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Abstract

Exploration on hydrogel fibres concerning about smart based application in
the medical sector has stimulated great interests for the last couple of years
due to its wide range of purposes that include actuators, artificial adhesives,
transplantable tissue organs, cell scaffolds, cell therapeutics, wound healing,
cartilage or bone regeneration. Nevertheless, recently hydrogel fibre based
biomaterials have drawn great concentration for use in a wide variety of bio-
medical applications like the sustained release of drugs. This is due to the fact
that, hydrogel fibers are biocompatible and their similarity about physical
properties is in relation with natural tissue. This review article prescribes
about the application of hydrogels with diversified prospects in tissue engi-
neering, wound care dressings, soft tissue recovery and plastic surgery. As the
products of hydrogels are composed with a group of polymeric materials, the
hydrophilic network structure makes them competent for holding an im-
mense quantity of water in their three-dimensional polymer network struc-
ture. A wide-ranging application of these products in modern industrial and
environmental areas has already taken into account to be of prime impor-
tance. Inevitably, natural hydrogels right is now gradually replaced by syn-
thetic types due to their larger amount of water absorption capacity, durabili-
ty alongside with wide ranges of raw chemical resources.
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1. Introduction

Hydrogels are hydrophilic in nature with macromolecular groups, produced by

chemical or physical crosslinking of soluble polymers. Because of their strange
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properties of hydrogels for example, highly responsive to physiological envi-
ronments, hydrophilic in nature, soft tissue-like water content and adequate
flexibility, make them excellent aspirants for biomedical based applications,
that’s why Hydrogels are called materials of the future and gels with hydrophilic
nature referred to as hydrogels are networks of polymer chains that are some-
times found as Hydrogels in which water is used as the dispersal medium [1].
Hydrogels can easily swell and de-swell water in a reversible direction, showing
specific environmental stimuli responsive for example pH, temperature and io-
nic potency. For that reason, smart physiological response of hydrogels toward
changes of physiological variable suggests their use in various biomedical appli-
cations [2]. Perception of hydrogels has been established at the very beginning,
as cross-linked 2-hydroxyethyl methacrylate (HEMA) hydrogels have been ap-
plied in numerous biomedical applications like carrier of drugs, sutures with
absorbable capability, osteoporosis and as neoplasm because of their hydrophilic
characters [3].

At that point, it has been studied about calcium-alginate microcapsules for
cell engineering application [5] and then, some researchers have constructed
synthetic hydrogels (Figure 1) composed of natural polymer such as collagen to
attain novel dressing substances, showing optimal conditions for healing of
burns and wound dressing [6]. It is needless to say that, polymeric hydrogels
have great interests for biomaterial scientists for many years. Application of na-
notechnology in modern textile materials has created new dimension in textile
based biomaterials processing [7]. Millions of people are exposed to burns by hot
water, gas flames, accidents and boiling oil. These accidents can cause major
disabilities or even sometimes death every year. Especially in adults, and
over-aged people dermis regeneration cannot occur spontaneously again. As
autologous skin has limited ease of use and is associated with additional scar-
ring, traditional approach for a substantial loss of dermis cannot meet the re-

quirements, and dressing materials became inevitable for skin tissue or healing
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sulfonation, etc.
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Figure 1. Physical and chemical hydrogels concept, on the left of
the figure it represents about the chemical crosslinking network
structure is observed and the right side represent about physical
cross-linking [4].
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[8]. Before the time of 1960s, wound dressing materials have been regarded to be
only passive materials that have a minimal role in the healing process. A re-
searcher also has established the first generation of wound dressing polymeric
materials and presented optimal environments for wound healings [9].

Such kind of awareness transformed the approaches to wound dressing and
surfaced the way for the development of wound dressing from the passive to ac-
tive material and functionalized ones. The desirable wound dressing materials
should fulfill the following conditions: (a) maintain a local moist environment,
protect the wound from side-infection, absorb the wound fluids and exudates,
minimize the wound surface necrosis, (e) prevent the wound dryness, (f) stimu-
late the growth rate and be elastic, non-toxic, non-antigenic, biocompatible and
biodegradable dressing materials [10] [11] [12].

