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Efforts have been made during the last few years towards the development of new artificial wound coverings which
will meet the requirements necessary for the treatment of major skin wounds. Research has been mainly focused on
achieving the specifications of an ideal wound dressing, such as hydrogel technologies providing products suitable for
applications in biomedical, personal care as well as nano-sensor. But as the hydrogels have low mechanical strength, recent
trends have come up in the form of composite membranes, where a textile material is coated with the polymer solution. The
fabric reinforcement provides strength to the dressing and the drug loaded dressings offer precise control of the release
behavior. The present paper reviews various efforts made on the textile - based composite structures for their applications as
wound dressings, based on the current research and existing products.
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1 Introduction
Healthcare is an essential aspect of human survival.
Polymeric materials in different forms with specific
characteristics have generated significant interest in a
number of biomedical applications. Wound
management has recently become more complex
because of new insights into wound healing and
increasing need to manage complex wounds outside
hospital. The basic function and role of wound
management are promoting rapid wound healing in
order to obtain both functional and cosmetic results1.
A wound can be defined as a cut or break in the
continuity of any tissue, caused by injury or
operation. Modern dressings are designed to facilitate
the function of wound healing rather than just to cover
it2. Until the mid 1900s it was firmly believed that
wounds heal more quickly if they are kept dry and left
uncovered. Maintaining a moist environment aids
wound healing in several ways as it prevents
additional tissue loss from desiccation, and promotes
the activity of lytic enzymes that clear residual debris
in early wound healing.
Wound healing is the body’s natural process of
regenerating dermal and epidermal tissues which
involves a highly orchestered sequence of complex
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events, resulting in the restoration of the wounded
tissue to the normal or quasi-normal state found prior
to wound repair. During this process, it passes
through four
phases, namely homeostasis,
inflammation, granulation tissue formation and
remodeling, which overlap in time3-5. It is a highly
complex process affected by factors that are specific
to the individual such as nutritional status, age,
systemic disease, medication and behavior along with
the size, depth, causation and etiology of the wounds6.
The study of wound healing was somewhat
neglected in the 1900s until Winter’s work on the
effects of polymer film ‘dressings’ showed that
epithelial repair in the skin of pigs was at least twice
as fast as seen in comparable air-exposed wounds.
The interest in wound healing research was further
heightened by developments in the biotechnology
field which made it possible to produce large
quantities of human growth factors. The centers
skilled in the production of these materials have
turned their attention to the complexities of the
healing process, hoping to apply their technology in
order to speed healing, initiate it when it does not
occur, or control it when there is overproduction of
scar tissue. These growth factors are also present in
wound environment and exert effects on cell
migration, division, and synthesis of proteins7.
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Wound care is one of the most lucrative and
rapidly expanding medical device market segments
for both manufacturers and providers. World demand
for wound management products will increase 4.6%
annually to $28.7 billion in 2013 (ref. 8). Based on the
advanced nature of medical delivery systems and the
widespread insurance coverage of residents for
primary health care procedures, the developed
countries will absorb approximately three-fourths of
this total. Demand in the developing countries as a
whole will expand faster as the availability and
accessibility of basic health care services improve.
Devices for wound closure such as sutures and staples
are dominant while other therapeutic approaches like
dressings and adhesives continue to grow rapidly.
World demand for wound dressings will increase
5.4% annually through 2013. The leading global
competitors in the world wound management business
include CR Bard, Baxter International, ConvaTec,
Covidien, Johnson & Johnson, Kinetic Concepts,
Lohmann & Rauscher, Moelnlycke Health Care,
Smith & Nephew, Systagenix Wound Management
and 3M Company8.
Proper wound management has become one of the
top concerns for many clinicians across the world.
The aim of this study is to review the innovations in
advance wound care market. Advanced wound care
therapy can be used to enable chronic wounds to heal.
This reduces infection risks, pain and discomfort and
improves quality of life. Textile based composite
structures are good material to be incorporated as
wound dressings because of their large porosity,
surface area and air as well as moisture permeability9.
These textile materials provide strength, extensibility
and flexible support for the reinforcement with the
healing materials.
2 Wound Dressings
A wound dressing includes a first layer located
adjacent to the wound and comprises a material which
should be bioabsorbable, porous and adapted for
serving as a scaffold for cell attachment and
proliferation; and a second layer which is in contact
with the first layer and comprises an absorbent, gel
forming material adapted for serving as a barrier to
cell adhesion and penetration10. There are two kinds
of dressings, namely dry and wet. Historically, the
concept of dry wound dressings was considered to be
the best for healing of the wounds. Up until mid
1970s, most of the commercial dressings consisted of
woven cotton gauze or nonwoven blends of rayon
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with other fibres (e.g. polyester or cotton). These so
called traditional dressings function to absorb
exudates, cushion the wound, allow for a dry site,
hide the wound from view, and provide a barrier to
contamination. Clinicians used to remove these
dressings very early to expedite further drying of the
wound site, as this environment was known to be
hostile for bacterial proliferation, and for viability of
the mammalian cells and tissues involved in healing
process7. It has been observed by Winter11 that when
wound is left open to air, a scab (a dry covering)
covers the wound which decreases the rate of
epithelialization11,12. It has been reported that the
healing with a wet environment is faster than that with
a dry environment. This is due to the fact that
renewed skin, without the formation of eschar, takes
place during healing in a wet environment11. The
concept of moist wound dressings came into picture
with the desire to replicate the skin, which is
considered as the ideal wound dressing with 85%
water content and inherent permeability13.
Gauze/cotton dressings, which were earlier frequently
used to dress wounds, are now not so common
because of some disadvantages14, as shown below:
(i) inability to prevent microbial invasion.
(ii) leads to trauma to patients at the time of removal
as these get adhere to the wound surface.
(iii) low absorption of wound exudates leading to
accumulation of exudates at wound surface
which then becomes site for microbial attack.
(iv) do not provide proper permeability of gases.
(v) can only be used for minor wounds and not for
chronic wounds.
(vi) provide a dry environment for wounds to heal.
Although traditional gauze type dressings have
large number of limitations, these still occupy the
market and the use of occlusive dressing on the other
hand is gaining a great deal of popularity and
attention nowadays. Reportedly, there are over 30
different companies offering more than 300 of these
advanced wound dressings15. Some of dressing types
each having different brands are alginates,
antimicrobial, biosynthetics and skin substitutes,
collagen composites contact layers foams films
gauzes (all purpose), impregnated, nonadherent,
packing/debriding,
hydrocolloids,
hydrogel
amorphous, hydrogel sheets, hydrogel gauzes,
silicone dressings and specialty absorptives15. An
ideal wound dressing should have the following
properties:
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(i)

