g by (e
@ 03 Glomaily Slge Gloie a1 (g3b) 4z g8 (g oo
slools @old SO L aslie jo 15 los S > 045
Sloadandl (Sl So b p—topl (g ped
95 OIS e GBS ol (g S5 S
st e G5 355 s 53, 1|y okos (St
M 6,8 oo o 4 g ad (09)
slple—ly colw o (o5 Sledl 5 g pdySlas]
Sl 039 057090 Loy (G g2 SS9 o35
Bl (g d p s sl (1)

OIS 35— n el 05 S s gt S 2
sladl plod ;o (g n (xub oslogn cn Syl
L gl Seim b S sl e el ol o
Ol o S 908 5 Gelo e oIS 5,50 SlaJlgs
ONS aliee £45 VA Lo 85 ol oo oS5
OIS edas T g8 IS a5 Cwl ol ol L
3 O g bl el g cnl S gy 23l 40 9290
(FY 58) 098 oo oolain] cuw g slacanslo el
Dgh 0 Bl Cuw g O IIT g8 IS 5 oS poline
(fagib B+ +=0+) glad) G Stz sboymes
9 S Sz Glalpl el b 7,5 S5k o
S Sy ey e (FA) W boo Jobw ;255
ey o3le (nmly aly e IS ey
ahoz lcwl 00,8 howd Cl s Sl e e
YL a0 wly )b gL Lw slacaii g
20l SUIF % o5 o ()8t
(SilSe plSorins | e 2 le 9 ST (S i 2 S5
J= slp (FO) el ool s g 5l Sams IS
aiile slgeg gl S0 bl (IS Hud (ISt ()

J.?’;L?':.Low_wﬁ_édlaplﬁ.éjul "‘é[_il.czsc:é S|
9 03 Sgte 0 1) GlooiS lgael il (g b
(FV) wilosls ylid gy b g5kesl
5 095 oldail spe Jole S 5ok jand
9 95— gl S lagh oS Cl (i g eSS
Ao Oigmmd 50 O, 03 Se 0 oS i
Joas (695 pf 5 G Oean S O
@ et b s iy )ls 5 090 e
Sy il Jo—ame (naiz ;o los S 5k
adle grnb glacan, o (FY £Y) wilowls colais|
ISt el oo lasil 5 o e 5l o
Sl 5 035 Gle—l Gl Oig e 9 e
(B0 SF) wigd s ookl Covsy
o3liil 350 e (sl () Slge 5l Koo (S
Sig9lled sl 035 e 5 (lad (6o DY gaze o
3 S Syl u | (FP) el
ol )15 oS 5le (ol sla SIS el 35S0US

Sl LgLaa 0 )‘ oole U"‘ el dien C3 L

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

q

FRUTSUOS UPICHEWRT [P N PYIPTSUCTIIN || RNy U PO
VEL VARG TRIC W It T FPRVW BE 96 R T
S0 oS B SV plS-e- g JoSdS Ll b
Jobw 9 Jsbo 09 (v 92 Lol (O) B°)
RS sl cmlin Jawma Slul b IS 0 (e Hlo
O V) Wloogs 5
O3 s 9 OF) O 500 Jol> Y
i oo and 5 S5 4 OIS Al aw gy le LS
oYy (FO)

Ozes 2balie P
Jodo @ VL el (Sat g S 2l
3318 S | S o | = el = 00351 sl JIg5 09279
L Vs BUIL 5l oais ezl slacuy,ls (OF)
1) logdll (slas IS (s 9 5SUN 2y, 5l ool
plo b aslae jo ailosls lis o35 ey loasy 13

20l plw b oS 5 0 a0 4 (yg,be alS S

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

S ile moes (s 09l 98 gy 9 T Sl
&lmdlil Gasb 5D O ez ) Jsb—w 2>
9 (00— 03 porlss (aliS 9lS-D- Lt Wb N (o205
Ol gD o0 035 Uore )0 Sy pelles ol
w2l 993 (509> 4 | 03 ey Sl o & GligS
e ) Slge i b 95> rgh a4y AL S o
S 1635 )8l g 5 5 g Ssete 4 0
5 sio sl Ll aloz LYY VY (FY) S o
Jsloe S slay o035 e 5 S gl oS
St § e Dy 5 S 93315 sl ool o
Jioe & slo c—uls g o L2 (55, ou—
(F0) (ligaS ladso,men 5 OlieSTowsS
S5 slaasly 5l a8 el Ol o Jsle iyl
JeS—t5 Sliggilemgo-Ly 9 Slig olS- ST onig i
el 00l Bt b0 (Sloged Sl 5l g 0a i

5 02 Ty LA 4 e ol 49 QL;.ij.l—l o>
&y S!}w (Seili—gor & o> o 4 gl
oolaw | (;..95.“: )‘ tS“Jl) (5"“"5) GLQMT 9 L&)w})

VYY) Sigd e

Er—as dlgoge drwgi slp g JB Oladss
b@;g)dﬁ.&: Lo 00l ral.?u‘ Mj.u 9 )Luﬁ.a .399'
(_gL:au;}is ax Sl e & G20 Slaogy slizl
055 5l i 1y b lo s (So3sden
KV J.l..g.")é s JrS LB Sy bl anas oo
Wz o5 gt Slp [y L T o)l ol
S 5 ) (Eeiman Slges plad (pl pogdle AiS e
b 5wl jo 00 S job 4y Al Slgeg b
(_gcj-;-“""" 0‘5.05..; )‘ ‘5’>)_’ (V?) ..\.:‘o..\.m OQLQ...“:‘ wg)
Wigd o oy S (pl jo Adl> b 4 o i,
b gt el S L an—l SLsY (L
Gy 259,000 sl S gSUS- oS-SS

http://rjms.iums.ac.ir

Ohlen 5 (g0 03l (I

ool 00 JuSCi5 (rnal3o8 9lST N g SCdg,65°518
05 (2w S5t Miile e 0,Sdas otz glylo
s ()5 pamnds Lo l8) Sl ol (g0
Sp—ilSe a5 (gl 23189 S Lo o dats 5 ¢ JLdis
Sl S yellen sl (e )1 L(FY) Cel 59 S

O I P -Vt PO C S WV SN Y
ST RVt - PV Ay KT
&35 9 @S5 L ol ren lalemgis])S g lacdly yud
4 e &S o Sy 5o 51 (FA) 35300 B9
) 00l G lgie 4 SCdg el a il bl
O\.\.\.ASA_J\.\} ng).n.b w)Du (U ‘L)L"‘j ol .)...:])3
opdle 4y S ijsisal yd olsS 5 ST sle JK oo,
O S g Vb jeSinng 503 g 1P 09b (o0
Wy ol Cad,b jialdl A mie dS
A Cang)ls 2lhb ol Sbg,elle a1l ool |
‘JL> U"‘ L’ A..SGA S9done ‘W g_r“"’)ﬂ)‘&” J.,J.)
Seg,80le a1 BLIIGL ol b wilgs oo ali o )]
o Pl s o] jo aS dea s eSS @b )
o cms o &5 Sl S 51,5 (slyn g, o
il 515 L g olln s ooz 5l b aslis
b So> 0 ) 035 Sar— Sste iy 2 s
(FY) Klosls Lis
N LW I PO PP I VI PRSI P L
O ol Gl g St a0 9 Obbow (g
A 6..\;}5@ ‘_A; ooLnj.u L)")"uﬁ"m 9 0092
oy, S L PO-F) L Lo o raliSel5-d 51 G595
@ oS .l ouls LSS el 3S5-D- LawkN
(FB XS g (29,500 2 (Slw gen ole> Jo
)13 35 9 (KB loyd )3 (srmg slao 2
b o as baSM o, Jld b liens
Pl Sga 4 A )3 9 M S oe @y 5 |y 9>
Sl Jlab 3o 5l S s 2l o bl
Ol il popdle 35800 (21555 5 3l S e

VECFS0s 0 YY AY din g o)l Y oy 5jl) 1xSasjs ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

oo d g5 L olyen (55Y5 5 -8 = Ly 0l
oS S oo w218 e Mg pd 535 sl ) (oo Lo
o] o ,Shas Cogi slp ook 5l (oS 5 oolin !
(AP 3,18 35 pod (g A S )0 G ylgie @

slaJglS (Jool ez Slyder (89 000 By
Lol s 5SU 5l g s jo (s S oo Dl g
P8 S yorhigen Sl e (S 000 By
Sl S5 559 (oS g )0e2-b-(R) H 55l a5 9 0y
e Olgre 4 Dl (o Sgyaee B el b
5 Folw by gz wauScbl g dole> Canylo
(AY YY) 05 oo oolaiwl 035 )5 &9y Sguge

955k Cems oo 2o oy U g (b
8l i 5 0l Sz 2y e B S
2 Ohn oS ye B s S by (b o
ool GLIIgl &y &y gy Sl siige
652 Slgo b JSUI g (b Sl (YY) wigd oo
w255 oY 5 08 Yl - - olisnS waibe
Syge Sy Jolaa plyie 4 05 gz g0
AA-3) 35,25 oo )3 oslical

