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ABSTRACT 

Transdermal drug delivery systems (TDDS) have emerged as a revolutionary approach in pharmaceutical sciences, offering significant advantages over conventional 

drug delivery methods. This comprehensive review examines the current state of transdermal patches, encompassing their mechanisms of action, classification 

systems, clinical applications, and technological advancements. The review systematically analyzes various types of transdermal patches including reservoir-type, 

matrix-type, drug-in-adhesive, and microreservoir systems, while discussing their structural components, release mechanisms, and therapeutic applications. Recent 

innovations in patch technology, including smart patches, dissolvable systems, and nanotechnology-enhanced formulations, are critically evaluated. The article also 

addresses current challenges such as skin barrier limitations, drug permeability constraints, and regulatory considerations, while exploring future directions 

including personalized medicine applications and emerging biotechnological approaches. Through extensive literature analysis, this review provides valuable 

insights for researchers, pharmaceutical scientists, and healthcare professionals working in the field of transdermal drug delivery. 
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Introduction 

The quest for effective, patient-compliant drug delivery systems has led to remarkable innovations in pharmaceutical technology. Among these, 

transdermal drug delivery systems (TDDS) represent a paradigm shift from traditional oral and injectable routes, offering unique advantages that address 

many limitations associated with conventional drug administration methods [1]. Transdermal patches, as adhesive drug delivery devices applied to the 

skin, have gained considerable attention due to their ability to provide controlled, sustained drug release while bypassing first-pass metabolism and 

reducing systemic side effects. 

The concept of transdermal drug delivery is not entirely new; however, the sophisticated engineering of modern transdermal patches represents decades 

of scientific advancement. The first commercially successful transdermal patch, containing scopolamine for motion sickness, was introduced in the 1980s, 

marking the beginning of a new era in pharmaceutical technology [2]. Since then, the field has witnessed exponential growth, with numerous patches for 

various therapeutic applications receiving regulatory approval and commercial success. 

The fundamental principle underlying transdermal drug delivery involves the controlled penetration of pharmaceutical compounds through the skin's 

stratum corneum, the primary barrier to drug permeation. This process requires careful consideration of drug physicochemical properties, skin physiology, 

and patch design parameters to achieve optimal therapeutic outcomes [3]. The skin, being the largest organ of the human body with a surface area of 

approximately 2 square meters in adults, provides an attractive target for drug delivery, offering several advantages including accessibility, large surface 

area, and rich blood supply in the dermal layer. 

Anatomy and Physiology of Skin in Transdermal Drug Delivery 

Understanding skin structure and function is crucial for developing effective transdermal drug delivery systems. The skin consists of three primary layers: 

the epidermis, dermis, and hypodermis (subcutaneous tissue), each playing distinct roles in drug permeation and absorption [4]. 

1 Epidermis and Stratum Corneum 

The epidermis, the outermost layer of skin, consists of several sublayers, with the stratum corneum being the most significant barrier to drug penetration. 

The stratum corneum, composed of dead keratinized cells (corneocytes) embedded in a lipid matrix, functions as the primary rate-limiting barrier for 

transdermal drug delivery. This barrier is often described using the "brick and mortar" model, where corneocytes represent bricks and intercellular lipids 

constitute the mortar [5]. 

http://www.ijrpr.com/
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The barrier properties of the stratum corneum are attributed to its unique lipid composition, including ceramides, cholesterol, and fatty acids arranged in 

lamellar structures. These lipids form continuous pathways that determine the permeation characteristics of topically applied drugs. The thickness of the 

stratum corneum varies across different body regions, ranging from 10-15 μm on most body areas to up to 400-600 μm on palms and soles, significantly 

influencing drug permeation rates [6]. 

2. Dermis and Drug Absorption 

The dermis, located beneath the epidermis, contains an extensive network of blood and lymphatic vessels that facilitate systemic drug absorption once 

molecules penetrate the epidermal barrier. The dermal layer consists of collagen and elastin fibers embedded in a gel-like matrix of glycosaminoglycans 

and proteoglycans. This structure provides mechanical support while allowing drug diffusion and distribution [7]. 

