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ABSTRACT  

 
In the area of wound healing, the need for treating broad and deep untreatable wounds is growing with each day. Wide, deformed, 

deep, or massive wounds are unable to repair by our cell system or tissue repair mechanism, resulting in dysfunction and 

deformity. Furthermore, the dressings or medications often used relieve pain result in slow healing, scarring, and sometimes even 

death. As a result, hydrogel is used to repair and seal the loss component as a 3D polymeric matrix with a broad range of 

properties for soft, sensitive to hard and tough tissue or organ. There are several sophisticated, smart, and intelligent hydrogels 

that are made up of natural and synthetic polymers and are developed for proper encapsulation and regulated release of drugs or 

biomolecules under key biological circumstances. As a result, the hydrogel is being used amongst the most effective matrices for 

tissue regeneration and drug testing. In this article, we address the polymer used to make hydrogels, as well as methods for 

evaluating hydrogel wound dressings to help direct the development of new hydrogels. 
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INTRODUCTION 

 
Hydrogels are essentially three-dimensional network 

structures made of various natural and synthetic polymers. 

They have the capacity to absorb and transport a sufficient 

amount of water owing to their porous nature
1
. Hydrogels 

comprise polymeric matrices which swell in water but just 

don't dissolve
2
. Hydrogels can contain up to 99 percent 

water. Hydrogels are usually dried and can absorb water in 

the following ways: 

• Primary Bound Water: Primary bound water is formed 

when a dried hydrogel engrosses water through 

association with hydrophilic groups. 

• Secondary Bound water: When more water is consumed 

by the hydrogels following primary bound water, it 

requires additional hydrophilic group interaction and is 

referred to as secondary bound water. 

• Total Bound Water: Total bound water was its mixture 

of primary and secondary bound water. 

• Free Water: Once all of the other classes are 

waterlogged, more water absorption is referred to as free 

water, which occupies all or most of the spaces
3
. 

Because of their high moisture content, porosity, and smooth 

texture, hydrogels stimulate natural living tissue more than 

almost any other form of synthetic biomaterial. Hydrogels 

could be chemically stable or disintegrate and degrade over 

time
4
. 

The hydrophilic functional group attached to the polymeric 

backbone gives hydrogels their ability to hold water. High 

moisture penetration allows only few small molecules, such 

as oxygen, metabolites, and nutrients, to move through the 

hydrogel structure. Hydrogels' ability to retain water makes 

them ideal candidates for use in controlled dosage forms. 

Benefits for the treatment of diseases requiring selective 

drug delivery can be obtained by adequate design and 
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experimental procedures. Because of their high drug affinity 

and stability, hydrogels are extremely important. Different 

stimuli for inducing release of the drug from hydrogel 

networks include light, temperature, magnetic field, 

electrical signals, PH, and ionic strength. They can be given 

in a variety of ways, including orally, nasally, ocularl

subcutaneously, and transdermally. 

Hydrogels are now being used extensively as wound 

dressings. Because of its distinct and significant properties 

such as cooling effect, cushioning effect

hydrogel is a good candidate for topical applicatio

high water content of hydrogels contributes significantly to 

skin elasticity as well as moisturization
6
. 

There are various types of hydrogels that have been 

developed and tested for bio-medical applications as wound 

healing materials
7
. Because of their high water holding 

capacity, biocompatibility, compressive modulus, strong 

elasticity, close structure to biological tissue, non

with soft tissue, and controllable biodegradability, they have 

 

HYDROGEL CLASSIFICATION 

 

RELEASE MECHANISM 

 

a) DIFFUSION CONTROLLED 
 

The most popular method of drug release from hydrogels is 

diffusion-controlled release. In this form of 

Fick's diffusion theory is applied to kinetic modelling. Drug 

diffusion from porous hydrogels with pore sizes greater than 

drug molecule specifications can be related to hydrogel 

porosity and tortuosity. Hydrogels with diffusion

release may serve as reservoirs or a matrix. Since drug 

molecules in reservoir drug delivery systems are embedded 

and enclosed by polymeric hydrogels, drug release often 

follows Fickian diffusion's first rule. 

 

b) SWELLING CONTROLLED 
 

When the rate of drug diffusion exceeds the rate of hydrogel 

swelling, swelling-controlled release of the drug can appear. 

