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Abstract: Chronic pain and neuropathic pain are major healthcare concerns worldwide due to their high 

prevalence, complex pathophysiology, and significant impact on patient quality of life. Conventional oral 

analgesic therapies are often limited by poor patient compliance, gastrointestinal disturbances, fluctuating 

plasma drug levels, and systemic toxicity. Transdermal drug delivery systems (TDDS) have gained 

considerable attention as an alternative therapeutic approach for the management of chronic and 

neuropathic pain. This review discusses the pathophysiology and classification of chronic pain, with 

particular emphasis on neuropathic pain conditions such as diabetic peripheral neuropathy and post-

herpetic neuralgia. The review highlights the advantages of transdermal drug delivery over conventional 

routes, including sustained drug release, improved bioavailability, reduced systemic side effects, and 

enhanced patient adherence. Various formulation approaches, polymers, permeation enhancers, and 

evaluation parameters employed in the development of transdermal patches are also discussed. 

Furthermore, the review summarizes recent advancements in transdermal technologies including matrix 

patches, reservoir systems, microneedles, iontophoresis, and nanocarrier-based delivery systems. The 

therapeutic potential and limitations of currently available transdermal analgesic formulations are 

critically analyzed. The study concludes that transdermal drug delivery represents a promising and 

patient-centric strategy for effective chronic pain management and warrants further research for improved 

clinical applications.  
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1. Introduction  

Pain is one of the most common reasons for medical consultation and significantly 

contributes to physical disability, emotional distress, and socioeconomic burden worldwide. 

Chronic pain persists beyond the normal healing period and often lacks a protective 

physiological function. Neuropathic pain, a major subtype of chronic pain, results from damage 

or disease affecting the somatosensory nervous system and is characterized by abnormal sensory 

processing [1-4]. 

Neuropathic pain conditions such as diabetic peripheral neuropathy (DPN) and post-

herpetic neuralgia (PHN) are associated with symptoms including burning pain, tingling 

sensations, hyperalgesia, and allodynia. These conditions substantially impair health-related 

quality of life by affecting sleep, mood, mobility, and daily functioning [5-8]. Despite the 

availability of several pharmacological agents, effective treatment remains challenging due to 

inadequate pain control and adverse effects associated with long-term therapy [9-12]. 

Traditional oral drug delivery systems often exhibit limitations including hepatic first-

pass metabolism, gastrointestinal irritation, variable absorption, and frequent dosing schedules. 

These drawbacks have stimulated interest in alternative drug delivery approaches capable of 

providing sustained therapeutic effects with minimal systemic toxicity [13-19]. Transdermal 
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drug delivery systems have emerged as an important advancement in pharmaceutical technology 

due to their ability to deliver drugs across the skin directly into systemic circulation [20-22]. 

Transdermal patches provide several clinical advantages such as non-invasive 

administration, prolonged drug release, improved bioavailability, reduced dosing frequency, and 

enhanced patient compliance. Advances in polymer technology, penetration enhancers, and 

novel delivery approaches have expanded the applicability of TDDS in pain management. 

Several analgesic drugs including lidocaine, fentanyl, buprenorphine, diclofenac, and ketoprofen 

have been successfully formulated into transdermal systems for clinical use [23-29]. 

The present review aims to provide a comprehensive overview of transdermal drug 

delivery systems for chronic and neuropathic pain management, focusing on their therapeutic 

potential, formulation strategies, mechanisms of skin permeation, and recent technological 

developments. 

2. Literature Review 

Chronic pain is a major public health concern affecting millions worldwide and 

significantly reducing physical, emotional, and social well-being. Conventional oral drug 

delivery remains the most common therapeutic approach; however, it often produces systemic 

side effects, poor bioavailability, and inconsistent therapeutic responses due to hepatic first-pass 

metabolism and variable gastrointestinal absorption [30-32]. 

Transdermal drug delivery systems have gained considerable attention as an alternative 

strategy for chronic pain management because they allow controlled drug release and prolonged 

therapeutic action. TDDS provide several advantages, including avoidance of gastrointestinal 

degradation, maintenance of steady plasma drug concentrations, reduced dosing frequency, and 

improved patient compliance [33-35]. 

The skin functions as an effective protective barrier, primarily because of the stratum 

corneum. Consequently, only drugs with appropriate molecular weight, lipophilicity, and 

potency are suitable candidates for passive transdermal delivery. To improve drug permeation, 

various enhancement techniques have been explored, including chemical enhancers, ultrasound, 

electroporation, microneedles, and nanocarrier-based systems [36-37]. 

Polymeric materials play a critical role in determining the performance of transdermal 

patches. Hydrophilic polymers facilitate drug diffusion, whereas hydrophobic polymers help 

sustain drug release. Combination polymer matrices are commonly employed to achieve 

optimum release profiles and mechanical properties. Studies have shown that HPMC, PVP, Ethyl 

Cellulose, and Eudragit polymers provide suitable matrix characteristics for analgesic drug 

delivery. 

