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[bookmark: _GoBack]ABSTRACT
Prosthetic liners are essential to comfort, skin integrity, and long-term prosthesis use because they serve as the main interface between the residual limb and the prosthetic socket. Lower-limb prosthesis users continue to frequently experience liner-related issues like excessive perspiration, thermal discomfort, bacterial growth, Smell, and skin irritation despite widespread clinical use. The enclosed, damp liner-socket environment and the repeated mechanical loading that occurs during daily operations are the main causes of these problems. This systematic review analyses 20 peer-reviewed studies published between 2005 and 2025, selected following PRISMA guidelines from an initial pool of 121 articles. The included studies were synthesized under four thematic dom ains: liner material properties, thermal comfort and heat dissipation, bacterial growth and hygiene issues, and design innovations including customized and low-cost liners. The findings indicate that liner material composition, surface characteristics, and thickness significantly influence interface biomechanics, heat transfer, and bacterial adhesion. Although advancements in liner materials and designs have improved comfort and pressure distribution, challenges related to heat accumulation and hygiene persist. This review highlights current trends, limitations, and research gaps and emphasizes the need for integrated liner solutions addressing mechanical, thermal, and biological requirements simultaneously.
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1. Introduction
Since the 1980s, the trans-tibial prosthesis has made use of the silicon liner socket. which are silicon sleeves that are rolled onto the stump. such as greater prosthesis suspension, skin protection for the stump, and enhanced aesthetic appeal. Since Kristinsson introduced silicon liners in 1986, their use in trans-tibial prosthesis has grown. The manufacturers of the silicon liners have promoted a number of benefits over the "standard" prosthesis with a supracondylar fitting, such as i.e., kondyl Bettung Munster (KBM) and patellar tendon bearing (PTB), with or without suspension sleeve, and the conventional type prosthesis1. Elevated stump skin temperatures and the accompanying thermal discomfort are side effects of prosthesis use that may reduce amputee quality of life, particularly in hot or humid surroundings. Lower skin temperatures might be achieved through more effective heat transfer in the prosthesis, a process governed in part by the thermal conductivity of the sock, liner, and socket layers, A primary function of the lower limb prosthetic socket system is to provide structural coupling between the stump and prosthetic limb during posture and movement. No less important is minimizing the discomfort of the patient. While the modern socket system does provide adequate biomechanical performance, it can also act as an insulating barrier, limiting heat transfer. The resulting elevated stump skin temperatures may lead to discomfort, excess perspiration, and promote stump skin injuries2. Prosthetic liners exist to improve amputee safety and comfort by adding a cushioning layer between the residual limb and the prosthetic socket. Many choices in liner technology are available, and clinicians often rely on personal intuition and experience to choose which liners are appropriate for which patients. The purpose of this study was to examine the literature to find what scientific evidence exists to inform prescription practices, protecting residual limb soft tissues for lower limb amputees is a difficult challenge. Unlike the plantar tissues of the intact foot, residual limb soft tissues are not accustomed to bearing loads.1 Consequently, loads imparted on the residual limb by the prosthetic socket can frequently cause ulceration and other skin conditions. This is problematic as treatment can often require the temporary disuse of a prosthesis which greatly impedes an amputee’s ability to perform activities of daily living3. Prosthetic gel liners are often prescribed for persons with lower-limb amputations to make the prosthetic socket more comfortable. However, their effects on residual limb pressures and gait characteristics have not been thoroughly explored. This study investigated the effects of gel liner thickness on peak socket pressures and gait patterns of persons with unilateral transtibial amputations. Pressure and quantitative gait data were acquired while subjects walked on liners of two different uniform thicknesses, Possibly the single most critical aspect of any prosthesis is the quality of the interface between the residual limb and the prosthesis, Prosthetic gel liners are often prescribed for persons with lower-limb amputations to provide comfort and cushioning to the