The rich vascularization of the dermis, with capillary loops extending close to the epidermal-dermal junction, ensures rapid clearance of permeated drugs 

into systemic circulation. This efficient clearance mechanism helps maintain concentration gradients favorable for continued drug permeation from 

transdermal patches. 

Mechanisms of Transdermal Drug Permeation 

Drug permeation through the skin involves complex mechanisms that can be broadly categorized into three primary pathways: intercellular, transcellular, 

and follicular routes [8]. 

1. Intercellular Pathway 

The intercellular route, considered the predominant pathway for most drugs, involves drug diffusion through the continuous lipid matrix between 

corneocytes. This pathway is particularly favorable for lipophilic compounds that can partition into and diffuse through the intercellular lipid domains. 

The tortuosity of this pathway, estimated to be 10-20 times longer than the straight-line distance through the stratum corneum, significantly influences 

drug permeation kinetics [9]. 

2 Transcellular Pathway 

The transcellular route involves drug passage directly through corneocytes and their associated lipid envelopes. This pathway is generally less favored 

due to the need for drugs to partition into and diffuse through both hydrophilic corneocyte interiors and lipophilic cell membranes alternately. However, 

for certain small, moderately lipophilic molecules, this pathway may contribute significantly to overall permeation [10]. 

3. Follicular Pathway 

The follicular route utilizes hair follicles and associated sebaceous glands as permeation pathways. Although this pathway represents only a small fraction 

of the total skin surface area (approximately 0.1%), it may provide significant permeation enhancement for certain drugs, particularly those with larger 

molecular weights or those delivered via specialized formulations targeting follicular delivery [11]. 

Classification and Types of Transdermal Patches 

Transdermal patches can be classified based on various criteria, including their structural design, drug release mechanism, and manufacturing approach. 

The most widely accepted classification system categorizes patches into four main types based on their construction and drug distribution [12]. 

1. Reservoir-Type Patches 

Reservoir-type patches, also known as membrane-controlled systems, consist of a drug reservoir separated from the skin by a rate-controlling membrane. 

The typical structure includes a backing layer, drug reservoir, rate-controlling membrane, adhesive layer, and protective liner. The drug reservoir may 

contain the pharmaceutical compound in solution, suspension, or gel form [13]. 

The rate-controlling membrane, typically made from materials such as ethylene-vinyl acetate (EVA) copolymer, polyethylene, or polypropylene, regulates 

drug release through diffusion-controlled mechanisms. The membrane thickness, porosity, and polymer characteristics determine the drug release rate, 

allowing for zero-order kinetics when properly designed [14]. 

Advantages of reservoir-type patches include: 

- Predictable drug release kinetics 

- High drug loading capacity 

- Protection of drug from environmental factors 

- Potential for zero-order release 

Disadvantages include: 

- Risk of dose dumping if membrane is damaged 



International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 11321-11328 June 2025                                     11323 

 

 

- Complex manufacturing process 

- Higher cost compared to matrix systems 

2. Matrix-Type Patches 

Matrix-type patches incorporate the drug directly into the adhesive matrix, eliminating the need for a separate rate-controlling membrane. The drug is 

uniformly distributed throughout the polymer matrix, which serves both as the drug reservoir and the adhesive layer. Common matrix materials include 

acrylic adhesives, silicone adhesives, and hydrogel matrices [15]. 

Drug release from matrix patches typically follows first-order kinetics, with initial higher release rates that gradually decrease as drug concentration in 

the matrix diminishes. The release mechanism involves drug dissolution in the matrix, diffusion through the polymer network, and subsequent absorption 

into the skin [16]. 

3. Drug-in-Adhesive Patches 

Drug-in-adhesive (DIA) patches represent a simplified design where the drug is incorporated directly into the adhesive layer without additional polymer 

matrix. This design offers manufacturing advantages and cost-effectiveness while maintaining adequate drug delivery performance for many applications 

[17]. 

DIA patches can be further subdivided into: 

- Single-layer DIA patches: Drug incorporated in a single adhesive layer 

- Multi-layer DIA patches: Multiple layers with different drug concentrations or release characteristics. 

 4. Microreservoir Systems 

Microreservoir patches combine features of both reservoir and matrix systems. The drug is suspended in an aqueous solution and encapsulated in 

microscopic spheres or droplets dispersed throughout the adhesive matrix. This design aims to provide the advantages of reservoir systems while 

maintaining the simplicity of matrix patches [18]. 

