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Abstract: One of the most innovative variants of the solution to the field of prosthetic sockets 

development is hybrid composite laminates that provides a higher level of mechanical efficiency, 

comfort during usage, and the sustainability of materials. This literature survey addresses how 

varying types of fibers, including glass, carbon, aramid and natural fibers (like flax) can be 

incorporated into polymer matrices in a strategic approach to satisfy the multifaceted requirements 

of a prosthetic. The different types of fibers offer individual mechanical advantages of tensile 

strength, impact resistance, fatigue resistance and lightweight structure, and this aspect makes the 

hybrid laminates an alternative to solid materials. The paper explains the role of the choice of the 

matrix, thermoplastics, thermoset and bio-based resins and the effect they have on the performance 

of the composite, biocompatibility, and cost. Structural integrity and flexibility of design is further 

improved by manufacturing techniques such as alternative advanced layering sequences, vacuum-

assisted curing, additive manufacturing processes, and so on. Mechanical testing, ISO compliance 

tests are aspects of quality control that guarantee uniformity in the levels of production. The hybrid 

laminates can be used in the place of the traditional prosthetic materials, where tensile strength, 

fatigue, affects absorption are the major aspects, after which they can be designed to fit the 

individual anatomy by way of being custom-designed. The review indicates both the improvement 

in mechanical performance, as well as end-user responses, as a larger number of amputees stated 

that it provided better comfort, reduced weight, and enhanced effects of the functionality. The 

current research prospects underline the combination of smart materials, environmentally friendly 

composits, as well as AI-based design optimization. With the changing status of manufacturing 

technology, the hybrid composite laminates will become available and offer high quality and 

affordable prosthetic solutions to the world population. This critical review is the basic source of 

reference to those researchers, clinicians, and engineers working to create the second generation of 

prosthetic design.1 Hybrid Composite Laminate Introduction to Prosthetics.  
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1.   Introduction 

1.1. Definition and Overview of Hybrid Composite Laminates 

The laminates in a polymer are combined in a hybrid format where 

two or more classes of fibers come together to provide an excellent 

mechanical performance. These laminates increase such properties 

as tensile strength, impact resistance and durability; these 

properties are needed by the prosthetic applications by combining 

fibres, such as glass, carbon and aramid. These properties are fine-

tuned (via careful layering) during manufacture, and this is done, 

again, with the weight kept as low as possible, important to the 

mobility of the user. 

Hybrid composites have a solution to the dilemma of finding 

materials that can withstand mechanical forces but are inexpensive 

in the application of prosthetics. This will provide designers with 

greater flexibility in customization of the prosthetic units, doing so 

in order to suit the requirements of the user. This flexibility is 

particularly useful due to the creation of a considerable variety of 

tastes towards comfort and functionality among users. 

In this regard, the lap material used affects the overall performance 

of the laminate; thermoplastics or epoxies are famous due to their 

mechanical strength and the ability to mix with the body. Selecting 

the appropriate matrix leads to the process of striking a balance 

between the flexibility and robustness, as mentioned above. The 

development of sustainable materials also creates the possibility to 

have more green solutions that do not spoil the environment but 

remain on high-performing levels. 

Outside their physical capabilities, the hybrid laminates are leading 

to the advancement of enhanced manufacturing processes. Such 

processes as automated fiber placement enhance the reliability and 

acceleration in the process of production, which was discussed 

previously. The progress in these has demonstrated an apparent 

attempt to increase the quality standards and reduce the cost-

benefit to the producer and the wearer. 

In addition, the feedbacks of the users always indicate more 

comfort and less difficulty in adapting to these new materials than 

the traditional ones. The use of hybrid composite to make the 

prosthetic also helps to better the toughness of the prosthetic as 

well as satisfy their clients by providing them with a one-on-one 

solution based on their functional needs, (Sam L. Phillips & 

William Craelius, 2005)[1], (Mashi, 2025)[2] and (Mohan Kumar 

T S, 2025)[3]. 

1.2. Importance in Prosthetic Applications 

By using such materials, such as glass, carbon and aramid fibers, 

hybrid composite laminates have improved prosthetic with such 

materials. The composites have the best weight-to-strength ratios 

and at the same time, they are flexible and durable. This balance is 

essential in the availability of prosthetics with the reduction in 

weight not implying compromising structural integrity. Glass fibers 

offer a cost-effective development in strength and carbon fibers 

offer high-performance capability to high usage applications. 

The flexibility of the hybrid laminates makes them stand out. 

Fibber layers and orientations are designed and customized to suit 

needs that are provided by manufacturers. Varying the fibres 

directions creates optimization of the loads and minimization of 

weight, which maximizes comfort and mobility. There are also 

better ways of curing that enhance the bonding between the layers 

making the laminate to endure the daily use. 

Hybrid composites have higher resistance to fatigue than single-

fiber-based materials and prolong the life of the prosthetic limbs 

with repeated load. The users resulting in higher standards of 

satisfaction and broad acceptance enjoy the increased comfort and 

flexibility of the traditional parts. 

The prospective innovations involve intelligent, dynamic material 

in composite hybrid and this offers customized mobility solutions. 

On the whole, hybrid laminates enhance the work of prosthetics, 

comfort, and durability at the same time, (Castro-Franco et al., 

2025)[4] and (Kebede & Gutata, 2024)[5]. 

1.3. Scope of the Document 

This report discusses composite laminates that are hybrids and 

their effect on the prosthetic sockets. It shows how the choice of 

various types of fiber such as glass, carbon, and aramid will 

enhance durability, comfortability and performance. All types of 

fibers have their mechanical benefits contributing to the effective 

use of prosthetics. 

Special attention is paid to the manufacturing processes, in 

particular to such processes as layering and curing that guarantee 

the structural integrity and quality. During the production, quality 

control is a very critical aspect in ensuring the strength of the 

composite. 

Tensile strength, impact resistance and fatigue performance are 

among the important mechanical characteristics that are assessed in 

the paper. These analyses demonstrate hybrid composites are 

superior to conventional materials by a number of dimensions. 

Comparison of hybrid composites vis-a-vis conventional material 

brings out an advantage and disadvantage to the composites. 

Analysis includes cost-effectiveness, and it has user feedback on 

performance difference. 

Finally yet importantly, the source focuses on the recent 

developments in composite materials and methods of their 

production encouraging possible trends in designing prosthetics in 

the future. In general, it contains useful insights into the application 

of hybrid composites in prosthetics and advises the future research 

to increase comfort and functionality, (Rijwani et al., 2025)[6] and 

(Nagarajan et al., 2024)[7]. 

2. Material Selection for Prosthetic Sockets 

2.1. Types of Fibers Used 

Prosthetics laminates with fibers that have diverse strengths are 

present as hybrids. Glass fibers have a high combination of cost, 

stiffness and strength. Their great tensile and flexural 

characteristics enable them to be strong and resistant to pressure 

and impact resistance is their characteristics to support high-force 

mechanism. 

Carbon fibers have an excellent strength to weight ratio and elastic 

modulus. They also assist the artificial feet in simulating the 

energy storage and release of natural limbs enhancing movement. 

