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Abstract

Skin�substitutes�are�a�heterogeneous�group�of�biologic,�synthetic,�or�biosynthetic�materials�
that�can�provide�coverage�of�open�skin�wounds.��he�aim�of�skin�substitutes�is�to�replicate�
the� properties� of� the� normal� skin.� �iocompatibility,� antimicrobial� activity,� appropriate�
hydrophilicity,�and�biodegradability�are�all�desirable��ualities�in�a�skin�substitute.��he�goal�
of�tissue�engineering�research�is�to�develop�cell-based�wound�substitutes�or�wound�covers�
that�promote�cell�migration,�differentiation,�and�vasculari�ation�to�facilitate�wound�healing.

�ey�ord:�Skin�substitute.

I�T�O��CTIO�

�he� biggest� organ� on� the� human� body,� the� skin�
defends� the� body� from� the� elements.� �he� loss� of�
the� skin�barrier's� integrity�as� a� result�of� injury�or�
deformity� can� result� in� serious� problems� or� even�
death.� After� skin� damage,� large� and� deep� skin�
wounds�do�not�heal�in�a�timely�manner.1

Skin� substitutes� are� a� heterogeneous� group� of�
biologic,� synthetic,� or� biosynthetic� materials�

Author� Affiliation:� 1Professor,� Department� of� Plastic�
Surgery,�2Senior�Resident,�Department�of��eneral�Surgery,�
�awaharlal� Institute� of� Postgraduate� Medical� �ducation�
and�Research,�Pondicherry��0�00�,�India.

Correspondin�� Author:� �a�i� �umar� Chittoria,�
Professor,� Department� of� Plastic� Surgery,� �awaharlal�
Institute�of�Postgraduate�Medical��ducation�and�Research,�
Pondicherry��0�00�,�India.
E�mail:�drchittoria@yahoo.com

�ecei�ed�on:�1�.04.2022

Accepted�on:��0.0�.2022

that� can� provide� coverage� of� open� skin� wounds.�
�he� aim� of� skin� substitutes� is� to� replicate� the�
properties� of� the� normal� skin.� �iocompatibility,�
antimicrobial� activity,� appropriate� hydrophilicity,�
and�biodegradability�are�all�desirable��ualities�in�a�
skin�substitute.

In� this�Article,�we�explain�commercially�available�
skin� substitutes� for� different� clinical� applications.
We� also� call� attention� to� the� recent� use� of� �D�
bioprinting� technology� to� create� cell-based� skin�
substitutes.

BAC���O����

Various� circumstances� can� cause� skin� integrity� to�
be�compromised,�resulting�in�a�variety�of�wounds,�
including�acute�and�chronic�wounds.�Wounds�can�
also� be� divided� into� mechanical� injuries� such� as�
abrasions� and� tears� produced� by� external� forces,�
and�skin� injuries� induced�by�radiation,�electricity,�
corrosive� chemicals,� and� thermal� sources� causing�
severe�burns.2
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Minor�super��cial�skin�lesions�can�be�healed�through�
epitheliali�ation� in� the� human� body�without� any�
special�therapy.�Large�and�deep�skin���aws,�on�the�
other� hand,�necessitate� skin� replacement� in�order�
to�heal� effectively.���ard-to-heal�chronic�wounds,�
impaired� vasculari�ation� is� the� main� cause� of�
delayed�healing.

�he�goal�of�tissue�engineering�research�is�to�develop�
cell-based� wound� substitutes� or� wound� covers�
that� promote� cell� migration,� differentiation,� and�
vasculari�ation� to� facilitate� wound� healing.� �he�
bulk�of�cell-based�skin�substitutes�are�made�up�of�a�
scaffold�that�is�seeded/cultured�with�cells.4

C�ASSIFICATIO�

CE����A�E�� COMME�CIA�� S�I��
TEMP�ATES

�lacental��e��ranes

�pithelial� cells,� neonatal� ��broblasts,� and�
mesenchymal� stem� cells� (MSCs)� � in� the� placental�
membrane,� aid� wound� healing.� MSCs� secrete�
substances� that� encourage� the� migration� and�
proliferation� of� the� many� cell� types� involved� in�
wound�healing.���epatocyte�growth� factor� (��F)�
and�vascular�endothelial�growth�factor�(V��F)�are�
released� by� MSCs� to� promote� vascular� network�
creation�and�anti-scarring�capabilities,�respectively.�

�ra��x� (�siris� �herapeutics� Inc.,� Columbia,� MD,�
�SA)� is� a�placental-based� cryopreserved�allograft�

that� is� commercially� accessible.� It's� used� to� treat�
diabetic� foot� ulcers,� epidermolysisbullosa,� burns,�
and�surgical�incisions�and�dehiscence,�among�other�
acute�and�chronic�wounds.�

Cultured���it�elial���eets�(C�A)

C�A� is� made� up� of� either� the� patient's� own�
keratinocytes� (autologous)� or� donor� cells�
(allografts),�which�are�sheets�made�from�the�skin�of�
a�stranger.�Large�burn�injuries�and�persistent�ulcers�
can�both�bene��t�from�this�treatment.�Donor�skin�is�
limited�in�burn�wounds�that�cover�more�than��0��of�
the�total�body�surface�area.8�As�a�result,�cultivated�
epithelial� autografts� may� provide� covering� to�
aid� wound� closure.� Due� to� its� uneven� graft� take�
rates,� infection� risk,�and� fre�uently�disappointing�
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functional�and�cosmetic�results,�C�A's�application�
potential� is� restricted.� �he� lack� of� a� functionally�
competent�dermal�component�is�the�primary�cause�
of�these�issues.�

Fi����:��eratinocyte�culture.

Source:�Copyright@Peter�C.��eligan�plastic�surgery�
principles�vol:1

�ermal�Templates

Dermagraft� is� a� dermal� substitute� made� up� of�
allogeneic� human� ��broblasts� in� a� polyglactin�
scaffold� (Smith� and��ephew,�Largo,� FL,��SA).� It�
comes�fro�en�in�a�transparent�bag�with�one�piece�for�
a�one-time�use�application.�It�can�be�used�for�lengthy�
periods�of�time�to�treat�full-thickness�diabetic�foot�
ulcers�as�well�as�deep�necrotic�cutaneous�ulcers�that�
do�not�involve�the�tendon,�muscle,�joint�capsule,�or�
bone.10� �here� are� no� macrophages,� lymphocytes,�
blood�vessels,�or�hair�follicles�in�dermagraft.11

�pidermal�Templates

�he� development� of� a� strati��ed� keratinocyte�
layer� to�provide�barrier� function,� is� critical� � focus�
of� epidermal� tissue� engineering.12� It� acts� as� a�
physical� scaffold� for� cell� migration� and� release�
of� soluble� substances� like� chemokines� and�
growth� factors.1�� Apligraf� (�rganogenesis� Inc.,�

Canton,� Massachusetts,� CA,� �SA)� is� a� bilayered�
bioengineered�skin�replacement�(��SS)�that�mimics�
the�normal�structure�of�human�skin�by�combining�a�
bovine�type�I�collagen�lattice�with�a�dermal�layer�of�
human���broblasts�and�a�layer�generated�by�human�
keratinocytes.14

�ermo��pidermal���in���ui�alents��Composite��raft�

Composite�allografts� that�contain�both�major�skin�
layers� (dermis� and� epidermis),� closely� replicating�
the�form�and�function�of�normal�human�skin�tissue.�
In� comparison� to� dermal� substitutes,� one� of� the�
major�advantages�of�composite�grafts�is�their�one-
step� application� techni�ue.1��Many� bioengineered�
commercial� composite� skin� grafts� are� available�
likeAlloskin�(AlloSource,�Centennial,�C�,��SA)���
�rCel� (�rtec� International,� Inc.,� �ew� �ork,� ��,�
�SA).

Fi����:�Skin�regeneration�with�dermal�substitutes�(Integra)

Source:�Copyright@Peter�C.��eligan�plastic�surgery�
principles�vol:�1

BIOE��I�EE�E�� �E�MO�EPI�E�MA��
S�I��S�BSTIT�TES

(�nder��evelo��ent)

Split�and� full� thickness�skin�autografts,�as�well�as�
skin���aps,�skin�expansion�procedures,�and�dermal�
replacements,� are� the� �gold� standard�� approaches�
for�covering�such�skin�abnormalities.�For�patients�
with�severe,�full�thickness�skin�injuries,�laboratory-
grown� skin� substitutes� offer� a� fresh,� potential�
therapy�alternative.1�,1�

Ravi��umar�Chittoria,��acob�Antony�Chakiath/Skin�
Substitutes:�An��verview
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Cell��aden���drogels�as��ound��ressings

�he�most�common�materials�used�as�a�scaffold�for�
culturing� cells� for� skin� healing� applications� are�
hydrogels.��ecause�of�their��D�matrix,�which�is�rich�in�
water,�and�their�biodegradability,�hydrogels�can�be�
used�as�a�scaffold�for�cell�encapsulation.�Moreover,�
the�vast�majority�of�them�are�biocompatible.18,1�,20

Fi��� �:� Schematic� representing� the� preparation� process�
of�a�cell-laden�hydrogel� in�which�cells�from�an� isolated�
donor� are� placed� and� then� cultured� in� a� �D� hydrogel�
matrix�and�grafted�to�a�skin�defect�as�a�skin�substitute.

