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ABSTRACT: Wound healing is a complex and dynamic physiological
process that occurs by a sequence of interrelated molecular events that
should work together in a proper manner and time to restore cellular
function and tissue integrity. These physiological phases occur efficiently
in normal healthy volunteers and/or under normal conditions. But, in
some cases, these events are retarded, which results in hard-to-heal or
chronic wounds. Each year the number of individuals suffering from
chronic wounds is increasing. They delayed wound healing results in the
infected wound, which triggers the inflammatory reaction making the
situation more complicated. So, one of the main challenges for wound
care society is to formulate an optimum wound care product that will
reduce the healing time as well as it will provide protection from
infection. Though many types of traditional wound dressings are
available, but with various limitations like more wound healing time, scar
formations, skin irritations. Since, a wound can be experienced by an
individual anytime from birth to death; proper wound care products
should exist. This review converses about different types of wounds and
the advancement of wound dressings, which can improve wound healing
activity and reduce complications.

INTRODUCTION: The types of wounds and the
condition of the tissue play an important role in
choosing an appropriate wound dressing. Day by
day, wound management is becoming way more
complex, along with a hike in price. The most
potent dressing is the own skin of the patient
because of its permeability to vapor and protects
deeper tissues from mechanical injuries. The
antigen property of the dressing limits its use 1.
Skin is composed of three layers that protect the
internal organ from the external environment.
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Cells like fibroblasts and macrophages take part in
keratin synthesis, which helps to maintain the
structure of the skin and provide protection from
infections 2, 3. Modern wound care products are
designed with an aim to ease the function of the
wound than only to cover it.
A potent wound dressing should be permeable to
oxygen, restricts dehydration, protects from
infections, and also absorbs blood and fluid. It
should be non-toxic, non-allergic, non-adherent as
well as it should be cost-effective 4. The selection
of optimum dressings depends on several criteria
like size and type of wound, the intensity of tissue
damage, and the wound healing stage. Moreover, it
should provide a clean healing environment by
supporting body’s own cleaning process 5. Multilayered modern wound dressings serve the
demands which cannot be achieved by single
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material layer of conventional system. Smart
wound dressing material is a novel idea which can
sense various environmental situation and stimuli
and can react accordingly. This intelligent type of
dressing material is very helpful in the field of
sports, aerospace, defense 6. This paper will further
discuss the various types of wounds and
modification of different wound dressings
according to the need of the wound types.

FIG. 1: CONDITION OF SKIN BEFORE AND AFTER
WOUND

Wound and its Type: A wound may be defined as
an interruption to the normal structure and the
function of the skin cells.
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The wounds that fail to get heal by standard
therapy in a specific time are defined as a hard-toheal wound 7. Fig. 2 categorizes the various types
of wounds. Additionally, wounds can be divided as
acute or chronic on the basis of the healing
properties.
Acute Wounds: Acute wounds maintain less time
fashion to heal, usually show no complications.
The healing occurs in a predictable manner where
different cells, fibroblast, platelets, and keratinocytes help in restoring tissue integrity. These
wounds can be either surgical or traumatic 8. That
would result in abrasions, avulsions, incisions,
contusions, and lacerations
Chronic Wounds: Unlike acute wounds, this type
of wound fails to heal in a predictable manner
within a specific time and further brings several
complications. The wounds which take more than
12 weeks to heal is considered as a chronic wound.
Delayed healing, prolonged inflammatory phase,
persistent infection, and presence of resistant
microorganisms are common features of chronic
wounds 9, 10.

FIG. 2: DIFFERENT TYPES OF WOUNDS

Phases of Wound Healing: Wound healing is an
intricate physiological process defined as a series
of continuous molecular events 13. Wound healing
is categorized into four major phases: Fig. 3. 1.