The carbon composites are also easier to fatigue than the normal 

materials thus increasing the life of the prosthetic. 

Fibres such as Kevlar which are made of Aramid are tough and 

https://www.researchgate.net/publication/232123005_Material_Properties_of_Selected_Prosthetic_Laminates
https://www.researchgate.net/publication/395128285_From_Metals_to_Composite_Materials_A_Comprehensive_Review_of_Materials_Used_in_Prosthetic_Limb_Manufacturing
https://journals.sagepub.com/doi/10.1177/09544062251315327
https://www.mdpi.com/2079-6439/13/8/107
https://www.sciencedirect.com/science/article/pii/S2405844024145021
https://link.springer.com/article/10.1007/s42452-025-06841-5
https://strathprints.strath.ac.uk/89006/7/Nagarajan-etal-Prosthesis-2024-Single-polymer-composites-an-innovative-solution.pdf
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resistance to abrasion. They do not occur much, but provide 

beneficial impact resistance and durability. These fibers aid in 

formation of lighter though strong components that deal with the 

daily dynamic forces. 

Hybrid laminates with a mixture of glass, carbon, and aramid are a 

combination of their most favorable characteristics. Glass gives 

tensile strength, and is resistant to corrosion. Stiffness and strength 

is added by carbon. Aramid enhances the impact absorption and 

strength. These fibers are used together to form strong, flexible 

prosthetics that would suit the diverse needs of the users, (salman 

& Kahtan, 2025)[8], (Oleiwi et al., 2022)[9] and (Hussein Kommur 

Dalfi, 2023)[10]. 

2.2. Matrix Materials Considerations 

The selection of correct matrix materials used in hybrid composite 

laminates in prosthetics has a lot of influence on the strength, the 

longevity and biocompatibility of the laminates. Discussors usually 

have the choice of thermoplastics, thermosetting resins, and bio-

based. Polyamide and polypropylene are thermoplastics that 

provide easy processing capability, and are recyclable, flexible, and 

impact resistant that assist the prosthetics to overcome the daily 

stresses. An example of thermosetting resin as if epoxy is very 

strong mechanically and heat stable, leading to higher tensile 

strength and minimizing deformation. Nonetheless, even 

homogenizing the epoxy in the process of 3D printing can prove 

difficult and potentially damage the results. 

Natural fibers epoxy resins to produce bio based composites can be 

regarded as a viable option as a more sustainable alternative due to 

environmental reduction and biodegradability. However, they have 

poor fiber-matrix bonding and are vulnerable to moisture making 

them weak in terms of strength and reliability. Material science 

(such as fiber surface treatments and coupling agents) has been 

able to enhance these bonds. Multiple types of matrices in a single 

implant are currently being used in some prosthetics to create 

variable levels of stiffness of the prosthetic to match mechanical 

requirements of different parts of the body. 

The cost-saving performance is also a requisite. Superior 

composites work well and are costly making them inapplicable in 

certain health institutions. The advanced prosthetics are affordable 

and accessible because they are selected carefully, (Mashi, 

2025)[2], (Borthakur, 2025)[11] and (Zheng et al., 2025)[12]. 

 

Figure 1: Fused Deposition Modeling (FDM) Principle, (Said et al., 

2025)[13]. 

 

Table 1: Matrix material for 3D-printed CFRPs, (Zheng et al., 2025) [12]. 

Matrix Material Type Characteristics Application Fields 

PLA 

Thermoplastic 

Low cost, Easy, Biodegradability. 

sharpening; Reduced mechanical and thermal stability 

(softens at 50–60 °C) 

Medical: Biomedical novice projects. 

applications 

PA6 
Superior mechanical characteristics, 

High-temperature stability 

Aerospace, 

Automotive industry 

PEEK 
High temperature of continuous services (250 oC), Excellent 

chemical stability, Maximum mechanical performance. 

Aerospace, Automobile industry, 

Extreme conditions. 

ABS 

Good impact resistance, 

good electric insulating qualities, 

Expatriate chemical stability. 

Functional Prototyping, Electrical 

Engineering. 

Epoxy resin 

Thermosetting 

Excellent High insulation properties. 

Mechanical performance, High moisture. 

resistance; Complicated treatment, 

Efforts to be relatively low flame resistant. 

Areas Aerospace, Automotive 

industry, Electronics and electrical 

engineering. 

Phenolic resin 

Higher temperature resistance, Better chemical resistance, 

Small time of curing: Higher absorption of water, Less 

toughness. 

Fire-resistant 

materials, Acid and 

alkali-resistant 

chemical equipment 
 

https://iasj.rdd.edu.iq/journals/uploads/2025/08/21/81491d37454b31bffc7379373c21c918.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2214785321081098
https://journals.sagepub.com/doi/abs/10.1177/15280837231178567
https://www.researchgate.net/publication/395128285_From_Metals_to_Composite_Materials_A_Comprehensive_Review_of_Materials_Used_in_Prosthetic_Limb_Manufacturing
https://www.mdpi.com/2673-4591/81/1/10
https://www.mdpi.com/2073-4360/17/12/1601
https://mdpi-res.com/machines/machines-13-00813/article_deploy/html/images/machines-13-00813-g001-550.jpg
https://www.mdpi.com/2075-1702/13/9/813
https://www.mdpi.com/2073-4360/17/12/1601
https://www.mdpi.com/2073-4360/17/12/1601
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2.3. Criteria for Material Selection 

The choice of materials to be used in hybrid composite laminates 

in prosthetic constructions is a matter of balancing various factors 

with a high level of consideration in order to have good balance of 

functionality, comfort and longevity. Such mechanical 

characteristics as strength, stiffness, resistance to fatigue are now 

in the limelight. The materials should be able to support when 

subjected to continuous stress but they must also provide the 

required support to the users. 

Also important in heat management is the management. The 

materials should assist in dissipating heat at the attachment point 

between the prosthetic and the residuum to prevent pain or skin 

issues including sores and excessive sweating. Maintaining the 

weight level is also important, as lightened parts are easier to move 

and cause less fatigue during the prolonged usage. 

The cost factor is a relevant aspect of the selection of materials at 

all times. Price can make or break a material to make it considerate 

in a broad market or merely a niche. Indicatively, carbon fiber 

fitted polymer (CFRP) boasts of high strength in comparison to its 

weight; however, it is quite costly. At the same time, the 

alternatives such as polypropylene or high-density polyethylene 

(HDPE) are not that efficient as CFRP, but cost-effective. 

It is also important in terms of manufacturing. The materials must 

be compatible with the existing fabrication technologies and enable 

manufacturers to produce materials of standard quality. Multi-

criteria decision-making tools can come in handy in order to work 

through these complicated trade-offs. They assist the stakeholders 

to consider the entire situation concurrently and choose some 

materials, which would best fit the specific considerations of each 

prosthetic, (Rijwani et al., 2025)[6]. 

 

 

 

Figure 2: a. computerized model of a stump that has been created 

through a CT scan of an amputated person. b. Computerized 

representation of a transtibial-designed prosthetic limb parts, 

prosthetic socket, liner, suspension system, pylon, and prosthetic 

foot, (Rijwani et al., 2025)[6]. 