residual limb within the prosthetic socket. The increased compliance provided by the gel liners may reduce shear stresses between the prosthetic socket and the skin4. Statistics show that almost 1.6 million people suffered from limb loss in the United States, and this value will be increased to 3.6 million by 2050. Amputation causes a permanent disability, and amputees rely on prostheses for daily living activities. Therefore, prosthetic technology development is vital to improve amputees’ quality of life,  Choosing an appropriate suspension system, based on amputees’ functional needs and satisfaction, is an important step in the prosthetic rehabilitation process, A number of prosthetic suspension systems are available in the market for lower limb amputees, Silicone liners were introduced to the rehabilitation market in 1986 to improve prosthetic suspension, Several methods (i.e. lock system) are used to hold the silicone liner inside the prosthetic socket5. The liner is an integral part of a transtibial prosthesis designed to protect the residual limb, enhance comfort and provide suspension. Literature is difficult to interpret and use given the variety of interventions, outcome measures and method designs. Critical appraisal and synthesis of the evidence is needed to help inform decisions about liner prescription based on the user experience. Transtibial amputation (TTA) is most often the result of peripheral vascular disease affecting between 3 and 6 per 100,000 people. A prosthesis is usually provided to restore mobility and facilitate participation in work, recreation and self-care among other facets of life. For people with TTA, the most important part of the prosthesis is arguably the interface between the residual limb and socket, Typically, a prosthetic liner is used at this interface to help protect soft tissue from localised pressure, shear and trauma. Depending on the design of the prosthetic liner and socket, it is often used to suspend the prosthesis as well To fulfil these functions for people with varying residual limb characteristics, prosthetic liners use different materials and suspension mechanisms. Liners are often categorised in terms of their material type (e.g silicone), profile (e.g. conical), thickness and features (e.g. distal matrix) 6. The objective of personalization is to create a product that matches the exacting requirements of the individual consumer. Where these products must interface with the changing dynamics of the human form, traditional manufacturing techniques, coupled with traditional manufacturing paradigms do not enable efficient generation of personalized products. Particularly when they must encapsulate body-parts susceptible to variations in dimension through daily activity. Emerging 3D printing methods are limited to non-conforming rigid materials, with wide tolerance bands. This can make it difficult to generate soft material conforming products that precisely match a consumer’s needs. One such application is the creation of a personalized prosthetic liner for lower limb amputees. A residuum liner is the interface that amputees wear between their residual limb and prosthesis, Personalized design is a term used to describe products that are suited to an individual’s precise requirements and has been applied to number of domains including shoe soles, where these products must interface with the changing dynamics of the human form, traditional manufacturing techniques, coupled with traditional manufacturing paradigms do not enable efficient generation of personalized products. Particularly when they encapsulate body-parts susceptible to variations in dimension through daily activity. 3D printing is limited to nonconforming specified rigid materials, with a wide tolerance band. This can make it difficult to generate soft material conforming products7. Typical practitioners choose from among only two to three products when selecting liners for their patients. A lack of comparable objective information about similarities and differences among elastomeric liner products may be part of the reason, commonly used, commercially available polyurethane, silicone, and thermoplastic elastomer (TPE) liners were tested for their compressive, shear, tensile, and volumetric elasticities as well as their coefficients of friction (CoFs) and thermal conductivities, se of elastomeric or “gel” liners in prosthetics practice has become increasingly common, with recent data suggesting that practitioners select gel liners for approximately 85% of their prosthetic patients.1 To accommodate the clinical needs of a broad range of prosthetic limb users, liner manufacturers have created an array of different liner products. Although elastomeric liners are derived primarily from the same base materials (i.e., urethane, silicone, and thermoplastic elastomer [TPE]), differences in a