�orous���drogels�are�bioscaffolds�that�include�cells,�
generate� a� foam�or� crosslinked�hydrogel� that� can�
be�used�as�a�skin�substitute�on�a�wound.�Porosity,�
in�particular,�is�signi��cant�because�it�allowed�host�
cells� to� in��ltrate� the� �D� network� and� improving�
protein� transport� and� diffusion� to� imitate�
native� tissue� structure.21� �he� ideal� pore� si�e� for�
��broblast�ingrowth�is��–1��m,�20�m�for�hepatocyte�
ingrowth,�and�20–12��m�for�adult�mammalian�skin�
regeneration.22,2�

�ti�uli�res�onsive� ��drogels�� When� activated�
by� various� internal� or� external� stimuli,� the�
encapsulated� cells� and� biomolecules� are� released�
into� the� host� tissue.� �he� development� of� a� cell/
hydrogel� scaffold� structure� in� situ� allows� for� the�
transfer�of�encapsulated�cells,�growth�factors,�and�
essential�nutrients�to�the�wound�site�via�minimally�
invasive�procedures.24

In�the�study�conducted�by��of���e�et�al�2�,�to�stimulate�
vasculari�ation� in�dif��cult-to-heal�wounds,�a��V-
crosslinked� biodegradable� hydrogel� was� used� as�
a� scaffold� containing� adipose-derived� stem� cells�
(ADSCs).��he�hydrogel�network�was�created�using�

methacrylated�gelatin�(�elMA)�and�methacrylated�
hyaluronic�acid�(�AMA)�in�this�study.�After�that,�
a� photoinitiator� and� cells�were� added� to� the� pre-
hydrogel�solution�at�the�same�time�to�induce�photo-
crosslinking.2�

Fi��� �:� Schematic� demonstrating� methacrylated�
gelatin� (�elMA)� acid� methacrylated� hyaluronic� acid�
(�AMA)�chain�integration�to�prepare�polymer�solution.
Furthermore,�the�addition�of�photoinitiator�to�prepare�a�
�V-crosslinkable� hydrogel� containing� adipose-derived�
stem� cells� (ADSCs)� to� produce� a� cell-laden� hydrogel�
wound�2�.

����io�rinting�of�Cell��aden���drogels�for��ound�
�ressings

A� new� fabrication� technology� for� cell-laden�
hydrogels�is��D�printing.��his�techni�ue�comprises�
layer-by-layer� printing� of� hydrogel� with� cells� to�
create�a�complicated�bioscaffold.2���he�capacity�to�
produce� therapeutically� relevant� skin� constructs�
that� closely� replicate� native� skin� architecture� and�
heterogeneity�is�the�main�bene��t�of�this�technology�
in�skin�engineering.��owever�there�are�a�variety�of�
hydrogels� used� in� bioprinting,� natural� polymers�
such� as� alginate,� collagen,� gelatin,� ��brin,� and�
hyaluronic�acid�are�the�most�common.2�,2�

Several�studies�have�shown�that�a�human-plasma�
derived� bilayered� skin� used� for� the� treatment� of�
burn� injuries�and�traumatic�and�surgical�wounds.
other� ones� are� �eonatal� human� epidermal�
keratinocytes� (����s)� and� neonatal� human�
dermal� ��broblasts� (��DFs),� both� embedded�
in� a� ��brin–collagen� hydrogel� matrix� known� as�
Apligraf.28� In� �hese� studies,� wound-healing�
behaviour�of�the�control�(no�therapy)�and�Apligraf�
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(described� previously)� groups� were� compared.�
Wounds� treated� with� printed� substitutes� took�
14–1�� days� to� heal,� compared� to� 21� days� for� the�
control�group�and�28�days�for�the�Apligraf�group.2��
Furthermore,� histological� analysis� revealed� the�
production� of� dermal� and� epidermal� skin� layers�
that� are� e�uivalent� to� native� skin,� as� well� as� the�
appearance�of�new�microvessels�in�mouse�tissue.�0

