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Abstract 

Hydrogel membranes have emerged as a revolutionary technology in skin care, particularly 

for moisturizing and hydration applications. These water-swellable polymers mimic the 

extracellular matrix, providing an ideal environment for skin nourishment and moisture 

retention. This review comprehensively explores the various types of hydrogel membranes, 

including natural, synthetic, and hybrid formulations, highlighting their physicochemical 

properties, mechanisms of action, and applications in skin care. We examine how factors 

such as crosslinking density, porosity, and water retention capacity influence the performance 

of hydrogel membranes in maintaining skin hydration. Additionally, we compare the efficacy 

of hydrogel membranes infused with bioactive compounds versus those without, emphasizing 

their potential in enhancing skin barrier function and promoting skin health. The review also 

addresses the challenges associated with hydrogel formulations, including stability, 

biocompatibility, and regulatory considerations, while providing insights into future trends in 

hydrogel membrane research. Overall, this article aims to serve as a valuable resource for 

researchers and formulators interested in developing advanced hydrogel-based products for 

skin care. 
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1. Introduction 

1.1 Background 

In dermatology and cosmetic science, skin health is crucial because the skin acts as a barrier 

to shield the body from the outside world. Because it affects the skin's physiological 

processes as well as its appearance, it is imperative to maintain proper skin hydration. Dry 

skin can lead to various issues, including irritation, flaking, and increased susceptibility to 

infections and allergens. Moisturization helps to maintain the skin's elasticity, texture, and 

overall health.[1] 
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The unique qualities of hydrogel membranes, such as their high water holding capacity, 

flexibility, and biocompatibility, have attracted interest in recent years. These networks of 

hydrophilic polymers are perfect for use in skin care products because they have the ability to 

absorb and hold onto moisture. The use of hydrogels in cosmetics is particularly appealing as 

they provide a sustained release of moisture and can enhance the delivery of active 

ingredients.[2] 

1.2 Importance of Hydrogel Membranes in Skin Care 

Both synthetic and natural polymers are frequently used in the creation of hydrogel 

membranes in order to replicate the skin's natural moisture-retaining processes.[1] This 

capability is essential for improving skin hydration levels and ensuring prolonged 

moisturization effects.[3] Hydrogel membranes can serve various functions in skin care 

products, including: 

 Moisture Reservoirs: They can hold significant amounts of water, providing 

immediate hydration upon application. 

 Controlled Release Systems: Hydrogel membranes can release moisture and active 

ingredients gradually, improving the effectiveness of the formulation. 

 Barrier Enhancers: Hydrogels can decrease transepidermal water loss (TEWL) and 

improve the skin's barrier function by creating a protective layer on the skin.[3] 

1.3 Objectives of the Review 

This review aims to: 

 Describe the various formulations of hydrogel membranes used in skin care products. 

 Compare various types of hydrogel membranes (natural, synthetic, and hybrid) based 

on their physicochemical properties and efficacy in skin hydration. 

 Discuss the challenges faced in the formulation and commercialization of hydrogel-

based skin care products. 

 Examine potential paths for hydrogel technology research and development in the 

future. [2] 

1.4 Scope of the Study 

The scope of this study includes a thorough investigation of existing literature on hydrogel 

membranes, focusing on their composition, mechanism of action, and effectiveness in skin 

moisturization and hydration.[4] The review will cover a range of hydrogel formulations, 

examining both commercially available products and experimental studies.[1]Structure of 

hydrogel membrane are shown in figure 1. 
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Figure 1: Structure of Hydrogel Membranes 

 

Table 1: Types of Hydrogels and Their Properties 

Hydrogel 

Type 
Composition 

Swelling 

Capacity 
Applications Limitations 

Natural Alginate, Gelatin High 
Wound dressings, 

face masks 

Limited mechanical 

strength 

Synthetic 
Polyethylene glycol 

(PEG) 
Moderate Moisturizers, serums 

Potential skin 

irritation 

Hybrid Chitosan-PEG Very High 
Controlled release 

systems 
Cost of synthesis 

 

2. Hydrogel Membranes: Composition and Properties 

2.1 Definitions and Classifications of Hydrogels 

A substantial amount of water can be retained in hydrogels without dissolving because they 

are three-dimensional (3D) networks of hydrophilic polymers that can expand in aqueous 

solutions. They can be classified based on several criteria, including their source of origin, 

structure, and crosslinking mechanism.[5] Types of hydrogels and their composition and 

other properties are shown in table 1. 