Hemostatic phase 2. Inflammatory phase 3.
Proliferative phase 4. Remodeling phase. These
phases are discussed below.
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1. Haemostasis: Haemostatic phase occurs
immediately after an injury. It is categorized by
microvascular injury and blood components release
in the site of the wound. The adherence of platelets
initiatesthe release of cytokines, growth factors
like, platelet-derived growth factor (PDGF), transforming growth factor-β (TGF-β), endothelial
growth factor (EGF), fibroblast growth factor
(FGF), serotonin, platelet-activating factor,
bradykinin, platelet factor IV, platelet-derived
angiogenesis factor, prostaglandins and histamine
resulting in platelet aggregation 11. Afterward, the
intrinsic and extrinsic pathways get activated and
form fibrin clots.
2. Inflammatory Phase: This is the second stage
with the aim to prevent infection. The
inflammatory stimulus triggers cellular responses
12
. Growth factors released from platelets
chemotactically pull the inflammatory cells into the
infected area. Neutrophils are the first
inflammatory cells to enter the wound, followed by
monocytes. After activation, Neutrophils release a
few lysosomal enzymes (such as neutral proteases,
elastase, and collagenase), which helps to remove
the scratched components of the extracellular
matrix (ECM) 13. Macrophages are essential factors
for heading towards the proliferative phase
3. Proliferative Phase: The third phase starts just
after the inflammatory phase diminishes and
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continues up to 14 days. The formation of the ECM
(extracellular matrix) and angiogenesis are the
identifying characteristics of this phase.
Granulation tissue (composed of collagen and
extracellular matrix) forms which are initiated by
newly formed blood vessels.
In this phase, fibroblasts and endothelial cells
replace the damaged tissue. PDGF, EGF, and FGF
induce activation and proliferation of fibroblast.
Macrophages convert fibroblasts to myofibroblasts,
which are responsible for wound contraction and
ECM production 14.
4. Maturation and Remodelling Phase: This
starts once the wound is superficially closed near
about 3 weeks after injury and needs a few years to
complete 15. It helps in the re-epithelialization and
remodeling of the tissues which are formed freshly
in the proliferative phase. Here collagen III is
converted to collagen I.
The collagen fibers are arranged in a normal
manner, not as uninjured tissue. So, remodeling of
the fibers is needed in a proper manner.
Equilibrium between collagen synthesis and
degradation is maintained by remodeling of ECM.
Many enzymes, like neutrophil, released elastase,
matrix metalloproteinases (MMPs), and gelatinase,
collagenases are involved in this phase 16.

FIG. 3: PHASES OF WOUND HEALING
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is provided by glucose. Protein deficiency
impairs wound remodeling by altering
fibroblast proliferation, collagen synthesis,
capillary formation. It also affects the immune
system. Collagen is the main protein
component. Vitamins like Vitamins C (Lascorbic acid), A (retinol), and E (tocopherol)
show good antioxidant and anti-inflammatory
properties 23, 24.

Factors Responsible for Delayed Healing:
Following are some factors that are responsible for
delayed wound healing. These factors can be
divided into local and systemic.
 Local Factors that Influence Healing:
 Infections: Damaged tissues are more prone to
infections. The replicating microorganism
releases toxin at the wound site and thus
leading to impaired healing 17.


Oxygen: Oxygen increases differentiation,
migration,
and
re-epithelisation
of
keratinocytes
and
collagen
synthesis,
angiogenesis, and fibroblast proliferation 18, 19.
Wound healing gets affected when oxygen is
not present.

 Systemic Factors that Influence Healing:
 Age: As the age increases, there is delayed reepithelization, high secretion of inflammatory
mediators, less secretion of growth factors, and
collagen deposition.


Sex Hormones: Oestrogen helps in wound
healing by playing a role in matrix formation,
epidermal functions, and inhibition of protease.
So, the wound heals more quickly in aged
females than males since androgens have a
negative effect on wound healing.



Alcohol Consumption: Alcohol consumers
are prone to infections as it weakens host
resistance. Moreover, alcohol alters the
proliferative phase 20.



Smoke: Carbon monoxide of smoke is
responsible for tissue hypoxia. Migration of
WBC (white blood cell) gets affected by
smoking which reduces the number of
macrophage and monocyte in the wound area
and weakens neutrophil bactericidal property
21
.



Diabetes: Diabetes is one of the vital reasons
behind chronic non-healing diabetic foot ulcers
(DFU). The level of metalloproteases increases
and leads to neuropathy. Moreover, diabetes
impairs angiogenesis and neovascularisation 22.



Diet: Any particular nutrient deficiency leads
to a delay in healing. Energy for angiogenesis