For strictly swelling mediated drug release, the kinetic 

model of release could be mostly suited to a zero

model. Hydrogels may go through a swelling

transitional stage (at glass transition temperature or Tg) from 

glassy to rubbery, resulting in quicker drug diffusion and 

release from polymeric chains. In swelling

delivery systems, the greater the rate of hydrogel swelling, 

the greater the rate of drug release, and that rate and ability 

of hydrogel moisture absorption, and also the thickness of 

polymeric gels, are significant considerations in swelling

controlled delivery systems. 

Based on 
Source

Based on 
Polymer 

composition

Based on 
Configuration
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experimental procedures. Because of their high drug affinity 

xtremely important. Different 

stimuli for inducing release of the drug from hydrogel 

networks include light, temperature, magnetic field, 

electrical signals, PH, and ionic strength. They can be given 

in a variety of ways, including orally, nasally, ocularly, 

Hydrogels are now being used extensively as wound 

dressings. Because of its distinct and significant properties 

ffect, cushioning effect and clarity, 

hydrogel is a good candidate for topical application. The 

high water content of hydrogels contributes significantly to 

There are various types of hydrogels that have been 

medical applications as wound 

eir high water holding 

capacity, biocompatibility, compressive modulus, strong 

elasticity, close structure to biological tissue, non-adhesion 

with soft tissue, and controllable biodegradability, they have 

the ability to repair damaged tissue and regenerate

confirmed that the hydrogel's water uptake ability solved the 

problem of ablation and puffiness of healing wounds, as 

well as providing a moist environment all around wounds 

for improved vascularisation
9

Hydrogels are quickly applied and convenie

adapt for wound healing, with a pain

wounded tissue. Because of their high moisture content, 

hydrogels reduce wound temperature and soothe the injured 

region
10

. Hydrogel, in particular, is useful in the treatment of 

dry wounds. Hydrogels are appropriate for all stages of 

wound healing, including inflammation, cell proliferation, 

maturation, and homeostasis. They are non

irritant to biological tissue, and metabolite permeable

different types of hydrogel dressing are most suitable for 

wound treatments that are applied to a specific wound.

These defining characteristics of hydrogels prevent their 

rapid entry into the dressing industry, where hydrogels are 

available as saturated gauze, gels, or sheets

Figure 1 

 

The most popular method of drug release from hydrogels is 

controlled release. In this form of drug release, 

Fick's diffusion theory is applied to kinetic modelling. Drug 

diffusion from porous hydrogels with pore sizes greater than 

drug molecule specifications can be related to hydrogel 

porosity and tortuosity. Hydrogels with diffusion-controlled 

lease may serve as reservoirs or a matrix. Since drug 

molecules in reservoir drug delivery systems are embedded 

and enclosed by polymeric hydrogels, drug release often 

 

usion exceeds the rate of hydrogel 

controlled release of the drug can appear. 

For strictly swelling mediated drug release, the kinetic 

model of release could be mostly suited to a zero-order 

model. Hydrogels may go through a swelling-induced 

transitional stage (at glass transition temperature or Tg) from 

glassy to rubbery, resulting in quicker drug diffusion and 

release from polymeric chains. In swelling-controlled 

delivery systems, the greater the rate of hydrogel swelling, 

he rate of drug release, and that rate and ability 

of hydrogel moisture absorption, and also the thickness of 

polymeric gels, are significant considerations in swelling-

 

c) CHEMICALLY CONTROLLED
 

The mechanism by which a reaction 

hydrogel matrix is explained by chemically

release mechanism. Enzymatic or hydrolytic cleavage of its 

polymeric matrix is liable for drug release in such reactions. 

Release of drug in chemically

could occur via cleavage of polymeric chains via bulk or 

surface erosion, and the entrapped or tethered drug would be 

released from hydrogels as a result of such mechanisms

 

ADVANTAGES 

 
• Because of their high water content, their flexibility is 

quite identical to that of natural tissue.

• The environmentally responsive hydrogels can detect 

changes in temperature, pH

and release the load with response to the change.

• They are injectable, biocompatible, and biodegradable.

