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Ce nu este cunoscut, deocamdata, la subiectul abordat

Niciunul din materialele existente, destinate inchiderii
defectului tegumentar, nu satisface in totalitate cerintele
medicilor clinicisti. Cercetarile in acest domeniu continua si
in zilele noastre. Ele au drept scop principal obtinerea unui
substituent de piele universal, care, pe de o parte, va asigura
acoperirea mecanica a defectului, iar pe de alt3, va stimula
procesul de regenerare.

Ipoteza de cercetare

Expunerea unei sinteze narative a literaturii contempora-
ne, referitoare la substituentii biologici de piele.

Noutatea adusa literaturii stiintifice din domeniu

Sinteza celor mai recente date despre principalele grupe de
substituenti biologici de piele, indicatiile si contraindicatiile
lor de utilizare, efectele si posibilele avantaje ale acestei me-
tode de tratament, comparativ cu metodele conventionale
(grefa de piele, standardul actual de aur in tratamentul leziu-
nilor extinse), actualizeaza informatia detinuta de catre per-
sonalul medical.

Rezumat

Introducere. Substituentii de piele sunt inca in curs de
dezvoltare. Ei sunt aplicati in calitate de tratament adjuvant al
arsurilor si, de asemenea, pentru tratamentul plagilor cronice
sial ulcerelor venoase si diabetice. Avand in vedere ca mortali-
tatea In caz de arsuri continua sa scada, exista un interes cres-
cut pentru dezvoltarea unor metode noi de tratament, care
ar reduce morbiditatea. Aceasta lucrare compara rezultatele
clinice obtinute la utilizarea diferitor tipuri de substituenti bi-
ologici de piele.

Material si metode. Din bazele de date PubMed si Springer
Link, au fost selectate articolele dupa cuvintele cheie “wound
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What is not known yet, about the topic

None of existing material for skin defect closure satisfies
completely doctors’ requirements. Researches in this field
continue. They have the main goal obtaining of a universal
skin substitute which ensures mechanical coverage of the
skin defect and stimulates the regeneration process.

Research hypothesis

To provide an overview of current data on the biological
skin substitutes.

Article’s added novelty on this scientific topic

A synthesis of the latest worldwide data on the main gro-
ups of biological skin substitutes, indications and contrain-
dications of the use, effects and possible advantages of this
method of treatment vs. conventional methods (as transplan-
tation of split-thickness skin grafts, which remains the gold
standard of care for extensive wounds) facilitates perception
of information by the medical professionals.

Abstract

Introduction. Skin tissue substitutes are still developing,
being conceived as adjuvant treatment of burns, but also, as
treatment of chronic plagues and of the more frequent venous
and diabetic ulcers. Since the burn-related mortality contin-
ues to decrease, there is an increased interest for the devel-
opment of new treatment guidelines that would decrease the
morbidity. This work compares the clinical usage of different
types of biologic skin substitutes.

Material and methods. Articles containing the keywords
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“wound healing”, “wound coverage”, “wound closure”, “wound
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treatment”, “skin biological substitutes”, were selected from
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healing’, “wound coverage’, “wound closure’, “wound treat-
ment’, “skin biological substitutes” A fost selectata si procesa-
ta informatia despre grupele principale de substituenti bio-
logici de piele, indicatiile pentru utilizarea acestora, efectele
obtinute si beneficiile in cazul utilizarii acestora in tratament.
Rezultate. Dupa procesarea informatiei din bazele de date
PubMed si Springer Link conform criteriilor de cautare, au fost
gasite 586 de articole despre utilizarea clinica a substituentilor
biologici de piele. Bibliografia finald contine 47 de surse, care
au fost suficiente pentru formularea ideilor principale.
Concluzii. In viitor, substituentii de piele vor avea un mai
mare potential de a stimula procesul de regenerare a leziunii,
decat de a o repara. Pielea artificiald va inlocui grefele de piele,
astazi considerate drept standard de aur in tratamentul defec-
telor tegumentare. In calitate de clinicieni, scopul nostru este
- de a-l asigura pe pacientul ars - cu piele de cea mai Tnalta ca-
litate si cat mai rapid posibil. Ca oameni de stiinta, noi deocam-
data, nu am realizat scopul final - obtinerea pielii artificiale
gata pentru utilizare si, cu atat mai mult, In cantitati suficiente.
Ins3, prin sinteza ultimelor date in acest domeniu si aplicarea
rationald a cunostintelor noi in practicd, putem sa ne asiguram
ca folosim materialul potrivit intr-o situatie corespunzatoare.
Cuvinte cheie: vindecarea arsurilor, acoperirea defectului,
inchiderea leziunilor, substituenti biologici de piele.

Introducere

Progresul recent, realizat in domeniul biotehnologiei, su-
gereazad ideea ca ingineria tisulara ar fi o abordare interesanta
in rezolvarea problemei deficitului de organe [1]. Substituentii
de piele, obtinuti prin ingineria tisulara, reprezinta un mijloc
terapeutic inovator in tratamentul arsurilor si ulcerelor cuta-
nate si, de asemenea, un instrument puternic pentru cerceta-
rea fundamentala [2, 3].

Din punct de vedere anatomic si functional, pielea e com-
pusa din doua straturi: cel superficial, epidermic, care repre-
zintd o bariera impotriva infectiei si pierderilor lichidiene,
si cel dermic, profund, care este responsabil de elasticitatea,
rezistenta si integritatea mecanica.

Vindecarea plagilor reprezinta un proces complex si di-
namic de substituire a structurilor acelulare, devitalizate si a
straturilor tisulare [4].

Fazele procesului de vindecare sunt: faza inflamatorie, faza
proliferativa si faza de maturizare [5]. Fibroblastele dermale
si cheratinocitele epidermale joaca un rol esential in vindeca-
rea plagilor cutanate si repararea pielii. Pe parcursul fazelor
a doua si a treia a procesului de reparare a leziunilor termice,
pe prim plan iese interactiunea specifica a acestora, care duce,
in final, la schimbarea treptata a micromediului de la cel in-
flamator la cel de sintezd, cu formarea tesutului de granulatie.
Cheratinocitele stimuleaza fibroblastele sa sintetizeze factorii
de crestere; fibroblastele, la rindul lor, stimuleaza proliferarea
keratinocitelor intr-o maniera dublg, paracrina [6]. Pe parcur-
sul fazei de proliferare, rana este ,reconstruita” cu noul tesut
de granulatie, compus din colagen si matricea extracelulara, in
care se dezvolta o noud retea de vase sanguine (proces cunos-
cut drept angiogenezd). Formarea tesutului de granulatie sa-
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the PubMed and Springer Link databases. Information on the
main groups of biological skin substitutes, indications of the
use, effects and benefits of this method of treatment was se-
lected and processed.

Results. As a result of information processing in PubMed
and Springer Link databases according to the search criteria,
there were found 586 articles on biological skin substituents
clinical use. The final bibliography includes 47 sources neces-
sary to formulate the main ideas of this issue.

Conclusions. In future, skin substitutes may have more
ability to stimulate regeneration than to repair, and artificial
skin may be like skin split autografts - the gold standard for
skin defects recovery today. As clinicians, our goal is to pro-
vide patients with wounds with skin of the highest quality in
the shortest time possible. As scientists, we have not reached
the final goal yet - to have an artificial skin ready for use, but
bringing into question the current views and using them ratio-
nally we can at least do our duty as clinicians and ensure that
we use the right material in a proper situation.

Keywords: wound healing, wound coverage, wound clo-
sure, wound treatment, and skin biological substitutes.

Introduction

Recent biotechnological progress suggests that tissue engi-
neering is an interesting approach to counteract organ deficit
[1]. Tissue-engineered skin substitutes represent an innova-
tive therapeutic option for the treatment of burns and skin ul-
cers as well as a powerful tool for fundamental research [2, 3].

The anatomical and functional structure of the skin is com-
posed of two layers: the superficial epidermis, which acts as a
barrier against infection and fluid loss and deep dermis, which
is responsible for elasticity and mechanical integrity.

Wound healing is a complex and dynamic process of re-
placing devitalized and missing cellular structures and tissue
layers [4].

The phases of wound healing are: inflammatory, prolifera-
tion, and maturation phases [5]. Dermal fibroblasts and epi-
dermal keratinocytes play a pivotal role in cutaneous wound
healing and skin repair. In the mid- and late phase of wound
healing, cellular interactions become dominated by the in-
terplay of keratinocytes with fibroblasts, which gradually
shift the microenvironment away from an inflammatory to a
synthesis-driven granulation tissue. Keratinocytes stimulate
fibroblasts to synthesize growth factors, which in turn, will
stimulate keratinocyte proliferation in a double paracrine
manner [6]. During proliferation, the wound is "rebuilt” with
new granulation tissue which is comprised of collagen and
extracellular matrix and into which a new network of blood
vessels develop, a process known as angiogenesis. Healthy
granulation tissue is dependent upon the fibroblast receiving
sufficient levels of oxygen and nutrients supplied by the blood
vessels. Healthy granulation tissue is granular and uneven in
texture; it does not bleed easily and is pink/red in colour. The
colour and condition of the granulation tissue is often an indi-



natos depinde daca fibroblastele primesc in cantitati suficien-
te oxigen si substante nutritive. Tesutul de granulatie sanatos
este granular si are textura diferita; acesta nu sangreaza usor
si are culoarea roza sau rosie. Culoarea si alte proprietati ale
tesutului de granulatie sunt considerati drept indicatori ai mo-
dului 1n care rana se vindeca. Tesutul de granulatie de culoare
intunecata arata un nivel scazut de perfuzie, o ischemie si/sau
o infectie. In final, celulele epiteliale acopera suprafata plagii,
are loc procesul de epitelizare [5]. Regenerarea epidermei are
loc, in mare parte, din celulele epidermice ramase, care se ga-
sesc In adancimea structurilor dermice. Cresterea de pe mar-
ginile plagii este insuficienta atunci, cand defectul tegumentar
depaseste cativa centimetri [7].

sunt: debridarea si curatarea defectului, aplicarea agentilor
antimicrobieni, acoperirea cu materiale biologice, acoperirea
cu materiale sintetice sau biosintetice, excizie si grafting [8].
Recuperarea cat mai precoce a functiei de bariera a tegumen-
tului este cheia succesului in tratamentul pacientilor cu arsuri
cu grad diferit de lezare a pielii. Substituentii de piele sunt
cum si a celor care necesita ample reconstructii post arsura.
Acestia influenteaza rezultatul obtinut in cadrul tratamentului
victimelor arse [9]. Pentru inchiderea plagii e nevoie de asa un
material, care sa restabileasca functia de barierd a epidermei
si sd se incorporeze in plagad in cursul vindecarii. Materialele
pentru acoperirea plagii se potrivesc cel mai bine pentru arsu-
rile superficiale (arsuri de gradul I-1I), unde creeaza un mediu
benefic regenerarii epidermei, oferind o bariera impotriva in-
fectiei si controland pierderile de apa [7].