2. Classification of Hydrogels with Different Approaches

As mentioned before, hydrogels are three dimensional crosslinked hydrophilic
polymer networks capable of swelling or de-swelling reversibly in water and
holding large volume of liquid in swollen state [13] [14]. Hydrogels can also be
designated with controllable responses such as shrink or expand with changes in
external environmental conditions [15] [16]. Hydrogels can execute theatrical
volume transition in response to a large variety of physical and chemical stimuli,
where the physical stimuli include temperature, electric field or magnetic field,
light, pressure, sound as well, while the chemical stimuli include pH, composi-
tion of solvent, ionic strength between molecular species illustrated in Figure 2.
The classification of Hydrogels is based on natural and synthetic origins [17]

[18]. Classification of hydrogels according to composition of polymer: method

of preparation directs to structure of different classes of hydrogels. The classifi-

cation is listed below [19]:

* The homopolymeric hydrogels are referred to polymer network derived from
a single species of monomer, which is a basic structural unit comprising of
any polymer network [20]. The cross-linked gaunt structure of Homopoly-
mers depends on nature of the monomer and polymerization technique.

* Another one Copolymeric hydrogels those are encompassed by two or more
different monomer kinds having one hydrophilic component, arranged in an
arbitrary, block or alternating configuration along the chain of the polymer
network [21].

* On the other hand, multipolymer Interpenetrating polymeric hydrogel (IPN)
is another type of hydrogels, comprised with two independent cross-linked
synthetic and natural polymer components, enclosed in a network form [22].

According to structure, in semi-IPN hydrogel, one component is a
cross-linked polymer and other component structure is non cross linked poly-

mer [23].

Technically the amount of swelling or de-swelling (preparation of high swel-
ling hydrogel illustrated in Figure 3) in response to the changes in the outdoor
environment of the hydrogel might be so severe that the phenomenon is

DOI: 10.4236/jtst.2019.54009

94 Journal of Textile Science and Technology


https://doi.org/10.4236/jtst.2019.54009

A. K. M. Ayatullah Hosne Asif et al.

Temperature
Electric field

Magnetic field

Physical Stimuli
Response

Light
Pressure
Sound
* ®
(
PH Unswollen swollen
hydrogel
lonic strength hydrogel

Solvent composition

Molecular species

Chemical Stimuli
Response

Figure 2. Physical and chemical stimuli responsive swelling hydrogel [19].
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Figure 3. Representation about block diagram of prepara-
tion about high swelling hydrogel [24].

sometimes referred to as volume collapse or phase transition [24]. Synthetic hy-
drogels have been emerged as a ground for wide-ranging research for the past
four decades and it still remains at large with active area of research today.
» Classification based on configuration

The classification of hydrogels depends on their physical structure and chem-
ical composition classified as follows:

a) Amorphous (non-crystalline).

b) Semicrystalline: A complex mixture of amorphous and crystalline phases.

DOI: 10.4236/jtst.2019.54009

95 Journal of Textile Science and Technology


https://doi.org/10.4236/jtst.2019.54009

A. K. M. Ayatullah Hosne Asif et al.

¢) Crystalline.

» Classification based on physical appearance

Hydrogels appearance can also be described as matrix, film or microsphere
depends on the technique of polymerization involved in the preparation process.

PVA is one of the most common and the oldest synthetic polymer hydrogels
because of its good biocompatibility has been applied in different advanced bio-
medical applications like wound dressings, wound care management, drug deli-
very systems, artificial organs manufacture and contact lenses [25] [26] [27].
But, PVA hydrogel have insufficient elasticity, stiff membrane structure with
very limited hydrophilicity characteristics which confine its use alone as a
wound dressing polymeric material. Among the different types of hydrogels de-
scribed in various literatures, preparation of hydrogels using PVA blended with
polysaccharides and some other synthetic polymers are attractive because of the
great quantity of such polymers, easy for chemical modification and most of the
cases about its good biocompatibility [28] [29].

Synthesis of hydrogels can be done by different classical chemical ways.
Among them, one-step procedures like polymerization and parallel cross-linking
of multifunctional monomer with multiple step procedures involving synthesis
of polymer molecules synthesis operation having reactive groups and their sub-
sequent cross-linking, incorporation with reacting polymers with suitable
cross-linking agents [30].

Additionally, the upgradation of functional monomers along with macro-
meres broadens their applicability. Traditionally hydrogels used as agricultural
water absorbents were comprised of biopolymers through grafting of hydrophil-
ic monomers onto starch and other polysaccharides [31] [32]. Hygienic applica-
tions of Hydrogel products are mainly relied on acrylic acid and its salts. Acry-
lamide is referred to as main component employed for preparation of agricul-

tural hydrogel products.