liner’s chemical composition, shape, geometry, and manufacturing determine a liner’s overall performance. Presence of fabric backing, antibacterial additives, or features such as sealing sleeves, distal pads, or reinforcement can additionally affect mechanical performance of a liner8. Thermal discomfort often affects prosthesis wearers and could be addressed by increasing liner thermal conductivity. This note explores a liner made from thermally conductive silicone and two additional alternative liner designs, thermally conductive silicone was used to create a conductive liner and a hybrid liner. Additionally, one with open elements was made. These were compared with a plain silicone liner and a no liner scenario. Scaled down liner prototypes were used due to the high-cost of the thermally conductive silicone. Temperature decay profiles were collected by attaching thermistors to a heated liner phantom and used to evaluate scenarios, Lower limb prosthesis wearers often report a moderate level of satisfaction with their artificial limbs; listing excess sweating, foul smells, and sounds as their top 3 annoyances, Thermal discomfort is highly prevalent among prosthesis wearers, affecting more than 53% of all amputees, In lower limb prosthesis wearers, even light exercise causes an increase in temperature of the skin–prosthesis interface, that dissipates away slowly, Prosthesis impermeability means sweat cannot evaporate, and when this hot and sweaty interface is subjected to ambulation forces, skin damage can rapidly occur 9. One of the leading issues facing persons with amputation is late development of antibiotic-resistant bacterial infections of the residual limb. To reduce this infection risk, this study assessed the antimicrobial properties and profile of a silver carboxylate complex coating applied to samples of common prosthetic liner materials against pathogens frequently encountered in amputation-site infections, The antimicrobial efficacy of the coating was measured utilizing a Kirby-Bauer assay with two different types of commercially available prosthetic liners. The assay was run against four pathogens including coagulase-negative Staphylococcus epidermidis, methicillin-sensitive Staphylococcus aureus, Enterococcus faecalis, and multidrug-resistant Acinetobacter baumannii. Observations of bacterial inhibition were made at 24-, 48-, and 72-hr time points for all four pathogens, Among this patient population, microbial-related complication
is common, as 74%of persons with amputation using a prosthesis report some sort of residual limb skin disease after amputation ranging from mild dermatitis to antibiotic-resistant bacterial infection10. When describing trans-tibial prostheses, it is helpful to discuss not only feet, suspension and liners, but also socket style. The socket is designed to bear the weight of the amputee, and can greatly impact the overall function and comfort of the user, Thus, it is essential to understand the difference between sockets such as the patella-tendon bearing (PTB) socket commonly provided in RLE, and the total-surface bearing (TSB) socket common to developed settings. All prosthetic sockets are designed to contain and exert compressive and supportive forces onto the residual limb. These pressures permit body weight bearing of the residual limb. In the PTB socket, the prosthetist provides point specific pressure along the patella tendon, popliteal region and pressure tolerant regions with reliefs within the socket at pressure intolerant locations provided, in contrast, pressures in the TSB socket are uniformly distributed across the entirety of the limb. The user wearing the TSB socket, can fully weight bear and tolerate these uniform pressures because the limb is hydrostatically controlled by the TSB socket, Recent scholarship supports the use of the TSB socket with roll-on gel liner and a lock, suction, or vacuum suspension11. Silicone liners provide comfortability for amputees, meanwhile effectively protecting their skin surface and subcutaneous tissue. Silicone liners used in prosthetics are mainly used for filling, cushioning, and suspending a receiving cavity. At present, biological and mechanical properties of silicone liners in prosthetic cavity remain unclear, and the price is expensive for amputees. We improve the silicone material preparation process to reduce the price as well as to ensure the mechanics and biosafety of the material, Silicone liners used in prosthetics play a role in an interfacial connection between a prosthetics socket and the residual limb of a patient. Silicone liners provide comfortability for amputees while effectively protecting their muscle tissue, skin surface, and helping to suspend a receiving cavity. A critical interface will be formed during exercise between the silicone liner and the skin of a residual limb. At this