Material si metode
Articolele au fost selectate din bazele de date PubMed si

» o«

Springer Link dupa cuvintele cheie “wound healing”, “wound
coverage”, “wound closure”, “wound treatment”, “skin biological
substitutes’.

Dupad examinarea titlurilor articolelor, in bibliografia finala
au fost incluse doar acelea, care contineau informaii noi si con-
cepte contemporane despre efectele si indicatiile de utilizare ale
substituentilor biologici de piele. Pentru selectia avansata a lite-
raturii, am folosit urmatoarele filtre: lucrari publicate incepand
cu luna martie 2015 in limbile engelza, romana si rusa. De ase-
menea, a fost studiata bibliografia articolelor selectate, cu sco-
pul de a gasi alte articole relevante scopului nostru. Informatia
a fost sistematizatd, evidentiind principalele aspecte ale viziunii
contemporane asupra caracteristicii generale a subsituentilor
de piele, clasificarea acestora, avantajele si dezavantajele fie-
carui grup, posibilele indicatii si contraindicatii de utilizare.
Publicatiile, care nu au fost accesibile pentru vizionare, au fost
excluse din lista publicatiilor generate de motorul de cdutare.

Rezultate

Dupa procesarea informatiei, selectate din bazele de date
PubMed si Springer Link, conform criteriilor sus-mentionate,
au fost gasite 586 de articole relevante temei noastre. Pentru a
clarifica unele aspecte, la necesitate, a fost consultata literatu-
rd aditionala. Bibliografia finala a inclus 47 de publicatii.

Substituenti biologici ai pielii

cator of how the wound is healing. Dark granulation tissue can
be indicative of poor perfusion, ischaemia and / or infection.
Epithelial cells finally resurface the wound, a process known
as epithelialisation [5]. Epidermis regeneration occurs from
remaining epidermal cells, which lies in the depth of dermal
structures. The cell growth from the wound edges is not suf-
ficient if the defect exceeds several centimeters [7].

The general wound care consists in: clearing and debride-
ment, antimicrobial agents, biological dressing, biosynthetic
and synthetic dressing, excision and grafting [8]. The timely
restoration of skin protective functions is the key to the suc-
cessful treatment of burn victims with various severity of
damaged skin. Skin substitutes are required in the acutely
burned patients as well as in those requiring extensive post
burn reconstructions. These have important impact in the
care and outcome in the burn victims [9]. An adequate wound
closure material should restore the barrier function of the epi-
dermis and incorporate in wound bed during the healing pro-
cess. Wound coating materials are the best choice for superfi-
cial burns (burns I-1I degree), because they create a beneficial
environment for epidermis regeneration, provide a barrier
against infection and control the water loss [7].

Material and methods

Articles containing the keywords “wound healing”, “wound
coverage”, “wound closure” “wound treatment”, “skin biological
substitutes”, were selected from the PubMed and Springer Link
databases.

After examining the titles of articles found, only works
that could possibly include accounts of current concepts re-
garding the effects and indications of use of biological skin
substitutes were selected. For advanced selection of litera-
ture sources, the following filters were applied: works pub-
lished by March 2015, articles in English, Romanian and
Russian. The bibliography of selected articles was analysed
too, in order to find other articles, relevant to the intended
purpose. Conclusions of existing literature reviews were
critically examined. Subsequently, information was system-
atized, highlighting the main aspects of contemporary vision
on: skin substituents general characteristics, classification,
advantages and disadvantages of each group, possible indica-
tions and contraindications. The publications that were not
accessible for viewing were excluded from the list of publica-
tions generated by search engine.

Results

As aresult of information processing in PubMed and Sprin-
ger Link databases according to the search criteria, there
were found 586 articles on biological skin substitute’s clinical
use. If necessary (to clarify some aspects) additional litera-
ture was consulted. The final reference includes 47 of publi-
cations.

Skin substitutes are a heterogeneous class of therapeutic
devices that vary in their biology and application. These sub-
stances are alternatives to the standard wound coverage in
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Substituentii de piele reprezinta o clasa heterogena de mij-
loace terapeutice, ce difera dupa structura si indicatii pentru
utilizare. Aceste produse pot fi folosite pentru acoperirea le-
ziunilor cutanate, atunci cand aplicarea mijloacelor standard
nu este posibild. Desi nu exista un material universal, anumite
criterii generale trebuie luate in consideratie la evaluarea al-
ternativelor.

Caracteristica generald a substituentilor de piele

¢ produsul trebuie sa fie usor de pregatit si sa se aplice fara
anecesita o pregatire speciala. Flexibilitatea materialului
permite ca acesta sa fie adaptat plagilor de diferite tipuri;

e materialul trebuie sa fie rezistent la hipoxie si sa aiba un
grad Tnalt de rezistenta la infectie, pentru a permite ca si
tesuturile relativ ischemizate sa fie acoperite;

e substituentul ideal de piele ar trebui sa aiba o rezistenta
buna la fortele de tractiune si sa ofere plagii stabilitate
permanenta;

® acesta ar trebui sa includa in structura sa cele doua
zone ale pielii (epidermul si dermul) si sa nu posede
proprietati antigenice, care ar putea compromite rezul-
tatele grefarii [10].

® deoarece niciunul din produsele existente nu corespun-
de tuturor criteriilor sus-mentionate, fiecare caz trebuie
examinat cu atentie, In scopul alegerii celui mai potrivit
material.

Clasificarea substituentilor de piele

In primul rand, substituentii de piele se clasificd in functie
de tipul de tesut folosit pentru grefare. Din acest punct de
vedere, deosebim xenogrefe, alogrefe si autogrefe. Pot exista
unele suprapuneri intre categorii, atunci cand un produs in-
dividual contine atdt componente de origine animaliera, cat si
componente sintetice, sau elemente de origine umana si ani-
maliera.

Xenogrefele sunt tesuturi transplantate de la o specie pe
o alta specie si sunt folosite 1n calitate de grefa temporara (de
ex., piele de broasca si piele de soparld). Xenogrefele porcine
astazi sunt cel mai frecvent utilizate [11, 12].

Alogrefele sunt grefe transplantate intre indivizi genetic
neidentici, dar care apartin aceleiasi specii. Cele mai multe
alogrefe se obtin de la cadavru. Alogrefele se impart in trei
categorii: epiteliale/epidermice, dermice si complexe (dermo-
epidermice). In cadrul acestor trei categorii, acestea mai pot fi
acelulare, celulare/vii sau mixte, celular-acelulare. Exemple -
AlloDerm, Graftjacket, Neofrom, Dermamatrix, ICX-SKIN, Tran-
sCyte, Dermagraft, Apligraft, Orcelare, Apiligraf, OrCel.

Alogrefele, sau tesuturile prelevate de la un donator viu sau
decedat, si xenogrefele, obtinute de la o alta specie, promovea-
za procesul de reepitelizare si pregatesc patul leziunii pentru
aplicarea autogrefei; la fel, cresc rata vindecarii, comparativ
cu pansamentele traditionale [13]. O meta-analiza recenta a
sugerat ca daca alogrefele si xenogrefele au aceeasi eficienta,
atunci xenogrefele par a fi o alegere superioara, pentru ca au
o siguranta mai mare si un pret redus [14]. Cu toate acestea,
concluziile generale ale acestei meta-analize trebuie acceptate
cu precautie, deoarece studiile citate nu sunt standardizate,
iar detaliile critice, cum ar fi adancimea si dimensiunea de ar-
surg, au fost trecute cu vederea. O alogrefa de la cadavru este,
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circumstances when standard therapies are not desirable. Al-
though there is no single perfect skin substitute, certain char-
acteristics can be considered when evaluating alternatives.

Skin substitute general characteristics

® the substitute should be easy to prepare and apply with-
out intensive training. Flexibility of thickness allows the
product to be tailored to every type of wound;

® the product should be able to withstand a hypoxic wound
bed and have a degree of resistance to infection in order
to allow relatively ischemic tissues to be candidates for
application;

® the ideal skin substitute should have resistance to ten-
sile forces and provide permanent and long term wound
stability;

e it should reproduce both components of the skin (epider-
mis and dermis) and provide no antigenicity that could
compromise the graft or host or present difficulties with
future applications [10];

® because no single product meets all these criteria, each
patient case requires careful evaluation before choosing
the appropriate treatment.

Skin substitute’s classification

Skin substitutes are primarily categorized by the type of
tissue used for grafting. Products are broadly classified as xe-
nografts, allografts, and autografts. There can be some overlap
among categories when an individual product contains both
animal and synthetic components or both human and animal
components.

Xenografts are tissues transplanted from one species onto
another species, used as a temporary graft (e.g., frog skin and
lizard skin). Porcine products are the most commonly used xe-
nografts today [11, 12].

Allografts are grafts transplanted between genetically
non-identical individuals of the same species. Most human
skin substitute allografts come from cadaveric sources. Al-
lografts fall into three categories: epithelial/epidermal, der-
mal, and composite (epidermal and dermal). Within these
three categories, they may be acellular, cellular/living, or cel-
lular/non-living. Examples — AlloDerm, Graftjacket, Neo-from,
Dermamatrix, ICX-SKIN, TransCyte, Dermagraft, Apligraft, Or-
celare, Apiligraf, OrCel.