3. Concept of Hydrogels as Wound Dressings

In view of the fact that early eighties fundamental properties of membranes as
wound dressings to sustain the skin healing and to protect the skin defect zone
from infection, have been investigated and applied in the clinical sectors [33].
The mechanism of hydrogels as wound dressings can be described as follows.
Hydrogels can absorb and preserve the wound exudates, which promote fibrob-
last proliferation and keratinocyte migration. The last two processes are very
necessary for complete epithelialization and healing of the wound [34]. The tight
mesh structure of hydrogels structure protects the wound from infection and
prevents microorganism and bacteria to reach the wound area [35]. Neverthe-
less, hydrogels structure allows transporting bioactive molecules such as antibio-
tics, and pharmaceuticals to wound centre. Such molecules can be entrapped in-
to hydrogel networks during gelling process, while these molecules can be ex-

changed with absorbing the wound exudates during the sustainable release
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process after contacting hydrogels with the wound surface. The significant
amount of water content in hydrogels provides the necessary flexibility and elas-
ticity to acclimatize wounds in different body sites.

Recently, preparation and fabrication of patterned materials in almost random
shapes and dimensions; direct-write assembly has gained enormous interest
[36]. Chitosan derivatives have the capability to soluble in acidic, medium and
basic conditions, were found better than chitosan itself, due to the antibacterial
activity of chitosan was noticed only in acidic physiological conations and in-
adequate homogeneity between pure chitosan and PVA (Figure 4). The di-
rect-write assembly has created opportunity for many monomers precursor to be
patterned for structural hydrogels which can be a good initiative for medical tex-
tiles [37]. According to this approach, the spacing, shapes and dimensions of the
patterned features can be well controlled over a wide scales range from
sub-micrometers to micrometers. The direct-write assembly expands the op-
portunities for integrating of structural hydrogels with other complex systems,
which enables the intelligent chemical actuators to be designed [38]. Unlike
prior methods, direct-writing assembly is programmatic fabrication technology
which especially applicable to design hierarchical hydrogel scaffolds, serving as
potential suitability for tissue engineering applications [39] [40]. Direct writing
and actuation of three-dimensionally patterned hydrogel pads are also used for
micropillar supports [41].

Technically wound healing is the pledge of a brand new innovation to heal
(Figure 5) broken skin tissue with high biocompatible and bioactive materials.
Skin burned, diabetic ulceration and sophisticated issues etc. those state of the
art technologies are now valuable to treat by technical textiles based smart mate-
rials [42] [43]. Prosthetic-tissue designed skin square measure been created,
sadly they are not ready-to-use; they are valuable and have several desires that
don’t seem to be continually suitable for patients. Artificial dressings which can
be manufactured from artificial materials like, non-biological textile based mate-
rials and polymers, don't seem to be found in skin ingredients [44]. Artificial
dressing’s composition ought to be a harmless, automatically stable, perishable
and presents a correct atmosphere for the tissue repair [45]. Recently, there has

to be vast demands for compound membrane materials to be applied for wound
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Figure 4. Representation of chemical structures of synthetic polymers, employed former-
ly as hydrogel membranes for wound dressings or skin substitutes, (a) polyvinyl alcohol,

(b) poly (N-isopropylacrylamide), (c) poly (N-vinylpyrrolidone), (d) polyethylene glycol,
(e) polyurethane [35].
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Figure 5. Schematic representation of the hydrogels biomaterials membrane for im-
provement and acceleration of the wound healing process [49].

dressings [46]. The compound wound dressings used recently in numerous
forms like films, foams, fibrous hydrogels, alginates and hydrocolloids based
wound dressings in line with the form together with their positives and negatives
[47]. While, different compound dressing materials within the world markets
and their business names, the optimum use of smart textile products and there-
fore the utilization proportion within the sector of wounds and burns care are
getting popular in medical sector [48].

Like any systhetic textile products, hydrogel fibre based dressings had giant
share for wound dressing applications because of their blessings excelled on own
disadvantages [50] [51]. At present, polyvinyl acetate which is also known as
synthetic fibres is one amongst the foremost and therefore the oldest artificial
polymer are utilized as, wound dressings, wound management, drug delivery
systems, artificial organs and call lenses. However, polyvinyl acetate based hy-
drogel fibrous materials have inadequate physical property, stiff membrane and
really incomplete hydrophilic characteristics that prohibit its use alone as wound

dressing compound membranes [52]. Several processes has been investigated
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with or while not chemicals to assist the skin regeneration, but Hyaluronic-acid
and gelatin both of them are promising materials for the aim as a result of their
natural presence within human electronic countermeasures of the skin tissues
[53].