 

3. Manufacturing Techniques for Hybrid 

Composite Laminates 

3.1. Layering Techniques 

The process of hybrid composite laminates also has an important 

role to play in the stability and strength of Prostheses; this is due to 

the method of layering. This is done by putting in place various 

materials such as glass, carbon, and aramid fiber in a subtle 

assembly with a polymer matrix to create a composite that enjoys 

the property of each of the materials. 

There are various methods of layering used by manufacturers, 

including the old-fashioned and hand-lay to the advanced 

automated fiber placing. In hand lay-up, the material to be used is 

laid down on molds by hand until the thickness and orientation is 

achieved. It is flexible concerning design, time consuming and 

subject to errors. Conversely, automated fiber placement involves 

the use of robots to lay fibers onto the surface of a design whereby 

the control is done to the exact specifications which enhances 

uniformity and load balance. 

Vacuum bagging is a technique used to roll the layers to a compact 

size with the vacuum applied pressure eliminating the trapped air 

during the curing process. This works to increase the integrity of 

the bond between layers and eliminates defects including voids or 

delamination that can disrupt the laminate. Another alternative is 

compression molding, but this has to be successful only in case 

even pressure is exerted on all layers during the curing process. 

The mechanical properties such as tensile strength and impact 

resistance depend on the sequence of arrangement of the layers. It 

has been found out that the alternation of fiber directions in the 

stack can increase the load capacity at low weight. In addition, the 

use of the finite element analysis allows the designer to experiment 

with various layering patterns in video form prior to the actual 

production hence a more accurate forecast of the performance. 

To sum it up, smart layering strategies are significant in enhancing 

the effects and longevity of hybrid composite laminates in the 

context of prosthesis use through the personalization of material 

behavior by strategically designing composite plans, (Kebede & 

Gutata, 2024)[5], (Hussein Kommur Dalfi, 2023)[10] and 

(Fangueiro et al., 2006)[14]. 

3.2. Curing Processes 

The process of curing is something that is critical in the 

development of the hybrid composite laminates and particularly in 

the manner in which they are used in the creation of the prosthetic 

devices. This process solidifies the matrix material to fix in the 

mechanical strength and the overall quality that the final product 

requires. Thermosetting is one of the common methods of curing, 

one of the other methods is thermoplastic, and there are more 

modern methods, such as vacuum bagging and autoclave curing. In 

resin, thermosetting resin requires heat to initiate a chemical 

reaction that hardens the composite, whereas thermoplastics can be 

remodeled and reinvented on several occasions. 

Even heat distribution during the curing process is the determinant 

in prevention of such problems as airpores in the material or 

inability to thoroughly saturate the fibers with a matrix. Vacuum 

bagging contributes to the problem by removing the entrained air 

and bringing the layers close to one another that enhances the 

https://link.springer.com/article/10.1007/s42452-025-06841-5
https://media.springernature.com/lw685/springer-static/image/art%3A10.1007%2Fs42452-025-06841-5/MediaObjects/42452_2025_6841_Fig1_HTML.png
https://link.springer.com/article/10.1007/s42452-025-06841-5
https://www.sciencedirect.com/science/article/pii/S2405844024145021
https://journals.sagepub.com/doi/abs/10.1177/15280837231178567
https://www.tandfonline.com/doi/abs/10.1533/tepr.2006.0004
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wetting of fibers, smoothness of surfaces, as well as dimensional 

accuracy. The whole cycle of curing the speed of temperature 

increase, the duration of constant temperature and the cooling 

down may the difference between the properties of the laminate. 

As an illustration, an increase in temperature may enhance strength 

but would cause warping unless it is done with careful 

consideration. Such techniques like resin transfer molding (RTM) 

provide the opportunity to obtain control over heat and pressure in 

the process of curing. 

The producers of the products of the hybrid composite laminates 

can be able to optimize their processes to ensure that the hybrid 

composite laminates in the production of prosthetics yield the 

optimal outcomes. With the progress of the field, effective 

monitoring during the curing may be employed in real time and 

may bring the standards in consistency and quality of the product 

even higher, (Nagarajan et al., 2024, pp. 1-5)[7], (Zheng et al., 

2025)[12], (Fangueiro et al., 2006)[14] and (Lee & Chang, 

2024)[15]. 

3.3. Quality Control Measures in Manufacturing 

The quality control in making the hybrid composite laminate on the 

manufacturing of prosthetics is critical because of the uniformity in 

performance and the confidence of the users. These materials 

undergo many mechanical strains and therefore, consistent quality 

during manufacturing is necessary. Manufacturers employ different 

methods to test the composites in each of the production phases. 

The part of mechanical testing is significant as it determines tensile 

strength, fatigue resistance and impact toughness. Such tests make 

sure that the material does not give in under Day to Day servicing 

and offers the needed support. As an illustration, tensile strength is 

essential in the issue of sound functioning of the prosthetics under 

loading. Periodic review of industry Audits highlight the problems 

beforehand. 

Inspections on raw material are also relevant. Fibers and 

components of the matrix are evaluated before they are assembled 

to ensure they are as per specification. The selection of matrices 

should be of good durability and biocompatibility when it comes to 

final quality. Follow-ups in the layering process will assist in the 

detection of flaws such as bad bonding or sealed up voids that 

might cause the structure to be weak. 

The other important aspect is that the curing process needs to be 

controlled. Regulations of the constant temperature and humidity 

help preserve flaws, which lead to loss of durability and strength. 

These conditions are automated and can be adjusted when 

necessary. 

It helps to ensure quality by following the ISO standards and other 

related provisions. These regulations also govern all its steps such 

as selecting materials, production and the audits and certification 

encourage continual improvement and safety on the devices, 

(Salman & Kahtan, 2025)[8] and (Said et al., 2025)[13]. 

4. Mechanical Performance of Hybrid 

Composite Laminates 

4.1. Tensile Strength Characteristics 

The tensile strength of hybrid composite laminates is very high and 

this is essential in the usage of prosthetics. Manufacturers have 

gained a lot of mechanical performance by using natural fibers in 

the form of flax with other synthetic fibers like glass and carbon. 

Such hybrid materials tend to be superior to traditional materials of 

the prosthetics due to the perfect combination of fibers and resin 

matrices. 

Research indicates that hybrid composite laminates such as flax-

glass-epoxy have tensile strengths that exceed the ones of single-

fiber composite. Even distribution of fibers also enhances 

distribution of the load and the elasticity of the load in the 

movement during the functioning of a prosthetic. As an illustration, 

the use of flax fibres between the layers with the decades of glass 

or carbon on the surface can provide significant contributions to 

tensile strength and the flexibility of the material. 

Because of mechanical tests, tensile strength is found to be much 

influenced by the manner in which fibers are stacked and oriented. 

Laminates that have uniformly spaced layers tend to have higher 

tensile modulus, or improved stiffness bodies as well as strength. 

Computer models on the approach of finite element analysis show 

that the hybrid designs are reliable in relation to experimental 

results. 

Furthermore, new techniques of fabrication such as vacuum-

assisted resin infusion make certain that the fibers are distributed 

well in the laminate. This consistency is important in enhancing 

tensile performance. Ultimately, hybrid composite laminates are 

also transforming the game as they come up with lightweight but 

tough prosthetics that will survive day-to-day hardships, (Sam L. 

