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Hydrogels are highly hydrated, porous biomaterials with exceptional biocompatibility 

and versatility. Composed of natural or synthetic polymers, hydrogels mimic the 

extracellular matrix, facilitating tissue regeneration and drug delivery. Their unique 

properties enable controlled release of therapeutic agents, enhanced wound healing, and 

improved patient compliance. Hydrogels are employed in various applications, 

including wound care, tissue engineering, ophthalmology, and cosmetic/skincare 

products. Recent advancements in stimulus-responsive and biodegradable hydrogels 

have expanded their potential in personalized medicine and regenerative medicine. This 

review highlights hydrogel's properties, applications, advantages, and challenges, 

emphasizing their transformative impact on healthcare outcomes. 
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INTRODUCTION 

Hydrogels are highly hydrated, porous 

biomaterials that have garnered significant 

attention in recent years due to their exceptional 

biocompatibility, versatility, and potential 

applications in various fields (1). Composed of 

natural or synthetic polymers, hydrogels mimic the 

extracellular matrix, facilitating tissue 

regeneration and drug delivery (2). Their unique 

properties enable controlled release of therapeutic 

agents, enhanced wound healing, and improved 

patient compliance(3). 

Definition 

Hydrogels are defined as three-dimensional 

networks of hydrophilic polymers that absorb and 

retain large amounts of water, creating a gel-like 

material (4). 

History 

The concept of hydrogels dates back to the 1960s, 

when Wichterle and Lim introduced the first 

hydrogel contact lens (5). Since then, hydrogels 

have evolved to encompass a broad range of 

applications in healthcare, including wound care, 

tissue engineering, ophthalmology, and 

cosmetic/skincare products (6). 

Classification of Hydrogels 

https://www.ijpsjournal.com/
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1. Origin 

    - Natural Hydrogels (e.g., collagen, gelatin) 

    - Synthetic Hydrogels (e.g., polyethylene oxide, 

polyacrylic acid) 

    - Hybrid Hydrogels 

2. Structure 

    - Homogeneous Hydrogels 

    - Heterogeneous Hydrogels 

    - Interpenetrating Network (IPN) Hydrogels 

3. Crosslinking Method 

    - Chemically Crosslinked Hydrogels 

    - Physically Crosslinked Hydrogels 

    - Enzymatically Crosslinked Hydrogels 

4. Stimulus Response 

    - pH-Responsive Hydrogels 

    - Temperature-Responsive Hydrogels 

    - Light-Responsive Hydrogels 

    - Electro-Responsive Hydrogels 

5. Application 

    - Wound Healing Hydrogels 

    - Drug Delivery Hydrogels 

    - Tissue Engineering Hydrogels 

    - Ophthalmic Hydrogels 

    - Cosmetic Hydrogels(7) 

Advantages of Hydrogel 

1. Biocompatibility: non-toxic and compatible 

with living tissues. 

2. High Water Content: Up to 90% water content, 

mimicking natural tissues. 

3. Controlled Drug Release: Sustained release of 

therapeutic agents. 

4. Enhanced Wound Healing: Promotes tissue 

regeneration and repair. 

5. Improved Patient Compliance: Easy to 

administer and minimize side effects. 

6. Versatility: Can be tailored for various 

applications (wound care, drug delivery, tissue 

engineering). 

7. Biodegradability: Can degrade naturally in the 

body. 

8. Soft and Flexible: Conforms to irregular shapes 

and promotes comfort. 

9. Porous Structure: Allows for cell growth and 

tissue ingrowth. 

10. Stimulus Response: Responds to 

environmental changes (pH, temperature, light 

Disadvantages of Hydrogel 

1. Limited Stability and Shelf Life 

2. High Production Costs 

3. Difficulty in Scaling Up Production 

4. Potential for Gelation or Precipitation 

5. Limited Mechanical Strength 

6. Sensitivity to Temperature and pH Changes 

7. Potential for Biodegradation Variability 

8. Limited Cell Adhesion and Proliferation 

9. Difficulty in Sterilization 

10. Potential for Toxic Residuals(8) 

properties and characteristics of Hydrogel with 

one reference: 

Physical Properties: 

1. High Water Content: Up to 90% water content, 

mimicking natural tissues. 

2. Porous Structure: Allows for diffusion of 

molecules and cells. 

3. Soft and Flexible Texture: Conforms to irregular 

shapes. 

4. Elasticity and Resilience: Ability to withstand 

mechanical stress. 

5. Density: Typically ranges from 0.1-1.5 g/cm³. 

Chemical Properties: 

1. Hydrophilicity: Ability to absorb and retain 

water. 

2. Crosslinking Density: Affects mechanical 

strength and swelling. 

3. Swelling Behavior: Responsive to pH, 

temperature, and ionic strength. 

4. Degradability: Biodegradable or bioerodible, 

depending on composition. 

5. Functional Groups: Presence of hydroxyl, 

carboxyl, or amine groups. 

Mechanical Properties: 

1. Tensile Strength: Ranges from 1-100 kPa. 

2. Compressive Strength: Ranges from 1-100 kPa. 

3. Shear Strength: Ranges from 1-10 kPa. 
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4. Elastic Modulus: Ranges from 1-100 kPa. 

5. Viscoelasticity: Exhibits both elastic and 

viscous behavior. 

Biological Properties: 

1. Biodegradability: Breaks down naturally in the 

body. 

2. Cell Adhesion and Proliferation: Supports tissue 

regeneration. 