interface, movement pressure and the corresponding frictional force will affect the skin and other subcutaneous tissues of the residual limb12. Diurnal volume changes are one of the main factors influencing socket fit in transtibial prosthesis and causing pressure problem issues. Embedded bladder liners have been recently a potential approach to deal with this problem. The aim of this technical note was to introduce a new transtibial silicone liner designed based on hybrid socket theory, To make expandability in the liner, an integrated wax structure was constructed over the selected areas of the positive model and then removed after lamination process, The socket-liner complex is a major part of transtibial prosthesis, designed to capture the shape and volume of residual limb (RL) and also makes a comfortable load bearing, A proper socket fitting is related to the quality of interface pressure, adequate suspension and wearer satisfaction,  However, daily RL volume fluctuations may cause failure in fitting and pressure distribution problems, Research has shown that daily volume fluctuations can change the proper pattern of the weight distribution between socket and residual limb. 
PROBLEM STATEMENT
Different prosthetic liner materials influence the thermal and moisture conditions at the residual limb–socket interface. Excessive heat retention and perspiration within the socket can cause thermal discomfort and promote bacterial growth, leading to skin problems such as irritation, rashes, and infections. However, limited and inconsistent comparative evidence is available regarding the effects of various liner materials on thermal comfort and bacterial growth. This lack of clear evidence makes appropriate liner selection challenging for clinicians and prosthetic users.
SIGNIFICANCE OF THE STUDY
This systematic review is important because it has ensured a comprehensive synthesis of the current evidence related to how prosthetic liner materials may affect thermal comfort and the growth of bacteria at the residual limb interface. This systematic review, therefore, through its critical analysis of different studies using different liner materials and designs, makes clear several factors: their impact on skin health, user comfort, and prosthesis tolerance. The study results thus assist clinicians and prosthetists in making evidence-based decisions in the selection of appropriate liner materials, rather than selecting those materials based solely on personal experiences or claims of the manufacturer. It also identifies deficiencies in the literature and outlines further needs for research regarding material properties, antimicrobial strategies, and thermal management within prosthetic systems. The paper has particular significance with regard to the enhancement of prosthetic care in resource-limited environments where cost-effective and safe liners for better prosthetic usage are crucial in making the quality of life of amputees better.
AIM AND OBJECTIVES
AIM
To systematically review existing literature to evaluate the influence of prosthetic liner materials and designs on thermal comfort, bacterial growth, and residual limb–socket interface performance.
OBJECTIVES
1. To review prosthetic liner studies based on material composition and design characteristics.
2. To analyse the effects of liner materials on thermal behaviour and user comfort.
3. To examine evidence related to bacterial growth and hygiene issues at the liner–skin interface.
4. To identify common trends, limitations, and research gaps across existing studies.
5. To propose directions for future prosthetic liner research and development.
MATERIALS AND METHODS
Literature Search Strategy
A thorough search of the literature was done using PubMed, Scopus, and Google Scholar. Prosthetic liner materials, thermal comfort, bacterial growth, hygiene concerns, and innovative liner design were the main topics of the search. Additionally, manual reference list searches were carried out.
Study Selection (PRISMA)
121 records were found in the database search. Titles and abstracts were assessed for relevance after duplicates were eliminated. Twenty of the forty-one full-text articles that were evaluated for eligibility were eliminated because they did not fit the inclusion criteria. Lastly, this analysis comprised 20 papers that were published between 2005 and 2025.
Data Extraction and Synthesis
Each study's publication year, goals, paper content, methods, main conclusions, and clinical significance were among the data that were taken out. The results were integrated and compared using a qualitative thematic synthesis approach.
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Chart1. Study selection flow chart (PRISMA STYLE)
Table 1. Summary of studies included in the review.    
	S.No.
	Author / Year
	Country
	Study Type
	Study Focus
	Material
	Key Findings