Jobw g3 9 Yook sbacn 3501
ok 09 03 (i (g Lo Rl
3 Soll pln yo liblna Jolse Slsie 4 Ygans
Sl ol dwg Glaie 4 imen g Slule fpols cass
5 LoiS g (G S5l lizl JLasl
Joee 50 035 g N9, Sl (gl oy slo, S
15 T 50,8 sl (A) Wigd s ool | s |
@ Gome byl sl g as 5,15 VAV- aas 5l
Sl (Kids—w 5 b o3 e )0 R Olsie
Oleys yo byl uzren ais oo ool wl o
5 139dsr ooyl aile solj 0l slas,lon
AY) 8,5 1,8 eolai il 8,90 55 Sz Cudoljane
ol Sl lgies ppaal 9 ey sl 4 LAY
b Gobl e S Jalts Vgonn o5 Johor (300 vy
Olie 4 (oS Ll S5 5 00 plyie 4 O
Yaoro o 35l £98 (pl 0,5 ool wl il g0
£ A Ngd oo 03liul Cawgy Cdge iy (loie 4

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

AR

Qe ylawlgh yol S g 000 (b oolgils Sl pdycg 5
Sl ad Sl oy 4 C8b (wiige 0 &5
B yS Fo I3 sl o Sgy0e0 (&5 (Sla (YY)
26 g g w0 5 @S o0 )3 o sl e
a6l egy byl s oo ol Slbl o i
b a5 0gd oo olpi s Ol !l asle ) 8l
S, LSl o ol SIS L g aul S8
ooliinl oo 5l oz &j50 4 & g yerysS ol 4y (oS
b ook b oS 5 o e ey (al (VA) g
» il oyl n 5l (S ol sl
4 B SlaT e G lgie 4l SSY L
599350 Jelod oyl & i o sl L g ol
Sl & Cousdly l @ az g b ol Ol 4 e
Sl 398 o cawlin Joho Jlal pas a4y o
@ ook JEl sy Glgs oo yosly cnl 5l 098 L
55— SiSY b (Ae) 0,8 eolai il Gue 4l
o 5% el el B> 4 e 2l SIS
Sl Smasd g 03 S oo s g 993 oo
Oliails LAY AY) 098 o oolaiw] Canv gy g3l sl
Al ogupe oz b 5 i BLINL s 0D )0
TP ER VY EUWERR VN, 6 WU PL W LS S Wod U TR B
Gl Sz )0 0o (Egian s SO plgae
O D) (F> 9 9k e D2 les ( Jobow (Sleows
(AY) 05 oolaiul
i B Sl S 55595405 -
55— S g sl SSY L L e lis
YY) 09 g0 55 Al ol SIS
Oygmo 4 aS oyl 5 g0 eSS - L (AY
SaS 103 5 @& G A 4 0l aiSle ol

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

G Jolbs a5 00355l by, S CEA i
590 Mz e 4 Sy ST iy L 05 i
ot Sl sl Gols S8 G 5 L9 51 1S
(A Y) 09 promledl g5lolas

oeze 90, slls g Solgl 3L S CSS
S olsre a4 Sl cnl el ()0 g (oo y0
Joe Lo (soyimb (000 Jl—ail b (ails sy
SrYsb g5l oobel e g el )5 CSS .05 o
Py Seiwgn I (AN AL AF) o)ls
Aigd o 00lalwl CSS g5 i anwgi 5l iz
el Sbg el sl 5l oas g slo w3l
LCSS g4 cpl Wig—i co 00lai Wl CSS ays ol
doesdlig yond S 1> 5 Al S A ot Wlgi oo
Bz e oS5 ile (g Blyoew 5 (hom | oulas 08
(329 i Dl ki 5 sl I3,

ol sl
Sualres b 4Y (p S (gl vy 0]
Jsse oYU slls &Y cpl ool e oo o) Lo s
sl Y bl b avglie ;s (Lo V Lo ya) S
g 5l oolaiwl Hlallicn )5 ¢ Vsl .conl gy
Gy bogwgidl ) as wiog VAVE Jlw ;o ooyl
50 oly ClaS ead ganadl Jolo Olxis lgie
OoN sl as cél ol slecawes! ST 51 VAN Jw
@ g s S g Gleys )3 35 0ud 485 e
Sl p (o0ydml b (st slad Sy, 0 8
wbo sbml gz oud o dib Cowgisl S Y S
St Dde SYsb iy g o 5l cladls sl
Ll gl cws)lo 5l jelain cpay i

Ohlen 5 (g0 03l (I

a5l 0529 6,5 Jeb—w g (v (R
(V) ol o Allodermg Integra Biobrane . oL

Sl i, el 4 o0 o1 sk gl
Sz iRl il 059l b Sl wils e
03y (sl Mg rd sl ool 1L buae Joku (3]
nr (20 5le b e ol e 4y loligs Sy
(Mg 5o Caibye b o] s oo w5
st 31 g s slo g2 comlin 553
slap; oloys (B Sy S5 g 4t bl
Dgdg sdseriaal )3 035 maes 9 (BL o9 o 9
B eslii il 8,90 b K9 g S by
D5 618 038l s s sy 5l il S
Graftskin 4 Apligraf Dermagraft [Transcyte
b 42 5301 oo (gt 53 slociRele 55 o)l
WS o0 5B eoliinl 3,90 n 03 Oy 4 Z3ge
A0 AF) Wigd (0 (Rl (w93 Wgm b e
S5 e woat i Syl sla gl S
Sl ly Cawgy (il (il AV AF) (5 g Wlgss
S Rl £5 90 WS oo oal B oS gl
o] SHFH Jolis oS o) sg5 Syl sl
3 ((Cultured epithelial autograft)CEA) ooy oS
Cultured Skin) CSS) ool S s g il
(V) sewa ((Substitutes

&S Cowl Syl slacew sl S cuns Jols CEA
WJ el bl co Cws @ Jles Cngy (g )
S oog 2Kl Gy o 4 can iz 5l oy
Slanly 2 b e s Sy dormginilS ol
30 99250 GCEA .(A0) 05—3 o0 3L 0 50 solox>
s Solate Jol> b hood slaptns shls L

o Lo 5 e | 0 oliien | cilizee (sla L e
K58 oSl o 8 Wig b o oign s
sl g5l olil g Jsho &2l 5l ol ol
S a0 sl 56 5 loylS g ke Jyons
5 ol slads O les 90 sl b5
A e S0 (21555 9 Sy e S uizen
ol (gl axa o SO Gl b Sl ol
S Sl Sl iai])9) 2t b Joho 51 S5

http://rjms.iums.ac.ir

L bas) el e ol 4 bow—wgsls
AF) sz oLl 1) el e (slo Ko g
pas Jdo 4y by Job o) (CEA 5,90 ,0 )50 SIS
it A5 e smyie) - sny Jla il JoI5 LIS
55 e g QAL Sl (ualél 4y pmie wilgi e
—o,ls8 elem Judo 4y ol ogdle (AQ) 59—
99> & CEA @iz o)y ;9 53U lag 33!
i sy ade el e SRl G o3 Ae LY

VECFS0s 0 YY AY din g o)l Y oy 5jl) 1xSasjs ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

b (651 Loyl g sl ols =Y Jgus

e byl Slousgs Cowyl> @ui &)l plb
(YA) Colbus b Sadgu eV g0 35 4 Juate S gl cmgiil S il - Epicel
@il Ji 5 Jols
Sz
(\vY) Sy o35 me ) O U5 S5 Blae SP1 slausislS o3l Bioseed-S
b oeje
(yvy) o (clags ods o3l oS y5gll lljer s A Cungy (slacamgiil S 6yl sl CryoSkin
O8Sekes (59,
(W) s oM oS 35 69 & SasS ot s 1 00 Lis Solsil clacpgis] S - EPIBASE
By g 398 8 el
(V%) Colses b olaes; Solsil glacauwsiil S il - CellSpray
(¥¥) L oo 053 3o sl 2l Y Sl lnCangidlS - Epidex
(vo) Shedis Gy Sahas Ok o sy ead o it Slgil laceusils (sl MySkin
kb
(yvs) 35000 (gAY eguan jeSubus 5 (g9, ok ol oS Sgil slacuwgiil S S S Laserskin

wipnd (S sl ok SHU sl Jds o
g wslhe plaiz lag g (YL sloas o 4 ISl
Sl @lbdisad ¥ Jgaz 100V V) s iduiols,
2 9 el oals 005l salsg,lx (0 y0ml sl Kol
Gy ol 5l disad ¥l (6 b g8 4 dslol

IRV PCEPLES PRI

Epicel®
Sy 285 8 e 3 0 o)l D jge a5 0
by plasa_iils a5 05,5 oo Sl j 4 Epicel
y 2Bioleyl Ll i jo ojaml ool oS
S Sl ) sl g pae T codle cqz
Glra o 51 Epicel .ais,gl o ws 4 1) SS9
Yy 5 oBaSs SG o @ly Selgil ComgislS
Mo ol 0 Rl ool ol oo Sis
@ Syp ool JBa e lilen ;3 e
SlypoaniSlanl oS > 28, Sy 09,0 L,
Olae 4y Epicel jloolaiw | iaw g o L oloes)
Gy g b slans 40 o5 S89e ity SO