Allografts, or tissue taken from a living or deceased human
donor, and xenografts, taken from a different species, promote
re-epithelialization and prepare the wound bed for autograft,
increasing the healing rate when compared with traditional
dressings [13]. A recent meta-analysis suggested that since al-
lografts and xenografts appear to be equally effective, xenografts
may be a superior choice for their increased safety and reduced
price [14]. However, caution should be exercised in drawing
broad conclusions from this meta-analysis because the cited
studies lack standardization and critical details such as depth
and size of burn, and many studies cited were merely anecdotal.
A cadaver allograft is thus widely considered the best material
for temporary closure of excised wounds in patients with exten-
sive, life-threatening burns and inadequate donor sites.



asadar, considerata cel mai bun material pentru inchiderea
temporara a ranilor incizate la pacientii cu arsuri extinse, care
pun in pericol viata, in lipsa zonelor adecvate donatoare.

Autogrefele sunt tesuturi grefate intr-o noua pozitie, pe
acelasi individ. Ele sunt, de obicei, impartite in trei categorii
principale [15]:

e grefe de grosime partiald, care contin epidermul si o par-

te a stratului dermal superior;

e grefe de grosime totala, care contin atat epidermul, cat si
dermul [16]. Aceste tipuri de grefe sunt preferate in zone-
le, In care cicatricile voluminoase sau contractura grefe-
lor ar altera functia regiunii si rezultatul cosmetic ar fi in-
estetic. Ele sunt, de obicei, rezervate pentru reconstruirea
ranilor capului, gatului, mainilor si organelor genitale;

® substituentii de piele autologica de culturg, la care, mai
frecvent, se refera doar autogrefele epidermice de cul-
turd (CEA). Aceasta nomenclatura include grefele epi-
dermice si exclude grefele dermo-epidermice. Epicel si
Laserskin sunt, la moment, doud produse disponibile din
aceasta categorie [17, 18]. Substituentii de piele de cul-
turd sunt CEA cu adaugarea unui strat dermic autolog de
cultura; in rezultat, se obtine un substituent de piele cu
structura anatomica mai corecta. Acest produs este, deo-
camdatg, in faza studiilor clinice, dar, in prezent, este cel
mai avansat substituent autolog de piele din cele dispo-
nibile. Produsul este creat prin cultivarea fibroblastelor
si keratinocitelor autologice pe o matrice din colagen si
glicozaminoglicani [19, 20].

Substituentii de piele sintetici sunt compusi din materiale
non-biologice. Avantajele sunt ca acestea pot fi sintetizate la
cerere fara a fi nevoie de tesut biologic si permit un control
mai mare asupra componentelor sale. in plus, produsele pot
fi modificate prin adaugarea diferitor factori de crestere si nu
prezinta risc de transmitere a bolilor [21].

Substituentii de piele mai pot fi clasificati, in functie de
componenta celulard, in trei grupe mari: epidermali, care
contin predominant keratocite epidermale; dermali, care
contin predominant fibroblaste; si de tip mixt [22].

Substituentii biologici de piele sunt clasificati, in functie
de scopul utilizarii, Tn doua grupe mari: materiale pentru aco-
perirea plagii si pentru inchiderea acesteia [7].

® inchiderea temporard a pldgii poate fi realizata cu aju-
torul alogrefelor cadaverice. Imunosupresia patologic3,
observata in stadiile precoce dupa o arsura grava, prote-
jeaza alogrefele de desprindere 1n timpul acestei perioa-
de. Materialul cadaveric este asigurat de bancile de pie-
le, unde se pastreaza la temperaturi joase. Examinarea
atentd a donatorilor potentiali are drept scop reducerea
riscului de transmitere a agentilor infectiosi, ins3, din pa-
cate, acest risc nu poate fi redus la zero. Toate materiale-
le biologice poseda un potential de transmitere a maladi-
ilor, iar producerea si provenienta materiilor prime sunt
esentiale pentru calitatea structurilor bioingineresti
obtinute si se afla sub un control strict in Europa si Ame-
rica de Nord [23, 24].

® inchiderea permanentd a pldgii se bazeaza pe grefa epi-

Substituenti biologici ai pielii

Autografts are tissues grafted to a new position on the
same individual. They are commonly divided into three main
categories [15]:

e split-thickness skin grafts (STSGs) which contain the epi-
dermis and a variable thickness of the upper layers of
dermis;

e full-thickness skin grafts (FTSGs) which contain the epi-
dermis and the entire dermis [16]. These types of grafts
are preferred in areas where significant scarring or con-
tracture of the grafts would provide armful esthetic or
functional consequences. They are usually reserved for
reconstructing wounds of the head, neck, hands, and ge-
nitals;

® cultured autologous skin substitutes which are frequently
referred to as cultured epidermal autografts (CEAs). This
nomenclature includes epidermal grafts and excludes
dermal/epidermal grafts. Epicel and Laserskin are among
the currently available products [17, 18]. Cultured skin
substitute (CASS) is a CEA with the addition of a cultured
autologous dermal layer, making it a more anatomically
correct skin substitute. This product is still in clinical tri-
als but in present it represents the most advanced auto-
logous skin substitute available. The product is created
by culturing autologous fibroblast sand keratinocytes
with collagen and glycosaminoglycan substrates [19, 20].

Synthetic skin substitutes are comprised of non-biologic
materials. Advantages are that they can be synthesized on
demand without need for biologic tissue and there is greater
control over scaffold components. Additionally, the products
can be modified for specific use by adding different growth
factors and do not carry a risk for disease transmission [21].

Cellular skin substitutes may be categorized according to
whether they consist of epidermis constructed mainly from
epidermal keratinocytes, dermis constructed mainly of fibro-
blasts, or both [22].

Biological skin substitutes can be classified in two groups:
covering material and material for wound closure [7].

® temporary wound closure can be achieved by cadaveric
allograft use. Pathologically immunosuppression obser-
ved during the early stages after a severe burn prevents
allograft detachment. Cadaveric material is provided by
skin banks where it is kept at low temperatures. Exami-
nation of potential donors is necessary for reducing the
risk of infectious agents transmitting, but, unfortunately,
this risk can’t be reduced to zero. The potential of trans-
mission of a disease is an important factor which influen-
ces the development of skin substitutes. All the biological
materials possess a potential transmission of diseases.
The manufacturing process and the origin of raw materi-
als are under strict control in Europe and North America
because they influence essentially the quality of obtai-
ned structures [23, 24].

® permanent wound closure is based on use of an epider-
mal graft applied over the integrated allodermis. It can
be a skin autologous graft or a skin substitute which
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dermica, aplicatd peste aloderma integrata. Aceasta
poate fi o grefa de piele proprie, sau sa provina dintr-un
substituent de piele, bazat pe includerea in componenta
sa a celulelor epidermice. Substituentii de piele contin
un amestec de componente de provenientd biologica si
substante non-biologice - polimeri sintetici. Pansamen-
tele disponibile, totalmente non-biologice: Opsite (Smith
& Nephew Inc.), Duoderm (ConvaTech Inc.) sunt ocluzive,
produc un mediu umed si contribuie la o vindecare mai
rapida, desi pot contribui si la proliferarea microorganis-
melor sub suprafetele lor [25, 26].

Substituentii de piele pentru acoperirea plagii

Membranele biologice pentru acoperirea plagii reprezinta
atat materiale sintetice cat si produse neprelucrate, proveni-
te din piele, cum ar fi homogrefele sau alogrefele cadaverice.
Substituentii temporari de piele trebuie sa asigure Inchiderea
temporara a plagii, sa ajute in controlul durerii, sa absoarba
exudatul din plagd, sa previna uscarea (deshidratarea plagii).
Substituentii temporari sunt utilizati in calitate de pansament
al zonei; ei asigura inchiderea temporara (fiziologica) a plagi-
lor profunde (arsuri partial profunde sau totale) dupa excizie,
protejeaza mecanic plaga, asigura protectia antimicrobiana,
mentin un mediu umed In plaga, cu o densitate redusa a ger-
menilor.

BioBran (Bertek Pharmaceuticals, SUA) reprezinta o mem-
brana bilamelara ce constd dintr-o retea de nailon aderenta
de un strat subtire de silicon semipermeabil. Reteaua de nai-
lon este acoperita cu peptide derivate din colagenul de tip I,
pentru a favoriza aderarea la patul plagii si integrarea fibro-
vasculara. BioBran asigura o bariera fata de evaporare si in-
vazia microbiand, permite controlul durerii pe toatd perioada
vindecarii plagii [27]. Odata ce plaga se vindecd, BioBran se
detaseaza si poate fi cojit cu usurinta de pe suprafata. Este re-
comandat pentru a fi utilizat in zonele donatoare si in arsurile
superficiale cu afectarea partiala a pielii, In primele 6 ore de la
traumatism, intrucat are un efect mai bun pe plagile ,curate”.
BioBran mai este utilizat si ca acoperire temporara pentru pla-
gile proaspete, dupa excizia pielii in toatd grosimea [28].

TransCyte (Advanced Tissue Sciences Inc., SUA) este consti-
tuit dintr-o retea de nailon, invelitd cu fibroblaste neonatale,
care imbunititesc semnificativ proprietitile ei curative. Intru-
cat nailonul nu este biodegradabil, acest material nu poate fi
folosit ca un substituent dermic. Fibroblastele neonatale din
interiorul stratului biologic sunt lasate sa prolifereze o perioa-
da de 17 zile, timp in care ele produc fibronectina, colagen de
tip [, proteoglicani si factori de crestere. Ulterior, materialul se
congeleaza la -702C; in rezultat, se stopeaza activitatea meta-
bolicd a fibroblastelor. Materialul se pastreaza la temperatura
de -209C in cartuse speciale.

TranCyte este indicat pentru acoperirea temporara a de-
fectelor tegumentare la pacienti dupa debridare chirurgicala
de piele integr3, sau la pacienti cu arsuri de adancime partiala,
care necesita o astfel de acoperire, Tnainte de aplicarea auto-
grefelor. TranCyte, 1a fel, este indicat pentru tratamentul arsu-
rilor intermediare sau cu afectarea partiala a dermului, care,
de obicei, necesita debridare si care au potentialul de a se vin-
deca farad autogrefare. TranCyte este contraindicat pacientilor
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contain epidermal cells. The skin substituents contain a
mixture of components of biological and non-biological
origin (synthetic polymers). Available completely non-
biological materials like Opsite (Smith & Nephew Inc.),
Duoderm (ConvaTech Inc.) are occlusive, produce a moist
environment and ensure faster wound healing, although
they may contribute to the microorganisms proliferation
under their surfaces [25, 26].