• Microbial cell entrapment inside hydrogel beads has the 

benefit of being low toxicity.

• Hydrogels have better transport features and allow for 

the controlled release of growth factors and other 

nutrients
18

. 

 

DISADVANTAGES 
 

• They are expensive and have poor 

Classification 
of hydrogels

Based on 
Configuration

Based on 

Crosslinking

Based on 

Physical 

Appearance
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damaged tissue and regenerate
8
. It was 

confirmed that the hydrogel's water uptake ability solved the 

problem of ablation and puffiness of healing wounds, as 

well as providing a moist environment all around wounds 
9
 

Hydrogels are quickly applied and convenient materials to 

adapt for wound healing, with a pain-relieving effect on the 

wounded tissue. Because of their high moisture content, 

hydrogels reduce wound temperature and soothe the injured 

. Hydrogel, in particular, is useful in the treatment of 

dry wounds. Hydrogels are appropriate for all stages of 

wound healing, including inflammation, cell proliferation, 

maturation, and homeostasis. They are non-reactive, non-

irritant to biological tissue, and metabolite permeable
11

. The 

rogel dressing are most suitable for 

wound treatments that are applied to a specific wound. 

These defining characteristics of hydrogels prevent their 

rapid entry into the dressing industry, where hydrogels are 

available as saturated gauze, gels, or sheets
12

. 

 

 

 

 

 

 

 

 

 

 

CHEMICALLY CONTROLLED 

The mechanism by which a reaction takes place within the 

hydrogel matrix is explained by chemically-controlled drug 

release mechanism. Enzymatic or hydrolytic cleavage of its 

polymeric matrix is liable for drug release in such reactions. 

Release of drug in chemically-controlled delivery systems 

could occur via cleavage of polymeric chains via bulk or 

surface erosion, and the entrapped or tethered drug would be 

released from hydrogels as a result of such mechanisms
13-17

. 

Because of their high water content, their flexibility is 

quite identical to that of natural tissue. 

The environmentally responsive hydrogels can detect 

temperature, pH or metabolite concentration 

and release the load with response to the change. 

ocompatible, and biodegradable. 

icrobial cell entrapment inside hydrogel beads has the 

benefit of being low toxicity. 

Hydrogels have better transport features and allow for 

the controlled release of growth factors and other 

They are expensive and have poor mechanical strength 

Based on 
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• They are non-adherent and may require secondary 

dressing. They may induce a discomfort similar to that 

caused by maggot movement. 

• They can be difficult to manage. 

• It may be difficult to load with drugs/nutrients. 

• Contact lens hydrogels induce lens deposition, hypoxia, 

dehydration, and red eye symptoms. 

 

 

 

POLYMERS 

 
Polymers are present everywhere naturally or synthetically. 

Classification: 

1. Natural polymers 

2. Synthetic 

3. Semi – synthetic 

 

Table - 1 

 

Polymer Applications 

Chitosan Used in biomedical applications for drug administration as well as wound healing. Chitosan scaffolds are 

also being developed
19

. 

Hyaluronic acid It is used in the preparation of hydrogels and has the benefit of delayed drug release and a longer time of 

action [
20

]. 

Carrageenan It has an advantage of controlled drug release and tissue engineering applications
21

. 

Alginic acid Used as co – transplantation on rat spinal injury
22

. 

Collagen It has the potential to regulate drug release from hydrogels as well as stimulate cell development
23

. 

Gelatin The dressing, which is dependent on sodium alginate and gelatin, was created by cross-linking sodium 

chloride and glutaraldehyde
24

. 

Polyethylene glycol Capable of forming controlled gelation as a result of a proto initiator or by combining with cross linkers 

used in the enzyme immobilization
25

. 

Polyvinyl pyrrolidone Biomedical applications
25

. 

Polyvinyl alcohol PVA-based hydrogels are used in the replacement of damaged cartilage and in orthopedic applications
26

. 

Polycaprolactone Used in drug delivery and tissue engineering. 

Carboxymethyl 

cellulose 

Hydrogels based on CMC are being used as scaffolds in a sustained release system. 

Hydroxyethyl 

cellulose 

As HEC is cross-linked with CMC, it has stronger swelling properties which form novelty hydrogels
27

. 