	1
	Baars C.T. et al.20051.
	Netherlands
	Literature review
	Evaluation of claimed advantages of silicone liner socket use in transtibial prostheses
	Silicone liner socket (ICEROSS)
	The overall quality of the evidence was low to moderate; silicone liners improve suspension and walking performance; user-perceived comfort frequently improved, but skin issues like perspiration, itching, and irritation were regularly noted.

	2
	Klute et al., 20072.
	USA
	Laboratory study
	To study how heat passes through prosthetic liners
	Silicone liners, gel liners, foam liners
	Silicone liners allow more heat to pass compared to foam liners. Liner type and thickness strongly affect heat build-up, while socket material has little effect. Proper liner selection can help reduce heat and sweating.

	3
	Klute et al., 20103.
	USA
	Literature review
	To review scientific evidence available for prescribing prosthetic liners
	Silicone liners, gel liners, foam liners, polyurethane liners
	Liners help in cushioning, pressure distribution, and suspension, but there is very limited scientific evidence to guide liner prescription. Material properties are well studied, but their real-life (in vivo) effect on function, comfort, heat, and skin problems is still not clearly understood.

	4
	Boutwell et al., 20124.
	USA
	Experimental gait study
	To study the effect of gel liner thickness on pressure distribution and gait in transtibial amputees
	Gel liners (3 mm and 9 mm thickness)
	Thicker gel liner (9 mm) reduced peak pressure over bony areas (especially fibular head) and increased user-perceived comfort. However, it slightly increased vertical ground reaction force, showing a trade-off between comfort and gait biomechanics.

	5
	Abu Osman et al., 20165.
	Malaysia / Canada
	Clinical + mechanical evaluation
	To compare a new looped silicone liner suspension with the common pin/lock system
	Looped silicone liner with hook fastener; Iceross Dermo liner with pin/lock
	Both systems were safe and showed very low pistoning during walking. The looped liner provided better socket fit and less pulling at the end of the limb, while pin/lock was easier to don and doff. The looped liner is a good alternative for transtibial amputees, especially for those who have difficulty using pin/lock systems.

	6
	Richardson & Dillon, 20176.
	Canada / Australia
	Systematic review
	To understand user experience of transtibial prosthetic liners
	Silicone liners, urethane liners, pelite liners with different suspension systems
	There is not enough strong evidence to show clear differences in user experience between different liners. Problems like sweating are similar across liners. Differences are mainly seen in ease of donning/doffing, suspension quality, socket rotation, and unwanted noise. Better-quality research is needed.

	7
	Dhokia et al., 20177.
	United Kingdom
	Design and manufacturing study
	To develop a fully personalized prosthetic liner for lower-limb amputees
	Neoprene foam liner manufactured using cryogenic CNC machining
	A personalized liner can be accurately designed using scanning and digital modelling. Cryogenic CNC machining allows soft materials to be shaped precisely. Personalized liners may improve fit, comfort, and reduce skin irritation compared to standard silicone liners.

	8
	Cagle et al., 20188.
	USA
	Laboratory material testing study
	To compare mechanical and thermal properties of commonly used prosthetic liners
	Polyurethane liners, silicone liners, thermoplastic elastomer (TPE) liners
	Polyurethane and silicone liners were stiffer than TPE liners. Fabric backing increased tensile stiffness and reduced pistoning. All liners had similar and low thermal conductivity, meaning liners trap heat and mainly transfer heat by conduction. Material properties varied widely between products, which affects comfort, suspension, and skin health.

	9
	Williams et al., 20189.
	United Kingdom
	Experimental laboratory study
	To study how liner design and materials affect heat dissipation at the prosthesis–skin interface
	Plain silicone liner, thermally conductive silicone liner, open and hybrid liner designs
	Increasing liner thermal conductivity alone did not significantly improve heat dissipation. Open liner designs showed better heat loss but may reduce suspension and durability. Passive liner solutions are not sufficient; active cooling solutions may be needed to reduce thermal discomfort.