maintains a moist environment around the
wound,
(ii) permits diffusion of gases,
(iii) removes excess exudates, but prevents saturation
of the dressing to its outer surface,
(iv) protects wound from micro-organisms and does
not contaminate the wound with foreign
particles,
(v) provides mechanical protection,
(vi) controls local temperature and pH,
(vii) is easy and comfortable to remove/change,
(viii) minimizes pain from the wound,
(ix) is non-allergenic,
(x) is cost effective and cosmetically acceptable,
(xi) prevents the wound desiccation,
(xii) stimulates the growth factors, and
(xiii) biocompatible and elastic1,16.
Wound healing takes place faster in moist
environment as provided by hydrogel17. It was found
that the healing is faster with the hydrogel dressing
(wet) than with the gauze dressing (dry). Wound area
covered by hydrogel decreases faster with increasing
healing period. On the contrary, the wound covered
by gauze dressing reduces by only half a per cent
even after 14 days17.
Lamke et al.18 have reported that the rate of water
loss at a surface temperature of 35°C from normal
skin is 204±12 gm-2 per day, while that for injured
skin can range from 279±26 gm-2 per day for a first
degree burn to 5138±202 gm-2 per day for a
granulating wound. Thus, water losses from severely
burnt skin can be up to 20 times greater than that from
normal skin. The water vapor permeability of a
wound dressing should prevent both excessive
dehydration as well as building up of exudates.
Wong19 has recommended 2000-2500 gm-2 water loss
per day from injured skin, as this would provide an
adequate level of moisture without the risk of wound
dehydration. So, water vapor transmission rate
(WVTR) is a distinct factor that shows the potential of
wound dressing in transmission of body liquid or
wound exudates1. The wound dressings must be able
to reduce the loss of body liquid especially from burn
patients. These textile-based smart dressings are good
for burn patients, as the most difficult problem in
taking care of the burned victims is the loss of most of
their body liquid due to evaporation and exudation,
leading to decrease in body temperature and increase
in rate of metabolism. Though there is not an exact
ideal value of WVTR for wound dressing, the value

must not be so high, because it will cause a dry
condition in the wound area. On the other hand, if the
WVTR value is so low, then it will make the
accumulation of exudates which may cause the
deceleration of healing process and opens up the risk
of bacterial growth. The WVTR (g/m2/h) for some of
the commercial wound dressing types20,21 are
Biabrone (154), Metalline (53), Op site (33),
Omiderm (208), Human skin (15), and Pig skin (9).
Burn wound dressings can be classified into two
major categories according to usage, namely (i) short
term application (dressings) which requires
replacement at regular intervals and (ii) long term
applications (skin substitutes). They can be further
subdivided into temporary (applied on fresh `partial
thickness wounds' until complete healing is ensured),
and semi-permanent (applied on `full thickness
wounds' until autografting)6.
However, the most frequently used classification of
dressing is based on the nature of its material rather
than the mode of its application. Based on the type of
materials used for the preparation of dressings, they
may be classified as conventional, biological and
synthetic dressings. Within each category, the
dressings may be further classified into (i) primary
dressing — a dressing in physical contact with the
wound bed; (ii) secondary dressing — a dressing that
covers the primary dressing; and (iii) island dressing
— a dressing that is constructed with a central
absorbent portion surrounded by an adhesive portion.
3 Textile-based Smart Wound Dressings
A dressing is an adjunct used by a person for
application to a wound in order to promote healing
and/or prevent further harm. It is designed to be in
direct contact with the wound, which makes it
different to a bandage; the bandage is primarily used
to hold a dressing in place. It can have a number of
purposes, depending on the type, severity and position
of the wound. However, all purposes are focused
towards promoting recovery and preventing further
harm from the wound. Historically, a dressing is
usually a piece of material, sometimes cloth; however,
the use of cobwebs, dung, leaves and honey has also
been described. Modern dressings include gauzes
(which may be impregnated with an agent designed to
help sterility or to speed healing), films, gels, foams,
hydrocolloids,
alginates,
hydrogels
and
polysaccharide pastes, granules and beads. Textiles
include fibres, filaments, yarns, woven/ knitted/
nonwoven materials, and articles made from natural
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and man-made materials as well as products utilizing
such raw materials9. The fibres, generally used in
wound care, may be grouped into natural (occur
naturally) and manmade (that don’t occur in nature,
may be composed of natural materials) categories9.
Most important natural fibres are cotton, silk and
linen. Man-made synthetic polymers cover
fibres manufactured from chemically synthesised
polymers like polyester, polyamide, polypropylene,
polyurethane, polytetrafluoroethylene, etc and fibres
manufactured from naturally available polymers like
alginates, proteins, polyglycolic acid, regenerated
cellulose, chitin, chitosan, hyaluronan, etc. Some nonfibrous materials such as carbon and metals (silver) are
also used9.
3.1 Coating Materials