Phillips & William Craelius, 2005)[1], (Castro-Franco et al., 

2025)[4], (Hussein Kommur Dalfi, 2023)[10] and (Shabeed et al., 

2024)[16]. 

4.2. Impact Resistance Analysis 

The measurement of impact resistance on hybrid composite 

laminates is a factor that is vital to consider in the case of 

prosthetics whereby toughness and safety are paramount. A 

mixture of fibers such as carbon, glass, aramid and basalt enhances 

better energy absorption as opposed to normal materials. It is 

significant to mention that carbon fibers in combination with basalt 

improve the level of impact protection. The various fiber properties 

are used to address the needs of the prosthetic. 

Research has found out that fiber hybridization enhances the 

ballistic strength of fiber metal laminates. The enhancement of 

basalt composition also enhances resistance to high impact blows 

and retains shape. Layers that are stacked together carefully evenly 

distribute stress that improves performance. 

The finite element analysis is a method employed by engineers to 

model fiber configurations and optimize the energy detection by 

eliminating the need of additional weight that is critical in the 

comfort sense. The alternation of fibers also enhances tensile and 

influence strength. 

Impact tests demonstrate that the damage and recovery of hybrid 

composites are less as compared to that of a single-fiber composite. 

This advantage is attributable to the high rates of bonding between 

fibers and the matrix to pass loads in case of impacts. 

Further processing techniques such as vacuum-assisted infusion of 

resin enhances bonding thus more resistant laminates that do not 

easily crack. Strength can be enhanced by incorporation of 

thermoplastic fillers that enhance fracture toughness by more than 

27. Practical experience supports the idea that hybrid prosthetics 

https://strathprints.strath.ac.uk/89006/7/Nagarajan-etal-Prosthesis-2024-Single-polymer-composites-an-innovative-solution.pdf
https://www.mdpi.com/2073-4360/17/12/1601
https://www.tandfonline.com/doi/abs/10.1533/tepr.2006.0004
https://www.sciencedirect.com/science/article/pii/S1359836823006261
https://iasj.rdd.edu.iq/journals/uploads/2025/08/21/81491d37454b31bffc7379373c21c918.pdf
https://www.mdpi.com/2075-1702/13/9/813
https://www.researchgate.net/publication/232123005_Material_Properties_of_Selected_Prosthetic_Laminates
https://www.mdpi.com/2079-6439/13/8/107
https://journals.sagepub.com/doi/abs/10.1177/15280837231178567
https://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0213279/19917034/030002_1_5.0213279.pdf
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are more comfortable and voice more resistant and offer safer and 

longer term devices, (Sam L. Phillips & William Craelius, 

2005)[1], (Sun et al., 2025)[17] and (Shabeed et al., 2024)[18]. 

4.3. Fatigue Performance Studies 

The situation with fatigue performance in hybrid composite 

laminates is that without studying fatigue performance in these 

laminates, we will not be able to know how long lasting these 

laminates are in terms of reliability in the prosthetic devices. Such 

materials have to undergo repetitive stresses as prosthetics are 

subjected to daily patient use hence knowing the response of such 

materials to cyclic loading can be used to establish their usability. 

Studies indicate that blends of natural and synthetic fiber become 

stronger than traditional materials concerning the fatigue strength. 

An example of this is the use of flax and glass fiber in creating 

laminates, which have passed the multiple test of loading and 

loading without breaking. 

Testing is generally done to fail the laminates under controlled 

cyclic forces and investigates the number of cycles the laminates 

survive, the cracks formed, and their properties. The findings have 

shown that increasing the fibre volume and layering arrangement 

both enhance fatigue life. The interaction of the various fibers is 

also a factor of concern- natural fibers maintain the absorption of 

energy and synthetic ones give the reinforcement of the tensile 

strength. 

Engineers usually resort to finite element analysis, which is a 

simulation of the behavior of the hybrids during repeated stresses, 

to predict the duration of the life of the hybrids in different 

conditions. Hybrids have been found to be more endurable when 

the gait cycles resemble actual motions and as a result, the models 

are designed with customized compositions. These findings 

suggest that hybrid composites are likely to be sources of 

promising materials that can be used to integrate comfort and 

performance with increased fatigue properties in the process of 

designing prosthesis, (Castro-Franco et al., 2025)[4], (Oleiwi et al., 

2022)[9] and (Faheed et al., 2025)[19]. 

5. Comparative Analysis of Hybrid Composites 

vs. Traditional Materials 

5.1. Strengths and Weaknesses Comparison 

High strength to mass ratios have been provided with hybrid 

composite laminates in the field of prosthetics as the laminates are 

color-coded with high-performing and expensive fiber such as 

carbon and aramid with cheap glass fibers. This combination 

enhances tensile strength and impact resistance that make the 

prosthetic devices to be more durable. Leveraging using the 

method of layering like vacuum bagging improves bonding and 

minimizes flaws, which creates laminates less affected by stresses 

and multiple loads. These improvements are aided in the finiteness 

of the element analysis in forecasting the load-bearing capacity. 

It has been reported by the users that hybrid composites are 

actually much easier to use and less weighty compared to the 

traditional metal and plastic prosthetic. They also withstand 

repeated stress very well which is an asset to normal everyday use. 

The price of raw materials to hybrid laminates is however 

expensive which may restrict access to some patients or providers. 

Although hybrids tend to do better under strength, there are cases 

when a design fails under extreme stress, and the conventional 

design will perform better. 

Research on biocompatibility requires more investigation because 

the interaction of biocompatibility with body tissues over a long 

period is unclear. There is also the need in manufacturing new 

skills and methods which would slow down initial adoption of 

hybrid composites, (Sam L. Phillips & William Craelius, 2005)[1] 

and (Hussein Kommur Dalfi, 2023)[10]. 

5.2. Cost-Effectiveness Analysis 

Although hybrid composite laminates produced by polyethylene 

terephthalate (PET) are not entirely free and still cost more than 

fully carbon fiber, this change is a significant advance to the use of 

prosthetic sockets in low- and middle-income countries (LMICs). 

Most of these traditional socket materials such as glass-fiber-

reinforced composite (GFRP) and standard thermoplastics such as 

polypropylene (PP) and high-density polyethylene (HDPE usually 

have high prices. However, PETr-fiber-reinforced composites 

provide similar or even higher mechanical properties at a 

significantly low cost. 

The PET composite materials are relatively cheap and easy to 

produce with comparatively low equipment that makes them 

suitable in resource-constrained regions where use in prosthetics is 

concerned. The price of PET fabrics is similar to that of GFRP and 

other popular materials in LMIC, but much less expensive than 

carbon fiber that may range between 137 and 174 per meter. PET 

selection by manufacturers ensures that companies reduce their 

costs with the equivalent performance of their products. 

PET laminates that are tested are tough and strong enough to 

withstand the forces that the prosthetics need to endure. These 

attributes show that PET sockets must have the capacity to sustain 

or beyond the load bearing requirement of daily use. This 

durability coupled with the cost savings will be beneficial to both 

the patient and the healthcare giver since the number of 

replacements that would be done on them reduced and the comfort 

of the user increased. 