Significant research has focused on transdermal delivery of pain-relieving drugs such as 

fentanyl, buprenorphine, diclofenac, ketoprofen, lidocaine, and capsaicin. Fentanyl patches have 

demonstrated effective management of severe chronic pain by maintaining constant plasma 

levels over extended periods. Lidocaine patches are particularly useful in localized neuropathic 

pain conditions such as post-herpetic neuralgia due to their targeted action and low systemic 

toxicity. 

Recent developments in nanotechnology have further enhanced transdermal drug delivery. 

Nanoemulsions, liposomes, ethosomes, and solid lipid nanoparticles improve drug solubility and 

penetration across the skin barrier. These advanced carriers enhance therapeutic efficacy while 

reducing irritation and systemic exposure. 

Evaluation of TDDS includes assessment of physicochemical parameters, mechanical 

strength, drug content uniformity, moisture handling capacity, and in vitro release characteristics. 
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Skin irritation studies and stability testing are also essential for ensuring safety and efficacy of 

the developed formulations. 

Overall, transdermal systems represent a promising approach for chronic pain therapy. 

Ongoing advances in formulation science, biomaterials, and permeation technologies continue to 

improve the effectiveness of transdermal analgesic systems. 

3. Methodology 

A. Research Design 

The study was designed as a systematic review-based research investigation focusing on 

transdermal drug delivery systems used in chronic and neuropathic pain management. Relevant 

published literature was collected, analyzed, and critically evaluated. 

B. Literature Search Strategy 

A comprehensive literature search was conducted using scientific databases including: 

• PubMed  

• Scopus  

• Google Scholar  

• ScienceDirect  

Keywords used for the search included: 

• “Transdermal drug delivery systems”  

• “Neuropathic pain”  

• “Chronic pain therapy”  

• “Transdermal patches”  

• “Pain management”  

• “Controlled drug delivery”  

• “Polymeric patches”  

• “Skin permeation enhancers”  

Research articles, review papers, clinical studies, and pharmaceutical reports published 

between 2000 and 2025 were included in the study. 

C. Inclusion Criteria 

The following studies were included: 

• Research related to transdermal drug delivery systems  

• Studies involving chronic or neuropathic pain management  

• Articles discussing formulation, evaluation, and therapeutic applications  

• Peer-reviewed English-language publications  

D. Exclusion Criteria 

The following studies were excluded: 

• Non-English publications  

• Duplicate studies  

• Studies unrelated to pain management  

• Articles lacking adequate scientific data  

E. Data Collection 

Relevant data extracted from selected studies included: 

• Drug candidates used in transdermal systems  

• Types of polymers and permeation enhancers  

• Preparation methods  

• Evaluation parameters  

• Drug release and permeation characteristics  

http://www.fringeglobal.com/


 

 

14                          Fringe Multi-Engineering Proceedings(FMEP), Jul-Sep 2026, Volume 02, Issue 03 

  ____________________________________________________________________________________________ 

 

  ____________________________________________________________________________________________ 

Fringe Global Scientific Press 

www.fringeglobal.com  

 

• Clinical efficacy and safety profiles  

F.  Data Analysis 

Collected information was systematically categorized and analyzed under the following 

headings: 

• Classification of pain conditions  

• Mechanism of transdermal drug delivery  

• Formulation approaches  

• Evaluation techniques  

• Advantages and limitations of TDDS  

• Recent advances in transdermal technologies  

Comparative analysis of different formulation strategies and therapeutic outcomes was 

performed to identify recent trends and research gaps. 

G. Ethical Considerations 

All data utilized in the review were obtained from published scientific literature. Proper 

citation and referencing were maintained throughout the study to avoid plagiarism and ensure 

academic integrity. 

H. Outcome Assessment 

The effectiveness of transdermal systems was assessed based on: 

• Sustained drug release capability  

• Improved patient compliance  

• Reduced systemic adverse effects  

• Enhanced bioavailability  

• Clinical effectiveness in chronic pain management  

The review findings were interpreted to evaluate the future scope and therapeutic 

potential of transdermal drug delivery systems in pain therapy. 

3. Results and Discussion 

A. Evaluation of Novel Transdermal Drug Delivery Approaches 

Recent advancements in transdermal drug delivery systems have significantly improved 

the therapeutic management of chronic and neuropathic pain. Modern transdermal technologies 

such as matrix patches, reservoir systems, microneedles, iontophoresis, sonophoresis, nano-

carriers, and hydrogel-based systems have demonstrated improved drug permeation, enhanced 

bioavailability, and prolonged therapeutic action. 

Comparative evaluation of conventional oral dosage forms and advanced transdermal 

systems revealed that transdermal delivery minimizes systemic fluctuations in drug concentration 

and reduces gastrointestinal side effects. The ability to maintain steady plasma drug levels 

contributes to improved analgesic efficacy and patient adherence. 

B. Role of Polymers in Controlled Drug Release 

Polymers play a significant role in determining the performance of transdermal patches. 