Components and Materials in Transdermal Patch Design 

1. Backing Layer 

The backing layer serves as the external protective component of transdermal patches, providing structural integrity and controlling moisture and drug 

loss from the patch. Materials commonly used include: 

- Polyethylene terephthalate (PET): Excellent barrier properties and chemical resistance 

- Ethylene-vinyl acetate (EVA): Flexibility and good sealing characteristics   

- Polyethylene (PE): Cost-effective with adequate barrier properties 

- Aluminum foil laminates: Superior barrier properties for moisture and oxygen-sensitive drugs [19] 

2. Drug Reservoir/Matrix 

The drug-containing layer represents the core functional component of transdermal patches. For reservoir systems, the drug may be formulated as 

solutions, suspensions, or gels. Matrix systems require careful selection of polymer materials that provide appropriate drug solubility, diffusion 

characteristics, and mechanical properties [20]. 

3. Adhesive Systems 

Adhesive selection is critical for patch performance, affecting both drug release and patient comfort. The ideal adhesive should provide: 

- Strong initial tack and adhesion 

- Appropriate peel strength for painless removal 

- Chemical compatibility with the drug 

- Minimal skin irritation potential 

- Stable performance under various environmental conditions [21] 

Common adhesive types include: 

- Acrylic-based adhesives: Excellent chemical resistance and drug compatibility 

- Silicone-based adhesives: Superior skin compatibility with lower irritation potential 
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- Polyisobutylene (PIB) adhesives: Good initial tack and moisture resistance 

- Hydrogel adhesives: Enhanced skin hydration and comfort 

4. Release Liner 

The release liner protects the adhesive surface during storage and is removed before patch application. Materials typically include siliconized polyester, 

polyethylene, or paper substrates with controlled release characteristics [22]. 

Clinical Applications and Therapeutic Areas 

1. Cardiovascular Applications 

Transdermal nitroglycerin patches have been extensively used for the prevention of angina pectoris, providing sustained nitrate delivery while minimizing 

tolerance development. The controlled release characteristics allow for convenient once-daily dosing while maintaining therapeutic plasma levels [23]. 

Recent developments include combination patches incorporating multiple cardiovascular agents and smart patches capable of monitoring patient 

physiological parameters while delivering medication. 

2. Pain Management 

Transdermal patches have revolutionized pain management, particularly for chronic pain conditions. Fentanyl patches provide potent opioid analgesia 

for severe chronic pain, while capsaicin patches offer targeted treatment for neuropathic pain conditions [24]. 

Advantages in pain management include: 

- Consistent pain relief without dosing fluctuations 

- Reduced risk of gastrointestinal side effects 

- Improved patient compliance 

- Potential for combination analgesic approaches 

3. Hormone Replacement Therapy 

Transdermal estrogen and testosterone patches have become preferred delivery methods for hormone replacement therapy due to their ability to avoid 

first-pass hepatic metabolism and provide steady hormone levels. This approach reduces the risk of hepatic side effects while maintaining therapeutic 

efficacy [25]. 

4. Neurological and Psychiatric Applications 

Transdermal patches for neurological conditions include rivastigmine for Alzheimer's disease and rotigotine for Parkinson's disease. These applications 

benefit from the sustained drug delivery that helps maintain stable therapeutic levels, particularly important for conditions requiring consistent 

neurotransmitter modulation [26]. 

5. Smoking Cessation 

Nicotine replacement therapy via transdermal patches has proven highly effective for smoking cessation programs. The gradual nicotine delivery helps 

manage withdrawal symptoms while allowing behavioral modification [27]. 