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

'Y

.(\” ,Q) (A.‘.‘S‘_s.o A.m) wy.:j)a.d )9.«59 o
et b ol sl Sl ol o] oS
Iy Jubis! slaasy g diwj oo o2 4 0,800 la IS
) Joe 4o Y opl ol )0 g wams oo S
4 slew 0959 5l o w2l p cpl WS o0 JiTie
a3 (Vo)) oS o Job e F LY SIS
NS on g ol it Sobl Seloil (oo yun
Sae SYeb (bl b jlo ) Wgn o) e o35
G S g Jless 3l aSges 28,5 ol o
i sl o Sag, 5 il do il
ol Glald S ablioe locn Kol 95 (nl culas
Sisl,® 0 S ol S gz oblie 5l cél S
5 <3 il oolel gz Jobo cutiS 5 (6,05 aised
sl dsle iS5 sl Jlew o 5l ()l paiges pg3l pase
4 Comnd SISl glacd 5 az ST 05 b0 0,8 095
(IS b 4 5 ygl e 0gmg A (g0 ie IS i
ilmeslel oy o @y oo jal slog 3ol 5,18
e o gbuls decaw 3l axs Jlasl ( SYeb

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

aslo U5 gicol g8 5SSl 5l ol >
o sl Lo le o slaps) o 0a b
CEA & Cod (550 (Sle (55l 5 58 oL
shlo ooy0 Glocnle 5l salizdes glgl aols lis
Sl (00 sl Rl 358 3529 Jsho g 9 Jsho
5 A g e | 035 a5 Wed coliw | gloj Laad
Wgw 5l o aaa FUY b 0.0 b oo ool
5 0elS (Rl pj 50 e vy Sl S
waad oo JS—i5 1) Solgil py098 SG g ead oo
SRl adg ) waz glesjsliw 0 3525 L .(R)
A e STl o3l G plyie ar (o9, ool esp
@5 o0,0 SRl jleslitnl g udgs dw oo
Pyl Bhlee 50,0 L olpen Lo SYsb o>
wdF 5l )0 adpo 4y (ygyie By S Olgre & A
el 5 00 s Rl S Ao
b g Sloa—o 0 (pp—as ) (g 4
Y gams WS 1 () +A) S o w3 ol Coslies
8 eslai il oyse ol job 4y aS Jsl (50
il S39dT la Jshos sl BY ga e 65 o
@ Baes o6 youdy 453 5 0 bao g b aile

NUWRT :.‘L5'° oolax

) Sdse Shaess Olsie
2 Fye oy slayiSh (gl o3l (8 e dbg b
wile (00,8 S Sle SlacrSgn Cow ) 9 055 S
P S e Ll o35 el—wil cx 1) o
Sy wezge S sl (Jolw lagn Kl
g o5, sl ,eSL elgl ( ok )5 S5 5k
Jb yogm B0y 5laniS oo p2l ) b o STe
S5l Ltte il oo (on)3 (50l slac )l
] oS il € s e iaay K
Cewgy dile py0 Gidu i S sl Jolds o0 )0
) Sdge by Olgie 4 ol Sy b S
Sl opls (Jb pl b wlaxs )3 158 colai il 050
Sz ol 039 ol yor Ll sla STy b DY paze
@bt slo Sy Bd> 4 plg o s (0l &)
L lhlaglygcsloy cd 5 50 09250 o501 Jelse
Sz« Solsil Glaca—wgislS ol 4 b s 2l
3929 b o p)l5 4 (K g—w g (poie SlapS ) pue

http://rjms.iums.ac.ir

)¢

Ohlen 5 (g0 03l (I

wL’.o )l @f sLJ‘).A » oBBLc R 009.3 )J.A—‘MBA
SYeb oilwoslel b o oS alex ;I Epicel
3,0, 5 Sl JuSis g olsl ¢ 393l )5 pom (o

O F DY Q) S oo g0 | QT 00 yiuaS

Epidex®
a5 wl CEA slocy 3551 5l o (S Epidex
SsSdsd (1> 4 jlead b slacew 51,5
sy xSl oLt & e 5 s o 550
3 R S e a4 Al o8 (e 0B o
S (KB (>l5 9 (b s sloes sl

O 0 Q) oS slx! Pl Q—l 08 S 0 5 4o

CellSpray®

slecwesl s CellSpray sla i Sols o
Wlo 1y pisS HUlgs o iin oS glad> yo ,0 «Solsil
) Xgd oo Gy | 035 U 9 oo o jb 4
slaJoe o 1) pianl @Y je w625 IS by,
S Y) Q.ﬂ Lgl.}.\)‘.o }‘ sl 03l Ol S O9)° o)
iy paile ;) Blas 4 (g9 @y T 4 lg o0
QlaSS, duze (10,5 04lg 9 <l o, 0 0y S ]
S pre i )0 (0l (pl 0,5 o)Ll g
e ) oﬁfs,o

‘ 02° sl
VLo, Cwlbes b il cngy (ool a¥ o0
SLS Yt B AA) &Y ol Sk Jse sl e L
S Lol el Glail ool 5l e Loy (JS0 by
Seiprd il lr ol ol 5 2z 4Y
lalis icwlie (So58 Sla S b Canls S
5 SV Jyie asile (S oI5 5 sk
Wi b plal ooy S8l eogass o Wb aS (el |
Sy L o) 52l dsl (V0 V) cl 5L 5 50
Jobw a8l 3l ol ol ags VAAL ans o b
3 29790 (Fwgy S ) (B aile 5 00

VECFS0s 0 YY AY din g o)l Y oy 5jl) 1xSasjs ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

b (65l 0yd wg slacniols =T Jgua

e b2l Sloesgs Cowyl> @i &)lo el
(Ovv) 595 Lesh o3 51 Utz Jskos 90 I8 slol S35 Integra
Sy P Al ety g aas clilgu g SIS el SIS
ol 03 (e o3 (S g loly5 dow ()l slews
)L g g
(YA B e 3Nl JSutize Joboo (g g n iRl Szl Alloderm
Sjgl ozkigd
(\YA) Slr Dseds 5 il S oI JSite Joko g s i Lol Sjy;  Biobrane
FE 5 G ceba biglaps;  pld Sl Y g sin aw ok ad) S T gy
NN ESF Sl 1515 Ao (S9Sekw
(\a) 5 JolS caalses b glaps Koy ¢ osd oo cuzS Solgil oMy b Sl Hyalograft
S Calid b e slas ] Syl Conl 3D
OFVAT) o8 sy o) «ubd o3 Jsho (ighs dooxio dur (huogy (S Szl GraftJacket
Sl byl g olis
(™) ) 9 Jol§ calbs b (Kb £ 9 Jobo oo L g5 ogl8 03 Sl S5 Matriderm
ooy sVl jg)00m o050lidsd
(YY) S cwbus b (Sid g DSYE L bos oadg Sev I ey s (W elo/ K55 TransCyte
whed 3l odndoy (Sgbl 4l G L g ) ol B
e Cungy slacusdigyud ol Iyl
o3l bl
(") o35 JolS Cols b obd w85 6oy omd 03> S Slusl 3590 (olacunDog pud Sjll Dermagraft

SR> (o5

OESW L cons

ooliiw | wisS (oo 25,0 1) Jade GloFtwl b JomnsS
Lo Mg b (0050 (3Rl (nl (o dites Sl 205
30 g Mgd oo ud loy Ll oljel oSS s gy
b oS b I (59, (DB —iolosl Lol
T R
J e 0 g e Sl g, Yo B Y
BUCL GG CON T | FORNN VLIV S T YLV | PR OO
(S le g (landl (003 IS 9 Wgd (o
AN oS b5 ) oS g g 0 oS
> Rl S Gy Ce)s bl ple O -
Selplie Jub oy sla sl ol Gom 4w Sl
SaS oy Y S gil—wil 4 a5 aiS e ol
Dermagraft ,!,5° gooxio 2ol Olallas 0uS
E 485 glaes b pege slaps sl Sl )
Slow YA caddllas G o a0 o ol a0 pL!
Sl Glowia anlllas gly b o5 035 & D

Dermagraft :jlo,o cod jlow Vo Lsly cpl jo 050l

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

\o

Sbesisll slacs 5 ol ez plos ;) Jlos!
P10 &3lmil Sk Soll slacd T e cod oo
2OV A) Wl iy o5 elssl § S
335,85 (50,0 SRl pladiges ¥ oo
O 5l Gpaito pd ¢ 4 dalol jo g Caw loals 00 4l

Al aelg> aisle g ey sla Sl 5l gl

Dermagraft®
Sl > G —ml> S Dermagraft
Comzyls 50 a8 o | glaail S350 (slacaw Dlug 8
Cd> bl canyls pl loas cun S iSMS L
a1y o Sl ol g il 5 o)l (i
3O dezin U yg—o 4 Dermagraft .oos o Js—azo
Spas b S glp ankd SO ol Slad an S S
s ¢y ole oo Dermagraft 5l .oq o oo 451
$lp g Ysb Sae gl S s b b b
g e (enl & (Gree 59,5 Sy slap