PET composite also promotes sustainable restoration beyond 

immediate monetary benefits since it could be locally produced. 

This does not only aid in satisfying the current urgent need to have 

cheap prosthetics but also provides employment, assisting the 

society that is directly affected by lack of accessibility of quality 

health provision, (Nagarajan et al., 2024)[7] and (Nagarajan et al., 

2023)[20]. 
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Table 2: The dominant mechanical and physical characteristics of the sockets to be evaluated, (Nagarajan et al., 2023)[20]. 

Socket 

Wall 

Thickness 

at Distal End 

(mm) 

Stiffness 

(N/mm) 

Displacement at 

1250 N 

(mm) 

Socket Weight 

(g) 

Specific 

Stiffness  (𝐍/𝐦𝐦𝐠)N

/mmg 

Cost 

$/kg 

GFRP 4.41 ± 0.2 319 ± 3 4.77 ± 0.06 595 0.5361 15–54 

PETW 5.80 ± 0.1 233 ± 2 5.37 ± 0.23 297 0.7845 13 

PETK 5.50 ± 0.1 159 ± 5 7.16 ± 0.12 245 0.6490 13 

HDPE 5.10 ± 0.4 140 ± 2 9.54 ± 0.80 283 0.4947 4–15 

PP 6.60 ± 0.3 135 ± 1 10.91 ± 0.10 261 0.5172 20–86 

 

5.3. User Feedback on Performance Differences 

There have been positive reports by users concerning hybrid 

composite laminates in prosthetics, in which there is evident 

advantages over the conventional materials. Hybrid sockets such as 

polyethylene terephthalate (PET) and dual polymer combos are 

also found to fit the residual limb better, which relieves stress on 

the skin and pressure that lead to discomfort with older materials. 

The other benefit that is cited by the users is the light feel of these 

composites when compared with the fiberglass or the usual 

thermoplastics. This decreased weight enables the wearers to move 

more easily and have fewer fatigues during the day. It is also the 

fact that people compliment these materials on their high tensile 

strength levels and impact resistance rates whereby the sockets will 

work well with the various stress levels. Active lifestyle with or 

without injury is also a crucial factor that makes PET-fiber-

reinforced sockets important to those who require it endure 

frequent usage without becoming deformed and unusable. 

It is also a significant consideration in cost. The users who live in 

lower-income areas have mentioned that compared to it, hybrid 

composites are less expensive and readily available than the 

traditional forms of prosthetics. Research has also discovered that 

there is a difference in overall satisfaction with the overall socket 

performance based on the material used to make the sockets; be it 

it is a woven or knitted. 

It is worth noting that these hybrid sockets were initially associated 

with challenges by some users as they were used to these sockets. 

They required some modifications to fit into their support and get 

the right fit. Nevertheless, it is unanimously agreed that hybrid 

composite laminates have enormous potential that can ensure much 

more comfort and durability to the prosthetics and eventually result 

in the better lives of amputees, (Nagarajan et al., 2024)[7] and 

(Nagarajan et al., 2023)[20]. 

6. Future Trends in Hybrid Composite 

Materials for Prosthetics 

6.1. Innovations in Material Science 

Hybrid composite laminates of prosthetics are changing because of 

recent developments in materials science. Continuous fiber-

reinforced polymers (CFRPs) are both strong and flexible as well 

as lightweight, improves product durability, and allows complex 

forms. The additive manufacturing process with specific attention 

to fused deposition modeling (FDM) creates elaborate intended 

structures with continuous carbon fibers, which enhances the 

mechanical performance. 

Smart materials changing with the environment also come under 

the scrutiny of researchers. None of the androids feels at ease using 

a bone-integrating and comfortable bioactive alloy like the shape 

memory ones. Bioactive and antimicrobial-containing new 

composites enhance the control of infection and infection 

prevention in prosthetics, thereby enhancing the safety of the 

product. 

These materials are further improved by Nanotechnology. The 

incorporation of nanoparticles enhances the strength, lowers weight 

and body compatibility. Self-healing polymers are expected to be 

promising because minor deformities will auto-repair on the 

polymer, prolonging the life of the prosthetic, exempting the 

prosthetics of frequent repairs. 

The sustainability under consideration is acquired due to the 

natural-synthetic fiber blends, such as flax-glass laminates. These 

hybrids have high mechanical characteristics, and have a lesser 

impact on the environment. Initial results indicate that eco-friendly 

composites are structurally stable and may become widely used in 

terms of more ecological versions of prostheses, (Zheng et al., 

2025)[12], (Borthakur, 2025)[11], (Castro-Franco et al., 2025)[4], 

(Mashi, 2025)[2] and (Maqsood et al., 2024)[21]. 

6.2. Advances in Manufacturing Technologies 

The additive manufacturing advancement has helped in the 

development of manufacturing technologies of the hybrid 

composite laminates utilized in the manufacturing of prostheses. 

The development of multi-material additive methods is notable, 

because it allows it to print complex shapes and tailored material 

behavior in a single additive process. The style combines different 

resources in a very smooth manner that enhances functionality and 

performance. To illustrate, ceramics made of polymer are leading 

the pack with unique properties that are applicable in certain 

prosthetics requirements. 

Similarly, research has also been making progress in terms of 

continuous carbon fiber-reinforced polymer using material 
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extrusion technology such as fused deposition modeling (FDM). 

This is not only useful in enhancing mechanical properties, but also 

in improving complex designs that are very difficult to achieve 

through the traditional methods. Prior impregnation of the fibers 

prior to extrusion has been useful in setting the performance bar 

higher such that composites can withstand the challenge of tough 

prostheses. 

Smart materials keep resonating with the boundaries by changing 

with environmental modifications and demands of the users. Their 

flexibility represents long-lasting and under-serviced prosthetics. 

Scientists are also striving to include the biocompatible materials 

that enhance closer access to the body that will enhance the 

comfortability of the wearers and their general experience with it. 

To this, artificial intelligence and machine learning are moving into 

the limelight to perfect AM processes. These technologies are able 

to filter through the information and identify trends so that material 

blends and processing steps are streamlined. It results in a 

significant improvement of quality, efficiency, and saving of 

waste, which provides the manufacture of prosthetic with a keen 

edge, (Mashi, 2025)[2], (Said et al., 2025)[13], (Maqsood et al., 

2024)[21] and (Nazir et al., 2023)[22]. 

 

Table 3: Selection of materials to be used by some AM methods in terms of mechanical requirement, (Said et al., 2025)[13]. 

Requirement Description Recommendation 

Tensile strength 

The tensile stresses on the material to resist fracture are important. The 

printable material considered in this instance is supposed to have high 

tensile strength that is important in components that carry loads, are used 

structurally or in both mechanical and statical applications. 

FDM: PLA 

SLS: Nylon 12, Nylon composites 

SLA: lifting tool, solid curved plastic 

kit, Rigid Resin, Alumina 4N Resin. 