4. Hydrogels Application in Soft Tissue Recovery Treatment

Soft tissue recovery treatment is essential to defeat the restrictions of ordinary
treatment to prompt reparative dentinogenesis [54]. By and by, dental specialists
must choose the option to evacuate the entire dental mash with an endodontic
methodology when a dentin deformity with mash introduction arrives at a basic
size bringing about an irreversible mash condition. To beat this confinement, it
is viewed as critical to create mash recovery treatment just as explain the com-
ponents of mash wound recuperating [55]. Mash wound mending and recovery
have normal procedures, and consequences of various investigations have dem-
onstrated that mash wound recuperating comprises of beginning enlistments of
apoptosis of harmed mash cells, followed by reactionary dentinogenesis by en-
during odontoblasts and reparative dentinogenesis by odontoblast-like cells [56].
Reactionary or reparative dentin is shaped toward the remaining dental mash, be
that as it may, not in the zone wherein the dentin-mash complex has been lost.
To accomplish the recovery of the dentin-pulp complex, enlistment of suitable
mash wound recuperating and development of new dentin in dentin deformities
are basic, and a couple of studies have announced imperative mash treatments to

frame new dentin in imperfections [57].

5. Hydrogels in Tissue Engineering and Drug Delivery
Systems

As described earlier Hydrogels are three dimensional chemical compound scaf-
folds utilized in many sustainable applications in technical textiles along with
tissue engineering [58]. A wide range of necessary cluster of techniques therefore
referred to as in-vivo tissue regeneration (Table 1). During this case, a patient’s
own cells those are combined with the chemical compound, and command
in-vitro till able to be embedded, that’s why the hydrogel fibre acts as a natural
extra-cellular matrix that afterwards promotes cellproliferation and tissue
re-growth. Growth of medical textiles research relating to the pseu-
do-extra-cellular matrix, comprised of growth factors, metabolites and different
materials, brings cells along and controls tissue structure with a view to substi-
tute the natural tissues those were accidentally misplaced or broken [59].
Hydrogel fibres are ideal platforms for restraint totally different biomolecules,
either covalently or noncovalently, as beacause hydrogels have high mass and
inherent affinity for bio-molecules. Biomolecules unfree inside hydrogels may be
designed to own totally different unleash mechanics, like burst or controlled un-
leash [60]. Another strategy for on-demand unleash of biomolecules applies ex-

ternal stimuli, like ultrasound, light, heat, or magnetic or electrical fields to
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Table 1. Representation of necessary properties and characteristics of hydrogels for tissue
engineering application [61].

Category of Structure of

Hydrogels polymer Compositions Properties

* Closed/open pores
*  Water content and
character
* Chemical modification
* Graft copolymers |

+  Block copolymers | Natural polymers and  (having attached cell

Physical Linear polvmers Synthetic polymers adhesion ligands)
. i .
4 R poly X Combinations of ¢ Addition of cells and/or
* Chemical * Interpenetrating .
natural and synthetic drugs
networks (IPNs) 2
polymers e Sterilizability

* Polyblend:
olyplends * Mechanical strength

* Degradability
* Injectability
* Ease of handling

hydrogels. Such bioresponsive hydrogels may be integrated with electronic de-
vices to watch the discharge of therapeutic molecules at the acceptable time and
rate within the body.

According to drug delivery point of view, we tend to intend the total group of
procedures, devices and techniques to avoid the issues of ordinary delivery of
medicals, such as the burst unharness and fast decay of the results of the drug
overtime, particularly for brief half-life prescribed drugs [62]. Hydrogels fibres
based smart biomaterials especially, will be really fascinating pledge in reaching
a sustained and targeted unharness of prescribed drugs, each increasing the im-
pact of the drug itself and lowering facet effects at a similar time [63]. Researcher
pointed out that, silk fibroin from Bombyx mori and from Natherea Mylitta can
easily form a 3D scaffold for internal organ tissue engineering. Such kind of in-
novation stated about metabolic cell response, cardiomyocytes growth and also
the range of junction between cells for AntheraeaMylitta fibroin represent terri-
bly kind of like fibronectin ones. Silk fibroin from AM permits connection in
treatment efficient attachment of cells while not touching their response to

extracellular stimuli.