A number of dressings like hydrocolloids, alginates
and hydrogels along with supporting textile materials
are now available in the market. These coated textile
materials have been engineered to have particular
properties, such as good strength, flexibility, and air as
well as moisture permeability for their use as smart
wound dressings.
3.1.1 Hydrocolloids

Hydrocolloids form a set of dressings, which heals
the wound by providing occlusion. It is usually a
multilayered structure, which consists of an outer layer
to provide protection and a supporting material, which
may be present in the form of film, foam or fibre. Onto
this supporting material is laminated a composite
consisting of an adhesive through which hydrophilic
particles are distributed. The typical supporting
materials used in hydrocolloid dressings are nonwoven
polyester fibres and semipermeable polyurethane films
while the hydrophilic component of the adhesive may
contain several components such as synthetic polymers
including polyurethane gels, protein (gelatin) and
polysaccharides
(cellulose
derivatives).
These
hydrocolloid dressings physically interact with the
wound exudates, forming hydrated gel over the wound
surface. This gel gets separated during dressing
removal, virtually avoiding damage to the newly
formed skin13. Some brand name hydrocolloid
dressings include comfeel ulcer care dressing (from
Coloplast), DuoDerm CGF control gel formula
dressing (from ConvaTec), and tegasorb (from 3M
Health Care). The hydrocolloids absorb exudate and
help to debride the wound. Patients should be warned
that the wound may, at first, become smelly and appear
to enlarge. The dressing needs to be changed when the
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gel leaks out. To avoid frequent changes, the dressing
should have a diameter at least 2 cm bigger than the
wound. The hydrocolloids can be used in the presence
of necrotic material, but tend to have problems with
overwhelming exudates build up in large wounds and
those having anaerobic colonisation.
3.1.2 Alginates

Alginates are block copolymers of two hexuronic
acid residues, β-D-mannuronic acid and α-L-guluronic
acid with exclusively 1→4 glycosidic linkages22. These
alginate based wound dressings are tremendously
gaining attention as wound management aids. These
are capable of forming gels in the presence of divalent
cations, such as calcium. The association between
calcium ions and two guluronic acid residues leads to
the formation of the gel. This association is ionic and is
based on the calcium bridges where the degree of
crosslinking depends upon the concentration of
calcium ion and guluronic acid sequences in the
polysaccharide. These calcium-alginate fibres of the
dressing when come in contact with the fluid get
partially converted to water soluble sodium alginate
that swells to form calcium-sodium alginate gel around
the wound. This helps in keeping the wound moist,
which ultimately leads to better healing of the wound13.
Some brand name alginate dressings include Pads:
Kaltostat (from ConvaTec), Restore CalciCare (from
Hollister),
Sorbsan
(from
Dow
Hickam
Pharmaceuticals) and Ropes: Curasorb (from Kendall),
Seasorb (from Coloplast), Sorbsan (from Bertek
Pharmaceuticals). Alginates provide a satisfactory
dressing for lightly contaminated wounds and cavities.
They are generally unsatisfactory in the presence of
dry, necrotic tissue as there is no exudate to activate
them. As alginates are not adhesive, they are easily
removed by lavage, but must be held in place by
another dressing. Depending on the amount of
exudates, alginates can be changed twice a week.
Furthermore, it was found that the combination of
hydrocolloid and alginate dressings gives better results.
3.1.3 Hydrogels