Flexural modulus 

Flexibility is the capacity of a material to counter deformation in response 

to a strain. It is a good way of determining the stiffness (high modulus) or 

flexibility (low modulus) of the material. The elements that are being used 

in print should be capable of flexure and tensile resistance. 

FDM: ABS (medium), PLA (high). 

SLA: Flexible and Elastic Resins 

(low), Tough and Durable Resin 

(medium) Rigid Resin (high). 

SLS: Nylon 12 (med.), Nylon 

composites (high). 

Elongation 

Stress strain resistance of a material at elongation. It enables one to 

compare materials according to their stretchability and determine whether a 

material will be deformed before it breaks or it fails suddenly. Elasticity of 

printed parts should be to be tough and durable. 

FDM: ABS (medium), TPU (high) 

SLS: nylon 12 (med), nylon 11(med), 

polypropylene (med), TPU (high). 

SLA, Tough and Dure Resins 

(mediums), Polyurethane Resins 

(mediums), Flexible and Elastic Resins 

(highs) and Silicone 40A Resin 

(highs). 

Impact strength 

The capacity of a substance to receive the shock and impact energy without 

fracture. This is a property that is tough and durable and assistance to 

conclude the likelihood of the material breaking once dropped or hitting 

another object. The printed objects are normally in application in 

conditions of some impact. 

FDM: ABS, Nylon 

SLA: Tough 2000 resin, tough 1500 

resin, Grey pro resin, durable resin, 

polyurethane resins. 

SLS: polypropylene, nylon 

composites, nylon 12, nylon 11. 

Hardness 

The performance of materials when put on the surface level. This also 

assists in deciding how soft plastics like rubber and elastomers should be to 

a certain degree based on the application. In this case with the printed 

products being the rubber materials, there is a preference on flexible 

materials. 

FDM: TPU 

SLA: Flexible Resin, Elastic Resin, 

Silicone 40A Resin 

SLS: TPU 

Tear strength 

Tensile strength of material to swelling of cuts. This property is a necessity 

when measuring the wear life and strength against tearing of soft plastics 

and other flexible substances like rubber. Printed products based on 

flexible resin or TPU present this strength and durability. 

FDM: TPU 

SLA: Flexible Resin, Elastic Resin, 

Silicone 40A Resin 

SLS: TPU 
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Requirement Description Recommendation 

Compression set 

Permanent deformation following compression is used to determine 

whether material is going to revert to its original shape when the exerted 

force is withdrawn. This property is important in applications involving 

soft plastics and elasticity and it makes the material retain its shape with 

time. Which is also standard with prints with a flexible resin and TPU. 

FDM: TPU 

SLA: Flexible Resin, Elastic Resin, 

Silicone Resin 40A. 

SLS: TPU 

Heat deflection 

temperature 

This is the temperature at which a certain material will deform under a 

specified load. This measurement can be used to know whether a material 

is suitable to be used in areas where there is high temperature or not. Nylon 

samples in print form would be resistant to various loads at high 

temperatures. 

High Temp Resin, Rigid resin, 4N 

Alumina resin. 

SLS: nylon 12, nylon 11, nylon 

composites. 

Creep 

Creep is the ability of a material to experience permanent deformation 

when it is exposed to long-term stress loads of tensile, compressive, shear 

or bending forces. Hard plastics with low creep are preferable in the 

construction of structures in which high stability and durability are 

required. Which is characteristic of prints that are of polyurethane or nylon. 

FDM: ABS 

Polyurethane Resins, Rigid Resins, 

Alumina 4N Resin, SLA. 

SLS: nylon 12, nylon 11, nylon 

composites, polypropylene. 

 

6.3. Potential Market Growth Areas 

Development of materials and technology has provided the market 

with a promising future of hybrid composite laminates in making 

prosthesis. The development of 3D printing is one of them since it 

allows the creation of a prosthetic specially designed to meet a 

particular patient. The strength of the device is enhanced by using 

of advanced materials like carbon fiber-reinforced polymer and 

biocompatible alloys that reduce the weight of the prosthesis that is 

a major disadvantage of traditional prosthetics. In the meantime, 

with the maturation of bio printing, we realize new possibilities to 

fabricate components that are better replications of human tissue to 

increase comfort and functionality. 

The demand of the tailored-made prosthetic devices is steadily 

increasing too, as patients are now more concerned with patient-

centered care. Advanced design software and simulation tools 

assist the experts in developing distinct forms that have a balance 

between aesthetics and mechanical effectiveness. To top it all 

increasing sustainability issues in healthcare open up the entrance 

of the green composite materials that are effective and reduce 

environmental footprints. 

The Orthopedics provides additional opportunities to develop 

because of the usage of hybrid composites in bone replacement and 

support systems with the help of their lightness and durability. This 

might accelerate curing and give better patient results in general. 

With the continuous development of technology, intelligent 

materials that can monitor health or react to its environment are 

sure to make user experiences even more colorful and expand 

opportunities in the market even further, (Borthakur, 2025)[11], 

(Zheng et al., 2025)[12] and (Said et al., 2025)[13]. 

7. Conclusion and Recommendation 

7.1. Summary of Key Findings 

By mixing both natural and composite fibers such as flax, glass, 

carbon and aramid, hybrid composite laminates are promising to be 

very successful in prostheses. The glass fibers are more durable 

and cheaper, whereas the carbon fibers are better in terms of 

strength to weight ratios being used in high performance. Aramids 

enhance toughness and influence strength that enhances durability. 

The strength and body compatibility of the device depends on the 

choice of the matrix materials, like the thermoplastics, or epoxy 

resins. The selection of the materials is based on the mechanical 

strength, prices and production processes. 

The production of laminates is improved due to manufacturing 

progress. Layering methods expand the design capacity whereas 

the curing makes the final product stronger. Quality control is also 

essential in order to achieve high standards. 

Hybrid composites have been tested to be better in tensile strength, 

impact resistance and fatigue life that are considered traditional 

materials. These prosthetics are more comfortable and versatile to 

the users. Nevertheless, such issues as cost and biocompatibility 

exist. 

Development opportunities in material science Future 

developments in the field of smart materials, additive 

manufacturing, can offer custom design and functionalities. The 

business is expanding, fuelled by green compounds and need to 

have custom prostheses. 

In general, hybrid composites have a high level of performance, 

cost-effectiveness and sustainability to enhance the quality of life 

of the amputees. 

7.2. Recommendations for Future Research Directions 

The development of hybrid composite laminates to be used in the 

fabrication of prosthetics needs to be researched into better the 

performance of their material and the ease of use. Advances in 

material science have the potential of diversifying the type and 

quantity of printable materials and biomaterials to increase their 

strength and biocompatibility. Devices may also be given useful 

additions by the use of smart material that responds to the needs of 

the users. 

Techniques of manufacturing, particularly addition methods, have 

to be explored further. The minimization of parameters such as the 
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curing times and the layers can help to increase the durability and 

decrease the cost. It is important to have uniformity in production 

through consistency in quality control. 

Sustainability provides an opportunity to develop by introducing 

elements that are environmentally friendly, including 

biodegradable resins and natural fabrics, without losing 

performance. This change is better towards the environmental 

issues and the duration of device life. 