	10
	Haglin et al., 201910.
	USA
	Laboratory experimental study
	To test whether a silver-based antimicrobial coating can reduce bacterial growth on prosthetic liners
	Silicone liner (Alpha Silicone) and open-cell liner (Keasy) coated with silver carboxylate
	The silver-coated liners significantly reduced bacterial growth, including drug-resistant bacteria. The coating released silver steadily for up to 72 hours and was effective on both open- and closed-cell liners. This coating can help reduce infection risk and bad odor at the liner–skin interface.

	11
	Miyata et al., 202011.
	Thailand
	Pilot clinical study
	To evaluate an affordable prosthetic liner in different socket designs for transtibial amputees
	Affordable Ethyl-Vinyl-Acetate Roll-On (AERO) liner
	The low-cost AERO liner showed similar walking activity and comfort compared to standard PE-Lite liners. It reduced peak socket pressure and allowed use of modern TSB sockets at very low cost (~20 USD). Suitable for resource-limited settings.

	12
	Gu et al., 2020.
	China
	Laboratory experimental study
	To improve silicone liner material and study its biological and mechanical safety
	Modified silicone liner (improved preparation process)
	The improved silicone liner showed no cytotoxicity, similar mechanical strength, and reduced bacterial adhesion (E. coli) compared to commercial liners. The material is biologically safe, mechanically stable, and potentially lower in cost, making it suitable for prosthetic liner use.

	13
	Nouri et al., 2020.
	Iran
	Prototype design & laboratory study
	To develop a liner that can adjust to daily residual limb volume changes
	Silicone liner with expandable bladder and manual water-control system
	The expandable liner was able to maintain similar pressure patterns even when limb volume changed. It can reduce pressure problems caused by daily volume fluctuation and may improve socket fit and comfort. Clinical testing is still needed.

	14
	Abram et al., 2021.
	Slovenia
	Laboratory experimental study
	To study how different prosthetic and orthotic materials attract bacteria
	EVA, EVA/LDPE, silicone, TPE gel, PMMA, closed-cell PE foam, cork, natural & artificial leather (with/without silver nanoparticles)
	Bacterial adhesion mainly depends on surface roughness. Closed-cell PE foam and leather showed the highest bacterial adhesion, while EVA showed the lowest. Rougher surfaces attract more bacteria. Silver nanoparticles slightly changed bacterial behavior but did not fully prevent adhesion.

	15
	Yang et al., 2022.
	China / USA
	Narrative review
	Review of materials, design methods, and fabrication techniques for custom lower-limb prosthetic liners
	Silicone, polyurethane, TPE, EVA, foam liners; custom and commercial liners
	Custom prosthetic liners provide better pressure and shear stress distribution than standard liners. Digital design, FEA-based optimization, and 3D printing can improve fit and comfort. However, most current liners are experience-based, not data-driven, and long-term clinical evidence is still limited.

	16
	LeBlanc, et al., 2023.
	USA
	Experimental laboratory thesis study
	To develop and test sweat-absorbing materials and layered designs for prosthetic liners
	Thermoplastic polyurethane (TPU), thermoplastic elastomer (TPE), TPU-hydrogel (Tecophilic), bilayer liner design
	TPU-hydrogel blends showed high sweat absorption. A bilayer liner design (skin-contacting layer + sweat-absorbing layer) successfully wicked and absorbed moisture under simulated loading. Results suggest sweat-absorbing liners can improve thermal comfort and skin health, but durability and bonding strength need further improvement.

	17
	Miyata et al., 2024
	Thailand
	Clinical experimental study
	To compare pressure distribution and comfort between AERO liner and PE-lite liner in transtibial prosthesis users
	Ethyl-vinyl acetate (EVA) roll-on AERO liner vs PE-lite liner
	AERO liner showed better pressure distribution and higher comfort scores than PE-lite liner during walking. Residual limb pressure was significantly reduced. AERO liner is low-cost, comfortable, and suitable for use in resource-limited settings.