Skin substitutes used for wound coverage

Biological membranes used for wound coverage have dif-
ferent origin: synthetic materials or unprocessed skin prod-
ucts as autografs or cadaveric allografts. The temporary skin
substituents should ensure the temporary wound closure,
help in pain control, absorb exudate from the wound, and
prevent drying (desiccation injury). They are used as dress-
ing material, ensure the temporary (physiological) closure of
thickness wounds (partially burns or totally deep) after exci-
sion, protect the wound mechanically, provide antimicrobial
protection, maintain a moist environment with a low germs’
density.

BioBran (Bertek Pharmaceuticals, USA) is a by-layer mem-
brane which consists of a nylon network adhered to a thin
layer of semipermeable silicon. The nylon network is coated
with peptides derived from collagen type . It promotes mem-
branes’ adherence to the wound bed and fibrovascular integra-
tion. BioBran ensures a barrier for evaporation and microbial
invasion, allows pain control for the whole period of wound
healing [27]. Once the wound heals, BioBran detaches and can
be peeled easily from the skin surface. It is recommended for
donor sites coverage and in superficial burns with partial skin
damage during the first 6 hours after injury, because it has a
better effect on “clean” wound. BioBran is also used as a tem-
porary coverage of fresh wounds after full thickness skin exci-
sion [28].

TransCyte (Advanced Tissue Sciences Inc., USA) is a nylon
network wrapped with neonatal fibroblasts which improve
its curative properties. Because nylon is not biodegradable,
this material cannot be used as a dermal substitute. Neona-
tal fibroblasts within the biological layer proliferate during
17 days and produce fibronectin, collagen type I, proteogly-
cans and growth factors. Then the material is frozen at -70°C,
it stops the metabolic activity of fibroblasts. The material is
stored at -20°C in special cartridges.

TranCyte is indicated for use as a temporary wound cov-
ering for surgically excised full-thickness and deep partial-
thickness thermal burn wounds in patients who require such
a covering prior to autograft placement. TranCyte is also indi-
cated for the treatment of mid-dermal to intermediate depth
burn wounds that typically require debridement and that may
be expected to heal without autografting. TranCyte is contra-
indicated in those patients with known hypersensitivity to
porcine dermal collagen or bovine serum albumin. TranCyte
advantages are: bilayer analogy, excellent adherence to a su-
perficial to mid-dermal burn, decreases pain, provides bio-
active dermal components, maintains flexibility, good outer



cu hipersensibilitate la colagenul dermal porcin sau la albumi-
na din serul bovin. Avantajele TransCyte sunt: analog bistrati-
ficat, aderentd excelenta in cazul arsurilor de diferita profun-
zime, scade intensitatea durerii (efect analgezic), furnizeaza
componente dermale bioactive, poseda flexibilitate si functie
de bariera mecanica buna. Dezavantajele sunt: trebuie pastrat
congelat pana la utilizare, pretul relativ inalt [27]. Falanga V. et
al. (1998), au realizat un studiu clinic, unde au comparat utili-
zarea alogrefei de piele crioprezervate cu TransCyte in calitate
de analog dermic temporar. Rezultatele au dovedit ca aderenta
si priza au fost, cel putin, la fel de bune la utilizarea TransCyte,
in comparatie cu alogrefa. Studiul histologic comparativ dintre
TransCyte si alogrefa in plagile postcombustionale, a demon-
strat doar o singura diferenta semnificativa - o dezvoltare mai
ampla a tesutului de granulatie in plagile tratate cu alogrefe.
Rolul principal al TransCyte este tratamentul arsurilor partia-
le - acesta adera rapid la suprafata viabila a plagii, stimuland
epitelizarea. Dat fiind faptul ca TransCyte costa de 16 ori mai
scump decat BioBrane si necesita pastrare la temperaturi joa-
se, ar fi binevenit un studiu clinic care ar compara TransCyte
cu BioBrane [29].

Apligraf, echivalent al pielii umane (Organogenesis Inc.,
Novartis Pharmaceuticals Corporation, SUA), este produs prin
combinarea unui strat de gel de colagen bovin de tip I, ce con-
tine fibroblaste alogenice neonatale vii, acoperite cu un strat
epidemic cornificat din keratinocite alogene neonatale. Din
cauza ca include doua tipuri de celule diferite, acesta e cel mai
sofisticat produs tisular artificial cunoscut si este disponibil
pe piata in forma gata pentru intrebuintare, are o perioada
de valabilitate de 5 zile [30]. Apligraf promoveaza procesul
de vindecare prin furnizarea a mai mult de 40 de citokine si
factori de crestere. La aplicarea lui, inchiderea defectului are
loc de 2-3 ori mai rapid decat in cazul recurgerii la metode
conventionale. Raspunsul imun la aplicarea Apligraf nu se dez-
voltd, deoarece acesta nu contine celule prezentatoare de anti-
gen. Apligraf este unicul produs bistratificat, comercial dispo-
nibil, ce contine celule cultivate prin bioinginerie, aprobat de
FDA (in 1998) [31]. Este indicat, de rand cu compresele tera-
peutice standard, pentru tratamentul ulcerelor venoase non-
infectate, la pacientii cu insuficienta venoasa cu durata mai
mare de o luna, care nu raspund la tratamentul conventional.
Apligrafeste, la fel, indicat pacientilor cu picior diabetic pentru
tratamentul ulcerelor neuropatice, care persista mai mult de 3
saptamani, atunci cand sunt prezente leziuni ale dermei, dar
care nu implica tendonul, muschii, capsula articulara sau osul,
si nu raspund la mijloacele conventionale de ingrijire. Apligraf
este contraindicat in cazul ulcerelor infectate, la pacientii aler-
gici la colagenul bovin, sau la cei hipersensibilizati la agaroza,
care intra in componenta mediului de transport [23].

intr-un studiu prospectiv, randomizat, s-a dovedit c3, la un
numar semnificativ mai mare de pacienti, s-a reusit inchiderea
completa a plagii in grupul tratat cu Apligraf, decat in grupul
de control, in care nu s-a utilizat Apligraf. Nu au fost obser-
vate semne clinice de detasare, desi s-au observat semne de
vindecare per secundam intentionem la o jumatate din grupul
de studiu. Aceste date au fost confirmate de Sabolinski et al. si
Eaglestein et al. Nu exista, deocamdata, rapoarte care sa com-
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barrier function; as disadvantages, could be noted the need to
store frozen till use, and relatively expensive [27]. Falanga V. et
al. (1998) performed a clinical trial by which they compared
the use of cryopreserved skin allograft with TransCyte as tem-
porary dermal analog. The results showed that the adhesion
and outlet were good in both cases. Histological examination
demonstrated just one significant difference when TranCyte
and skin allograft were used for burn wounds treatment - a
broader development of granulation tissue in the second case.
The main role of TranCyte is the treatment of partial wounds
- it rapidly adheres to the viable surface of the wound and in
this way stimulates epithelialization. Because TransCyte costs
16 times more expensive than BioBran, and requires storage
at low temperature, it’s necessary to perform a clinical trial to
compare TransCyte vs. BioBran [29].

Apligraf, human skin equivalent (Organogenesis Inc.,
Novartis Pharmaceuticals Corporation, USA), is produced by
combination of a gel of bovine collagen type I which contain
allogeneic neonatal fibroblasts with a cornified epidemic lay-
er of allogeneic neonatal keratinocytes. Because it consist of
two different cell types, this is the most sophisticated artifi-
cial tissue product and it is available in a ready to use form
with a shelf life for five days [30]. Apligraf promotes healing
by supplying over 40 cytokines and growth factors. It closes
chronic wounds 2 to 3 times faster than conventional wound
care. There is no immune response to Apligrafbecause it does
not contain any antigen-presenting cells. Apligraf is the only
commercially available bi-layered bio-engineered cell thera-
py approved by the FDA in 1998 [31], indicated for use with
standard therapeutic compression for the treatment of non-
infected partial and full-thickness skin ulcers, due to venous
insufficiency of greater than 1 month duration, and which
have not adequately responded to conventional ulcer therapy.
Apligraf is also indicated for use with standard diabetic foot
ulcer care for the treatment of full-thickness neuropathic dia-
betic foot ulcers of greater than three weeks duration which
have not adequately responded to conventional ulcer therapy
and which extend through the dermis but without tendon,
muscle, and capsule or bone exposure. Apligraf is contrain-
dicated for use on clinically infected wounds, in patients with
known allergy to bovine collagen, in patients with a known
hypersensitivity to the components of the Apligraf agarose
shipping medium [32].

A prospective randomized study proved that in a signifi-
cantly higher number of patients treated with Apligraf com-
plete wound closure obtained was better than in the control
group (non-treated with Apligraf). Detachment signs were not
observed, although some signs of healing by secondary intend
were determined in the half of the group. These data were con-
firmed by Sabolinski et al. and Eaglestein et al. As there are no
any reports for clinical comparison of Apligraf with epidermal
cell culture and Dermagraft yet. Apligraft has a great poten-
tial to bring cosmetic and functional amelioration after apply
it on fenestrated medium-thickness allografts, but pigmenta-
tion, elasticity and skin graft vascularization are significantly
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pare clinic Apligraf-ul cu Dermagraft-ul sau culturile de celu-
le epidermale. Potentialul Apligraf-ului de a aduce ameliorari
cosmetice si functionale dupa aplicarea pe alogrefe fenestrate
de grosime medie este evident, insa pigmentarea, elasticitatea
si vascularizarea grefei de piele, tratata cu Apligraf, este sem-
nificativ mai mare decat in cazurile tratate obisnuit [30].