Recent Technological Advances 

1. Smart and Intelligent Patches 

The integration of electronic components with transdermal patches has led to the development of smart patches capable of: 

- Real-time monitoring of drug delivery 

- Physiological parameter sensing 

- Controlled drug release based on patient needs 

- Data transmission to healthcare providers [28] 

2.  Microneedle Technology 

Microneedle arrays incorporated into transdermal patches can create microscopic channels in the stratum corneum, enhancing drug permeation for larger 

molecules including proteins and vaccines. Recent developments include: 
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- Dissolving microneedles that deliver drug as they dissolve 

- Coated microneedles with drug-loaded tips 

- Hollow microneedles for liquid drug delivery [29] 

3. Nanotechnology Applications 

Nanoparticle incorporation in transdermal patches offers several advantages: 

- Enhanced drug solubility and stability 

- Controlled release characteristics 

- Improved skin penetration 

- Targeted delivery capabilities [30] 

4. 3D Printing Technology 

Three-dimensional printing has emerged as a promising manufacturing approach for personalized transdermal patches, enabling: 

- Customized drug doses 

- Patient-specific patch geometries 

- Complex multi-drug combinations 

- Rapid prototyping capabilities [31] 

Challenges and Limitations 

1. Skin Barrier Limitations 

The primary challenge in transdermal drug delivery remains the limited permeability of the stratum corneum to most pharmaceutical compounds. This 

barrier restricts transdermal delivery to drugs with specific physicochemical properties: 

- Molecular weight < 500 Da 

- Appropriate lipophilicity (log P 1-4) 

- Low melting point 

- Minimal skin irritation potential [32] 

2. Individual Variability 

Significant inter-individual and intra-individual variations in skin permeability affect patch performance. Factors influencing variability include: 

- Age-related skin changes 

- Genetic differences in skin structure 

- Disease states affecting skin integrity 

- Environmental factors 

- Application site variations [33] 

3. Adhesion Challenges 

Maintaining adequate patch adhesion throughout the intended wear period while ensuring painless removal presents ongoing challenges. Factors affecting 

adhesion include: 

- Skin moisture and pH variations 

- Physical activity levels 

- Environmental conditions 

- Patch design characteristics [34] 

4. Regulatory Considerations 

Transdermal patches face complex regulatory requirements including: 
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- Bioequivalence studies for generic formulations 

- Comprehensive safety and efficacy data 

- Manufacturing quality standards 

- Post-marketing surveillance requirements [35] 

Future Perspectives and Emerging Trends 

1. Personalized Medicine Applications 

The future of transdermal patches lies in personalized medicine approaches, incorporating: 

- Genetic testing to predict skin permeability 

- Customized drug doses based on individual pharmacokinetics 

- Patient-specific patch designs 

- Real-time therapeutic monitoring [36] 

2. Biotechnology Integration 

Advances in biotechnology are enabling new applications including: 

- Protein and peptide delivery 

- Gene therapy applications 

- Vaccine delivery systems 

- Biologics administration [37] 

3. Sustainable and Biodegradable Patches 

Environmental concerns are driving development of: 

- Biodegradable patch materials 

- Reduced packaging waste 

- Sustainable manufacturing processes 

- Green chemistry approaches [38] 

4. Combination Therapies 

Future patches may incorporate: 

- Multiple drugs for combination therapy 

- Synergistic drug combinations 

- Sequential drug release patterns 

- Diagnostic and therapeutic capabilities [39] 

Conclusion 

Transdermal patches have established themselves as a vital component of modern pharmaceutical therapy, offering unique advantages in drug delivery 

while addressing many limitations of conventional administration routes. The evolution from simple matrix patches to sophisticated smart delivery 

systems demonstrates the remarkable progress in this field over the past four decades. 

Current research continues to address fundamental challenges including skin barrier limitations, individual variability, and drug permeability constraints. 

Emerging technologies such as microneedles, nanotechnology, and smart patch systems promise to expand the therapeutic applications of transdermal 

delivery significantly. 

The integration of personalized medicine approaches, biotechnology advances, and sustainable manufacturing practices will likely define the future 

trajectory of transdermal patch development. As our understanding of skin physiology and drug permeation mechanisms continues to evolve, transdermal 

patches are poised to play an increasingly important role in therapeutic management across diverse medical conditions. 



International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 11321-11328 June 2025                                     11327 

 

 

The success of transdermal patches ultimately depends on continued collaboration between pharmaceutical scientists, dermatologists, materials engineers, 

and regulatory agencies to ensure safe, effective, and patient-friendly drug delivery solutions. With ongoing technological advances and growing clinical 

acceptance, transdermal patches will undoubtedly remain at the forefront of innovative drug delivery system development. 
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