The pioneering work of Wichterle and Lim23 on
crosslinked 2-hydroxyethyl methacrylate (HEMA)
hydrogels which has their hydrophilic character and
potential to be biocompatible has been of great
interest to biomaterial scientists for many years24,25.
Hydrogels are defined as two component systems,
where one of the components is a hydrophilic
polymer, insoluble in water because of threedimensional network, and the second one is water.
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These systems may swell in water up to an equilibrium
state and retain their original shape, thus providing a
moist environment needed for an ideal dressing26.
Hydrogels may be chemically stable or they may
degrade, eventually disintegrate and dissolve. They are
called ‘reversible’ or ‘physical’ gels where the
networks are held together by molecular entanglements
and/or by secondary forces including ionic and Hbonding, and also called ‘permanent’ or ‘chemical’
gels when they have covalently-crosslinked networks
(Fig. 1)27.
Some of the known methods of making hydrogel
dressings using hydrophilic polymers include (i)
physical method by repeated freezing and thawing; (ii)
chemical method using chemicals like borax, boric
acid, formaldehyde, glutaraldehyde; and (iii)
irradiation28. The main disadvantage of hydrogels is
their poor mechanical strength. Hydrogels are
commonly used for the following purposes such as
scaffolds in tissue engineering, environmentally
sensitive hydrogels (pH-sensitive, temperaturesensitive), sustained release delivery system, biosensors,
disposable diapers, sanitary towels, contact lenses
(silicone hydrogels, polyacrylamides) and medical
electrodes using the hydrogels composed of crosslinked
polymers such as chitosan, poly(ethylene oxide) (PEO),
poly(vinyl alcohol) (PVA), poly(2-acrylamido-2methyl-propane-1-sulphonic acid) (polyAMPS) and
poly (N-vinyl pyrrolidone) (PVP). Other less common
uses include breast implants, granules for holding soil
moisture in arid areas, dressings for burn patients and
reservoirs in topical drug delivery. Common polymers
used as hydrogels are shown in Fig. 2.
Research and development of hydrogels for
temporary skin covers or as wound dressing are
becoming a subject of great commercial interest21,29-33.
Dressing
called
“Geliperm'',
produced
and
commercialized by Geistlich & Sons Co., is the first
hydrogel dressing which is close to have ideal
standards of wound dressing. This dressing is produced
by chemical polymerization and crosslinking of
acrylamide and methylene-bis-acrylamide in aqueous
solution containing some additives, e.g. polysaccharide
and protein34. Some brand name hydrogel dressings
include Carrasyn hydrogel wound dressing (Carrington
Laboratories), Curasol hydrogel saturated dressing
(from Healthpoint) Tegagel (from 3M Health Care)
and DuoDerm hydroactive wound gel (from Convatec).
Hydrogels are good for burn patients as these
dressings reduce the loss of body liquid and maintain

the high humidity in the wound area. They possess
excellent tissue compatibility. Out of all the coating
materials, hydrocolloids, alginates and hydrogels have
their own advantages and limitations but hydrogels are
found to be the best as they have all the characteristics
that are needed in an ideal wound dressing. The main
disadvantage of hydrogels is their poor mechanical
properties after swelling. In order to eliminate this
disadvantage, recent trends have come up in the form
of composite membranes, where a textile material is
coated with the polymer solution. The fabric
reinforcement provides strength to the dressing and the

Fig. 1  Formation of physical and chemical hydrogels27

Fig. 2  Chemical structure of polymers used as hydrogel
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drug loaded dressings offer precise control of the
release behavior10.
Natural as well as synthetic polymers have been
used as hydrogel wound dressings. Natural polymers
like dextran-dialdehyde, bovine-serum albumin,
glycosaminoglycan, chitosan (CS) and collagen have
been investigated for their potential as hydrogel
wound dressings. In the area of natural polymers,
chitosan and collagen are the most commonly used
along with textile materials as wound dressings. In
one of the research works, collagen containing
dressing was generally produced in the form of pad,
which contained supporting layer (nonwoven fabric)
and collagen layer35. Cotton fabric surface modified
by chitosan absorbs antibiotic molecules from
aqueous solution. The quantity of absorption depends
on the degree of modification of the samples. The
higher the degree of modification the higher is the
amount of antibiotic bonded by the textile. Such
cotton textile finishing enables to achieve therapeutic
new generation dressings for protection of surgical
wounds against infections36. Also, chitosan was used
to impregnate on the acrylic acids (AA) or Nisopropylacrylamide
(NIPAAm)
bi-grafted
polypropylene (PP) nonwoven fabrics for dressing
wounds, to provide higher values of water vapor
transmission rates as well as good antibacterial
activities and cell adhesiveness37. In the recent years,
some of the products derived from chitosan and
collagen hydrogels for wound healing have been
approved38.
3.2 Chitosan Coated Textiles as Wound Dressings