Dermagraft (Advanced Tissue Sciences Inc., SUA) repre-
zinta o structura dermica vie, crioprezervatd, obtinuta prin
cultivarea fibroblastelor alogene neonatale pe o structura de
polimer: acid poliglicolic sau Poliglactin-910, cu denumire co-
merciald de Dexon sau Vicryl. Fibroblastele devin confluente
in interiorul retelei de polimer, secretand factori de crestere
si proteine matriciale dermice - colagen, tenascina, vitronecti-
na si glicozaminglicani, creand, astfel, o structura dermica vie.
Ea ramane viabila si metabolic activa dupa aplicarea pe pla-
g3, in pofida crioprezervirii [33]. In SUA, Dermagraft-ul este
aprobat pentru tratamentul ulcerelor venoase cronice ale
membrelor inferioare, precum si utilizat intr-o varietate de
alte cazuri, pentru a facilita vindecarea defectelor tegumenta-
re [34]. Dermagraft-ul imbunatateste procesul vindecarii prin
stimularea cresterii tesutului fibrovascular si reepitelizarii de
la marginile plagii. Desi Dermagraft nu a fost utilizat pe larg in
tratamentul arsurilor, el a fost utilizat sub grefele fenestrate
de piele despicata, pe plagi cauzate de arsuri profunde. Acesta
poate reprezenta o solutie utild pentru substituirea tesutului
dermic pierdut, insa studiile clinice au semnalat reactii imu-
nologice impotriva fibroblastilor [27].

Substituenti de piele pentru inchiderea pldagii

AlloDerm (LifeCell, SUA) este pe larg utilizat in clinica din
1995 [35]. Acesta reprezintad piele umana de cadavru, prelu-
crata, de pe care s-a inldturat epiderma si s-au extras compo-
nentele celulare ale dermei inainte de crioprezervare, pen-
tru a evita riscul dezvoltdrii raspunsului imun specific sau
inflamatiei [36]. Tot ceea ce ramane este o retea de colagen.
Corpul recunoaste matrixul intact drept un material biologic
inert, care ofera pielii un grad mai inalt de rezistenta. AlloDerm
este considerat un material cu grad minim de prelucrare, iar
dupa structurd, acesta nu difera mult de pielea naturala si,
conform clasificarii FDA, este inclus in categoria “banked hu-
man tissue” (tesuturi umane, ce pot fi stocate in banca) [37].
Dupa ce se aplica pe patul vascular, acesta devine repopulat
de celulele gazdei, revascularizat si incorporat in tesut. Initial,
AlloDerm a fost folosit in calitate de substituent tegumentar la
pacientii cu arsuri. In scurt timp, avantajele acestui produs in
inlocuirea sau repararea tesutului dermic lezat sau inadecvat,
au fost pe larg apreciate si Alloderm se aplic3, deja, Tn mai mul-
te domenii medicale: chirurgie plastica si reconstructiva, der-
matochirurgie, urologie, ortopedie, stomatologie. Din 1992,
AlloDerm a fost aplicat la mai mult de 30.000 de pacienti. Avan-
tajele AlloDerm-ului sunt: (1) este singurul substituent biolo-
gic de piele, care poate sa stimuleze regenerarea tesutului nor-
mal; (2) fiind un tesut uman, nu poate conduce la declansarea
raspunsului inflamator sau al unei reactii alergice; (3) este
moale si pliabil; (4) nu este necesar de a preleva tesut de pe o
alta zona a corpului; (5) este nevoie de un strat foarte subtire,
atunci cand este utilizat in calitate de grefa de suprafata [35,
38]. Exista publicatii, care comunica rate bune de integrare si
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higher than in ordinary cases [30].

Dermagraft (Advanced Tissue Sciences Inc., USA) repre-
sents a living cryopreserved dermal structure, obtained by
allogeneic neonatal fibroblasts cultivation on a polymeric
structure: polyglycolic acid or Polyglactin-910 (the trade
name - Dexon or Vicryl). Fibroblasts become confluent inside
the polymer network and secrete growth factors and dermal
matrix proteins - collagen, tenascin, vitronectin and glycos-
aminoglycan. In this way, a living dermal structure is obtained.
Despite cryopreservation, it remains viable and metabolically
active after application to the wound [33]. Dermagraft has
been approved for marketing in the United States for treat-
ment of venous leg ulcers (VLUs) and has been clinically used
in a variety of other indications to stimulate wound healing
[34]. Dermagraft facilitates wound healing by stimulating
the growth of fibrovascular tissue from the wound bed and
reepithelization from the wound margins. Although Derma-
graft was not widely used in burns’ treatment, it was used
as fenestrated split graft in wounds caused by deep burns. It
can be a useful solution for replacing lost dermal tissue, but
clinical trials determined immunological reactions against fi-
broblasts [27].

Skin substitutes used for wound closure

AlloDerm (LifeCell, USA) is used in various applications
since 1995 [35]. It is processed human cadaveric skin, in
which epidermis is removed, the cellular dermis components
are removed too prior to cryopreservation in order to prevent
specific immune response or inflammation [36]. All that re-
mains is a collagen framework. Body recognizes the intact ma-
trix as a biologically inert material which provides strength to
the skin. AlloDerm is regarded as minimally processed, is not
significantly changed in structure from the natural tissue so
the FDA has classified it as banked human tissue [37]. Once
it is applied to the wound bed, it is repopulated by host cells,
revascularised and incorporated into the tissue. Initially, Allo-
Derm was used as a skin replacement for burn patients. Quick-
ly, plastic surgeons, urologists, orthopedic surgeons, dentists
worldwide recognized the benefits provided by this natural
soft tissue replacement when used as an implant to repair or
replace damaged or inadequate dermal tissue. Since 1992, Al-
loDerm has been used in more than 30,000 patients. AlloDerm
advantages are: (1) it is the only skin substituent capable for
normal tissue regenerating; (2) since it is human tissue, it can-
not provoke any inflammatory response or allergic reaction;
(3) it is a soft, pliable implant with a natural feel; (4) there is
no need to harvest tissue from another site on your body; and
(5) it requires a very thin layer when used as a surface graft
[35, 38]. Published data show good rates of integration and
reduction of the following cicatrisation in total deep wounds,
allowing covering with free skin ultra-thin split grafts during
a single intervention. In a multicentric study on 67 patients
with total or partial deep burns, the wounds were excised and
closed either with AlloDerm and split skin graft or with split
skin graft only. In the last case AlloDerm was just perforated
and wasn'’t stretched, in this way the cellular elements were



de reducere a cicatrizarii ulterioare ale plagilor profunde to-
tale, permitand acoperirea cu grefa de piele libera, despicata
ultra-subtire, in timpul unei singure interventii. intr-un studiu
multicentric, efectuat pe 67 de pacienti cu arsuri profunde to-
tale sau profunde partiale, plagile se excizau si se inchideau
fie cu AlloDerm si grefa de piele despicatd, fie doar cu grefa de
piele despicata. in ultimul caz, AlloDerm se fenestra, dar nu se
intindea; In asa mod, elementele celulare pot fi alimentate cu
serul care patrunde prin orificii. Evaluarea plagii la distanta a
demonstrat ca autogrefele cu AlloDerm erau echivalente auto-
grefelor de piele integrala. Lattari et al., au raportat trei cazuri
de utilizare a AlloDerm, in asociere cu grefe de piele despicata
ultra-subtire, fenestrata (0,15-0.20 mm, fenestrate 1,5:1), care
au fost aplicate pe suprafata dorsala a trei maini si a unei glez-
ne. Autorii au raportat despre o recuperare rapida, fara deficit
rezidual. Aceastd abordare este similard celei care se refera la
utilizarea Dermagraft-ului [36].

Integra (Integra Life Science Corporation, SUA) este cel mai
utilizat substituent de piele in arsuri si a fost descris pentru
prima data de Yannas et al. (1981). Integra are o structura bi-
lamelara, care consta din colagen bovin si glicozaminglican,
acoperite, de o parte, cu 0 membrana de silicon, care asigura
functia epidermei. Dimensiunea porilor a fost conceputa intre
70 si 200 pm, pentru a permite migrarea propriilor celule en-
doteliale si fibroblastelor. Porii mai mici intarzie sau chiar pre-
vin biointegrarea, In timp ce porii mai mari confera o suprafa-
ta de atasare insuficientd pentru celulele migrante ale gazdei.
Dupa aplicarea pe o plaga proaspat excizata, stratul de colagen
se biointegreaza cu plaga pentru a forma un ,neoderm” vascu-
lar - proces, care dureaza aproximativ 3-6 saptamani. Odata
ce acest stadiu a fost depasit, stratul de silicon poate fi inlatu-
rat si se poate aplica o grefa de piele despicata ultra-subtire
[39, 40]. Pana in prezent, probleme imunologice semnificative
(de respingere) ale produsului nu au fost semnalate. Indicatia
de electie o reprezinta tratamentul plagilor postexcizionale
ale arsurilor de gradul III si IV. Avantajele Integra sunt: (1)
este superior substituentilor tegumentari monostratificati;
(2) rezultatul estetic In timp este mult mai bun; (3) este dis-
ponibil imediat si in orice cantitati; (4) permite amanarea au-
togrefarii pana in momentul, in care se pot obtine autogrefele;
(5) Integra poate ramane la nivelul plagii pana la aproximativ
2 luni, fara a forta, astfel, aplicarea imediata a autogrefelor; (6)
functioneaza ca un suport biorezorbabil, potentand cresterea
neodermului (asemanator cu cel normal); (7) ridicarea stra-
tului siliconic (extern) este atraumatica, neimplicand excizia
chirurgicald; si (8) permite aplicarea de grefe foarte subtiri,
usurand, astfel, vindecarea zonei donatoare si permitind even-
tual o noua recoltare din aceeasi zona [8]. Exista si unele dez-
avantaje 1n utilizarea acestui produs - este relativ scump in
comparatie cu alogrefele de piele cadaverica din bancile de
tesuturi [39, 40]. Utilizarea Integra impune o interventie in
doua etape, cu un interval minimal de 3 sdaptamani intre apli-
care si grefarea cu piele despicata, pentru a forma neoderma.
In anumite cazuri, acest fapt poate creste perioada de timp
necesara vindecarii plagii. Daca Integra ar putea fi utilizata in
combinatie cu culturi de celule epidermale autologice, atunci
o Intarziere de 3 saptamani ar putea fi avantajoasa.
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supplied with serum that penetrated through the holes. The
assessment demonstrates that autografts with AlloDerm are
equivalent to natural skin autografts. Lattari et al, reported
three cases of use of AlloDerm in association with split skin
ultra-thin graft (0.20 to 0.15 mm, perforated 1.5:1). They were
applied to the dorsal surface of the three hands and one ankle.
The authors reported a rapid recovery without residual defi-
cit. This approach is similar to that which refers to the use of
Dermagraft [36].