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

Sl S Sy Ca e g eie SoeS)
ONY Y 058 oo ool JolS culbes

AlloDerm®

Sy b Sy o gl 5 gyl S
Jal clae b IS sla Jusb s ey b 1oasS
A Sy (9l AlloDerm o595 o 3 g5 g0
wy ‘(5"“"3) LngJﬁL" O9OP O )‘ 6‘)" RO PR
SS9 48,5 )18 0aigd Slge (5 me 5O Sz
AT nl 0,8 oo )18 solezml (o8 Stz wnl
A5 oo S bl a5 ple LS La> 4
Gl Joloo (3900 (2550l G Alloderm a5 oLl )
Sd o] Sl o Jobw 5 by (ST i
el (sl G by Uil g ol 3) (uils wigd (o0
6‘)-’ Lg‘—“’l"'“" Ja...?ua).’) ‘U")il} U"‘ | A*BL»
4 lew JLbgail sla sk g oo Dg b & 2 los
o2l P cwlie SIS, 4SS jehaie 4 eyl
;o AlloDerm (6,l35,.5 5 ¢ , le oS o
oz 3lwoolel 035 e i 5 23S ) SlapailSe
O Loy JUl jo Wilgi oo g 91> (seB 1S

OVE O F) wisl ansls

Matriderm®

Gy A WSo il SO oleie 4y Matriderm
48,5 ol iV b ool sod gy IS 5 ISiie
Lol oals (Al ludl g0 JLsle a5 bL,
S glp shles il o plere a4 5N
O VLSS o0 Jos (9> (39,0 9 0 sl
i 53 23l el ool 5 s ol halil el
lacesdlyg e cg050d S8 (b 5o 09500 3Ll
a—J g |, 5g> extracellular matrix (ECM) ECM
Matriderm .og—3 co oy ol Gy lo g 0S o
S ol S y0 g e0g oYL el )l ples gl
9 B | JeSeiad ot )3 139 (00 00 Wgny (slal> 5o
ONVO N Y) veo oo sials |y o5 ols]

http://rjms.iums.ac.ir

Ohlen 5 (g0 03l (I

@ () ;500 098 5l e A g (gilwes, 28
Okl yo w85 18 sile 00,88 Gloys Cod ol
Olews a5 Sals QLifs s adllas (gl aan VY 6,90
3 Sase ple ke L.:J.a.: Dermagraft b )l ,o cou
4 Dermagraft « uloliy an8L ogue Jy08 09,5
Sont Sly oa S g sl (G Wgn Ko Olee
Dermagraft « Jl>  pl b .ol olpiing Cow slops)
Lajlig Sle 929 poe Hozmen cmlae ylo
Pl o g0 SlosSdd b (G55 sloS) dacen 52
slaanyp 9 Siell slad—w 0529 Jods 4

OV ) canl YU

Integra®

CAL mdigeo 003 Al Jg—azs (sl Integra

&3kl sl eazie SYLT (gg5l0 5 138 lojles Lo
Sl JSmtie Jobw g 23l cplcl o0
Sgm b1 ggh g8 (el O 51 Jodseie 55 5Le
Slaly P g oS S el oSS (o e
Lt & e gl 5 das e Sobes Ly S5 5 a5
Oy 51 S Sl L sl 5 des (SoSil
&l pdydllsil 5 651 0o Colex S o)l
Rl (Sl plSotin | 5 w8 (o0 slml 05 hans
Sy oSl S0 Go—w e 30 8
e 1y Sanylo GBS el 5SS = iy 55
Slom S oo @ol8 (S pge 0by 5 (Joho Sodilexles
4 LoDy yod Sl p25 Jore 4 Sl Nign
D9 (s J*S-*‘ P95 Al )0 g 0 lge Cey)ld
B0 L8 oot LS 5 i oo 5
s & g eaB 0l (FeSel—w 4 Y (3,
Dyl o K oo y] G S L (St
6,88k dez 5l c0aisS lgausl Co o (pou> Integra
slaglbse ¢lp sy sl plomle (SYsb
saiiSTaal glagKo o Jle 5 ,Slac wilies Seogl]
JUsly el by slxal )3 o5 Shbs (Geee
Ohlem sl ) Sl g (2LEI 25 als g (55 lon
llos s il slp (nSolr (nl WS o0 o2l 3
oSl b gla Si g alax 5l dagylo o

VECFS0s 0 YY AY din g o)l Y oy 5jl) 1xSasjs ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

Al (G0 dw s )5 (g9, p ool A ilS
S &y ol Jors (g 5 Sl sl sl
SO p Sres LB lwan s an e
35 s i3 o WL S 5SS
Sgo JBciS jlaie ¥ oLl 5l e i o)ge
S T N L e O
S9lpalp ol o)l culll &5 el 3>
Lasdb b ) ol pf g conlio (g o
3l ieelS o uRlr wszge Sz 4 4z g
Wt Lo Sl u—’;—'“—*-"f“-‘-' S 8des g LSl s
Oirad Kloa i ool Cdge colai il ol y cdél Ll
Co—ols jals asle SIS in Caely cl S
Jelo s GlaSs) 0529 pas g oLal (el
slygle axil ply jo Cdadlre ol g Cowgdo ylads
50 el 050 (Lol slas ,Slos () Wig—i b
5 9=y 6laygSl (g5l o3l wiy0als slagn Sl
ST 5 s 5 S fle g A g
055 Spste ax218 50 o] aslis Sl ey a5 b 0
Sl Sl 5l ol ¥ Jam 0 (Ve A) el
TN BRI PR GRS P RVIPIES PSRV EEP

s Sl 5l gad ¥l 6B g

Biobrane®
09N Eoan Y 98 s0y0 (1 350l> S Biobrane
21 g8 S5 (DI 5l bowe o3l cnl ol Jolow
95k old 5 Y 5 gam a ekl ats ) S
S5 opaml Y lgie 4 SHU b gl aes
JrisS 1) Gy mbe ols s jlas cwl oa s
e 5 DY gaze gl 5l S Biobrane oS
Culed b olo 035 10 0hg 4 (5055 sl p o Lo
ool (o0 Slop ) izeen 5 JolS (SS9 (S5
o loy B Cdge (i g G (ylgic 4y Biobrane
Nge Sl S Cgy (35 ey 2 Ly o)
05 Jme Sogdl a4 50,5 o 1,8 eolazwl 5,90

VY F) sl o ol

ol = (00 e Rl
5 Rpedmzm oyl - (o0 sl e
S Sy 0szge b Sl 3l S
900 sy ¢l il plyie 4 oyl o ws
Ol Gl Wi s s (grmb gy 0500
2 OLSes g b lawg ool cwdige oyl - (50)0
S5l Sl sle Jelow ool wl L VAAY Jlw
Sol> Ve dwg S JUI ] (FR) ai adgs
0391 b SoIsl slac g g beou—wsisl S

b6yl oyl = oyd gy sy ol =T Joua

& sHbap)ls Clrpog Co)d gt )b el
(a! SO culo b (Sibgw  5ell ol oBais Cangy slacuwgiil ) g lncaw Mg yud S55955 Apligraf

Ooge Slapds 9 JoB Leg o5 (39 g9y 2 00 o3l S
(\¥¥) JolS canbies b o3 S8 039y blseo s jl o 3o Jshu sy Sy ilo Sjsis OASIS

S
(") b o3 0ad oo CulS glacuuwgis])S o Solgl clacuwdlg b S g TissueTech
FdSiie 5 dpel Sl oS 55 slie )
o 23 S plye « Hyalograft
ol il olye & Laserskin
() S Culrs b o3 cuiS Syl (lacawMg b 9 Sylgl clacuwgusl S o PolyActive
CYE 5 ST ol b eguas Canly (g9, o osdd o0l
N5 ol e 5

(WV5) JolS cols b (Sisgw  oi9ll oljgs ofaiis Cuvgy slacamgil)S g bacuoDlg b Ny OrCel

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

Apligraf®

(S § 00 i Swgy Oy 3ol S Apligraf

Bilayered bioengineered skin) BBSS) 4 _¥Ygo
LB I g 5N a5l JSCiie ((substitute
Y S g Sl glac Dy 5l sey0 Y S
aS S| Gl Glacews 9251 S Lo o5 0ol JSis
Apligraf o8 o o0 das |, Ll Cangy (oands JLsLo
FoU 5 Sy culrs b g gy slops; by sl
Q)L)JL....J‘ ‘_ngwBb.o 59 oolawl é“ﬁ 9 Sl 00 d.ul.:
6‘)’3 ‘Q—l‘ » 05)1:- Lo | 00l L5>‘)'L’ G.Jbo Lgl.: f”"")
al_ac 1.5 0 Lol wal oo slaiel o0 3l as Slaes
H 52 13355 o ool b e JymerS 095
oS5 5ke 559,—2 li>l Apligraf .ol oo ool
aile a5 (sla Sl g oS g o ol )5
9B 5o slagyg,d il (S 5l Fi i 0,551
SN OYA) i S o m2l B A 5 V8 Gl (S il
L§L‘°LJ91—“‘ dssbe O3 ts“"—‘ RS- 43\)‘ 6LQJ91_..: aJL>-
39 :5,l0 0529 BBSS jo sl ool L JLdsgusl
slaoles )5 50 axd 5 plosil S jslgiganl slogiales]
@ ol b Jhgesr muly 5 b o) 2 (b
Sl ADligraf sloc s b by o gzl
5O 9> g0 «_i..a)jﬂ LgLQJjL.: ch} L)"‘ l; o Joois
O JFIs joele 9o B Gl s Sl 050 (0 S0l
oo Ahb b anllas G s aiile e 0
>z ol o |y Apligraf | X__iagh b wg
S cow Jlo S U as Glas VoV (595 0 9 S
Aaled dgzg pac (S mli o,y J5 4l
Jo ol boog W o, u_mli_.i.g_uﬂ L b
w%)|wou&law$o)‘ww5gé)lf&;u
Apligraf cavgy 9355 ax S1oplply .col juals
.\ \o‘) Ojj )|J5 oolawl 3,90 |‘0.'>) GJ}.A u.w.uy &