It is important to listen to the feedback of users. The knowledge of 

difficulty of amputees using existing material will also make future 

design and usability better. This preoccupation renders the 

prosthetics to be more precise to the actual requirements. 

Lastly, it is hard to scale up on production. Improved partnership 

between the universities and industry would accelerate the 

innovation process and aid in the introduction of hybrid composite 

prosthetics to a broader audience. Such initiatives are bringing 

about more powerful, intelligent, eco-friendly, and more user-

friendly devices, (Rijwani et al., 2025)[6], (Said et al., 2025)[13], 

(Faheed et al., 2025)[19] and (Nagarajan et al., 2023)[20]. 

7.3. Final Thoughts on Adoption in Prosthetics Industry 

Designing of the hybrid composite laminates is quite a progressive 

step towards designing and performance of the prosthetic devices. 

Combining natural and synthetic fibers as discussed above has an 

added advantage since it provides mechanical properties unique to 

enhance performance besides reducing weight. Such a balance 

between durability and lightness is very important to the intended 

users who would want to be practical and comfortable in their daily 

use. 

In addition, studies indicate that such laminates are superior in 

terms of mechanical strength, more so tensile strength as well as 

against fatigue. These composites have been found to be better in 

terms of durability and fitting comfort than the traditional 

materials, which leaves users to believe that they might be more 

accepted. User comments support the view that they like the fact 

that these upgraded prosthetics are more adaptable and give high 

performance in comparison to the traditional ones. 

In the future, it will continue to push the innovations in the area of 

material science to approach the hybrid composite to the broader 

practice. Further development is necessary not only to enhance 

mechanical opportunities, but also to eco-friendly and 

biocompatible materials. As an instance, the use of bio-based 

resins, including natural fibers, may be integrated in the company 

in order to align the manufacturing with environmental objectives, 

which must also meet user needs. 

Modern technology as far as production techniques are concerned 

is also important. Such techniques as additive manufacturing make 

it possible to customize prosthetics to fit the anatomy of a 

particular individual better than a typical approach. It is a 

customization that is critical in improving fit and functionality that 

has a direct impact on user satisfaction. 

In conclusion, it is imperative to promote a good working 

relationship between the engineers, material scientists, and the 

clinicians to promote this field. Collaboration will help to optimize 

the existing technologies, and spur the development of new 

solutions to suit a large variety of patients worldwide, (Castro-

Franco et al., 2025)[4] and (salman & Kahtan, 2025)[8]. 

References 

 [1] Sam L. Phillips. CP and William Craelius. PhD. (2005). 

Material Properties of Selected Prosthetic Laminates. 

https://www.researchgate.net/publication/232123005_Materi

al_Properties_of_Selected_Prosthetic_Laminates 

 [2] Zahraa Kareem Mashi. (2025). From Metals to Composite 

Materials: A Comprehensive Review of Materials Used in 

Prosthetic Limb Manufacturing. 

https://www.researchgate.net/publication/395128285_From_

Metals_to_Composite_Materials_A_Comprehensive_Review

_of_Materials_Used_in_Prosthetic_Limb_Manufacturing 

 [3] Mohan Kumar T S.Sharnappa Joladarashi.S M Kulkarni. 

(2025). Comprehensive review of modeling and material 

selection for hybrid sandwich composites for ballistic impact 

application using Six Sigma DMAIC methodology - Mohan 

Kumar T S, Sharnappa Joladarashi, S M Kulkarni, 2025. 

https://journals.sagepub.com/doi/10.1177/095440622513153

27 

 [4] Angel D. Castro-Franco, Miriam Siqueiros-Hernández, 

Virginia García-Angel, Ismael Mendoza-Muñoz, Benjamín 

González-Vizcarra, Hernán D. Magaña-Almaguer and Lidia 

E. Vargas-Osuna. (2025). Hybrid Laminates Reinforced with 

Natural and Synthetic Fibers: Experimental Characterization 

and Preliminary Finite Element Assessment for Prosthetic 

Applications. https://www.mdpi.com/2079-6439/13/8/107 

 [5] Galana Abay Kebede and Gamachis Ragasa Gutata. (2024). 

Characterizing tensile and flexural properties of synthetic 

fibers-reinforced epoxy composite for foot prosthetic 

application. 

https://www.sciencedirect.com/science/article/pii/S24058440

24145021 

 [6] Tarun Rijwani, Gurusharan Dumra, Kumar Abhishek and 

Ganesh Iyer. (2025). Hybrid multi-criteria decision making 

approaches for transtibial prostheses socket material 

selection. https://link.springer.com/article/10.1007/s42452-

025-06841-5 

 [7] Yogeshvaran R. Nagarajan, Farukh Farukh, Arjan Buis and 

Karthikeyan Kandan. (2024). Single Polymer Composites: 

An Innovative Solution for Lower Limb Prosthetic Sockets. 

https://strathprints.strath.ac.uk/89006/7/Nagarajan-etal-

Prosthesis-2024-Single-polymer-composites-an-innovative-

solution.pdf 

 [8] Asala k. salman and Yassr Y. Kahtan. (2025). Review study: 

variation of prosthetic feet, materials and production 

techniques. 

https://iasj.rdd.edu.iq/journals/uploads/2025/08/21/81491d37

454b31bffc7379373c21c918.pdf 

 [9]  Jawad K. Oleiwi, Qahtan A. Hamad and Shereen A. 

Abdulrahman. (2022). Flexural, impact and max. shear stress 

properties of fibers composite for prosthetic socket. 

https://www.sciencedirect.com/science/article/abs/pii/S22147

85321081098 

 [10] Hussein Kommur Dalfi.Rand Ayad.Khadhum 

Shabeeb.Khayale Jan.Roy Conway. (2023). Enhancing the 

quasi-static strength of prosthetic socket made from 

composite laminates via hybridisation: Experimental and 

numerical study - Hussein Kommur Dalfi, Rand Ayad, 

Khadhum Shabeeb, Khayale Jan, Roy Conway, 2023. 