Hydroxyethyl 

cellulose 

Used in tissue engineering applications
28

. 

Ethyl cellulose Used as coating for sustained release 

 

METHODS OF PREPARATION  

 
Physical cross-linking, chemical cross-linking, grafting 

polymerisation, and radiation cross-linking are some of the 

preparation techniques used. These modifications may 

enhance the mechanical properties and visco elasticity for 

applications in pharmaceutical and biotechnology fields
29

. 

The following are the general methods for producing 

physical and chemical gels: 

1. Physical cross linking 

Physical or reversible gels have gained popularity due to 

their ease of processing and the benefit of not requiring 

cross-linking agents. These agents have an effect on the 

integrity of the substances to be entrapped (e.g., cells, 

proteins, etc.) as well as the need to remove them prior to 

application. 

a) Heating/Cooling of a polymer solution 

The gel is formed as a result of helix formation, helice 

association, and the formation of junction zones. 

Carrageenan exists as a random coil conformation in hot 

solution above the melting transition temperature. When it 

cools, it turns into rigid helical rods. In the presence of salt 

(K+, Na+, etc.), double helices further aggregate to form 

stable gels owing to screening of repulsion of sulphonic 

group (SO–3). Polyethylene oxide-polypropylene oxide and 

polyethylene glycol-polylactic acid hydrogel are two 

examples
30

. 

b) Complex coacervation 

By combining a polyanion and a polycation, complex 

coacervate gels could be produced. This method's 

underlying theory is that polymers containing opposite 

charges stay together and form soluble and insoluble 

complexes based on the concentration and pH of the 

respective solutions. Coacervating polyanionic xanthan with 

polycationic chitosan is one such example. Proteins that are 

positively charged below their isoelectric point are more 

likely to interact with anionic hydrocolloids and form 

polyion complex hydrogels
31

. 

c) Interaction of ions 

The inclusion of di- or trivalent counterions will cross-link 

ionic polymers. This approach is based on the concept of 

gelling a polyelectrolyte solution (for example, Na+ 

alginate-) with a multivalent ion to opposite charges (for 

example, Ca2+ + 2Cl-). Chitosan-polylysine, chitosan-

glycerol phosphate salt, and chitosan-dextran hydrogels may 

be other examples
32

. 

2.  Chemical cross-linking 

Chemical cross-linking requires the grafting of monomers 

onto the polymer backbone with the use of a cross-linking 

agent to connect two polymer chains. Natural and synthetic 

polymers can be cross-linked by interacting their functional 

groups (such as OH, COOH, and NH2) with cross-linkers 

such as aldehyde (e.g. glutaraldehyde, adipic acid 

dihydrazide). To create the cross-linked hydrogel, cross-

linkers such as glutaraldehyde, epichlorohydrin, and others 
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have been commonly used. One example is a hydrogel made 

by cross-linking corn starch and polyvinyl alcohol with 

glutaraldehyde as a cross-linker. Hydrogels can be made 

from cellulose in NaOH/urea aqueous solutions through 

using epichlorohydrin as a cross-linker and heating and 

freezing techniques
33

. 

3. Irradiation-induced polymerization 

Ionizing high power radiation, such as gamma 

electron beams, is being used as a precursor in the 

preparation of unsaturated compound hydrogels

 

TOPICAL APPLICATION FOR WOUND 

HEALING: 
Topical drug delivery is among the simplest administration 

routes, and it is used to eliminate side effects and localize 

large quantities of drug at the target location. Hydrogels are 

considered ideal vehicles for topical drug delivery due to the 

relatively low toxicity and long-term drug release. 

Furthermore, hydrogels have the advantages 

biocompatibility, smoothness and water - holding capacity, 

which can imitate natural tissue properties and, due to their 

swelling and hydrating capacity, can prevent discomfort to 

 

Wound healing process 

 

 

Wound healing is a sequential process that consists of four 

overarching, defined, and automated phases. Each phase 

must be regulated in an efficient and accurate manner. Any 

disruption or continuation in these processes may cause the 

wound to take longer to heal, and there is a risk of this 

wound being chronic
37

. 

Wound dressings are mostly polymers in the form of gauzes, 

gels, hydrogels, hydrocolloids, and so on. Hydrogels have 

been the most viable technique in wound healing of these. 