PolyActive®
5 Cedlbig pd Jolw 4¥g0 I PolyActive &y jg.lS
3 epias 5 S s fs 15 Sl Esgiil)S

http://rjms.iums.ac.ir

Ohlen 5 (g0 03l (I

OrCel®

G b 4 Ve Jol o Sk Sy OrCel
oyl Glaca wgisl S T o a5 el Apligraf
s dig o g oxpb il oAt Cans gy 50T
S35 O mhw | G 0 alllas 4Y g0 0 v
2o 9 e Mg d Wgl oools ST g4
S 0 g oo 2lST WS e S 5l 59,
JFEe il g Jloitey iou )0 laluwgisl S oS
el ol 3 iy e a8 S S Sl
b @ ool Y SO obml Gl e wgisl S
sol> OrCel .aigds oo a8lo | e g s (slylo 0¥
S JS—iie g @iz S8 BLw Snj oS0 5L
A, 558l aile o, sl 56 5l slac gaxe
55518 S 5l Bt 0, jgiSTB L Bgse g
9 )= CammgiS)S ad e N -Cwdlg b
) S g plow g 0mad;y )5S ouisS” hos
5 Sl (Oliee Joko 155 Sl (Son &5 Wilioe
S OrCel ol ogdle aii—wd gllas o35 pli]
29l 9138 plesls gy o8 wnl a3l
lielgs sudge ol hlam j0 Wigm caniSTanl slo Jxae
Slalllas 51 S 50 o) —idu il g eal g ]
dallas Gy cwlaid 3 18 bl o se b
Wil (KB gw lhlew 50 oleyo (sl OrCel Wigw
OrCel a5 sls lis slaaisl .cd,5 1,8 oolaswl 5,90
39 (5 lasb—ul yle—wily) Biobrane-L L auglin jo
oaSlanl sl Jowe ;0 03 & A Ay Jopnd
Oloe 4 OrCel o 5 350 Kl jals g cwy
Vsles ojl o dab g 0580 000 )5 0 Sge gy
ol Oladod gl alils p Wign Jove 5l 59, VF I
3 99290 DNA 5l 6l g VY 59, ;0 a5 wilosls
DRV v ) PRV KR PE R RV B SO | E=
Sloy anF Sa olees aa plgiee |, OrCel
9 o 9 (S99 &2 § Ok S S 0SS lgoal
(9 O az ST 10,5 ool ul o35 sl 2alS
2o oo Gl b gile s JULl g Wgn o) Jhas

Y Y

VECFS0s 0 YY AY din g o)l Y oy 5jl) 1xSasjs ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

odle 4.8l wales (g i drw 65 SO o] o
pead wsle ol (B9pe9,5e laaSd sbn
o3 Sag; 5l g 5 S (G slacn ol S
S oo Slaps s Gleys po a5 a Sl Hseboys
Bl 52 092 ge (g (Sl 8 09 dales Sae
b ialS 5 Llje 5108 @y j—amis Glasgome sl o
& Sl (590 Wlge (pl duje & az g b oSl e
o SNl sligsgaze 5 Ll 5l >l
o oI5 5| golans il sl ol 59240
2 Sy 6,85 sl Rl slesl loab S
sl o 33 (ol A5 0 oy 05 S9ne S9se
S oS cladiges Lo 4 Slalllas 3l g )l 45
U sy wlatline 5 goite xS0l ] sla )
od—i ]S o olesl 5 o] jo ailoa b sgae
Sy Blise Gl ol aslie sl 588
e S 2 S ole Ll gz 50 05250

lls walgs &g o s 5l ool glgl 6l

P g
C«SgLﬁ.A )‘ ‘) 0 5},MJ‘—/J‘JA ulf‘)*_'w_,y
el Lol Giore oK _iils 5,0l 8 4 tagl

.J.;)‘\)GO
SN ol
L;y?‘ a_.\Ua.>)Lo C)Q a Lg)LJ 9 o&g..a &o9° AJLB.A
ol s/ ey lio

u,u)liasd...l?usu oals 6)9T@?)O le O\-\.;.m.ij.;
30 P9 0w gl e | Al 1S (6K 2o 0 Ve dllis

ao oY e dlie e (5K g asllas b
wla Bl 6)ep a0, 0 Ve b ools Lo 5 allds
G5 GialesT (b 50 pilez di i (nizeen

il asls (6, Sen do 0 Ve o cols Judo g allas

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

V4

Mg b g p oYLl LSt sl b e
3¢9 Judo .l ol LS il Cow YLl
Jisl Kgm 95 5 oy sl Sy (S olgil sl Jolo
Slos oose 53 Lal b o 285 Gighe (sl s Lo
Jyaze cnl 5lols Vb anes SVsb (55le el
O ygmo 4 o S Culs b sla Ko Loy 0
PolyActive 09— oo ool wl ¢ codls i lg S
bl sl 6r908 by Sl ygSL 035 ol 8 LUl

AOY) o)l o2

Tissue Tech Autograft System®
Sl s alie EiS gy 03l o
Sl Sdg sl glas o udlig b 5 Com il S
Oleie 4 Hyalograft oS 5 5l g soi slw] oS yigs
s ele lsie 4 Laserskin g IR Ol
pladl jo Hlas 5500 o5l o Toads St 5 0 00)
S O)pe a4 Shoys g (ooSmly g e Bl b o3

(\Y\) Sl 00gs 035.0 Lsoj‘é &)’““""9”

& S Ao
S (oye SlapS) g Gres 9 Sy (g ol
sl QB3 $ln 1) (oo slaidly il oo pld!
JT o | il SO b i &y QLIS oo
loslitul b e 215, Gszred 6030 b o Swsn
Ok e SBL L ple ol es Job dgn o j925T 5
Wg—b aid S I 5o ol jlews o 9 ol (e
619055 5 (5 S gt Ml ¢l s o5Dle
e sy SNl yes Jsb (il sl 5
plas g o) slo,giS 1 i lo (sl yory Ll
S8es 5 il Jlowal job 4y sl (Jolow slaos,
ol sl 0155 0l Sl o B 1) E gy el
s b o wsdle wiibe oz le Jol—w jslaie
A ol owdige sl lo 4 Wb 9o slo s ds8
LG G ) Sl sl s Al T gu
g sl Cole Glp calie (Lby) Glye
oad oy ol g sla ol 3l oolaiwl b
Lol ol adsl Jlye jo 5500 (555l (ul 4z ST .o

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

References

1. Oualla-Bachiri W, Fernandez-Gonzalez A,
Quitiones-Vico MI, Arias-Santiago S. From grafts to
human bioengineered vascularized skin substitutes. Int
J Mol Sci. 2020;21(21):8197.

2. Vig K, Chaudhari A, Tripathi S, Dixit S, Sahu R,
Pillai S, et al. Advances in skin regeneration using
tissue engineering. Int J Mol Sci. 2017;18(4):789.

3. Tottoli EM, Dorati R, Genta I, Chiesa E, Pisani S,
Conti B. Skin wound healing process and new
emerging technologies for skin wound care and
regeneration. Pharmaceutics. 2020;12(8):735.

4. Biedermann T, Boettcher-Haberzeth S, Reichmann
E. Tissue engineering of skin for wound coverage. Eur
J Pediatr Surg. 2013;23(5):375-82.

5. Braza ME, Fahrenkopf MP. Split-thickness skin
grafts. 2019.

6. Davis M, Baird D, Hill D, Layher H, Akin R,
editors. Management of full-thickness skin grafts.
Baylor University Medical Center Proceedings; 2021:
Taylor & Francis.

7. Dai C, Shih S, Khachemoune A. Skin substitutes
for acute and chronic wound healing: an updated
review. Journal of Dermatological Treatment.
2020;31(6):639-48.

8. Abdolmaleki A, Asadi A, Taghizadeh Momen L,
Parsi Pilerood S. The Role of Neural Tissue
Engineering in the Repair of Nerve Lesions. The
Neuroscience  Journal of  Shefaye  Khatam.
2020;8(3):80-96.

9. Goodarzi P, Falahzadeh K, Nematizadeh M,
Farazandeh P, Payab M, Larijani B, et al. Tissue
engineered skin substitutes. Cell Biology and
Translational Medicine, Volume 3. 2018:143-88.