Integra (Integra Life Science Corporation, USA) is a widely
used as a skin substitute in burn patients. For the first time
it was described by Yannas et al. (1981). Integra is a by-layer
structure which consists of bovine collagen and glycosamino-
glycan coated with a silicone membrane on the side, which ex-
ecute the epidermis function. The pore size is between 70 and
200 pm. They enable fibroblasts and endothelial cells migra-
tion. Smaller pores delay or even prevent biointegration, while
the larger pores determine insufficient attachment surface for
the migrated host cell. After applying on a fresh excised wound
the collagen layer integrates in the wound and form a vascular
“neoderm”. This process takes about 3-6 weeks. Once this stage
is passed, the silicone layer can be removed and a skin split
ultra-thin graft can be applied [39, 40]. Significant immuno-
logical problems (rejection) of the product are reported. The
indication for Integra use is treatment of post-excised wounds
of third and fourth degree burns. Integra advantages are: (1) is
better than monolayer skin substituents; (2) gives better aes-
thetic result in time; (3) is immediately available and in any
quantity; (4) allows autografting delay until autografts can
be obtained; (5) Integra remains in the wound approximately
for 2 months and don’t force immediate autograft application;
(6) acts as a bio-resorbable support and stimulates the neo-
derm growth (like that normal); (7) silicone layer (the exter-
nal one) elevation is atraumatic and doesn’t involve surgical
excision; and, (8) allows very thin grafts application, facilitat-
ing the healing of the donor site and allowing a new harvest
from the same area if it is necessary [8]. There are some dis-
advantages of using this product - it’s relatively expensive in
comparison to cadaverous skin allograft from tissue banks [39,
40]. Using Integra is required intervention in two stages, with
aminim interval of 3 weeks between application and split skin
grafting necessary for neoderm formation. In some cases this
may increase the time necessary for wound healing. If Integra
could be used in combination with autologous epidermal cells,
a three weeks delay can be advantageous.

A recent study, made on a porcine model, shows successful
integration of autologous epithelial cells on the material type
Integra already applied on the wound. Subsequent histological
examination showed a nearly complete confluence of epider-
mal autologous cells in the seventh day, while in the control
group, the autologous epidermal cells applied on the fresh ex-
cised wounds did not integrate. Current research are focused
on collagen-glycosaminoglycan matrix modification by addi-
tional incorporation in structure of peptides and antibiotics.
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intr-un studiu recent, pe un model porcin, s-a demonstrat
integrarea reusita a culturilor de celule epiteliale autologice
pe material de tip Integra, deja aplicat pe plaga. Examinari-
le histologice ulterioare au demonstrat o confluentd aproape
completa a culturilor de celule epidermale autologice la 7 zile,
in timp ce, In grupul martor, cand culturile de celule epider-
male autologice au fost aplicate pe plagi proaspat excizate pe
toatd grosimea pielii, acestea nu s-au integrat. Cercetarile cu-
rente se concentreaza pe modificarea matricei de colagen-gli-
cozaminoglicani prin incorporarea suplimentara in structura
a peptidelor si antibioticelor. Integra poate fi folosita drept
suport pentru cultivarea keratinocitelor autologice. Culturile
de keratinocite autologice au demonstrat ca au capacitatea de
a forma un strat epitelial dupa ce se plaseaza pe Integra, cu
grefare ulterioara. Materialul de insamantare a dovedit o ade-
rentd buna pe plagd, vindecare completd, cu contractie minora
a plagii, avand potentialul de a restabili pielea umana elastica,
functionala si cu rezultate durabile.

Substituenti epidermali

Substituentii epidermali autologici sau alogeni constau, in
cea mai mare parte, din keratinocite epidermale. Descoperirea
lor se datoreaza cercetarilor efectuate de Rheinwald si Green
(1975), care au obtinut, pentru prima data, culturi epiteliale
monostrat matrice sintetice de sustinere. Insi celulele obtinute
dupad metoda propusa de Rheinwald si Green se diferentiau
rapid in cadrul cultivarii, faicind imposibild obtinerea numa-
rului suficient de celule. Pricipiul acestei metode consta in
co-cultivarea keratinocitelor umane cu fibroblastele murine
3T3, subletal iradiate. Celulele 3T3 servesc in calitate de strat
de suport (sau, feeder) pentru keratinocite, ramanand viabi-
le, dar incapabile de a se multiplica dupa iradiere. Aplicarea
mitomicinei C poate servi drept alternativa iradierii pentru
stoparea multiplicirii celulelor 3T3. In orice caz, fibroblastele
murine raman metabolic active si produc factori esentiali pen-
tru multiplicarea si cresterea keratinocitelor, Insamantate pe
suprafata lor. Acest proces, de la inceperea cultivarii si pana la
aplicarea stratului de keratinocite la pacient, dureaza aproxi-
mativ 3-4 saptamani [41].

Avantajele substituentilor epidermali sunt: functioneaza
ca acoperire permanentd si nu dezvolta reactie de respinge-
re. Dezavantajele substituentilor epidermali sunt: (1) prezinta
instabilitate mecanica (fragilitate) prin structura monostrat
(lipsita de suportul dermic), manevrare dificila; (2) prezinta
dificultati in utilizare, in cazul leziunilor tegumentare profun-
de, cu distrugerea completd a stratului dermal; (3) necesita
mult timp pentru obtinerea numarului suficient de celule; (4)
flictenizeaza cu usurintd; (5) retractii importante; (6) rezultat
estetic precar; (7) au un cost ridicat; (8) aplicarea lor pe ana-
logi dermali sintetici nu si-a demonstrat eficienta [8, 42].

Culturi de keratinocite autogene

Tehnologia cresterii keratinocitelor a fost pusa la punct
acum 30 de ani. Foitele confluente de keratinocite pot fi cres-
cute in vitro si aplicate, apoi, pe defecte tegumentare generate
de arsuri, ulcere cronice ale gambei, inlaturarea nevusurilor
gigantice, epidermoliza buloasa, necroza scalpului la nou-nas-
cuti etc. Ca si in cazul grefelor de piele despicata, atasarea cul-
turilor celulare epiteliale autogene depinde de patul recipient
al plagii, care trebuie sa fie, de preferinta, tesut granular tanar
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Integra can be used as a support for autologous keratinocytes
cultivation. The autologous keratinocytes have the capacity to
form an epithelial layer after placing on Integra with subse-
quent grafting. The material demonstrates a good adherence
to the wound, complete wound healing with a minor contrac-
tion and has the potential to restore elastic, functional human
skin with sustainable results.

Epidermal substitutes

Autologous and allogeneic cultured epidermis consist
mainly of epidermal keratinocytes. Their discovery is due
to research conducted by Rheinwald and Green (1975), who
obtained for the first time an epithelial monolayer cultures
on synthetic support. Prior to Rheinwald and Green’s report,
however, human epidermal keratinocytes had easily keratin-
ized (undergone final differentiation) during culture, mak-
ing it impossible to obtain sufficient cell proliferation. The
principle of this method is based on co-cultivation of human
keratinocytes with sublethally irradiated murine 3T3 fibro-
blasts. The 3T3 cells serve as a supporting (feeding) layer
for the keratinocytes, remaining viable but unable to divide
themselves post-irradiation (an alternative method involves
stopping 3T3 cells dividing using mitomycin C). However, the
metabolic activity of these mouse fibroblasts remains func-
tional, yielding growth factors which are essential for the
division and growth of keratinocytes seeded on top of them.
This process takes approximately 3-4 weeks from the start
of cultivation to the application of keratinocyte sheets to the
patient [41].

Advantages of epidermal substitutes: act as a permanent
coverage, and don't give rejection response. Disadvantages of
epidermal substitutes are: (1) fragility and mechanical insta-
bility because they don’t have a dermal support (monolayer
structure) difficult handling; (2) problematical use in cases
of deep skin damage for patients in whom the dermis has
been completely destroyed; (3) time lag to obtain the needed
amount; (4) easily formation of fluid-filled vesicles; (5) sig-
nificant retractions; (6) uncertain aesthetic outcome; (7) high
cost; (8) application on derma synthetic analogues is not an
effective one [8, 42].

Autologous keratinocytes cultures

The keratinocyte cultivation is possible for 30 years. Con-
fluent keratinocyte layer may be grown in vitro and then ap-
plied to the skin defects caused by burns, chronic leg ulcers,
giant nevus removing, epidermolysis bullosa, scalp necrosis in
new-borns etc. As in the case of split skin grafts, autologous
epithelial cells attachment depends on the wound bed quality,
which preferably should be fresh granulation tissue or muscle
fascia and should not be chronic granulation tissue. Wound
pre-grafting with an allograft will encourage the incorpora-
tion and ensure the presence of non-granular dermis bed con-
sisting of autologous or allogenic dermis.

The films of keratinocytes are offered under the name Epi-
cel (Genzyme Tissue Repair Corporation, USA) and can be ob-
tained in well-equipped hospital and university laboratories.



sau fascie musculard, Insd nu tesut granular cronic. Pregrefa-
rea plagii cu alogrefa va incuraja incorporarea si va asigura
prezenta unui pat dermic nongranular, format din derma au-
togena sau alogena.

Peliculele constituite din keratinocite sunt oferite sub de-
numirea de Epicel (Genzyme Tissue Repair Corporation, SUA)
si pot fi realizate 1n laboratoarele spitalelor si universitatilor
bine echipate. Totusi, sunt scumpe, intrucat necesita mul-
td munca calificatd si un bun control al calitatii; in plus, sunt
necesare 3-5 sdptamani pentru a produce 1,8 cm? de pelicule
confluente de celule dintr-o biopsie de 2 cm?. Pentru a utiliza
optimal foitele de autogrefa epiteliald, este necesar un grad
inalt de coordonare intre sala de operatii si laborator. Pentru
a rezolva aceste probleme, s-a recurs la congelarea culturilor
de keratinocite, atat in forma de suspensie, cat si de culturi de
autogrefe epiteliale, ele ramanand viabile, desi eficienta de ge-
nerare a coloniilor scade, dupa aceasta, cu circa 50%.