Chitin is a valuable natural polymer indicating
excellent bioactive properties. Chitin products are
anti-bacterial, anti-viral, anti-fungal, non-toxic and
non-allergic. Three-dimensional chitin fibre products
with qualities such as soft handle, breathability,
absorbency, smoothness, and non-chemical additives
are found to be the ideal dressings with wound
healing properties9. Chitosan (CS) is partially Ndeacetylated chitin which is a linear homopolymer of
1, 4-β-linked N-acetyl-d-glucosamine. Both chitin and
CS have many useful and advantageous biological
properties in the application as a wound dressing,
namely biocompatibility, biodegradability, hemostatic
activity, anti-infectional activity and property to
accelerate wound healing39. The innovative feature
such as scar prevention is the most aesthetic criteria in
today’s world of wound dressing technology. This
bioactive component (chitosan) offers dressing which
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Fig. 3  Preparation (a), and structure (b) of asymmetric membrane40

would show scar prevention along with other
necessary requirements.
A novel asymmetric CS membrane has been
prepared by immersion precipitation phase-inversion
method (Fig. 3). This new type of dressing consists of
skin surface on top-layer supported by a macroporous
sponge-like sublayer. This asymmetric membrane
shows controlled evaporative water loss, excellent
oxygen permeability and promoted fluid drainage
ability but could inhibit exogenous micro-organisms
invasion due to the dense skin layer and inherent
antimicrobial property of CS. Histological
examination confirmed that the epithelialization rate
is increased and the deposition of collagen in the
dermis is well organized. Hence, the asymmetric CS
membrane is good as wound dressing40.
This asymmetric CS membrane along with certain
textile material such as cotton and polypropylene as
supporting material is good as an ideal wound
dressing that is biocompatible, exudates absorptive,
antimicrobial and scar preventive.
In one of the studies, cotton fabric was coated with
CS and polyethylene glycol (PEG) followed by
freeze-drying. The scanning electron microscopy
(SEM) of the coated fabric revealed a porous
structure. The porosity of the material was 54–70%
and the pore size was in the range of 75–120 µm. The
increase in the PEG content in the blend composition
led to an enhanced destabilization of pores, leading to
an increase in the pore size with elongated
morphology. There seems to be phase separation
between the two components which is an important
factor for the observed behavior of the porous
structure41. Cotton fabric has been used as the support
layer for the CS–PEG layer and leads to very thin and
light weight structures. The structure of the dressing
has been designed in such a way that it leads to the
high porosity. The thickness of CS coating also plays
an important role in developing porosity on the
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surface. The influence of the CS thickness on the
surface morphology is presented in Fig. 4.
PEG addition to CS makes significant alteration in
the surface morphology of this CS–PEG/cotton
membrane (freeze-dried), henceforth known as CPC
membrane. There is a distinct trend in the loss of
inherent elongated porous structure in membranes,
and formation of the partially collapsed porosity takes
place due to the PEG addition. This suggests that a
very limited interaction between CS and PEG exists
which is reflected in the observed surface
morphology. It has been observed that the higher the
amount of PEG, the higher is the pore destabilization,
leading to larger pores. This is evident from the
morphology of the CPC membrane at 50% PEG-20
content (Fig. 5)41.
In one of the papers42, the hydrogels composed of
polyvinyl alcohol, poly (N-vinyl pyrrolidone) (PVP)
and chitosan are developed containing both antibiotic
agent and chitosan oligomer. It has been found that
both undergo quick release at the beginning and then
become slower and slower with time. This indicates
that these dressings are excellent materials for wound
care management as these exhibit comprehensive
properties suitable for wound dressings, such as high
gel content, a reasonable ESR, and an acceptable
tensile strength and elongation at break42. In one of
the studies43, semi-interpenetrating polymer network

(IPN) system is prepared in which CS crosslinking
network acts as matrix and linear polymer PEG acts
as domain. The formation of the porous structure
takes place by extraction with hot water, as the
dispersion phase PEG is effectively extracted in water
and the pores get developed43. Samah et al.44
developed CS coated gauze and evaluated for its
chemical, thermal and antimicrobial properties. The
antimicrobial activity of the CS-coated gauze was
conducted against E.coli and Lactobacillus. The CScoated gauze was found to be effective against these
micro-organisms and thus was described as a potential
wound dressing44.
The modification of polymeric materials by graft
copolymerization has also been studied deeply
because it can provide materials with desired
properties through the appropriate choice of the
molecular characteristics of the side chain to be
grafted. Chitosan bears two types of reactive groups
that can be modified by grafting, i.e. in C-2 free
amino groups on deacetylated units and the hydroxyl
groups in C-3 and C-6 either in acetylated or
deacetylated units. The main objective of this study
was to obtain membranes for wounds treatment with
dual effects, i.e. to accelerate wound healing due to
the bioactivities of chitosan itself and at the same time
the polymeric matrix should act as a delivery system
for many drugs to prevent or treat bacterial infections.

Fig. 4  SEM of top layer of freeze-dried CS coated cotton membranes at various CS thicknesses (a) 0.25 mm, (b) 0.5 mm, (c) 0.75 mm,
and (d) 1.0 mm [magnification × 80] (ref. 41)
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Fig. 5  SEM of freeze-dried CPC membranes with (a) 10% PEG-20, (b) 30% PEG-20, and (c) 50% PEG-20 [magnification × 80] (ref. 41)

Fig. 6  Graft copolymerization of HEMA and AA onto chitosan45

With this purpose, new material was synthesized by
grafting vinyl monomers, AA and HEMA onto CS
(Fig. 6)45.
In one of the research papers46, new textile dressings
containing dibutyrylchitin (DBCH) or regenerated
chitin (RC) were prepared by coating a polypropylene
nonwoven material with films of DBCH or RC. The
sterilized dressings were subjected to biological
evaluation. DBCH and RC caused no cytotoxic effects
or primary irritation either in vitro or in vivo and both
have a positive influence on the wound healing process
conducted on 16 albinos. Microscopic assessment
showed that the wounds covered with the dressing
containing DBCH healed fastest46.