2.1.1 Classification Based on Origin 

 Natural Hydrogels: Polysaccharides (like alginate, chitosan, and hyaluronic acid) 

and proteins (like collagen and gelatin) are examples of substances that come from 

natural sources. They can be used in cosmetic applications because they are 

biocompatible and biodegradable.[3] 
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 Synthetic Hydrogels: Composed of synthetic polymers such as polyvinyl alcohol 

(PVA), polyethylene glycol (PEG), and polyacrylamide. These can be engineered for 

specific properties and functionalities, but may lack natural compatibility.[4] 

 Hybrid Hydrogels: A combination of natural and synthetic polymers, these 

hydrogels leverage the advantages of both types, providing enhanced mechanical 

strength and bioactivity.[2] 

2.2 Physicochemical Properties 

2.2.1 Swelling Behavior 

Swelling behavior is a critical property that defines the moisture-retaining capacity of 

hydrogels. The degree of swelling is influenced by: 

 Polymer Composition: Different polymers exhibit varying affinities for water. 

 Crosslinking Density: Increased crosslinking reduces swelling due to restricted chain 

mobility. 

 Environmental Conditions: The behavior of swelling is influenced by temperature, 

ionic strength, and pH. [6] 

2.2.2 Mechanical Properties 

Tensile strength and elasticity are two mechanical characteristics of hydrogel membranes that 

are essential to their use and are shown in table 2. 

 Tensile Strength: Represents the ability of the hydrogel to withstand stretching 

forces. 

 Elastic Modulus: Indicates the stiffness of the hydrogel, influencing its flexibility and 

durability. 

Table 2: Mechanical Properties of Selected Hydrogels 

Hydrogel Type Tensile Strength (MPa) Elastic Modulus (MPa) Stretchability (%) 

Alginate 0.5-1.0 5-20 50-100 

Gelatin 0.8-1.5 15-25 60-120 

Polyacrylamide 1.0-2.5 30-50 20-40 

Chitosan-PEG 1.2-2.0 25-40 70-130 

2.2.3 Biocompatibility 

Biocompatibility is an essential property for hydrogel membranes used in skin care, as they 

must not elicit adverse reactions upon contact with skin. Natural hydrogels generally exhibit 
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higher biocompatibility compared to synthetic ones, which may introduce toxicity or allergic 

reactions.[7] 

2.2.4 Permeability 

Permeability defines the ability of hydrogel membranes to allow the passage of water and 

active ingredients.[8] The permeability of hydrogels can be manipulated through: 

 Porosity: Higher porosity facilitates better permeability. 

 Crosslinking Density: Lower crosslinking density increases permeability but may 

compromise mechanical integrity.[5] 

2.3 Types of Hydrogel Membranes and Their Applications 

2.3.1 Natural Hydrogels 

1. Hyaluronic Acid 

o Properties: Excellent water retention, biocompatibility, biodegradability. 

o Applications: Used in moisturizers, serums, and wound healing products. 

2. Alginate 

o Properties: High swelling capacity, low toxicity. 

o Applications: Employed in facial masks and hydrogel dressings. 

3. Chitosan 

o Properties: Antimicrobial properties, biodegradable. 

o Applications: Utilized in acne treatments and skin barrier products. 

2.3.2 Synthetic Hydrogels 

1. Polyethylene Glycol (PEG) 

o Properties: Versatile, easily modifiable. 

o Applications: Used in moisturizers and drug delivery systems. 

2. Polyacrylamide 

o Properties: Strong mechanical properties, can be tailored for specific 

applications. 

o Applications: Commonly found in gel-based skin care products. 

2.3.3 Hybrid Hydrogels 

 Chitosan-PEG Blends 

o Properties: Enhanced mechanical strength and moisture retention. 

o Applications: Employed in advanced moisturizing formulations and sustained 

release products.[6] 
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2.4 Challenges in Hydrogel Formulation 

Despite their numerous advantages, several challenges remain in the formulation and 

application of hydrogel membranes: 

 Stability: Hydrogels can degrade over time, affecting their effectiveness. 

 Manufacturing Costs: The production of specialized hydrogels can be expensive. 

 Regulatory Hurdles: Commercialization may be complicated by ensuring adherence 

to safety and efficacy laws.[9] 

3. Mechanism of Action 

3.1 Overview of Skin Structure 

The skin is the body's largest organ, consisting of multiple layers that play a crucial role in 

protecting underlying tissues and regulating water balance. Understanding the skin structure 

is essential to comprehend how hydrogel membranes interact with it.[10] 

3.1.1 Layers of the Skin 

1. Epidermis: The outermost layer, primarily composed of keratinocytes, provides a 

barrier against environmental factors. 