Hydrogels are ideal wound dressings because they can 

provide a humid environment in the wound site, aid in the 

elimination of wound exudates, avoid infection, and provide 

HEMOSTASIS

•Platelet aggregation, degranulation and fibrin formation

•Vascular constriction 

INFLAMMATION

•Monocyte infilteration and differentiation to macrophages

•Neutrophil infiltration

•Lymphocyte infilteration 

PROLIFERATION

Re- Epithelization, Angiogenesis

Collagen formation

Extracellular Matrix formation

REMODELLING

Collagen remodelling

Vascular maturation and regression
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have been commonly used. One example is a hydrogel made 

linking corn starch and polyvinyl alcohol with 

Hydrogels can be made 

from cellulose in NaOH/urea aqueous solutions through 

linker and heating and 

Ionizing high power radiation, such as gamma rays and 

precursor in the 

preparation of unsaturated compound hydrogels
34

. 

FOR WOUND 

Topical drug delivery is among the simplest administration 

effects and localize 

large quantities of drug at the target location. Hydrogels are 

considered ideal vehicles for topical drug delivery due to the 

term drug release. 

Furthermore, hydrogels have the advantages of 

holding capacity, 

which can imitate natural tissue properties and, due to their 

swelling and hydrating capacity, can prevent discomfort to 

enclosed tissues. Another significant benefit of hydrogels is 

their ability to shield drugs from adverse environmental 

conditions
35

.  

A wound is any type of damage or breakage of skin caused 

by a medical, physiological disease, or trauma

When an injured or wounded tissue is restored toward its 

previous or natural anatomical form, structur

within an acceptable time span, it is considered completely 

healed. Wounds can be classified into the following 

categories based on the defected skin component and the 

number of skin layers 

• Superficial wounds: Epidermis is affected.

• Partial thickness wounds include the epidermal as 

well as deeper dermal layers.

• Full thickness wounds contain deeper tissues 

including subcutaneous layers.

Wounds are also classified as:

a. Acute wounds 

b. Chronic wounds 

c. Complicated wounds 

 

Figure 2 

Wound healing is a sequential process that consists of four 

overarching, defined, and automated phases. Each phase 

accurate manner. Any 

disruption or continuation in these processes may cause the 

wound to take longer to heal, and there is a risk of this 

Wound dressings are mostly polymers in the form of gauzes, 

gels, hydrogels, hydrocolloids, and so on. Hydrogels have 

been the most viable technique in wound healing of these. 

Hydrogels are ideal wound dressings because they can 

in the wound site, aid in the 

elimination of wound exudates, avoid infection, and provide 

an environment conducive to tissue regeneration

is an injury that occurs in body tissues, either inside or 

outside, primarily in the skin, as a result of f

other damage. Normal tissue structure and function can be 

disrupted as a result of the wound

Acute and chronic wounds are the two forms of wounds. 

Acute wounds heal fully in a shorter period of time, while 

chronic wounds take longer to heal. 

inflammation, replication, and remodelling are all part of the 

wound healing process
40

. Wound 

foreign body contact, stress, strain, age, diseases, and other 

factors all have an effect on the wound healing process. 

Platelet aggregation, degranulation and fibrin formation

Monocyte infilteration and differentiation to macrophages

Epithelization, Angiogenesis

Extracellular Matrix formation

Vascular maturation and regression
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enclosed tissues. Another significant benefit of hydrogels is 

rugs from adverse environmental 

A wound is any type of damage or breakage of skin caused 

by a medical, physiological disease, or trauma
36

. 

When an injured or wounded tissue is restored toward its 

previous or natural anatomical form, structure, and function 

within an acceptable time span, it is considered completely 

healed. Wounds can be classified into the following 

categories based on the defected skin component and the 

Superficial wounds: Epidermis is affected. 

thickness wounds include the epidermal as 

well as deeper dermal layers. 

Full thickness wounds contain deeper tissues 

including subcutaneous layers. 

Wounds are also classified as: 

 

an environment conducive to tissue regeneration
38

. A wound 

is an injury that occurs in body tissues, either inside or 

outside, primarily in the skin, as a result of fracture, cut, or 

other damage. Normal tissue structure and function can be 

disrupted as a result of the wound
39

. 