	18
	Boudjemaa et al., 2024
	Algeria / Saudi Arabia
	Finite Element Analysis (FEA) + design study
	To design a stress-responsive prosthetic liner to reduce pressure and shear stress at the stump–socket interface
	Polyurethane shape-memory foam liner with flexible foam cushioning
	The new liner design significantly reduced stress at critical areas (lateral tibia head, tibia end, fibular end). Contact pressure reduced from ~55–72 kPa to 10–28 kPa. Shear stresses were also reduced. Personalized liner design using FEA can improve comfort and reduce skin injury risk.

	19
	Rehman et al., 2025
	Pakistan
	Experimental case study
	To develop and test a low-cost, durable prosthetic liner for transtibial amputees
	Custom-fabricated silicone prosthetic liner
	After 8 weeks of use, patients showed better balance, higher comfort, improved lower-limb function, and faster donning and doffing. The low-cost liner improved mobility and usability, showing it is a good option for resource-limited settings.

	20
	Ghidini et al., 2025
	Nepal / UK / USA
	Clinical field study (resource-limited setting)
	To evaluate benefits and durability of a low-cost, locally made silicone liner to enable TSB socket use
	Locally manufactured silicone cushion liner (fabric-backed)
	The affordable silicone liner improved walking distance, walking speed, and overall comfort compared to PE-lite liners. Users reported high satisfaction and better mobility. Main problems were sweating and limited durability (average life ≈ 6 months). The liner is suitable for low-resource settings but needs durability improvement.



RESULTS 
Following the systematic screening process, twenty (20) eligible studies were included in the results of this review. The included studies examined various prosthetic liner materials, design features, and suspension systems, with a particular focus on thermal comfort, skin health, mechanical behavior, and bacterial growth at the residual limb–socket interface.