10. Johnstone CC, Farley A. The physiological basics
of wound healing. Nurs Stand. 2005;19(43):59-65; quiz
6.

11. Hsu YC, Li L, Fuchs E. Emerging interactions
between skin stem cells and their niches. Nat Med.
2014;20(8):847-56.

12. Piipponen M, Li D, Landén NX. The Immune
Functions of Keratinocytes in Skin Wound Healing. Int
J Mol Sci. 2020;21(22):8790.

13.  Ghoreishi SA, Dezfoulian M, Abdolmaleki A.
Differentiation of human ovarian follicular granulosa
cells into keratinocytes. Studies in Medical Sciences.
2021;31(11):813-22.

14. Singh SK, Baker R, Sikkink SK, Nizard C,
Schnebert S, Kurfurst R, et al. E-cadherin mediates
ultraviolet radiation- and calcium-induced melanin
transfer in human skin cells. Exp Dermatol.
2017;26(11):1125-33.

15. Clayton K, Vallejo AF, Davies J, Sirvent S, Polak
ME. Langerhans Cells—Programmed by the
Epidermis. Frontiers in Immunology. 2017;8(1676).

16. Abraham J, Mathew S. Merkel Cells: A Collective
Review of Current Concepts. Int J Appl Basic Med Res.

\

Ohlen 5 (g0 03l (I

2019;9(1):9-13.

17. Bonté F, Girard D, Archambault JC, Desmouliére
A. Skin Changes During Ageing. Subcell Biochem.
2019;91:249-80.

18. Murphrey MB, Miao JH, Zito PM. Histology,
stratum corneum. 2018.

19. Yousef H, Alhajj M, Sharma S. Anatomy, skin
(integument), epidermis. 2017.

20. Nguyen AV, Soulika AM. The Dynamics of the
Skin’s  Immune System. Int J Mol Sci.
2019;20(8):1811.

21. Murphree RW. Impairments in Skin Integrity.
Nurs Clin North Am. 2017;52(3):405-17.

22. Wong R, Geyer S, Weninger W, Guimberteau JC,
Wong JK. The dynamic anatomy and patterning of
skin. Exp Dermatol. 2016;25(2):92-8.

23. Lawton S. Skin 1: The structure and functions of
the skin. Nurs Times. 2019;115:30-3.

24. Gruzdeva OV, Akbasheva OE, Dyleva YA,
Antonova LV, Matveeva VG, Uchasova EG, et al.
Adipokine and Cytokine Profiles of Epicardial and
Subcutaneous Adipose Tissue in Patients with
Coronary Heart Disease. Bull Exp Biol Med.
2017;163(5):608-11.

25. Tareen SHK, Kutmon M, Adriaens ME, Mariman
ECM, de Kok TM, Arts ICW, et al. Exploring the
cellular network of metabolic flexibility in the adipose
tissue. Genes Nutr. 2018;13:17.

26. Klar AS, Zimoch J, Biedermann T. Skin Tissue
Engineering: Application of Adipose-Derived Stem
Cells. Biomed Res Int. 2017;2017:9747010.

27. Losquadro WD. Anatomy of the Skin and the
Pathogenesis of Nonmelanoma Skin Cancer. Facial
Plast Surg Clin North Am. 2017;25(3):283-9.

28. Varkey M, Ding J, Tredget EE. Advances in Skin
Substitutes-Potential of Tissue Engineered Skin for
Facilitating Anti-Fibrotic Healing. J Funct Biomater.
2015;6(3):547-63.

29. Dhivya S, Padma VYV, Santhini E. Wound
dressings - a review. Biomedicine (Taipei).
2015;5(4):22-.

30. Nourian Dehkordi A, Mirahmadi Babaheydari F,
Chehelgerdi M, Raeisi Dehkordi S. Skin tissue
engineering: wound healing based on stem-cell-based
therapeutic ~ strategies. Stem Cell Res Ther.
2019;10(1):111.

31. Goodarzi P, Falahzadeh K, Nematizadeh M,
Farazandeh P, Payab M, Larijani B, et al. Tissue
Engineered Skin Substitutes. Adv Exp Med Biol.
2018;1107:143-88.

32. Schaefer TJ, Szymanski KD. Burn evaluation and
management. 2017.

33. Warby R, Maani CV. Burns Classification. 2019.

34. Tolles J. Emergency department management of
patients with thermal burns. Emerg Med Pract.
2018;20(2):1-24.

35. Larouche J, Sheoran S, Maruyama K, Martino
MM. Immune Regulation of Skin Wound Healing:


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

Mechanisms and Novel Therapeutic Targets. Adv
Wound Care (New Rochelle). 2018;7(7):209-31.

36. Coalson E, Bishop E, Liu W, Feng Y, Spezia M,
Liu B, et al. Stem cell therapy for chronic skin wounds
in the era of personalized medicine: From bench to
bedside. Genes & Diseases. 2019;6(4):342-58.

37. Sen CK. Human Wound and Its Burden: Updated
2020 Compendium of Estimates. Adv Wound Care
(New Rochelle). 2021;10(5):281-92.

38. Wu YK, Cheng NC, Cheng CM. Biofilms in
Chronic Wounds: Pathogenesis and Diagnosis. Trends
Biotechnol. 2019;37(5):505-17.

39. Omar A, Wright JB, Schultz G, Burrell R,
Nadworny P. Microbial Biofilms and Chronic Wounds.
Microorganisms. 2017;5(1).

40. Nyame TT, Chiang HA, Leavitt T, Ozambela M,
Orgill DP. Tissue-engineered skin substitutes. Plastic
and reconstructive surgery. 2015;136(6):1379-88.

41. Norouzi M, Boroujeni SM, Omidvarkordshouli
N, Soleimani M. Advances in skin regeneration:
application of electrospun scaffolds. Advanced
healthcare materials. 2015;4(8):1114-33.

42. Sierra-Sanchez A, Kim KH, Blasco-Morente G,
Arias-Santiago S. Cellular human tissue-engineered
skin substitutes investigated for deep and difficult to
heal injuries. NPJ Regen Med. 2021;6(1):35.

43. Asadi A, Zahri S, Abdolmaleki A. Biosynthesis,
characterization and evaluation of the supportive
properties and biocompatibility of DBM nanoparticles
on a tissue-engineered nerve conduit from
decellularized sciatic nerve. Regenerative Therapy.
2020;14:315-21.

44. TIrfan-Maqsood M, Hemmati Sadeghi S.
Developments toward an Ideal Skin Substitute: A
Commentary. Journal of Cell and Molecular Research.
2013;5(2):87-91.

45. Chaudhari AA, Vig K, Baganizi DR, Sahu R,
Dixit S, Dennis V, et al. Future prospects for
scaffolding methods and biomaterials in skin tissue
engineering: a review. Int J Mol Sci. 2016;17(12):1974.

46. ter Horst B, Moiemen NS, Grover LM. 6 - Natural
polymers: biomaterials for skin scaffolds. In: Garcia-
Gareta E, editor. Biomaterials for Skin Repair and
Regeneration: Woodhead Publishing; 2019. p. 151-92.

47. Aran S, Zahri S, Asadi A, Khaksar F,
Abdolmaleki A. Hair follicle stem cells differentiation
into bone cells on collagen scaffold. Cell and Tissue
Banking. 2020;21(2):181-8.

48. Dems D, Rodrigues da Silva J, Hélary C, Wien F,
Marchand M, Debons N, et al. Native collagen:
electrospinning of pure, cross-linker-free, self-
supported membrane. ACS Applied Bio Materials.
2020;3(5):2948-57.

49. O'brien FJ. Biomaterials & scaffolds for tissue
engineering. Materials today. 2011;14(3):88-95.

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

AR

50. Nicholas MN, Jeschke MG, Amini-Nik S.
Cellularized bilayer pullulan-gelatin hydrogel for skin
regeneration. Tissue Engineering Part A. 2016;22(9-
10):754-64.

51. Nicholas MN, Jeschke MG, Amini-Nik S.
Methodologies in creating skin substitutes. Cellular and
molecular life sciences. 2016;73(18):3453-72.

52. Biirck J, Heissler S, Geckle U, Ardakani MF,
Schneider R, Ulrich AS, et al. Resemblance of
electrospun collagen nanofibers to their native
structure. Langmuir. 2013;29(5):1562-72.

53. Choi YS, Hong SR, Lee YM, Song KW, Park
MH, Nam YS. Study on gelatin-containing artificial
skin: I. Preparation and characteristics of novel gelatin-
alginate sponge. Biomaterials. 1999;20(5):409-17.

54. Mota A, Lotfi AS, Barzin J, Hatam M, Adibi B,
Khalaj Z, et al. Human bone marrow mesenchymal
stem cell behaviors on PCL/gelatin nanofibrous
scaffolds modified with a collagen IV-derived RGD-
containing  peptide. Cell Journal (Yakhteh).
2014;16(1):1.

55. Dainiak MB, Allan IU, Savina IN, Cornelio L,
James ES, James SL, et al. Gelatin—fibrinogen cryogel
dermal matrices for wound repair: preparation,
optimisation and in vitro study. Biomaterials.
2010;31(1):67-76.

56. Shevchenko RV, Eeman M, Rowshanravan B,
Allan IU, Savina IN, Illsley M, et al. The in vitro
characterization of a gelatin scaffold, prepared by
cryogelation and assessed in vivo as a dermal
replacement in wound repair. Acta biomaterialia.
2014;10(7):3156-66.