Acute and chronic wounds are the two forms of wounds. 

Acute wounds heal fully in a shorter period of time, while 

chronic wounds take longer to heal. Haemostasis, 

inflammation, replication, and remodelling are all part of the 

. Wound infection, wound depth, 

foreign body contact, stress, strain, age, diseases, and other 

factors all have an effect on the wound healing process. 
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Scarring developed during normal healing as a result of the 

deposition of collagen fibres, and it will remain for a long 

time. Scarless healing happens with the aid of wound 

dressings
41

. 

Anti-bacterial and anti-inflammatory hydrogels have a 

positive effect in wound dressing applications
42

. A wound 

healing multipurpose and pH-responsive hybrid hydrogel 

composed of carboxylated agarose and tannic acid that is 

ionically cross linked with zinc salts. Tannic acid's anti-

microbial, anti-inflammatory, and anti-oxidant properties, 

coupled with the pH-responsive property of carboxylated 

cellulose, resulted in improved strength properties and anti-

bacterial activity
43

. Dextran is another polysaccharide that is 

used in the production of hydrogel. It improves wound 

healing in vivo by assisting in situ gelation and controlled 

release of immobilized growth factor through chitosan 

microparticles
44

. 

With its haemostatic properties, chitosan is an outstanding 

wound healing material. A physically cross-linked chitosan 

hydrogel has the ability to regenerate the skin of third - 

degree burns in the dorsal region of a pig
45

. A disulphide 

bond cross-linking of thiolated polyethylene glycol and 

silver nitrate was used to create an injectable hydrogel. This 

hydrogel contains desferrioxamine, an angiogenic drug that 

has the potential to heal diabetic wounds due to its 

angiogenic activity. A broad variety of hydrogel-related 

wound care products are commercially available to help 

prevent wound-related diseases and scarring
46

. 

The various forms of hydrogel wound dressing available on 

the market include amorphous gel, hydrogel pads, hydrogel 

film, and hydrogel impregnated gauze
47

. This hydrogel 

promotes wound healing by autolytic debridement and 

moisture distribution to the wound region. The moist 

atmosphere promotes wound granulation and 

epithelisation
48

. The key benefits are that it reduces wound 

pain and is simple to use. It is used in conjunction with 

secondary film dressing to cover hydrogel
49

. 

 

COMMERCIALLY AVAILABLE HYDROGELS 

 
Table - 2 

 

Product 

name 

Company 

name 

Hydrogel composition Application 

ActivHeal®  

 

Advanced 

Medical 

Solutions Ltd. 

It is a primary wound dressing that is composed of 

85 percent water. 

Leg ulcers, pressure ulcers, Diabetes-

related foot ulcers, wounds in the 

cavity 

DermaSyn®  

 

DermaRite 

industries 

It's a primary wound dressing that's high in vitamin 

E. 

Partial and full thickness wounds, 

either acute or chronic 

NU-GEL™  Systagenix Sodium alginate is used to efficiently debride 

necrotic tissue as well as fibrinous slough. 

 

Chronic wounds, diabetic foot ulcers, 

venous leg ulcers, and bedsores  

INTRASITE 

Gel  

Smith and 

Nephew 

Carboxymethyl cellulose and propylene glycol are 

the main components. 

 

Diabetic foot ulcers, pressure sores 

Incisions made during surgery, Ulcers 

of the vena cava 

Derma 

Gauze™  

DermaRite 

industries 

Gauze dressing impregnated with hydrogel. Derma 

Gauze contains an ingredient called acrylate 

polymer. 

Partial and full thickness wounds, 

either acute or chronic 

Suprasorb® G  

 

Lohmann & 

Rauscher 

Global 

With a water content of 70%, this hydrogel film is 

composed of acrylic polymers, polyethylene, and 

phenoxyethanol. 

Dry wounds, lower leg ulcers, pressure 

sores, first and second-degree burns, 

and scalds 

  

EVALUATION 

 
a) pH 

The pH of hydrogels is determined using a digital pH meter. 

Before using a pH meter, it should be calibrated. 

b) Scanning Electron Microscopy. 