6. Functions of Injectable Hydrogels

Modern medical tests moreover as before animal studies suggested that trans-
plantation of autologous chondrocytes suspended in polymer based alginate gel
made encouraging results and prompt that injectable alginate hydrogels might
have potential use as bulking agents (Figure 6). Just like stitching in textile based
materials; covalently cross-linked alginate hydrogels give a flexible system with
potential as associate injectable bulking agent [64]. Shape memory type materials
which can also be used in technical textiles show characteristics of those mate-
rials expedited the minimally invasive delivery of a bulking construct in a much
predefined three-dimensional macroporous form that decreased migration or
leak of the fabric from the puncture website and ensured integration with host
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Figure 6. Promising aspects of injectable hydrogels over tradi-
tional scaffolds [65].

tissue [65]. The preparation of hydrogels are uncomplicated to organize and
might keep dehydrated at temperature, needed no specialized injection instru-
mentation and might be delivered by one injection. Such hydrogels have the po-
tential to satisfy several needs for associate best epithelial duct or different soft
tissue bulking agent.

Due to need and want to attenuate ancient open surgeries and challenges to-
gether with the normal endovenous administration of chemotherapeutics for in-
stance, injectable hydrogel-drug system emerges as a robust tool for noninvasive
and promising controlled-release of medicine. Such application might conjointly
scale back the aid expenses and improve the recovery time for the patients. Such
kind of invasive procedures like victimization endoscopes, catheters and needles
are developed significantly within the previous few decades [66]. Within the
field of tissue engineering and regenerative medication, there’s a necessity for
advancement over the traditional scaffolds and pre-formed hydrogels [67]. Dur-
ing this situation, injectable hydrogels have gained wider appreciation among
the scientists, as they'll be employed in minimally invasive surgical procedures.
Injectable gels with their easy handling, complete filling the defect space and
smart permeableness have emerged as promising biomaterials in medical appli-

cations.

7. Hydrogels in Plastic Surgery

In today’s scientific research field, apart from textile based fibrous materials; hy-
drogel fibres are going to take place as good materials for application with the
human body because of their extracellular matrix-like (ECM-like) properties
[67]. This is the main reason as endeavors are made to initiate hydrogels like
new biomaterials for plastic surgery in human body reconstruction.

In moder world, cosmetic surgery is dependent on hydrogels, indeed a
pH-Sensitive material P (MAA-co-EGMA) has been developed for unharness of
cosmetics medicine like arbutin, adenosine, and niacinamide, well knowing mo-
lecules for wrinkle treatment and for skin-whitening. This type of hydrogels

modification is permeability responding to the hydrogen ion concentration
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changes: At hydrogen ion concentration of pH 4.0, it holds the prescribed drugs
within the matrix, once up-to-date with skin, at hydrogen ion concentration
about pH 6 and higher than, the absorption capacity will rise and also the medi-

cine will be delivered [68].

8. Conclusions

In this review, we present a summary of applications and technical aspects of the
development in hydrogels analysis from basic networks to high-quality mate-
rials. Hydrogels area of application is a gift for everyday product although their
potential has not been absolutely explored however. These materials have al-
ready got a well-established role in eye contact lenses, hygiene product and
wound dressing markets; however industrial gel products in tissue engineering
and drug delivery area unit are still restricted. Several hydrogel-based drug deli-
very devices and scaffold shave been designed, studied and in some cases even
proprietary, but not several kinds of them have reached the market. A lot of
progress is predicted in different areas specifically restricted industrial product
with hydrogels in drug delivery and tissue engineering application associated
with some extent to their high production prices.

Over the past decades, very important progress has been created in the field of
hydrogels as useful biomaterials. Biomedical application of hydrogels was pre-
viously hindered by the toxicity of crosslinking agents and limitations of gel
formation under physiological conditions. Experimental data in chemical com-
pound chemistry and increased understanding of biological processes resulted
within the style of versatile materials and minimally invasive therapies. The hy-
drogel matrices comprise a large variety of natural and synthetic polymers
command along by a spread of physical or chemical crosslinks. With their capa-
bility to integrate pharmaceutical agents in their deliquescent crosslinked net-
work, hydrogels emerged as promising materials for controlled drug unleash and
tissue engineering. Despite all their useful properties, it is needless to say that

still several challenges remain to beat for medical applications.
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