2. Dermis: Beneath the epidermis, containing collagen and elastin fibers, it supports the 

skin's structure and houses blood vessels, nerves, and appendages. 

3. Hypodermis: The deepest layer composed of fat and connective tissue that insulates 

and cushions the body.[2] 

3.2 Mechanisms of Hydration and Moisturization 

Hydrogel membranes enhance skin hydration through various mechanisms, including: 

3.2.1 Occlusion 

Hydrogel membranes form a protective layer on the skin that minimizes transepidermal water 

loss (TEWL). This occlusive effect creates a barrier that retains moisture within the skin. 

Comparison of TEWL rates with or without hydrogel membranes are shown in table 3. 

 Mechanism: By reducing TEWL, hydrogel membranes maintain skin hydration 

levels. 

 Outcome: Increased moisture content and improved skin texture. 

Table 3: Comparison of TEWL Rates with and without Hydrogel Membranes 
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Condition TEWL Rate (g/m²/h) Moisture Retention (%) 

Control (No Hydrogel) 25.0 30 

Hydrogel Applied 10.0 70 

3.2.2 Humectant Action 

Hydrogel membranes can incorporate humectants, such as glycerin or hyaluronic acid, which 

attract water molecules from the environment into the skin. 

 Mechanism: Humectants draw moisture into the stratum corneum (the outer layer of 

the skin), increasing hydration levels. 

 Outcome: Improved skin elasticity and reduction of dryness.[5] 

3.2.3 Enhanced Permeability 

Hydrogel membranes can be engineered to enhance permeability, allowing active ingredients 

to penetrate deeper into the skin layers and are shown in table 4. 

 Mechanism: Modifications in polymer composition and crosslinking density can 

create a network that facilitates the transport of small molecules and nutrients. 

 Outcome: Increased effectiveness of topical treatments, leading to better skin 

health.[11] 

Table 4: Active Ingredients and Their Permeability in Hydrogel Membranes 

Active 

Ingredient 

Molecular Weight 

(Da) 

Permeability 

(cm/h) 
Notes 

Hyaluronic Acid 400-1,000 1.2 
Excellent moisture 

retention 

Glycerin 92 0.8 Effective humectant 

Vitamin E 430 0.5 Antioxidant properties 

3.3 Interactions with Skin Biomolecules 

Hydrogel membranes interact with various skin biomolecules, enhancing their effectiveness: 

3.3.1 Lipids 

 Interaction: Hydrogels can integrate with natural skin lipids, improving skin barrier 

function. 

 Outcome: Reduced skin dryness and improved barrier repair mechanisms.[9] 
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3.3.2 Proteins 

 Interaction: Hydrogels can promote the stabilization of proteins like collagen and 

elastin, contributing to skin firmness and elasticity. 

 Outcome: Improved skin texture and reduced appearance of fine lines.[12] 

3.3.3 Water 

 Interaction: Hydrogel membranes act as reservoirs of water, maintaining hydration 

levels. 

 Outcome: Enhanced skin plumpness and elasticity.[13] 

3.4 Comparative Analysis of Hydrogel Membranes 

A comparison of different hydrogel formulations can provide insight into their effectiveness 

in skin moisturization and hydration are shown in table 5. 

Table 5: Comparative Analysis of Different Hydrogel Membranes 

Hydrogel 

Type 
Composition 

Moisturization 

Efficacy 
Permeability Biocompatibility Stability 

Hyaluronic 

Acid 

Natural 

polymer 
High Moderate Excellent Moderate 

Polyethylene 

Glycol 

Synthetic 

polymer 
Moderate High Good High 

Gelatin 
Natural 

polymer 
High Low Excellent Moderate 

 

4. Applications of Hydrogel Membranes in Skin Care 

4.1 Overview of Hydrogel Membrane Applications 

Hydrogel membranes have emerged as versatile materials in skin care, offering unique 

properties that enhance moisturization, hydration, and overall skin health. These applications 

span across cosmetic products, medical devices, and therapeutic treatments, making them 

integral in modern skincare.[11] 

4.2 Cosmetic Applications 

Hydrogel membranes are widely used in various cosmetic formulations (are shown in table 

6), each offering unique benefits. 
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4.2.1 Face Masks 

 Description: Hydrogel face masks are infused with hydrating agents and nutrients, 

providing intensive moisturization. 