SEM may be used to determine the structure, surface 

topography, and other properties of a sample, such as 

electrical conductivity. SEM magnification can be adjusted 

over a six-order-of-magnitude scale, from around 10 to 

500,000 times
50

. 

c) Fourier's Infrared Transform Spectroscopy 

It is a beneficial technique to determine a substance's 

chemical structure. It is based on the idea that the key 

elements of a material, namely chemical bonds, can be 

excited and absorb infrared light at normal chemical bond 

frequencies
51 - 52

. 

d) Measurement of swelling
53

 

The dry hydrogel is submerged in deionized water for 48 

hours at room temperature on a roller mixer. Upon swelling, 

the hydrogel is filtered through a stainless steel net with a 

mesh size of 30 meshes (681 m). The swelling is measured 

in the following manner. 

WS-Wd/Wd = Swelling 

Where 

Ws - The swollen weight of the hydrogel 

Ws - the weight of hydrogel in dry state.  

 

e) X-ray diffraction 

Diffraction analysis is used to determine whether a material 

is crystalline or amorphous. It is used to determine whether 

the polymers maintain their crystalline structure or are 

deformed during the pressurization process. Diffraction 

analysis is a common method for characterizing the 

morphology of hydrogels. 

 

f) In-vitro drug release study 

Since hydrogels are swollen polymeric networks with drug 

molecules occupying the interior, release studies are 

conducted to understand the mechanism of release over 
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time. The criteria are matched with the regular plot to 

determine the equivalence of the drug solutions
54

. 

g) Rheology 

The viscosity of hydrogels is measured using a Cone plate 

style viscometer at a constant temperature of 4
o
C. This 

viscometer is very specific for determining viscosity. The 

viscosity is calculated by a simple equation involving the 

angle of repose and height and length. 

h) Spread ability study 

The apparatus was constructed from a wooden block with a 

scale and two glass slides, each with a pan fixed on a pulley. 

Surplus formulation was sandwiched between two glass 

slides, and a 100 gm weight was put on the upper glass slide 

for 5 minutes to compare the formulation's thickness. 

Weight can be applied, and the time it takes to separate the 

two slides was used to calculate spread ability. 

S= (m × l) / t   

Where S is spreadabilty,  

M is weight tied on upper slide,  

L is length of glass slide  

T is time taken in seconds. 

i) Studies on skin irritancy 

Rabbits are used in skin irritancy experiments. The 

preparation was applied to two rabbits, and the affected area 

was bandaged or gauzed. The formulation was withdrawn 

after 24 hours, and the region was examined for signs of 

edema and erythema.  

Average irritation scores = (erythema reaction scores + 

edema reaction scores) / time interval 
55

. 

j) Network Pore Size 

A variety of technologies, including electron microscopy 

and mercury porosimetry, are used to determine pore size. 

 

CONCLUSION 
 

Wound healing is a complex biological process related to 

growth and tissue regeneration in which different cells and 

endogenous factors are involved. The stages of wound 

healing vary but are specifically described as haemostasis, 

inflammation, proliferation, and maturation. People are 

researching together to create advanced wound dressings in 

order to minimize the risk of wound infection and speed up 

wound healing. Because of its excellent biocompatibility, 

high moisture retention, and activation of immune cells to 

improve wound healing, hydrogel is an optimal dressing 

material. Practitioners have broadened the complexity of its 

application by investigating new chemical and physical 

cross-linking methods such like click chemistry, enzymatic 

reactions, crystallization, amphiphilic block copolymers, and 

so forth. Furthermore, they work to improve hydrogel 

specifications in order to broaden the spectrum of 

applications for hydrogels.  It is anticipate that future 

hydrogel studies will focus on lower costs and greater 

precision. Future studies will concentrate on the impact on 

chronic wounds. Designers will accomplish this by 

discovering more bioactive hydrogel materials. 

Alternatively, concentrate on the function of natural polymer 

structural modification; after all, structural limitations 

remain one of the major challenges of future study. Many 

factors influence hydrogel production; the conditions differ 

greatly depending on the cross-linking materials. 

Furthermore, optimizing the production process in terms of 

polymer stability, process ability, and solubility may be a 

major barrier to study. Different researchers might be able to 

solve problems mentioned above in the near future. 
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