�ther� recent� research� projects� have� focused� on�
producing� cell-laden� hydrogel� bioinks� to� print�
skin� layers� or� substitutes,�with� natural� hydrogels�
as� the� focus.� A� suitable� hydrogel� bioink� should�
be� cell� friendly� and� capable� of� incorporating/
encapsulating� cells� both� before� and� after�
crosslinking.� �o� create� ade�uate� cues� for� cells� to�
differentiate� and� proliferate,� the� bioink� hydrogel�
should� resemble� the� physical� and� mechanical�

properties�of�original�skin�after�printing.�1,�2

An� Ideal� skin� coverage� should� not� only� protect�
the� wound� and� promote� tissue� regeneration,� but�
it�should�also� improve� the�aesthetics,� satisfaction,�
and�welfare�of�the�patients.�As�a�result,�signi��cant�
progress�has�been�made�in�the���eld�of�skin�tissue�
engineering� in� recent� years.� �o� identify� the� ideal�
skin�replacement�for�use�in�acute�and�chronic�skin�
wounds,�many�skin�substitutes�based�on�synthetic�
or�natural�scaffolds,�as�well�as�bioengineered�skin�
replacements,� have� been� created.�D� bioprinting�
has�evolved�as�a�practical�way�for�fabricating�skin�
substitutes� from� primary� cells� derived� from� the�
patients'�own�skin�cells.

�hese�various�techni�ues�to�developing�newer�skin�
substitutes�provide�new�optimism�that�the�optimal�
skin�substitute�may�be�developed�shortly.

Fi����:��andheld�skin�printer.�Above�image�shows�in�situ�deposition�of�a�fibrin–hyaluronic�acid/
collagen�sheet�on�top�of�a�full-thickness�excisional�porcine�wound�using�a�handheld�skin�printer.�
(top)�Close-up� view� of� sheet� formation�within�wound� bed�with� a� 2� cm�microfluidic� cartridge�
(bottom)�2

Table��:��xplain�the�available�permanent�and�temporary�dermal���epidermal�grafts.

Product� Tissue�Cells� Manufacturin��A�ilability� Ori�in

�picel(��(�en�yme�MA) �pidermis�Cultured��pidermd�
Autograft�(C�A)�Sheets�

�issue�Cultures��xpanded�
In��he�Labortory��ur�
Several�Weeks�

Autologous�And�
�xnoogenic�(Residual�
Amounts�Pf�Murine�
Cells�

Recell�(Avita�Medical,��) �pidermis�-Autologous��picermal�
Cells�Dermisfibroblasts;�Cells�
Suspension,�Dilvered�With�Spray�

�edside�Approach�(About�
�0�Minutes�Re�uired)�

Autologous

Cellutone��pidermal�
�arvesting�System�(�CI,���)

�pidermis-Autologous��pidermal�
Islands�Delivered��n�A�Dressing

�edside�Approach�(About�
�0�Minutes�Re�uired)�

Autologous

Ravi��umar�Chittoria,��acob�Antony�Chakiath/Skin�
Substitutes:�An��verview
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Integra��(Integra�Lifesciences,�
��)

Dermis-�ovine��endon��ype�I�
Collagen�And��lycosaminoglycans��n�
A�Silicone

�n��he�Shelf� Autologous

Matriderm��(Medskin�
Solutions�Dr.�Sewelack,�
�ermany)

Dermis-�ovine�Acellular��on-
Crosslinked,�Coated�With��lastin

�n��he�Shelf� �enogeneic

Alloderm��(life�Cell�
Coporation,���)

Dermis-�uman�Acellular�Lyophili�ed�
Cadaver�Dermis

�n��he�Shelf� Allogeneic

Dermagraft��(�rganogensis,�
MA)

Dermis-�uman�Fibroblasts��n�
Polyglycolic-Polylactic�Acid�Mesh�

�n��he�Shelf� Allogeneic

���Derm�(Molnlycke��ealth�
Care,�Sweden)

Dermis-Porcine�Aldehyde�Cross-
Linked�Dermal�Collagen�

�n��he�Shelf� �enogeneic

�asis��Matrix�(Smith�And�
�ephew,���)�Allograft

Dermis-Porcine�Acellular�Small�
Intestine�Submucosa.��Composite�
-Cryopreserved�Cadaveric�Skin�

�n��he�Shelf� �enogeneic

Apligraf��(�rganogenesis,�
MA)

Composite-�eonatal��uman�
fibroblasts�In��ovine��ype�I�Collagen�
�eonatal��uman��eratinocytes

�n��he�Shelf� Allogeneic�/�
�enogeneic

Source:�copyright@Peter�C.��eligan�plastic�surgery�principles�vol:�1
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