Keratinocite alogene cultivate

In incercarea de a rezolva problema impusi de intarzierea
cresterii keratinocitelor autologice confluente pentru inchi-
derea plagii, a fost studiata utilizarea keratinocitelor alogene
cultivate. Dupa cultivare, keratinocitele nu exprima antigeni
MHC de clasa II. Ele nu stimuleaza limfocitele alogene. Expre-
sia antigenilor MCH de clasa I este si ea atenuata de pasajul
multiplu al celulelor si crioconservare. La aplicarea keratino-
citelor non-diferentiate, straturile granulos si cornos nu sunt
prezente. La a sasea zi dupa aplicare, celulele se diferentiaza
in straturi normale, Insa jonctiunea dermo-epidermica nu este
una stabila. La a treia saptamana dupa grefare, apare mem-
brana bazalda cu hemidesmozomi. Pe parcursul saptamanilor
6-12, fibrele de ancora (colagen de tip VII) sunt putine la nu-
mar si imature, desi papilele sunt prezente deja si sistemul de
vascularizare este format.

In experienta clinicd, nu se observi reactia de detasare acu-
td, ce urmeaza in urma aplicarii foitei de keratinocite. Totusi,
probele cu cromosomul Y si ADN, au demonstrat ca celulele
alogene isi pastreaza viabilitatea mai putin de 1 saptamana
dupa aplicarea lor pe plagile rezultate in urma exciziei tatu-
ajelor sau a ulcerelor. Termenul creste pana la 6 saptamani,
cand se aplicd pe zonele donatoare de grefa de piele despicata.
Vindecarea mai buna dupa aplicarea keratinocitelor alogene
este atribuitad secretiei factorilor de crestere si a citokinelor
de catre celule. Culturile de keratinocite alogene sunt privite,
prin urmare, ca un material pentru acoperirea plagii, intrucat
singure nu pot sa asigure inchiderea plagii. Utilizarea kerati-
nocitelor alogene se considera primordiald in acoperirea pla-
gilor cronice deschise, precum ulcerele de gamba, sau pentru
a accelera vindecarea zonelor donatoare.

Culturile de alogrefe epiteliale reprezinta niste foite fra-
gile. Ele trebuiesc separate de la vasul de cultura celulara cu
ajutorul unei enzime proteolitice, nainte de aplicarea pe patul
plagii. Procedeul induce contractie si proliferare ulterioara re-
dusa. Epiteliul format este instabil, fapt ce conduce la aparitia
spontana a bulelor la mai multe luni dupa grefare, crescand,
astfel, susceptibilitatea pentru infectii si contracturi. Histolo-
gic, fragilitatea foitelor culturilor de alogrefe epiteliale poate
fi produsa de imaturitatea jonctiunii dermo-epidermice, care

Substituenti biologici ai pielii

However, they are expensive because of the fact that their pro-
duction requires skilled labour and good quality control; 3-5
weeks are required to produce 1.8 cm? of confluent cell film
from a 2 cm? biopsy. A high degree of coordination between
the operation theatre and laboratory is necessary for optimal
epithelial autograft use. For solving this problem, the kerati-
nocyte cultures are congealed, both in suspension and in cul-
ture of epithelial autografts. The cells remain viable, but the
efficiency of colonies generation is reduced by about 50%.

Cultured allogeneic keratinocytes

To obtain the confluent culture of autologous keratinocytes
for wound closure is a long process that is why allogeneic cul-
tured keratinocytes use is studied too. After cultivation kerati-
nocytes do not express Ag (antigens) of MHC class Il and do not
stimulate allogeneic lymphocytes. Expression Ag of MHC class
lis also attenuated by multiple passage and cells cryopreserva-
tion. When transplanted, keratinocytes are non-differentiated,
the cornified and granular layers are not present. On the 6th
day after grafting they differentiate into normal layers, but
crosslinking increases are missing; 3 weeks after fragging the
basal lamina with hemi-desmosomes is already present. Dur-
ing the first 6-12 weeks anchoring fibrils (collagen VII) are few
in number and immature, although at this stage the ridges are
present and the vascular organization is normal.

In clinical experience acute detachment reaction after
keratinocytes’ pellicle application is not observed. However,
samples with chromosome Y and DNA demonstrated that al-
logeneic cells retain their viability less than 1 week after appli-
cation to the wound resulting from tattoos or ulcers excision.
The term increases to 6 weeks when keratinocytes are applied
to the skin split graft donor sites. Progressively wound heal-
ing after allogeneic keratinocytes application is determined by
secretion of growth factors and cytokines of these cells. Allo-
geneic keratinocyte cultures are seen as a material for wound
coverage because they cannot provide wound closure alone.
The use of allogeneic keratinocytes is essentially in chronic
open wounds covering (as leg ulcers), or for accelerating do-
nor sites healing.

Epithelial allografts represent some fragile films. Before
application to the wound bed they should be detached from
the cell culture dish with a proteolytic enzyme. This process
produces shrinkage and low subsequent proliferation. Epithe-
lium formed in this way is unstable and leads to spontaneous
bubbles appearance several months after grafting, increases
susceptibility to infections and contractures. Histologically,
the fragility of epithelial allograft can be produced by dermo-
epidermal junction immaturity, which lead to an inadequate
anchorage. There is an abnormal wound healing area around
the graft edges firmly seated and there is a healing type “brick
wall” [43].

Several groups work in the direction of development of
transportation systems for cultured keratinocytes which will
reduce costs, will improve incorporation and the quality of the
formed epidermis. Many of these transporting systems are not
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duce la un ancoraj inadecvat. Apare o zona de vindecare anor-
mal3, ferm3, in jurul zonei de grefa [43].

Mai multe grupuri lucreaza in sensul dezvoltarii unor siste-
me pentru transportarea culturilor de keratinocite autogene,
in speranta cd aceasta va reduce costurile si va ameliora incor-
porarea si calitatea epidermei rezultate. Multe dintre aceste
solutii nu au fost utilizate pe larg pe subiecti umani. Transpor-
tul celulelor cultivate spre zona defectului se face prin aplicare
directd sau cu utilizarea sistemelor de transport [44].

Aplicare directa

S-au realizat anumite succese, aplicand celulele impreuna
cu fibring, in suspensie sau sub forma de membrana.

Suspensia de fibrind. Este o tehnica simpl3, care permi-
te grefarea la etape mai precoce, cand celulele se afla in stare
proliferativa activa. Dupa ce keratinocitele se fixeaza de plaga
cu fibrind, vindecarea completa se produce in 14-21 de zile.
Pe model animal (sobolani), prin utilizarea unei suspensii
de clei de fibrina pe un pat dermic pregrefat, s-au obtinut un
atasament si o regenerare buna si, in final, piele stabila, cu ca-
litati mecanice bune.

Foita de fibrind. Culturi subconfluente de keratinocite pot
fi crescute pe un strat de fibrina si, apoi, transferate in forma
de placute pe plagi. Asa metoda a fost folosita la trei pacienti
cu plagi profunde dupa excizie. S-a constatat ca fibrina ofera o
bariera satisfacatoare in raport cu mediul inconjurator timp
de 10 zile, astfel asigurand timpul necesar pentru proliferarea
keratinocitelor pana la confluenta. Culturi de keratinocite au-
togene au fost aplicate si sub forma de spray de fibrina auto-
gena pe suprafata plagii.

Suspensii de celule pentru pulverizare. Culturi de ke-
ratinocite au fost aplicate pe plagi acoperite cu autogrefe de
piele despicata, fenestrata 3:1. in aceste cazuri, keratinocitele
au fost suspendate In mediu de crestere si au fost pulverizate
direct pe plagd, fara a folosi fibrina. Se raporteaza ca plagile se
vindeca mai rapid si au o calitate mai bung, acolo unde s-au
pulverizat celule.

Sistem de transport

Au fost utilizate mai multe membrane 1n calitate de suport
pentru keratinocite. Unul dintre cele mai moderne este Laser-
skin (Fidia Advanced Biopolymers, Italia), un derivat esterificat
al acidului hialuronic, perforat cu ajutorul laserului. Acidul
hialuronic stimuleaza migrarea celulelor, proliferarea lor si
procesul de angiogeneza. Acelasi material a aparut pe piata cu
denumirea de Vivoderm (ER Squibb and Sons Inc., SUA). Kera-
tinocitele sunt insdamantate in vitro pe membrana si, prolife-
rand, populeaza porii creati de laser. Coloniile celulare cresc,
apoi, de asupra si sub membrang, care poate fi dezlipita de pe
ceasca Petri fara digestie enzimatica. Metoda a fost utilizata
in clinicd in tratamentul vitiligo, precum si pentru a acoperi
Integra [45].

Substituenti combinati de piele pentru inchiderea
plagii

Rezultatele elaborarii si utilizarii sistemelor alternative de
transport pentru celule (trame, suporturi) sunt incurajatoare,
deoarece acolo, unde keratinocitele au fost utilizate separat,
calitatea vindecdrii a fost de calitate proasta. Combinarea ke-
ratinocitelor cu anumite forme de matrice cutanatd, creste
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used widely in humans. The delivery of cells to the wound can
be at any stage in the expansion process by direct application
or by use of a carrier [44].

Direct application

There are some successes in keratinocyte application with
fibrin, in suspension or in the form of a membrane.

The fibrin suspension. The fibrin suspension is a simple
technique that allows grafting at early stages, when cells
proliferate actively. Once keratinocytes are attached to the
wound, complete healing occurs in 14-21 days. In the animal
model (rat) a good attachment and regeneration and forma-
tion of stable skin with good mechanical properties were ob-
tained by use of a fibrin glue suspension on the dermal pre-
grafted bed.

Fibrin pellicle. Keratinocyte subconfluent cultures can be
grown on a layer of fibrin and then transferred to the wound
bed. Such method was used to three patients with deep
wounds after excision. It was found that fibrin provided a sat-
isfactory barrier against the environment for 10 days, ensur-
ing the time required for the keratinocytes proliferation until
confluence. Autogenous keratinocytes can be applied in spray
form on the wound surface.

Cell suspension for pulverization. Keratinocyte suspen-
sion were applied to wounds covered with split skin fenes-
trated 3:1 autografts. In these cases the keratinocytes are sus-
pended in growth medium and sprayed directly on the wound
surface without the use of fibrin. It is reported that wounds
heal faster and have a better quality where cells were sprayed.