A microscopic view of the skin lesion on the 14th
day after the surgery is shown in Fig. 7. In Fig. 7(a),
the layer of epidermis covering the granulated tissue
is seen. In Fig. 7(b), immature connective tissue
covered by epidermis is visible, while in Fig. 7(c), the
immature connective tissue partially covered by
squamous epithelium is observed on right. The
microscopic assessment shows that the wounds
covered with the dressing containing DBCH healed
fastest46.
Silver sulphadiazine (AgSD) incorporated asymmetric chitosan membrane with sustained antimicrobial
capability has also been developed by dry/wet phase
separation method. This asymmetric CS membrane

182

INDIAN J. FIBRE TEXT. RES., JUNE 2010

Fig. 7  Microscopic view of skin lesion after 14th day of surgery (a) PP nonwoven material coated with DBCH, (b) PP nonwoven
material coated with regenerated chitin and (c) gauze only (control) dyed by HE [magnification ×120] (ref. 46)

applications in management of burns, bedsores, skin
ulcers, hard-to-heal wounds as well as wounds
requiring frequent dressing change49. Bacterial
cellulose modified with chitosan combines different
properties such as bioactivity, biocompatibility, and
biodegradability of the two biopolymers, thereby
creating an excellent dressing material50.
3.3 Nonwoven Fabric for Wound Dressings

Fig. 8  Design of an asymmetric membrane used as wound
dressing47

(Fig. 8) consists of a dense skin and sponge-like
porous layer. The bacteria-cultures (P. aeruginosa
and S. aureus) and cell-culture (3T3 fibroblasts) assay
of the AgSD-incorporated asymmetric CS membrane
showed prolonged antibacterial activity and decreased
potential of silver toxicity47.
Bacterial cellulose/CS wound dressings48 are
innovative because of good antibacterial and barrier
properties as well as good mechanical properties in
wet state and moisture retention properties. Such
features make modified bacterial cellulose an
excellent dressing material for treating various kinds
of wounds, burns and ulcers. It was estimated that CS
has a favorable impact on the mechanical properties
of modified bacterial cellulose. High elongation-atbreak indicates good elasticity, so such dressing fits
the wound site well and therefore provides good
protection against external infection. Bioactive
material made from CS modified bacterial cellulose
provides optimal moisture conditions for rapid wound
healing, stimulates wound healing without irritation or
allergization. Such composite structures have

Nonwoven fabric (NWF) serves as an excellent
dressing material with its high porosity and larger
surface area, which provide an open structure for
drainage of exudates and reduces the risk of
secondary infection. ActicoatTM, a commercial textile
dressing with silver nanocrystal, is good for wound
dressing of burn patients.
NUCRYST Pharmaceuticals and the Advanced
Wound Management Division of Smith & Nephew
Plc announced that Health Canada granted marketing
approval for ActicoatTM Flex barrier dressings for
wounds that require up to seven days of sustained
antimicrobial activity. The reviewed literature shows
certain limitations related to study methodology,
small sample sizes, and heterogeneity of the products
to which Acticoat is compared among others. Despite
these limitations, studies show that Acticoat possesses
effective antimicrobial activity in vitro and in vivo,
capable of reducing colonization and preventing
contamination by micro-organisms. Its release
mechanism ensures a continuous distribution of
70-100 mg/L of ionized silver over more than 48 h
and rapid start of action (within 30 min of application)
in optimal moisture conditions. It reduces pain and
this benefit can be intensified if dressings are changed
only after every three days, as recommended by the
manufacturer. Based on these results and the lack of
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clinical studies comparing Acticoat with similar silverbased dressings, AETMIS (Agence d'Evaluation des
Technologies et des Modes d'Intervention en Sante)
concludes that (i) Acticoat is a therapeutic option for
the treatment of severe burns, (ii) the rationale for its
use is based more on empirical results observed in the
clinical setting than on published scientific evidence,
and (iii) burn care is an emerging field of research and
its development paves the way for additional, betterdesigned clinical studies; especially cost-benefit
analyses, capable of demonstrating the potential
benefits of Acticoat in the care of burns.
Grafting is known to be useful for the introduction
of various functional groups into polymer materials
by selecting the type of monomer. It is conceivable
that the function of the groups introduced is
influenced by the monomer sequence distribution in
the grafted chains and its location in the polymer
substrate, depending on the method of introduction51.
Polypropylene nonwoven fabric (NWF) has been
extensively used due to its porosity, allowing
ventilation, high surface area and excellent
mechanical properties. However, the hydrophobic
surface of PP nonwoven limits its applications and to
overcome this limitation grafting is done. Yang and
Lin52 developed PP-g-AA NWF by modifying PP
NWF with AA using γ-ray irradiation. Furthermore,
NIPAAm (N-isopropyl acrylamide) was graft
copolymerized onto this PP-g-AA NWF using
ultraviolet photografting. CS was impregnated onto
the PP-g-AA-g-NIPAAm biograft NWF with freezedrying to form PP-g-AA-g-NIPAAm-CS. This
modified fabric was found to be suitable for wound
dressing application. In this work, wound dressings of
AA-grafted and CS/collagen-immobilized PP fabric
were produced by using two types of CS obtained
from the nourishment of Mucor (m-chitosan) and
from commerce (c-chitosan). The anti-bacterial
properties of the PP–AAg–CmCi and PP–AAg–CcCi
samples were found to be excellent53. The zone
around the sample is caused by the bacterial inhibition
by CS1.
Grafting of AA onto PP NWF modified by direct
current pulsed plasma and with PNIPAAm shows
good potential as wound dressing. From animal studies,
modified NWFs were found to promote wound
healing. The wound areas decreased gradually and
reached 9% and 5% after 17 days for PP-g-collagen
and PP-g-collagen-g- PNIPAAm NWFs respectively.
In contrast, for wound covered with gauze, the wound