 Benefits: 

o Improved absorption of active ingredients. 

o Cooling and soothing effects on the skin.[10] 

Table 6: Composition of Various Hydrogel Face Masks 

Product Name Active Ingredients 
Hydration 

Duration 

Target Skin 

Concern 

Hydration Mask A 
Hyaluronic Acid, Aloe 

Vera 
8 hours Dry skin 

Soothing Mask B Chamomile, Green Tea 6 hours Irritated skin 

Brightening Mask 

C 
Vitamin C, Niacinamide 4 hours Dull skin 

4.2.2 Moisturizers and Creams 

Hydrogel membranes are incorporated into moisturizers to enhance skin 

hydration.[13]Comparison of Moisturizers containing hydrogel membranes are shown in 

table 7. 

 Description: These formulations often include humectants and occlusives within a 

hydrogel base, allowing for deep moisture penetration. 

 Benefits: 

o Long-lasting hydration. 

o Lightweight texture that absorbs quickly. 

Table 7: Comparison of Moisturizers Containing Hydrogel Membranes 

Moisturizer Type Composition Moisture Retention (%) Skin Type 

Gel Cream Hydrogel, Glycerin 75 Combination 

Lightweight Lotion Hydrogel, Aloe Vera 70 Oily 

Rich Cream Hydrogel, Shea Butter 80 Dry 

4.3 Therapeutic Applications 

Hydrogel membranes are not only used for cosmetic purposes but also have significant 

therapeutic benefits.[14] Efficacy of hydrogel membranes in wound healing  are shown in 

table 8. 
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4.3.1 Wound Healing 

 Description: Hydrogel membranes can create a moist environment conducive to 

healing. 

 Benefits: 

o Reduces pain and discomfort. 

o Accelerates healing time. 

o Minimizes scarring. 

Table 8: Efficacy of Hydrogel Membranes in Wound Healing 

Hydrogel Type 
Healing Time 

(Days) 

Patient Comfort 

Level 

Scar Formation (Scale 1-

5) 

Sodium Alginate 7 High 2 

Polyvinyl 

Alcohol 
5 Moderate 3 

Gelatin-based 6 High 1 

4.3.2 Anti-Aging Treatments 

 Description: Hydrogel membranes infused with anti-aging ingredients can improve 

skin elasticity and reduce fine lines.[15] Comparison of anti-aging hydrogel 

treatments are shown in table 9. 

 Benefits: 

o Enhanced penetration of active ingredients like peptides and retinoids. 

o Immediate plumping effect. 

Table 9: Comparison of Anti-Aging Hydrogel Treatments 

Treatment Type Active Ingredients Efficacy (%) Duration of Effect 

Hydrogel Serum Peptides, Vitamin E 80 12 hours 

Anti-Aging Gel Mask Retinoids, Collagen 75 10 hours 

Firming Hydrogel Cream Hyaluronic Acid, Q10 85 14 hours 

4.4 Comparative Analysis of Hydrogel Membranes in Various Applications 

Hydrogel membranes can be optimized for specific applications based on their formulation 

and properties. Comparative analysis of hydrogel membranes for different skin care 

applications are shown in table 10. 

Table 10: Comparative Analysis of Hydrogel Membranes for Different Skin Care 

Applications 
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Application 

Type 
Hydrogel Composition Key Benefits Target Audience 

Cosmetic Masks Natural Polymers Deep hydration, soothing General Consumers 

Moisturizers Synthetic Polymers 
Lightweight, fast 

absorption 
Oily/Dry skin types 

Wound Care 
Biocompatible 

Hydrogels 
Enhanced healing Medical patients 

Anti-Aging Polymer Blends Long-lasting effects 
Mature skin 

consumers 

 

5. Challenges and Future Directions 

5.1 Challenges in Hydrogel Membrane Development 

While hydrogel membranes have shown promising applications in skin care, several 

challenges must be addressed to enhance their efficacy and usability: 

5.1.1 Stability and Shelf Life 

 Issue: Hydrogel membranes can be sensitive to environmental conditions such as 

temperature and humidity, leading to changes in physical properties over time. 

 Impact: Reduced effectiveness and shorter shelf life of hydrogel products.[16] 

5.1.2 Mechanical Properties 

        Mechanical properties of common hydrogel membranes are shown in table 11. 

 Issue: Many hydrogels exhibit low mechanical strength, which can limit their 

application in certain skin care products, particularly those requiring a durable 

structure. 

 Impact: Fragility and difficulty in handling during application can affect user 

experience. 

Table 11: Mechanical Properties of Common Hydrogel Membranes 

Hydrogel Type 
Tensile Strength 

(MPa) 

Elongation at Break 

(%) 

Water Absorption 

(%) 

Polyvinyl 

Alcohol 
0.5 200 800 

Sodium Alginate 1.2 150 400 
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Hydrogel Type 
Tensile Strength 

(MPa) 

Elongation at Break 

(%) 

Water Absorption 

(%) 

Gelatin-based 0.8 180 600 

5.1.3 Bio-Compatibility 

 Issue: Not all hydrogel materials are biocompatible, leading to potential adverse 

reactions in sensitive skin types. 