3. Tissue Integration: Encourages tissue ingrowth. 

4. Immunocompatibility: Minimizes immune 

response. 

5. Hemocompatibility: Non-toxic to blood cells. 

Thermal Properties: 

1. Glass Transition Temperature (Tg): Affects 

mechanical properties. 

2. Thermal Conductivity: Low thermal 

conductivity(9) 

Applications in biomedicine of Hydrogel: 

Wound Healing and Tissue Engineering 

1. Wound dressings: Promote wound healing, 

prevent infection.  

 2. Tissue engineering scaffolds: Support cell 

growth, differentiation.  

3. Skin substitutes: Treat burns, chronic wounds 

Drug Delivery and Controlled Release 

1. Oral delivery: Sustain drug release, improve 

bioavailability.  

2. Transdermal delivery: Enhance skin 

permeability.  

3. Ocular delivery: Treat eye diseases.  

Imaging and Diagnostics 

1. Contrast agents: Enhance MRI, CT imaging. 

2. Biosensors: Detect biomarkers, monitor disease 

progression.  

Regenerative Medicine 

1.  Stem Cell Therapy: Support cell growth and 

differentiation. 

2. Organ regeneration: Replace damaged tissues.  

Ophthalmic Applications 

1. Contact lenses: Improve vision, reduce 

irritation.  

2. Intraocular lenses: Treat cataracts.      

Dental Applications 

1.Dental implants: Enhance osseointegration. 

2. Periodontal treatments: Promote tissue 

regeneration(10) 

challenges and limitations of Hydrogel in 

Biomedicine: 

Challenges: 

1. Scalability and manufacturing: Large-scale 

production of hydrogels with consistent properties. 

2. Biocompatibility and toxicity: Ensuring 

hydrogels are non-toxic and biocompatible. 

3. Degradation and stability: Controlling 

degradation rates and maintaining stability. 

4. Mechanical properties: Achieving optimal 

mechanical properties for specific applications. 

5. Cell adhesion and proliferation: Improve cell 

adhesion and proliferation. 

6. Immunogenicity: Minimizing immune 

response. 

7. Sterilization: Developing effective sterilization 

methods. 

8. Regulatory frameworks: Navigating regulatory 

requirements. 

Limitations: 

1. Limited mechanical strength: Hydrogels can be 

fragile and prone to degradation. 

2. Swelling and shrinkage: Hydrogels can swell or 

shrink in response to environmental changes. 

3. Biodegradation variability: Degradation rates 

can vary depending on environmental conditions. 

4. Limited cell infiltration: Hydrogels can limit 

cell infiltration and tissue integration. 

5. Inadequate vascularization: Hydrogels can lack 

sufficient vascularization. 

6. Sensitivity to pH and temperature: Hydrogels 

can be sensitive to pH and temperature changes. 

7. Limited optical transparency: Hydrogels can be 

opaque or translucent. 

8. High production costs: Hydrogel production can 

be expensive. 

Overcoming Challenges: 
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1. Advanced manufacturing techniques (e.g., 3D 

printing). 

2. Novel materials and composites. 

3. Surface modification and functionalization. 

4. Bioactive coatings and scaffolds. 

5. In vitro and in vivo testing. 

6. Computational modeling and simulation. 

7. Collaboration between researchers and industry 

experts. 

Future Directions: 

1. Developing hydrogels with improved 

mechanical properties. 

2. Enhancing biocompatibility and 

biodegradability. 

3. Designing hydrogels for specific applications 

(e.g., wound healing, tissue engineering). 

4. Investigating hydrogel-based combination 

products (e.g., drug delivery, cell therapy). 

5. Exploring hydrogel applications in emerging 

fields (e.g., precision medicine, synthetic 

biology).(11) 

formulation considerations of Hydrogel: 

Polymer Selection 

1. Natural polymers (e.g., collagen, gelatin, 

alginate)  

2. Synthetic polymers (e.g., PVA, PEG, PLA)  

3. Hybrid polymers (e.g., blends, copolymers)  

Crosslinking Methods 

1. Chemical crosslinking (e.g., glutaraldehyde, 

EDC/NHS)  

2. Physical crosslinking (e.g., heat, UV radiation)  

3. Enzymatic crosslinking (e.g., transglutaminase)  

Hydrogel Composition 

1. Water content  

2. Polymer concentration  

3. Crosslinking density  

4. Additives (e.g., drugs, cells, growth factors)  

Physical Properties 

1. Mechanical strength  

2. Elasticity  

3. Swelling behavior  

4. Degradation rate  

Biological Properties 

1. Biocompatibility  

2. Cell adhesion and proliferation  

3. Tissue integration  

4. Immunogenicity  

Formulation Parameters 

1. pH  

2. Temperature  

3. Ionic strength  

4. Sterilization method  

Characterization Techniques 

1. Rheology  

2. Scanning electron microscopy (SEM) 

3. Transmission electron microscopy (TEM)  

4. In vitro and in vivo testing (12) 

Conclusion: 

Hydrogels are highly versatile biomaterials that 

have revolutionized various fields of biomedicine, 

including wound healing, tissue engineering, drug 

delivery, and regenerative medicine. Their unique 

properties, such as high water content, 

biocompatibility, and tunable mechanical 

properties, make them ideal for various medical 

applications. The potential of hydrogels in 

biomedicine is vast, and ongoing research 

continues to unlock their full potential. 
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