183

area only reduced to 26% during the same period54. In
one of the studies55, CS was immobilized on
PNIPAAm gel/ PP NWF by using cross-linking agent,
glutaraldehyde (GA) for its use as wound dressing
(Fig. 9). The plasma-activation treatment and
subsequently UV-light graft polymerization were done.
The result showed that CS hydrogels displayed
antibacterial ability to E. coli and S. aureus55.
In the above study, the complex structure was also
characterized by SEM55. It is found that the
PNIPAAm grafted layer is attached well to the plasma
pretreated nonwoven as compared to untreated
nonwoven, due to the increase in wettability between
hydrogel and substrate. It is also found that the freezedried composite develops porous structure while no
pore is observed when CS is dried at room
temperature.
However, due to this complicated entangled
structure between NWF and CS, the nonwoven was
difficult to strip. Consequently, an easy-stripped
interface layer is really required for preparing an ideal
wound dressing. Therefore, a PNIPAAm hydrogel
interface was chosen to solve the entanglement
problem due to its temperature sensitivity and high
hydrophilic property. This tri-layer wound dressing
can be a promising approach for tissue engineering
applications (Fig. 10)55.
The
controlled
release
of
tetracycline
hydrochloride (T-HCl) drug from polyester (PET)
fabric at different temperatures is shown in Fig. 11.
Because the hydrogels having NIPAAm shrink at
37.5ºC, the T-HCl in the gels will be released due to
the driving force of the volume change and
concentration gradient of the drug. Hence, the amount
released in initial 10 min is the highest at 37.5ºC.
Those drugs located near and at the surface released

Fig. 9  Chemical
polymerization55

reaction

of

photo-induced

grafting
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third group having NWF grafted with NIPAAm healed
completely in the maturation phase. In the group where
NWF grafted with NIPAAm, gelatin, and
glycosaminoglycans, the wound recovered to the final
stage of maturation phase. The wound site had totally
recovered at the 4th week post operation. The dressing
material of the group fell off automatically from the
wound site without any damage to the skin after
recovery. It is believed that the dressing material has a
great potential in medical application in the near
future57.
Fig. 10  SEM of tri-layer wound dressing structure by freezedried at -80ºC (ref. 55)

Fig. 11  Cumulative drug release of PET-g-PAA/PNIPAAm
fabric56

immediately from the graft copolymer to the
surrounding medium56.
In one of the reports57, a non-antigenic membrane
closely resembling dermis in its anatomic structure
and chemical composition, which would act as a
biodegradable scaffolding inducing the synthesis of a
‘neodermis’, is prepared as a tri-layer membrane
system for artificial skin. In this process, the
NIPAAm monomer is successfully grafted on the
NWF by co-polymerization and then initiated by
plasma. Then the layer of a bovine gelatin with
glycosaminoglycans (chondroitin-6-sulfate) is grafted
by ultraviolet light, which serves as a matrix for the
infiltration of fibroblasts, macrophages, lymphocytes,
and capillaries derived from the wound bed. Six weeks
after the operation, both the control group with no
dressing and group with NWF stayed in the
proliferative phase, where no epidermis or dermis
structure could be traced in the section; however, the