https://journals.sagepub.com/doi/abs/10.1177/152808372311

https://link.springer.com/article/10.1007/s42452-025-06841-5
https://www.mdpi.com/2075-1702/13/9/813
https://biomat-trans.com/journal/BMT/articles/online_first/184
https://www.mdpi.com/1996-1944/16/13/4606
https://www.mdpi.com/2079-6439/13/8/107
https://iasj.rdd.edu.iq/journals/uploads/2025/08/21/81491d37454b31bffc7379373c21c918.pdf
https://www.researchgate.net/publication/232123005_Material_Properties_of_Selected_Prosthetic_Laminates
https://www.researchgate.net/publication/232123005_Material_Properties_of_Selected_Prosthetic_Laminates
https://www.researchgate.net/publication/395128285_From_Metals_to_Composite_Materials_A_Comprehensive_Review_of_Materials_Used_in_Prosthetic_Limb_Manufacturing
https://www.researchgate.net/publication/395128285_From_Metals_to_Composite_Materials_A_Comprehensive_Review_of_Materials_Used_in_Prosthetic_Limb_Manufacturing
https://www.researchgate.net/publication/395128285_From_Metals_to_Composite_Materials_A_Comprehensive_Review_of_Materials_Used_in_Prosthetic_Limb_Manufacturing
https://journals.sagepub.com/doi/10.1177/09544062251315327
https://journals.sagepub.com/doi/10.1177/09544062251315327
https://www.mdpi.com/2079-6439/13/8/107
https://www.sciencedirect.com/science/article/pii/S2405844024145021
https://www.sciencedirect.com/science/article/pii/S2405844024145021
https://link.springer.com/article/10.1007/s42452-025-06841-5
https://link.springer.com/article/10.1007/s42452-025-06841-5
https://strathprints.strath.ac.uk/89006/7/Nagarajan-etal-Prosthesis-2024-Single-polymer-composites-an-innovative-solution.pdf
https://strathprints.strath.ac.uk/89006/7/Nagarajan-etal-Prosthesis-2024-Single-polymer-composites-an-innovative-solution.pdf
https://strathprints.strath.ac.uk/89006/7/Nagarajan-etal-Prosthesis-2024-Single-polymer-composites-an-innovative-solution.pdf
https://iasj.rdd.edu.iq/journals/uploads/2025/08/21/81491d37454b31bffc7379373c21c918.pdf
https://iasj.rdd.edu.iq/journals/uploads/2025/08/21/81491d37454b31bffc7379373c21c918.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2214785321081098
https://www.sciencedirect.com/science/article/abs/pii/S2214785321081098
https://journals.sagepub.com/doi/abs/10.1177/15280837231178567


ISAR J Sci Tech; Vol-4, Iss-1, 2026 

 

52 
 

78567 

 [11] Partha Protim Borthakur. (2025). The Role and Future 

Directions of 3D Printing in Custom Prosthetic Design. 

https://www.mdpi.com/2673-4591/81/1/10 

 [12] Haoyuan Zheng, Shaowei Zhu, Liming Chen, Lianchao 

Wang, Hanbo Zhang, Peixu Wang, Kefan Sun, Haorui Wang 

and Chengtao Liu. (2025). 3D Printing Continuous Fiber 

Reinforced Polymers: A Review of Material Selection, 

Process, and Mechanics-Function Integration for Targeted 

Applications. https://www.mdpi.com/2073-4360/17/12/1601 

 [13] Lotfi Ben Said, Badreddine Ayadi, Sattam Alharbi and 

Fakhreddine Dammak. (2025). Machines 2025, 13 (9), 813. 

https://www.mdpi.com/2075-1702/13/9/813 

 [14] R Fangueiro, R Alagirusamy, V Ogale and N Padaki. (2006). 

Hybrid Yarns and Textile Preforming for Thermoplastic 

Composites . 

https://www.tandfonline.com/doi/abs/10.1533/tepr.2006.000

4 

 [15] Ho-Seok Lee and Seung-Hwan Chang. (2024). 

Thermoforming of partially biodegradable hybrid 

thermoplastic composites for bone plate applications. 

https://www.sciencedirect.com/science/article/pii/S13598368

23006261 

 [16] Shabeed. Khahum, Ayad. Rand and Dalfi. Hussein. (2024). 

The effect of hybridisation reinforcement on the mechanical 

and physical properties of under-knee prosthesis sockets 

made of composite laminates. 

https://pubs.aip.org/aip/acp/article-

pdf/doi/10.1063/5.0213279/19917034/030002_1_5.0213279.

pdf 

 [17] Weifu Sun, Yu Wang and Weifeng Wang. (2025). Ballistic 

impact response of hybrid carbon/basalt fiber metal 

laminates under various hybridization and stacking 

sequences. 

https://www.sciencedirect.com/science/article/pii/S1359835

X25004336 

 [18] Shabeed. Khahum, Ayad. Rand and Dalfi. Hussein. (2024). 

Reinforcement effects on the mechanical properties of 

prosthesis sockets made of composite laminates. 

https://pubs.aip.org/aip/acp/article-

pdf/doi/10.1063/5.0213278/19917125/030001_1_5.0213278.

pdf 

 [19] Noor K. Faheed, Rasha Abdul-Hassan Issa, Qahtan A. 

Hamad, Maryam J. Jaafar and Mahmood S. Mahmood. 

(2025). Design and evaluation of a novel bioinspired 

prosthetic foot for running applications in lower limb 

amputees. https://biomat-

trans.com/journal/BMT/articles/online_first/184 

 [20] Yogeshvaran R. Nagarajan, Farukh, Vadim V. Silberschmidt, 

Karthikeyan Kandan, Radheshyam Rathore, Amit Kumar 

Singh and Pooja Mukul. (2023). Strength Assessment of PET 

Composite Prosthetic Sockets. https://www.mdpi.com/1996-

1944/16/13/4606 

 [21]  Nabeel Maqsood, Marius Rimašauskas, Morteza 

Ghobakhloo, Genrik Mordas and Kateřina Skotnicová. 

(2024). Additive manufacturing of continuous carbon fiber 

reinforced polymer composites using materials extrusion 

process. Mechanical properties, process parameters, fracture 

analysis, challenges, and future prospect. A review. 

https://link.springer.com/article/10.1007/s42114-024-01035-

w 

 [22]  Aamer Nazir, Ozkan Gokcekaya, Kazi Md Masum Billah, 

Onur Ertugrul, Jingchao Jiang, Jiayu Sun and Sajjad Hussain. 

(2023). Multi-material additive manufacturing: A systematic 

review of design, properties, applications, challenges, and 3D 

printing of materials and cellular metamaterials. 

https://www.sciencedirect.com/science/article/pii/S02641275

2300076X 

 

https://journals.sagepub.com/doi/abs/10.1177/15280837231178567
https://www.mdpi.com/2673-4591/81/1/10
https://www.mdpi.com/2073-4360/17/12/1601
https://www.mdpi.com/2075-1702/13/9/813
https://www.tandfonline.com/doi/abs/10.1533/tepr.2006.0004
https://www.tandfonline.com/doi/abs/10.1533/tepr.2006.0004
https://www.sciencedirect.com/science/article/pii/S1359836823006261
https://www.sciencedirect.com/science/article/pii/S1359836823006261
https://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0213279/19917034/030002_1_5.0213279.pdf
https://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0213279/19917034/030002_1_5.0213279.pdf
https://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0213279/19917034/030002_1_5.0213279.pdf
https://www.sciencedirect.com/science/article/pii/S1359835X25004336
https://www.sciencedirect.com/science/article/pii/S1359835X25004336
https://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0213278/19917125/030001_1_5.0213278.pdf
https://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0213278/19917125/030001_1_5.0213278.pdf
https://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0213278/19917125/030001_1_5.0213278.pdf
https://biomat-trans.com/journal/BMT/articles/online_first/184
https://biomat-trans.com/journal/BMT/articles/online_first/184
https://www.mdpi.com/1996-1944/16/13/4606
https://www.mdpi.com/1996-1944/16/13/4606
https://link.springer.com/article/10.1007/s42114-024-01035-w
https://link.springer.com/article/10.1007/s42114-024-01035-w
https://www.sciencedirect.com/science/article/pii/S026412752300076X
https://www.sciencedirect.com/science/article/pii/S026412752300076X