Hydrophilic polymers such as HPMC and polyvinyl alcohol (PVA) were found to facilitate rapid 

hydration and swelling, thereby enhancing drug release. Hydrophobic polymers including ethyl 

cellulose and Eudragit sustained the release profile by forming diffusion barriers. 

Polymer combinations demonstrated improved flexibility, mechanical stability, and 

controlled release characteristics. Studies indicated that optimized polymer ratios resulted in 

sustained drug release for up to 24 hours without compromising patch integrity. 

C. Permeation Enhancement Strategies 
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One of the major challenges in transdermal drug delivery is the barrier property of the 

stratum corneum. Various permeation enhancement techniques have therefore been investigated 

to improve transdermal flux. 

Chemical permeation enhancers such as oleic acid, dimethyl sulfoxide, propylene glycol, 

and terpenes showed significant enhancement in drug permeation by altering skin lipid 

organization. Physical enhancement techniques including iontophoresis and microneedles 

effectively increased skin permeability and facilitated delivery of drugs with poor passive 

diffusion characteristics. 

Nanotechnology-based systems such as liposomes, ethosomes, nanoemulsions, and 

nanoparticles demonstrated improved skin penetration, targeted delivery, and enhanced 

therapeutic efficacy in chronic pain conditions. 

D. Therapeutic Effectiveness in Chronic Pain Conditions 

Transdermal systems have demonstrated promising outcomes in various chronic pain 

disorders including diabetic neuropathy, post-herpetic neuralgia, arthritis, and musculoskeletal 

pain. 

Clinical observations suggest that sustained transdermal administration improves pain 

control while minimizing systemic toxicity commonly associated with oral analgesics and 

opioids. Patients receiving transdermal therapy reported better compliance due to non-invasive 

administration, ease of application, and reduced dosing frequency. 

The transdermal route also avoids hepatic first-pass metabolism, thereby improving 

bioavailability of several analgesic drugs. This contributes to dose reduction and lowers the risk 

of adverse drug reactions. 

E. Limitations and Challenges 

Despite significant advancements, certain limitations continue to affect transdermal drug 

delivery systems. Drugs with high molecular weight, poor lipid solubility, or high therapeutic 

dose requirements may exhibit limited skin permeability. 

Skin irritation, variability in skin permeability among individuals, adhesive failure, and 

formulation instability are additional challenges associated with transdermal systems. 

Environmental factors such as temperature and humidity may also influence drug release and 

patch adhesion. 

5. Discussion 

The findings of the present review highlight the growing importance of transdermal drug 

delivery systems in chronic pain management. Advances in polymer science, nanotechnology, 

and permeation enhancement techniques have substantially improved the efficiency and 

therapeutic potential of transdermal formulations. 

Controlled and sustained drug release achieved through optimized polymeric matrices 

helps maintain stable plasma drug concentrations and reduces dosing frequency. This improves 

patient compliance, particularly in chronic conditions requiring long-term therapy. 

The incorporation of chemical and physical permeation enhancers has addressed one of 

the major limitations of transdermal delivery by improving drug transport across the skin barrier. 

Emerging technologies such as microneedles and nanoparticle-based carriers have expanded the 

range of drugs suitable for transdermal administration. 

Clinical evidence supports the use of transdermal systems in neuropathic and chronic pain 

conditions due to their ability to reduce systemic side effects, bypass gastrointestinal degradation, 

and improve therapeutic efficacy. However, formulation optimization remains essential to 

overcome challenges related to skin irritation, permeability variability, and stability. 
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Future research should focus on development of smart transdermal systems incorporating 

responsive polymers, nano-carriers, and personalized drug delivery approaches. Integration of 

advanced technologies with transdermal systems may further enhance therapeutic outcomes and 

revolutionize pain management strategies. 

In conclusion, transdermal drug delivery systems represent an effective, safe, and 

innovative alternative to conventional pain therapies, offering considerable potential for 

improving quality of life in patients suffering from chronic pain disorders. 

6. Conclusion 

The present review demonstrates that recent advancements in transdermal drug delivery 

technologies have significantly improved the management of chronic and neuropathic pain 

conditions. Modern transdermal systems provide controlled and sustained drug release, improved 

bioavailability, reduced systemic side effects, and enhanced patient compliance compared to 

conventional oral therapies. 

The use of advanced polymers, permeation enhancers, microneedles, nano-carriers, and 

hydrogel-based formulations has overcome several limitations associated with traditional 

transdermal systems. These innovations have expanded the scope of transdermal delivery for a 

variety of analgesic and neuropathic drugs. 

Furthermore, transdermal drug delivery avoids first-pass metabolism and minimizes 

gastrointestinal complications, making it a safer and more convenient therapeutic approach for 

long-term pain management. Although challenges such as skin irritation, variability in 

permeation, and formulation stability remain, continuous research and technological 

advancements are expected to address these limitations. 

Overall, transdermal drug delivery systems hold immense potential as next-generation 

therapeutic platforms for chronic pain therapy and may play a vital role in future personalized 

medicine approaches 
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