Material Properties of Prosthetic Liners
The evaluated studies showed that the mechanical properties of liner materials varied significantly. Improved load distribution and suspension stability were facilitated by the better stiffness and longevity of silicone and polyurethane liners2,8. Although softer materials like EVA and thermoplastic elastomers offered better cushioning and compliance, they were also linked to more wear and pitoning9,10.
Thermal Comfort and Heat Dissipation
Studies frequently found thermal discomfort. The thickness and composition of the liner material had a major impact on the residual limb skin temperature2,10. Improved heat dissipation was made possible by materials with better thermal conductivity, however passive liner materials by themselves were unable to completely resolve heat accumulation during extended usage7,10.
Bacterial Growth and Hygiene Issues
According to a number of investigations, bacterial adherence and odor generation were encouraged by surface roughness, moisture retention, and prolonged sweat exposure11,14. Although their long-term therapeutic efficacy is still restricted, antimicrobial coatings have shown decreased bacterial growth in experimental settings.
Design Innovations and Low-Cost Liners
Expandable, stress-responsive, and customized liners are examples of innovative liner designs that enhance pressure distribution and accommodate residual limb volume fluctuations 13,15,19,20. Accessibility was enhanced with inexpensive liners designed for environments with limited resources, but issues with durability and cleanliness remained15,16.
Discussion
This review shows that the performance of prosthetic liners is controlled by a complex interplay of biological, thermal, and mechanical factors. Although improvements in materials and designs have enhanced comfort and interface biomechanics, issues with heat buildup and cleanliness are still unresolved. The need for integrated liner solutions is highlighted by the numerous studies that focus on specific areas of liner performance separately. The literature highlights that the interface between the residual limb and prosthetic socket is a critical determinant of comfort, skin health, and overall prosthesis acceptance among transtibial amputees. Since the introduction of silicone liners in the mid-1980s, their use has expanded considerably due to perceived benefits such as improved suspension, cushioning, and protection of residual limb soft tissues. Compared to traditional patellar tendon bearing (PTB) and supracondylar socket systems, silicone and other elastomeric liners have enabled the adoption of total surface bearing (TSB) concepts, allowing more uniform pressure distribution and enhanced proprioception. Despite these advantages, several studies consistently report thermal discomfort as a major drawback associated with liner use. The prosthetic socket–liner system often acts as an insulating barrier, limiting heat dissipation from the residual limb. Elevated stump skin temperatures, combined with restricted sweat evaporation due to socket impermeability, lead to excessive perspiration, discomfort, and unpleasant odors. These thermal and moisture conditions not only reduce user satisfaction but also create an environment conducive to skin breakdown and injury, particularly during prolonged wear or physical activity. Another recurring concern identified in the literature is the high prevalence of residual limb skin problems among prosthesis users. Residual limb tissues are not naturally adapted to load bearing, and repeated exposure to mechanical stresses, shear forces, and pressure concentrations can result in irritation, ulceration, and dermatological complications. While gel and silicone liners provide compliance and reduce shear stresses, their effectiveness varies depending on material composition, thickness, design features, and suspension mechanisms. However, objective comparative evidence guiding optimal liner selection remains limited. Bacterial growth and infection at the residual limb interface emerge as significant clinical issues, with a substantial proportion of amputees reporting skin diseases ranging from mild dermatitis to antibiotic-resistant infections. Moist, warm environments inside prosthetic liners favor microbial adhesion and biofilm formation on liner materials. Although antimicrobial coatings and additives have been explored, their long-term effectiveness and integration into routine prosthetic practice require further validation.
The literature also reveals considerable variability in liner prescription practices. Clinicians often rely on personal experience rather than standardized evidence due to the lack of comprehensive comparative studies. Differences in liner materials such as silicone, polyurethane, and thermoplastic elastomers influence mechanical behavior, thermal conductivity, friction, durability, and cost, yet no consensus exists regarding their relative clinical superiority. This issue is particularly critical in resource-limited settings, where high costs and limited availability of advanced liners restrict access and force continued reliance on less optimal solutions. Overall, the reviewed studies underscore the need for systematic evaluation of prosthetic liner materials with respect to thermal comfort, bacterial growth, mechanical performance, and user experience. A clearer understanding of these factors is essential to inform evidence-based liner prescription, improve residual limb health, enhance comfort, and ultimately improve quality of life for transtibial amputees.
Conclusion
Although comfort and pressure distribution at the residual limb–socket interface have improved due to advancements in prosthetic liner materials and designs, thermal discomfort and hygiene-related issues remain major obstacles. To enhance residual limb health and long-term prosthetic use, integrated liner development procedures that simultaneously satisfy mechanical, thermal, and biological needs are crucial. Prosthetic liners play a vital role in enhancing comfort, suspension, and skin protection at the residual limb–socket interface in transtibial amputees. Advances in liner technology, particularly the introduction of silicone and other elastomeric materials, have enabled improved pressure distribution and prosthetic function compared to conventional socket systems. However, evidence from the reviewed literature indicates that liner use is frequently associated with increased heat retention and moisture accumulation, leading to thermal discomfort, excessive perspiration, and unpleasant smells. These conditions create a positive environment for bacterial growth and contribute to a high prevalence of residual limb skin problems, including irritation, ulceration, and infection. Although different liner materials such as silicone, polyurethane, and thermoplastic elastomers offer varying mechanical and thermal properties, there remains a lack of consistent, high-quality comparative evidence to guide optimal liner selection. Prescription practices are often based on clinician experience rather than standardized, evidence-based criteria, a challenge that is further compounded in resource-limited settings due to high costs and limited availability of advanced liners. Overall, this systematic review highlights the need for further research focusing on material-specific thermal behavior, bacterial resistance, and long-term clinical outcomes. Improved understanding in these areas will support evidence-based liner prescription, enhance residual limb health, and improve comfort, satisfaction, and quality of life for prosthesis users.
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