57.Min B-M, Lee G, Kim SH, Nam YS, Lee TS, Park
WH. Electrospinning of silk fibroin nanofibers and its
effect on the adhesion and spreading of normal human
keratinocytes and fibroblasts in vitro. Biomaterials.
2004;25(7-8):1289-97.

58. Mottaghitalab F, Farokhi M, Zaminy A, Kokabi
M, Soleimani M, Mirahmadi F, et al. A biosynthetic
nerve guide conduit based on silk/SWNT/fibronectin
nanocomposite for peripheral nerve regeneration. PLoS
One. 2013;8(9):e74417.

59. Min B-M, Jeong L, Nam YS, Kim J-M, Kim JY,
Park WH. Formation of silk fibroin matrices with
different texture and its cellular response to normal
human keratinocytes. International journal of
biological macromolecules. 2004;34(5):223-30.

60. Mogosanu GD, Grumezescu AM. Natural and
synthetic polymers for wounds and burns dressing.
International journal of pharmaceutics.
2014;463(2):127-36.

61. Liu TL, Miao JC, Sheng WH, Xie YF, Huang Q,
Shan Y-b, et al. Cytocompatibility of regenerated silk
fibroin film: a medical biomaterial applicable to wound
healing. Journal of Zhejiang University SCIENCE B.

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

2010;11(1):10-6.

62. Sell SA, Francis MP, Garg K, McClure MJ,
Simpson DG, Bowlin GL. Cross-linking methods of
electrospun fibrinogen scaffolds for tissue engineering
applications. Biomedical Materials. 2008;3(4):045001.

63. McManus MC, Boland ED, Koo HP, Barnes CP,
Pawlowski KJ, Wnek GE, et al. Mechanical properties
of electrospun  fibrinogen  structures.  Acta
biomaterialia. 2006;2(1):19-28.

64. Nehrer S, Chiari C, Domayer S, Barkay H, Yayon
A. Results of chondrocyte implantation with a fibrin-
hyaluronan matrix: a preliminary study. Clinical
orthopaedics and related research. 2008;466(8):1849-
55.

65. Rothwell SW, Sawyer E, Dorsey J, Flournoy WS,
Settle T, Simpson D, et al. Wound healing and the
immune response in swine treated with a hemostatic
bandage composed of salmon thrombin and fibrinogen.
Journal of Materials Science: Materials in Medicine.
2009;20(10):2155-66.

66. Hu MS, Maan ZN, Wu J-C, Rennert RC, Hong
WX, Lai TS, et al. Tissue engineering and regenerative
repair in wound healing. Annals of biomedical
engineering. 2014;42(7):1494-507.

67. Uppal R, Ramaswamy GN, Arnold C, Goodband
R, Wang Y. Hyaluronic acid nanofiber wound
dressing—production, characterization, and in vivo
behavior. Journal of Biomedical Materials Research
Part B: Applied Biomaterials. 2011;97(1):20-9.

68. Price RD, Myers S, Leigh IM, Navsaria HA. The
role of hyaluronic acid in wound healing. American
journal of clinical dermatology. 2005;6(6):393-402.

69. Biedermann T, Boettcher-Haberzeth S,
Reichmann E. Tissue engineering of skin for wound
coverage. European Journal of Pediatric Surgery.
2013;23(05):375-82.

70. Um IC, Fang D, Hsiao BS, Okamoto A, Chu B.
Electro-spinning and electro-blowing of hyaluronic
acid. Biomacromolecules. 2004;5(4):1428-36.

71. Gu BK, Park SJ, Kim MS, Kang CM, Kim J-I,
Kim CH. Fabrication of sonicated chitosan nanofiber
mat with enlarged porosity for use as hemostatic
materials. Carbohydrate Polymers. 2013;97(1):65-73.

72. Mahmoudi SM, Asadi A, BROUKI MP,
SHARIFI E, Abdolmaleki A. Preparation of tissue-
engineered wound dressing consisting of chitosan
fibers containing silver ion-doped bioactive
nanoparticles for wound healing. 2021.

73. Shalumon K, Anulekha K, Nair SV, Nair S,
Chennazhi K, Jayakumar R. Sodium alginate/poly
(vinyl alcohol)/nano ZnO composite nanofibers for
antibacterial wound dressings. International journal of
biological macromolecules. 2011;49(3):247-54.

74. Thu HE, Zulfakar MH, Ng SF. Alginate based
bilayer hydrocolloid films as potential slow-release

Ohlen 5 (g0 03l (I

modern wound dressing. International journal of
pharmaceutics. 2012;434(1-2):375-83.

75. Augst AD, Kong HJ, Mooney DJ. Alginate
hydrogels as biomaterials. Macromolecular bioscience.
2006;6(8):623-33.

76. Sheikholeslam M, Wright ME, Jeschke MG,
Amini-Nik S. Biomaterials for skin substitutes.
Advanced healthcare materials. 2018;7(5):1700897.

77. Goodarzi P, Falahzadeh K, Nematizadeh M,
Farazandeh P, Payab M, Larijani B, et al. Tissue
engineered skin substitutes. Cell Biology and
Translational Medicine, Volume 3. 2018:143-88.

78. Rahmani Del Bakhshayesh A, Annabi N,
Khalilov R, Akbarzadeh A, Samiei M, Alizadeh E, et
al. Recent advances on biomedical applications of
scaffolds in wound healing and dermal tissue
engineering. Artificial cells, nanomedicine, and
biotechnology. 2018;46(4):691-705.

79. Cheng YL, Lee ML. Development of dynamic
masking rapid prototyping system for application in
tissue engineering. Rapid Prototyping Journal. 2009.

80. Cui W, Zhu X, Yang Y, Li X, Jin Y. Evaluation
of electrospun fibrous scaffolds of poly (dl-lactide) and
poly (ethylene glycol) for skin tissue engineering.
Materials Science and Engineering: C.
2009;29(6):1869-76.

81. Sadeghi-Avalshahr A, Nokhasteh S, Molavi AM,
Khorsand-Ghayeni M, Mahdavi-Shahri M. Synthesis
and characterization of collagen/PLGA biodegradable
skin scaffold fibers. Regenerative biomaterials.
2017;4(5):309-14.

82. Asadi A. Streptomycin-loaded PLGA-alginate
nanoparticles: preparation, characterization, and
assessment. Applied Nanoscience. 2014;4(4):455-60.

83. Kim SJ, Park WH, Min B-M. Fabrication and
characterization of 3-dimensional PLGA
nanofiber/microfiber composite scaffolds. Polymer.
2010;51(6):1320-7.

84. Golmohammadi MG, Farokhi F. Wharton’s jelly-
derived mesenchymal stem cells and
polycaprolactone/hydroxyapatite (PCL/HA) scaffold
for bone tissue engineering. Egyptian Journal of
Histology. 2020;43(2):496-508.

85. Xie J, MacEwan MR, Ray WZ, Liu W, Siewe DY,
Xia Y. Radially aligned, electrospun nanofibers as
dural substitutes for wound closure and tissue
regeneration applications. ACS nano. 2010;4(9):5027-
36.

86. Bonvallet PP, Schultz MJ, Mitchell EH, Bain JL,
Culpepper BK, Thomas SJ, et al. Microporous dermal-
mimetic electrospun scaffolds pre-seeded with
fibroblasts promote tissue regeneration in full-
thickness skin wounds. PLoS One.
2015;10(3):¢0122359.

87. Philip S, Keshavarz T, Roy L

AR

http://rjms.iums.ac.ir

VECFS0s 0 YY AY din g o)l Y oy 5jl) 1xSasjs ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

g SBpd ) pre ) Cae (swgy Sl ol

Polyhydroxyalkanoates: biodegradable polymers with
arange of applications. Journal of chemical technology
& biotechnology: International research in process,
Environmental & clean technology. 2007;82(3):233-
47.

88. Gholipour-Kanani A, Bahrami SH, Joghataie MT,
Samadikuchaksaraei A, Ahmadi-Taftie H, Rabbani S,
et al. Tissue engineered poly (caprolactone)-chitosan-
poly (vinyl alcohol) nanofibrous scaffolds for burn and
cutting wound healing. IET nanobiotechnology.
2014;8(2):123-31.

89. Choi SM, Singh D, Shin EJ, Zo SM, Han SS.
Engineering and optimization of three-dimensional
poly (vinyl alcohol)/gelatin matrix to mimic skin tissue.
Journal of  Computational and  Theoretical
Nanoscience. 2015;12(5):858-66.

90. Rashidi S, Asadi A, Latifi-Navid S, Zahri S,
Khodayari A, Abdolmaleki A. Fabrication of Poly

(Vinyl Alcohol)/Gelatin Biomimetic Electrospun
Nanofibrous Composites and Its Bioactivity
Assessment  for Bone  Tissue  Engineering.

biodegradation. 2021;21:22.

91. Catalano E, Cochis A, Varoni E, Rimondini L,
Azzimonti B. Tissue-engineered skin substitutes: an
overview. Journal of  Artificial Organs.
2013;16(4):397-403.