Carrier system

Different membranes were used as a support for keratino-
cytes. One of the latest is Laserskin (Fidia Advanced Biopoly-
mers, Italy), an esterified derivative of hyaluronic acid perfo-
rated by laser. The hyaluronic acid can promote cell migration,
proliferation and angiogenesis. The same material appeared
on the market under the name Vivoderm (ER Squibb and Sons
Inc., USA). Keratinocytes seeded in vitro on the membrane and
proliferate. In this way they inhabit the pores created by laser.
Then the cell colonies grow above and below the membrane.
It can be peeled from the cup surface without enzymatic diges-
tion. It has been used clinically in the treatment of vitiligo and
for Integra covering [45].

Complex skin substitutes for wound closure

The results of development and use of alternative carrier
systems for cells (Trame, supports) are encouraging because
when keratinocytes are used separately the healing quality is
poor. Combination of keratinocytes with some forms of cuta-
neous matrix increases the efficiency of their utilization. Ma-
trix films with subconfluent cell cultures need time to restore
the dermal basal membrane. The dermal basal membrane is
the key-structure which ensures a robust and adherent epi-
dermal barrier. The best solution is the formation by epider-
mis of the basal membrane during the cultivation process with
its maintenance during the autograft transportation. The ob-
jective can be achieved by keratinocyte cultivation on a certain
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eficacitatea utilizarii acestora. Totodatd, placutele de matrice
cu celule subconfluente, au nevoie de timp pentru a restabili
membrana dermica bazald, care este structura-cheie, ce asi-
gura o bariera epidermica robusta si aderenta. Solutia cea mai
favorabila ar fi formarea de citre epiteliu a unei membrane ba-
zale in decursul procesului de cultivare, cu mentinerea aces-
teia Tn timpul transportarii autogrefei celulare epidermice.
Obiectivul poate fi atins prin cultivarea celulelor pe un anumit
tip de biomaterial. Daca stratul epidermic poate fi fixat in pla-
g4, atunci bariera epidermica vitald poate fi substituita. Acest
mod de abordare este denumit adesea tehnologie ,,complexd”
de substituire a pielii. Sinteza unui compus cutanat, care are
doua componente, dermic si epidermic, poate nu doar sa im-
bunatateasca tehnicile de transfer al keratinocitelor, dar si sa
influenteze aderarea, cresterea si diferentierea epidermica.
Cultivarea concomitenta a Keratinocitelor si fibroblastelor
stimuleaza sinteza colagenului de tip VII, proteina structurala
majora a fibrilelor de ancoraj.

Compusii, dezvoltati actualmente, contin geluri simple de
colagen, similare dupa forma cu Apligraf, derma prelucrata si
compusi pe baza de colagen-glicozaminoglicani.

Compusi pe baza de alogrefe si xenogrefe

Ghosh et al. (2009), au comparat metodologiile folosite
pentru prepararea substituentilor de piele, combinati pe baza
de derma alogena. Ei au cercetat etapele de sterilizare, de de-
epitelizare si introducere a fibroblastelor si keratinocitelor
in compus, necesare pentru producerea unei derme sterile
si acelulare, cu membrana bazala intactd, necesara pentru o
buna aderare a stratului epidermal.

Tehnica de glicerolizare standardizata ofera rezultate opti-
male de sterilizare, mentinand, in acelasi timp, o derma elasti-
ca ce pastreaza cu fidelitate structura histologica normala. Ira-
dierea face pielea rigida si histologic anormalg, iar tratamentul
cu oxid de etilena are rezultate imprevizibile. Daca oxidul de
etilena ar da rezultate consistente, ar fi preferata din cauza ca
reprezinta o procedura de sterilizare standard si rapida.

De-epidermizarea cu clorura de natriu pastreaza membra-
na bazald mai bine si a fost mai rapida decat la utilizarea so-
lutiei de fosfat tampon. Penetrarea fibroblastelor in derma se
produce doar in derma reticulard, in cazul in care nu a fost in-
samantata impreuna cu keratinocitele. Autorii acestui studiu
recomanda un compus format din alogrefa glicerolizata sau
tratata cu oxid de etilena, Tnsamantat, in prealabil, cu fibro-
blaste si, ulterior, cu keratinocite [46].

Compusi derivati din matrice colagen-glicozaminoglican

Studiile in vitro, in care keratinocitele umane subconfluen-
te sunt aplicate pe suprafata unei matrice de colagen-glico-
zaminoglicani, similara celei utilizate in Integra, au dovedit
aderenta si crestere pana la confluenta. Modificarile ulterioa-
re ale membranei din colagen-glicozaminoglicani pentru im-
plantarea fibroblastelor autogene, au permis cresterea unor
straturi distincte de cultura de keratinocite autogene pe su-
prafata modificata. Utilizarea clinica a acestui tip de material
in plagile profunde, excizate ale pielii, au dovedit rate de incor-
porare acceptabile, cu formarea membranei bazale timp de 9
zile. Lucrdrile ulterioare ale acestui grup, utilizand keratino-
citele impreuna cu fibroblastele, au demonstrat ca includerea
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type of biomaterial. When the epidemic layer is attached on
the wound surface, the vital epidermic barrier function is sub-
stituted. This method is called “complex” technology of skin
substitution. Formation of a skin substitutes which consists of
two components - the dermis and epidermis components -
can improve the keratinocytes carrier methods and influence
the epidermic adherence, growth and differentiation. Kerati-
nocytes and fibroblasts simultaneous cultivation stimulates
the synthesis of collagen type VII, the major structural protein
of anchorage fibrils.

Currently developed products contain simple collagen
gels, similar with Apligraf, processed dermis and components
based on collagen-glycosaminoglycans.

Compounds based on allografts and xenografts

Ghosh et al. (2009) compared the methods used for the
preparation of “complex” skin substitutes based on allogeneic
dermis. They studied the steps of sterilization, de-epithelial-
ization and fibroblast and keratinocyte introduction in the
compound necessary for production of a sterile and acellular
dermis with intact basal membrane which ensure a proper
epidermal layer adherence. Glycosylation standardized tech-
nology leads to obtain optimal sterilization results and allows
to maintain elastic dermis which keep normal histological
structure. The radiation makes the skin stiff and histologi-
cally abnormal. The treatment with ethylene oxide has un-
predictable results. If ethylene oxide gives consistent results
it will be preferred because it is a quick standard sterilization
procedure.

De-epidermisation with sodium chloride maintains the
basal membrane better and is a faster method than phosphate
buffer solution use. The penetration of fibroblasts into the
dermis has place only in the reticular layer (if keratinocytes
are not seeded simultaneously). The authors of this study rec-
ommend a compound which consist of glycerolized or treated
with ethylene oxide allograft, previously seeded with fibro-
blast and subsequently with keratinocyte [46].

Compounds derived from collagen-glycosaminoglycan
matrix

Invitro studies in which subconfluent human keratinocytes
are applied to a collagen-glycosaminoglycan matrix show ad-
herence and growth until confluence. Subsequent modifica-
tion of the collagen-glycosaminoglycan membrane for autolo-
gous fibroblast implantation allows growth of distinct layers
of autologous keratinocytes. The clinical use of this material in
excised full-thickness wounds demonstrates acceptable rates
of incorporation with basal membrane formation in 9 days.
Subsequent studies of this group with simultaneously use of
keratinocytes and fibroblasts show that the inclusion of these
two cell types in vitro ensure formation of a better basal mem-
brane, increase production of laminin, collagen type IV and
thicker epithelial layers. Recently, cell cultures in composition
of skin substitutes were successfully applied to patients with
burns for deep excised wound closure.

Approximate price of the most frequently used sicin sub-
stitures is given in Table 1.
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acestor doua tipuri de celule au drept rezultat formarea unei
membrane bazale mai bune, producere crescuta de laminina,
colagen de tip IV si straturi epiteliale mai groase, in vitro. Mai
de curand, culturile de celule in componenta substituentilor
de piele, au fost aplicate cu succes la pacienti cu arsuri pentru
inchiderea plagilor profunde excizate.

Pretul aproximativ al celor mai frecvent utilizati sub-
stituenti de piele este redat in Tabelul 1.

Tabel 1. Pretul aproximativ al celor mai frecvent utilizati substituenti de
piele [47].

. < Pret per
Denumire  Structura N b
cm?, €
EZ-Derm Xenogrefa porcing, procesatad prin liofilizare 2,5
Biobrane Silicon, retea de nailon, colagen 0,7
Silicon, retea de nailon, colagen insamantat cu 10,7
Transcyte . . .
fibroblasti neonatali
. Keratinocite neonatale, colagen insamantat cu 19,3
Apligraf

fibroblasti neonatali

Dermagraft Acid poliglicolic, insamantat cu fibroblasti neonatali 9,7

AlloDerm Derm cadaveric deepitelizat acelular 8,1
Integra Silicon, colagen si glicozaminglican 4,5
Laserskin Culturad de keratinocite autogene, acid hialuroniccu 21,9
perforari laser
Epicel Culturd de keratinocite autogene 15,8
Allograft Tegument uman, procesat prin glicerolizare 1,5
Allograft Tegument uman, procesat prin crioprezervare 08
Concluzii

In viitor, substituentii de piele vor avea un mai mare
potential de a stimula procesul de regenerare a leziunii, decat
de a o repara. Pielea artificiala va Inlocui grefele de piele, astazi
considerate drept standard de aur in tratamentul defectelor
tegumentare. in calitate de clinicieni, scopul nostru este - de
a-1 asigura pe pacientul ars - cu piele de cea mai inalta calita-
te si cat mai rapid posibil. Ca oameni de stiintd, noi, deocam-
data, nu am realizat scopul final - obtinerea pielii artificiale
gata pentru utilizare si, cu atdt mai mult, in cantitati suficiente.
Ins3, prin sinteza ultimelor date in acest domeniu si aplicarea
rationald a cunostintelor noi in practicd, putem sa ne asiguram
ca folosim materialul potrivit Intr-o situatie corespunzatoare.
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Conclusions

Products which consist of cultured allogeneic cells in com-
bination with biomaterial are available on the market for
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