3.4 Nanofibres containing Silver Nanoparticles for Wound
Dressings

Nanotechnique has acquired tremendous impulse in
the last decade. Coated products like smart clothing as
well as nanocoated materials are the present
innovations. Nanofibres are preferred due to their
unique properties, such as high surface area-to-volume
ratio, film thinness, nano scale fibre diameter, porosity
of structure and lighter weight58.
In one of the studies59, PVA nanofibres containing
silver (Ag) nanoparticles were prepared by
electrospinning PVA/silver nitrate (AgNO3) aqueous
solutions followed by short heat treatment. Their
antimicrobial activity is found to be suitable for wound
dressing. Electrospinning is a simple, low-cost, and
effective technology to produce polymer nanofibres.
The electrospinning technique provides non-wovens to
the order of few nanometers with large surface areas,
ease of functionalisation for various purposes and
superior mechanical properties. Also, the possibility of
large scale productions combined with the simplicity of
the process makes this technique very attractive for
many different applications. Biomedical field is one of
the important application areas among others utilising
the technique of electrospinning for various
applications like filtration and protective materials,
electrical and optical applications, sensors, nanofibre
reinforced composites, etc. In the electrospinning
process, a polymer solution or melt is placed into a
syringe with a millimeter-size nozzle and is subjected
to electric fields of several kilovolts. Under the applied
electrostatic force, the polymer is ejected from the
nozzle and deposited on a collector. These nanofibre
webs have unique properties, such as a high surface
area-to-volume ratio, small pore size, high porosity,
etc60,61. These drug-impregnated nanofibres are very
effective for topical drug administration and wound
healing because of their high surface area-to-volume
ratio62,63. In particular, the incorporation of therapeutic
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compounds into the electrospun nanofibres has
attracted a great deal of attention, because the
resultant nanofibre webs have very strong efficacy of
the drug due to their high surface area-to-volume
ratio, and the composite electrospun nanofibre webs
afforded the prospect of preparing useful polymer
systems for controlled release of the activity62. The
release behavior of the Ag+ ions from the PVA/
AgNO3 nanofibre webs in deionized water was
examined at 37ºC (ref. 56 ). A fast and constant
release of Ag+ ions from the heat-treated PVA/
AgNO3 nanofibres would allow them to have fast and
constant antimicrobial activity. Also, it is found that
Ag+ ions in the PVA/AgNO3 nanofibres subjected
only to the heat treatment were released more rapidly
than those in the PVA/AgNO3 nanofibres subjected to
the heat treatment and subsequent UV irradiation.
This is because of the fact that the residual Ag+ ions
in the heat-treated PVA/AgNO3 nanofibres were
reduced by UV irradiation59.
Among the
antimicrobial agents, Ag has long been known to have
strong antimicrobial activities, and hence antibacterial
disinfection and finishing techniques are developed
for many types of textiles using treatment with
nanosized silver64.
The release of tetracycline from electrospun mats
of poly(ethylene-co-vinylacetate) (PEVA), poly(lactic
acid) (PLA) and their 50/50 blend has also been
studied and it is found that the electrospun PEVA and
50/50 PLA/ PEVA mats give relatively smooth
release of drug over about 5 days. The simplicity of
the electrospinning process and the wide selection of
polymers that can be processed by this means suggest
that electrospun polymers matrices may have broad
applicability in controlled release technology63.
Wound dressings composed of electrospun
polyurethane nanofibrous membrane and silk fibroin
nanofibres were developed. Such materials were
characterized by range of pore size distribution, high
surface area-to-volume ratio and high porosity, which
are proper qualities for cell growth and
proliferation65,66.
3.5 Alginate Fibre Wound Dressings

The first modern alginate wound dressing was
brand named as Sorbsan, which was launched in 1983
(ref. 67). This was followed by other products that
differed both in their chemical composition and textile
structures. For example, Kaltostat, a fibrous high G
calcium alginate, was introduced into the market in
1986. Later, Kaltostat was further modified to consist
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of a mixture of calcium and sodium alginate. The
sodium alginate was introduced to improve the gelforming ability of the fibres67.
It was found that the alginate dressings absorb a
large quantity of liquid in addition to those held
between the fibres in the textile structure because of
the ion exchange between the calcium ions in the fibre
and the sodium ions in the wound exudates. Alginate
fibres can form gel when applied to exuding wounds.
The gelling process is accompanied by the absorption
of wound exudates into the fibre structure and as the
fibres swell, the capillary structure in the nonwoven
wound dressing is closed, thereby blocking the lateral
spreading of liquid. This gives rise to the unique gel
blocking properties of alginate wound dressings.
These also have hemostatic and antimicrobial
properties as well as the ability to promote wound
healing67. Since 1980s, alginate fibres have been
widely used in the manufacture of high-tech wound
dressings68-79.
4 Conclusions
Biomaterials for the last few decades have been
found to generate considerable interest in the
biomedical fields covering the area of wound
dressings,
sutures
and
tissue
engineering.
Biopolymers like, chitin, chitosan, alginates and
hydrocolloids along with textile materials are versatile
candidates in the area of wound dressings. These
provide all the specifications required for an ideal
wound dressing. These smart dressings have
generated considerable interest in the biomedical field
for the last few decades. The fabric has been used as
the support layer for the hydrogel layer and leads to
very thin and light weight structures. Recent trends
have come up in the form of composite membranes
where a textile material is coated with the polymer
solution. The fabric reinforcement provides strength
to the dressing and the drug loaded dressings offer
precise control of the release behavior. From the
different studies reported in literature, CS seems to be
an excellent dressing material for the wound healing
applications because of its different properties like
biocompatibility, biodegradability, antimicrobial
nature and scarless healing. Thus, it appears that this
material can be used as a carrier of a variety of drugs
for controlled release applications. Its properties,
together with the very safe toxicity profile, make CS
an exciting and promising excipient for the
pharmaceutical industry. A modified CS membrane
with antibacterial potential over CS was prepared
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using a new route of chemical modification and
grafting and this is recommended for preparation of
wound dressing.
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