 Impact: Risk of irritation or allergic reactions may limit market acceptance and 

use.[7] 

5.2 Future Directions in Hydrogel Membrane Research 

Research is being conducted to create sophisticated hydrogel membranes with enhanced 

characteristics and capabilities in order to address these issues. Schematic representations of 

polymer blending techniques are shown in figure 2. 

5.2.1 Innovations in Formulation 

 Objective: Incorporating natural and synthetic polymers to enhance mechanical 

strength while maintaining biocompatibility. 

 Research Examples: Blending natural polymers like alginate with synthetic polymers 

to achieve optimal performance.[9] 

 

Figure 2: Schematic Representation of Polymer Blending Techniques 

5.2.2 Smart Hydrogels 

 Definition: Smart hydrogels respond to environmental stimuli (e.g., pH, temperature) 

to release active ingredients on-demand. Characteristics of smart hydrogels are shown 

in table 12. 

 Potential Benefits: 

o Controlled release of therapeutic agents. 

o Personalized skin care solutions. 
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Table 12: Characteristics of Smart Hydrogels 

Stimulus Type Response Mechanism Potential Applications 

pH-sensitive Swelling or shrinking Targeted drug delivery 

Temperature-sensitive Phase transition Adaptive skin care formulations 

Light-sensitive Alteration in permeability Enhanced cosmetic applications 

5.2.3 Sustainable Materials 

 Objective: Development of biodegradable hydrogels to minimize environmental 

impact. 

 Research Examples: Using plant-based materials and waste-derived polymers to 

create eco-friendly hydrogel products.[11] 

5.3 Market Trends and Consumer Demand 

The need for cutting-edge hydrogel products is anticipated to increase as customer awareness 

of ingredient safety and sustainability grows. Market trends for natural vs. synthetic hydrogel 

products are shown in table 13. 

5.3.1 Growing Interest in Natural Ingredient 

 Consumers' growing desire for natural ingredient-based products is fuelling research 

into hydrogels derived from plants.[17] 

Table 13: Market Trends for Natural vs. Synthetic Hydrogel Products 

Product Type Market Share (%) Growth Rate (2021-2026) Consumer Preference 

Natural Hydrogel 35 12% High 

Synthetic Hydrogel 65 5% Moderate 

5.3.2 Regulatory Landscape 

 The regulatory framework around cosmetic and therapeutic products is becoming 

stricter, necessitating better safety and efficacy data for hydrogel membranes. 

 Future Directions: Manufacturers must invest in research to meet these regulatory 

standards while ensuring product safety.[18] 

 

6. Conclusion 
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6.1 Summary of Key Findings 

In this review, we explored the potential of hydrogel membranes in skin moisturization and 

hydration. The following key points summarize the insights gained: 

1. Versatility of Hydrogel Membranes: 

o Hydrogel membranes exhibit remarkable versatility in formulations, making 

them suitable for various skin care products such as moisturizers, wound 

dressings, and drug delivery systems. 

o Their ability to retain moisture while allowing gas exchange is crucial for 

maintaining skin health. 

2. Enhanced Moisturization and Hydration: 

o Studies indicate that hydrogel membranes can significantly improve skin 

hydration levels compared to traditional topical formulations. 

o The unique water-retaining properties of hydrogels facilitate prolonged 

moisture release, making them effective for treating dry skin conditions. 

3. Innovative Formulations: 

o The incorporation of bioactive compounds and natural extracts into hydrogel 

matrices enhances their functional properties, leading to improved therapeutic 

outcomes. 

o Blending different polymers can optimize mechanical properties while 

maintaining biocompatibility. 

4. Smart and Sustainable Solutions: 

o The development of smart hydrogels that respond to environmental stimuli 

represents a promising direction for personalized skin care treatments. 

o Sustainable practices in hydrogel production are becoming increasingly 

important, aligning with consumer demand for eco-friendly products. 

The use of hydrogel membranes has intriguing prospects for innovation as the cosmetics 

sector keeps developing. Manufacturers may satisfy the rising demand from consumers for 

safe, effective, and eco-friendly skin care products by emphasizing sustainable methods and 

cutting-edge formulations. The future of hydrogel membranes in skin care appears bright, 

promising significant advancements in the formulation of products that cater to diverse 

consumer needs. 
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