Wound Healing Dressings: Traditional wound
dressings like cotton gauze mainly protect the
wound from contamination. But due to excessive
fluid absorption, it requires frequent change, which
causes pain to patient 25. Wound dressings like
plasters provide physical barriers to the wounds.
Modern dressings like hydrogels are capable of
providing a moist environment as they are made up
of cross-linked polymers.
In addition, it provides permeability to oxygen. But
it has very low strength, so it needs to hybridized
with other polymers 26. Film and foam dressings
were mainly developed to control superficial and
deep wounds. They can be fit according to body
structure 27. Moreover, they allow the incorporation
of anti-inflammatory and anti-microbial drugs. It
can also be used with other dressings like alginate
dressings and hydrogels 28, 29.
Smart and Innovative Approach in Wound
Prevention: The positive side of smart
technologies is it provides thorough wound care
evaluations. Xu et al. designed a model that can
predict personalized time to heal by stereo
photogrammetric imaging 30.
Negative Pressure Wound Technology: This
technology is useful for treating acute wounds. The
wound dimension and volume decrease with a less
complex reconstruction of tissue 30.
It simplifies many complications, like the
elimination of intra abdominal contamination,
edema, and exudates. Many complex traumatic
orthopedic post-operative complications have been
solved by the advancement of negative-pressure
wound technology. It targets non-viable tissues
along with a device that provides a protected,
sealed, moist healing environment that removes
hematoma and edema 31.
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Skin Substitutes: Autograft is a recently preferred
choice, but the limitation is the availability of
insufficient tissue and low patient acceptance.
Allografts and xenografts provide temporary
protection but prone to transfer of disease 32.
Bioengineered skin substitutes are available in
large numbers and less prone to infections. Few
examples of this kind of dressings are Biobrane,
Transcyte, Dermagraft, Apligraft. These are meshlike dressings composed of cells like keratinocytes,
fibroblasts. And helps in quick healing of wounds
33
.
Hyperbaric Oxygen: This method involves a
sealed chamber with 100% oxygen, which is
pressurized between 1.5 to 3 atmospheres absolute
(ATA) for about 1 to 2 hours of time. This is
mainly used for sea diving accidents, compartment
syndrome, anaerobic infections, ischemic injuries,
chronic wounds 34. But it has various side effects
like claustrophobia, neurologic oxygen toxicity,
sinus irritation. Though the mechanism of action is
still not clear, it increases the availability of oxygen
in tissues 34. This increased level of oxygen further
promotes elongation and deposition of collagen and
the killing of bacteria by the macrophage. Thus
hyperbaric oxygen plays a key role in long-lasting
wound healing. More studies are needed to
understand the mechanism 35.
pH-Sensitive Wound Care: Normally, skin pH is
acidic in nature within a range between 4.8-6.0. but
this range changes from 7.15 to 8.9 in chronic
wound conditions. It has been found that there is a
direct correlation between the pH of the wound and
time of healing; alkaline pH slower down the
healing time 36. Wound pH also affects the
oxygenation; by lowering the pH by 0.6-unit, the
oxygen level increases by 50%. A wound bed has
the capability to evaluate the healing process. By
using some surface dyes or other indicators, change
of the color with the alteration of pH can be
observed by naked eyes 37. One of the examples of
this is the hydrogel-based pH sensor, and another
one is a potentiometric pH sensor.
Temperature Sensors Wound Care: During any
inflammation and infection, the temperature
increases. Low temperature is the indication of
local ischemia and is harmful to wound healing 38.
There are multiple potential approaches to
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temperature measurement; however, the majority of
sensors use a resistive change over a relevant
temperature range. The material used needs a hightemperature coefficient of resistance (TCR) with
sensitivity within a physiologically appropriate
range.
Inkjet printers are a promising tool in sensor
technology because of their various advantages,
like low manufacturing cost with less waste 39.
Because of the low cost, it is also applicable for
disposable use like one-time use bandages 40.
Courbet et al., designed a temperature sensor by
using silver nanoparticles on a paper with a passive
layer of parylene. Its flexibilities make it a potent
candidate for a smart bandage. But no clinical
evaluation has been performed for this yet 38.
Vuorinen et al. designed another temperature
sensor with inkjet-printed graphene on a bandage
of polyurethane. The result showed an increase of
0.06% sensor sensitivity with Sensor sensitivity
was greater than 0.06%, with TCR value negative.
Recently, Sui et al. stated a novel silver-based
temperature sensor 41. They discovered that the
sensitivity of the sensor was not dependent upon
the used substrate material. This strategy is useful
for designing customized sensors as the parameters
of the conductive traces can be easily modified
according to the functional needs. In-vivo
evaluation studies of the inject printed sensors need
to be done 41.
Smart Bandages to Release Drugs: Drug delivery
can be both in a passive and active way. A
bandage can deliver drugs in a passive way without
depending on external factors. But it can be
unsuitable since the wound healing process is
dynamic in nature 42. To overcome this, a smart
bandage can be designed, which can modify the
dosage anytime, even at a particular wound region
43
. Few regular active drug delivery includes
piezoelectric pumping, iontophoretic transport,
thermoresponsive system. 42. Nabavinia et al.,
prepared a controlled release and targeted action
bandage 43. This is flexible to wear and has a
conductive core of PEGDA-ALG hydrogel and
drug carriers, which can be thermally triggered.
The positive side of this bandage is it can deliver
the drug to any location efficiently as each fiber
thread will be triggered independently. It showed a
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promising result in both in-vitro and in-vivo animal
studies in diabetic wound healing animal model 44.
CONCLUSION: Costly treatments for chronic
wounds and hospital stays for a longer period
create an economic burden. Despite extreme
progress in wound products, chronic wound healing
still remains at an alarming stage. The field of
wound care is ever-growing. New and recent
researches are mainly emphasizing to develop a
novel strategy to heal wounds. Advancement in
different fields like tissue regeneration, biomedical
engineering, micro-fluidics, stem cell biology leads
to the emergence of new smart technologies.
Management of wounds by smart technology acts
as a bridge between the victim and caretakers. The
aim to achieve optimum healing with less cost can
be achieved by the advancement of smart wound
dressings, which can sense and predict the wound
formation and can prevent successfully before any
complications. The advancement of innovative
techniques with the tint of the conventional
approach has a stronghold in the future. This
review mainly focussed on the advancement of the
wound care field, which will be successful in
providing a painless, scarless, and rapid healing of
wounds.
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