92. Shakespeare PG. The role of skin substitutes in
the treatment of burn injuries. Clin Dermatol.
2005;23(4):413-8.

93. Melkun ET, Few JW. The Use of Biosynthetic
Skin Substitute (Biobrane) for Axillary Reconstruction
after Surgical Excision for Hidradenitis Suppurativa.
Plastic and Reconstructive Surgery. 2005;115(5):1385-
8.

94. Horch RE, Kopp J, Kneser U, Beier J, Bach AD.
Tissue engineering of cultured skin substitutes. J Cell
Mol Med. 2005;9(3):592-608.

95. Supp DM, Boyce ST. Engineered skin substitutes:
practices and  potentials. Clin  Dermatol.
2005;23(4):403-12.

96. Rheinwald JG, Green H. Epidermal growth factor
and the multiplication of cultured human epidermal
keratinocytes. Nature. 1977;265(5593):421-4.

97. Rheinwald JG, Green H. Formation of a
keratinizing epithelium in culture by a cloned cell line
derived from a teratoma. Cell. 1975;6(3):317-30.

98. Bello YM, Falabella AF, Eaglstein WH. Tissue-
engineered skin. Current status in wound healing. Am
J Clin Dermatol. 2001;2(5):305-13.

99. Price RD, Myers S, Leigh IM, Navsaria HA. The
role of hyaluronic acid in wound healing: assessment of
clinical evidence. Am J Clin Dermatol. 2005;6(6):393-
402.

100. Kumar S, Kang HJ, Berthiaume F. Scaffolds for
epidermal tissue engineering. Handbook of Tissue

VE Y3150 TY AY di s o5led Y 050 15jl) 1gSiisja ogle alan

Yy

Engineering Scaffolds: Volume Two: Elsevier; 2019. p.
173-91.

101. Savoji H, Godau B, Hassani MS, Akbari M. Skin
Tissue Substitutes and Biomaterial Risk Assessment
and Testing. Frontiers in Bioengineering and
Biotechnology. 2018;6.

102. Erdag G, Morgan JR. Allogeneic versus
xenogeneic immune reaction to bioengineered skin
grafts. Cell Transplant. 2004;13(6):701-12.

103. Nathoo R, Howe N, Cohen G. Skin substitutes:
an overview of the key players in wound management.
The Journal of clinical and aesthetic dermatology.
2014;7(10):44.

104. Varkey M, Ding J, Tredget EE. Advances in skin
substitutes—potential of tissue engineered skin for
facilitating anti-fibrotic healing. Journal of functional
biomaterials. 2015;6(3):547-63.

105. Tausche AK, Skaria M, Bohlen L, Liebold K,
Hafner J, Friedlein H, et al. An autologous epidermal
equivalent tissue-engineered from follicular outer root
sheath keratinocytes is as effective as split-thickness
skin autograft in recalcitrant vascular leg ulcers.
Wound repair and regeneration. 2003;11(4):248-52.

106. Esteban-Vives R, Young MT, Zhu T, Beiriger J,
Pekor C, Ziembicki J, et al. Calculations for
reproducible autologous skin cell-spray grafting.
Burns. 2016;42(8):1756-65.

107. Tavakoli S, Klar AS. Bioengineered Skin
Substitutes: Advances and Future Trends. Applied
Sciences. 2021;11(4):1493.

108. Groeber F, Holeiter M, Hampel M, Hinderer S,
Schenke-Layland K. Skin tissue engineering—in vivo
and in vitro applications. Advanced drug delivery
reviews. 2011;63(4-5):352-66.

109. Shevchenko RV, James SL, James SE. A review
of tissue-engineered skin bioconstructs available for
skin reconstruction. Journal of the royal Society
Interface. 2010;7(43):229-58.

110. Hart CE, Loewen-Rodriguez A, Lessem J.
Dermagraft: use in the treatment of chronic wounds.
Advances in wound care. 2012;1(3):138-41.

111. MacEwan MR, MacEwan S, Kovacs TR, Batts
J. What makes the optimal wound healing material? A
review of current science and introduction of a
synthetic nanofabricated wound care scaffold. Cureus.
2017;9(10).

112. Dixit S, Baganizi DR, Sahu R, Dosunmu E,
Chaudhari A, Vig K, et al. Immunological challenges
associated with artificial skin grafts: available solutions
and stem cells in future design of synthetic skin. Journal
of Biological Engineering. 2017;11(1):1-23.

113. Chang DK, Louis MR, Gimenez A, Reece EM,
editors. The basics of integra dermal regeneration
template and its expanding clinical applications.
Seminars in Plastic Surgery; 2019: Thieme Medical

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7736-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-30 ]

Publishers.

114. Jansen LA, De Caigny P, Guay NA,
Linecaweaver WC, Shokrollahi K. The evidence base
for the acellular dermal matrix AlloDerm: a systematic
review. Annals of plastic surgery. 2013;70(5):587-94.

115. Min JH, Yun IS, Lew DH, Roh TS, Lee WJ. The
use of matriderm and autologous skin graft in the
treatment of full thickness skin defects. Archives of
plastic surgery. 2014;41(4):330.

116. Stojic M, Lopez V, Montero A, Quilez C, de
Aranda Izuzquiza G, Vojtova L, et al. Skin tissue
engineering. Biomaterials for skin repair and
regeneration: Elsevier; 2019. p. 59-99.

117. Nyame TT, Chiang HA, Orgill DP. Clinical
applications of skin substitutes. Surgical Clinics.
2014;94(4):839-50.

118. Foley E, Robinson A, Maloney M. Skin
substitutes and dermatology: a review. Current
Dermatology Reports. 2013;2(2):101-12.

119. Zaulyanov L, Kirsner RS. A review of a bi-
layered living cell treatment (Apligraf®) in the
treatment of venous leg ulcers and diabetic foot ulcers.
Clinical interventions in aging. 2007;2(1):93.

120. Meng Q, Shen C. Construction of low contracted
3D skin equivalents by genipin cross-linking.
Experimental Dermatology. 2018;27(10):1098-103.

121. Chocarro-Wrona C, Lépez-Ruiz E, Peran M,
Galvez-Martin P, Marchal J. Therapeutic strategies for
skin regeneration based on biomedical substitutes.
Journal of the European Academy of Dermatology and
Venereology. 2019;33(3):484-96.

122. Shevchenko RV, James SL, James SE. A review
of tissue-engineered skin bioconstructs available for
skin reconstruction. J R Soc Interface. 2010;7(43):229-
58.

123. Mohd Hilmi AB, Halim AS. Vital roles of stem
cells and biomaterials in skin tissue engineering. World
J Stem Cells. 2015;7(2):428-36.

124. Ornelas-Flores MC, Garcia-Lopez J, Melgarejo-
Ramirez Y, Sanchez-Sanchez R, Leyva-Gémez G,
Zacaula-Juarez N, et al. Implantation of a heterologous
dermo-epidermal skin substitute in a patient with deep
dermal burn that enhances biomechanical and
functional recovery: Case report. Burns Open.
2018;2(3):144-53.

125. Ahmadi Ashtiani HR, Akaberi M,
Nilforoushzadeh MA, Farahani M. Repairing injured
skin: Biologics, skin substitutes, and scaffolds. Journal
of Skin and Stem Cell. 2018;5(4).

126. Price RD, Das-Gupta V, Leigh IM, Navsaria
HA. A comparison of tissue-engineered hyaluronic
acid dermal matrices in a human wound model. Tissue
engineering. 2006;12(10):2985-95.

127. Chang DK, Louis MR, Gimenez A, Reece EM.
The Basics of Integra Dermal Regeneration Template

Ohlen 5 (g0 03l (I

and its Expanding Clinical Applications. Semin Plast
Surg. 2019;33(3):185-9.

128. Dai C, Shih S, Khachemoune A. Skin substitutes
for acute and chronic wound healing: an updated
review. J Dermatolog Treat. 2020;31(6):639-48.

129. Téot L, Mustoe TA, Middelkoop E, Gauglitz
GG. Textbook on scar management: state of the art
management and emerging technologies. 2020.

130. Nicholas MN, Yeung J. Current status and future
of skin substitutes for chronic wound healing. Journal
of cutaneous medicine and surgery. 2017;21(1):23-30.

131. Nakhi MB, Al Saqqa B. The use of MatriDerm®
and skin graft for reconstruction of complex wounds.
Wounds. 2020;7(1).

132. Gomathysankar S, Halim AS, Makhtar WRW,
Saad AZM, Yaacob NS. Skin substitutes in wound
healing and the stimulatory effects of adipose-derived
stem cells for the proliferation of keratinocytes on
chitosan. Chronic Wounds, Wound Dressings and
Wound Healing. 2021:379-94.

133. Foley E, Robinson A, Maloney M. Skin
substitutes and dermatology: a review. Current
Dermatology Reports. 2013;2:101-12.

134. Schaum KD, Farley KL. A Clinical and Coding
Overview of OASIS® Wound Matrix and OASIS®
Burn Matrix. Retrieved May. 2006;15:2011.

Y¢

http://rjms.iums.ac.ir

VBTS00 YY AY dn gy o5led Y 055 15jl) 1xSaisji ogle alan


https://rjms.iums.ac.ir/article-1-7736-en.html
http://www.tcpdf.org

