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Abstract- The development of polymer composite materials led to technological advances across a wide range of 
applications in modern orthopaedic medicine and prosthetic devices. Composites typically possess a superior strength to 
weight characteristic compared to monolithic materials as well as excellent biocompatibility. In particular, the development 
of specifically designed carbon fiber sports prostheses now allows lower-limb amputees to actively participate in competitive 
sports. An artificial prosthesis of composite glass fiber reinforced with epoxy resin was prepared. Two layers of glass fiber 
were laminated together with PVC foam sandwich between the two layers of glass fiber. Epoxy resin was used to laminate 
the layers of the composite material, and the vacuum process was applied to manufacturing the compositesamples. 
The tensile strength, bending and compressive of composite material were investigated using a universal testing 
machine (UTM), and the testing results were analyzed and discussed. The testing results shows the glass composite 
prosthesis has a good tensile, and compressive properties. 
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I. INTRODUCTION 
 
An artificial device used to replace a missing or defec
tive body part, such as a limb or a heart valve. A 
prosthetic limb consists of three basic components: 
the socket, which is the interface between the limb 
and the mechanical support system, the extension (or 
pylon) which replaces the length of the lost limb and 
may also incorporate a knee/elbow joint if the 
amputation is above the knee/elbow, and lastly, an 
artificial foot/hand. Due to the increasing rate of 
amputations, there is an ever-growing demand for 
prosthetic limbs [1]. 
Not only is there an immediate need for a person’s 
initial prosthetic limb, but also multiple replacement 
limbs and repairs are necessary over a lifetime. 
Children between the ages of four and sixteen grow at 
an average rate of 0.75” annually. A prosthetic 
replacement is needed typically every 6- 12 months 
for children, and every 3-5 years for adults [2]. 
One of the main problems in providing prosthetic 
limbs to developing countries is the lack of trained 
personnel within these countries. Properly 
constructing, fitting, aligning, and adjusting a 
prosthetic limb requires a high level of skill and 
despite the high demand for this expertise, there are 
very few training programs in low-income countries.  
Another problem is that importing components from 
industrialized countries to build prosthetic limbs are 
not only costly, but these parts are designed for very 
different lifestyles and usually do not hold up to the 
challenges which nature presents in rural 
environments. These countries have a farm-based 
economy and a tropical climate. In these harsh 
environments, conventional limbs made of wood and 
resin only have a lifespan of about 18 months. The 
costs of prosthetic limbs vary substantially by 
country, but a typical prosthetic limb made in a 

developing country costs approximately $125 to 
$1,875 USD [3]. 
Causes of amputation in these war-torn countries 
include industrial or environmental accidents, 
terrorist attacks, and the lack of basic public health 
which often leads to diabetes, gangrene, and 
infection. All of these causes are adding to the 
number of amputations at an alarming rate. 
Due to the increase in number of people whom lost 
limbs due to health problems (diabetes and birth 
defects) or as a result of wars,  the use of prosthesis 
has increased ,taking into consideration that these 
parts are suitable and able to perform its function and 
accessible and affordable to simple human . 
 
II. HISTORICAL BACKGROUND 
 
Prostheses are commonly used to replace part of the 
body that are malformed lost due to trauma the first 
of functioning prosthetic limb in history was found in 
the book of vedas from  Sanskrit, India. In 1696, 
Pieter V developed the first no locking below-knee (B 
k) prosthesis, which would later become the blueprint 
for current joint and corset devices. In 1800, 
Aiondonerj, designed a prosthesis made of a wooden 
shank and socket, a steel knee joint and an articulated 
foot that was controlled by catgut tendons from the 
knee to the ankle. It would   become known as the 
“Anglesey leg “after the Marques of Anglesey, who 
lost his leg in the Battle of Waterloo and wore the leg. 
William Sappho would later bring the leg to the U.S. 
in 1839 where it became known as the “Sappho leg”. 
In 1843, Sir James same discovered a new method of 
ankle amputation that did not involve amputating at 
the thigh, this welcome among amputee community 
because it meant that there was a possibility of 
walking again with afoot prosthesis versus a leg 
prosthesis [4]. 
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In 1863,Dubois parolee invented an advanced 
prosthesis with a suction socket, polycentric knee and 
multi-articulated foot. Later, Gustav Hermann 
suggested in 1868 the use of aluminum instead of 
steel to make artificial limbs lighter and more 
functional [5]. However, the lighter device would 
have to wait until 1912, when Marcel Disputer, a 
famous English aviator, lost his leg in an airplane 
accident, and made the first aluminum prosthesis with 
the help of his brother Charles, an engineer. 
Following  world wer1and wer2 in 1945,the national 
academy of sciences, an agency funded by the united 
states government, established the artificial limb 
program.*(4.6) this program was designed to improve 
the design of prosthetic devices through the funding 
and coordination of research.*(4.6).the U.S. veterans 
association funded research that developed 
mechanical arms with a hook on the end that could 
open and dose by shrugging the shoulder .^5this gave 
the individual wearing it the ability to grasp things[6]. 
In the year 2000, archeologists in ancient Egypt 
unearthed what was believed to be the oldest 
functioning artificial body part ever found, 2.4 the 
device was estimated to be 3000 years old (circa 
1065-740 B.C) . ^3it was a replacement big toe that 
found attached to the mummy of a woman estimated 
to be 50-60 years old at the time of her death.2.4 
unlike the replacement limbs that the body.2.4 The 
toe also had three bendable joints and showed signs 
of wear on the bottom and sides suggesting it had 
actually been used during the woman’s lifetime. [2, 4] 
this early prosthesis was far more sophisticated than 
prosthesis that have been found and dated after the 
fall ancient Egypt. Archeologists have found 
evidence of prostheses in ancient Rome that were 
made to replace missing lower legs. These devices 
date back to 300 B.C. and were made from a wooden 
core coated with hammered metal plates [7]. The 
replacement limb with than strapped with leather to 
the remaining stump and used to replicate normal 
ambulation. These devices were formed by 
blacksmiths, metal workers, and armor makers 
because they were skilled in the blending of wood, 
metal and leather.5 the limbs found in ancient Rome 
lacked the sophistication of joints found in those 
developed by the Egyptians.  
The use of fiber reinforced composite materials for 
biomedical purposes was reviewed. 
An artificial prosthesis of composite glass fiber 
reinforced with epoxy resin was prepared. Two layers 
of glass fiber were laminated together, and PVC foam 
was used as a sandwich between the two layers of 
glass fiber. Epoxy resin was used to laminate the 
layers of the composite material, and the vacuum 
process was applied to manufacturing the composite. 
 
III. MATERIALS AND METHODS 
3.1 Glass fiber: 
Glass fibers are the most common of all reinforcing 
fiber s for polymeric matrix composites (PMC). The 

glass fibers are made of various types of glass 
depending upon the fiberglass use. These glasses all 
contain silica or silicate, with varying amounts of 
oxides of calcium, magnesium, and sometimes 
boronto be used in fiberglass, Glass fibers have to be 
made with very low levels of defects. Fiber glass is a 
strong lightweight material and is used for many 
products. Although it is not as strong and stiff as 
composites based on carbon fiber, it is less brittle, 
and its raw materials are much cheaper. Its bulk 
strength and weight are also better than many metals, 
and it can be more readily molded into complex 
shapes. Applications of fiberglass include aircraft, 
boats, automobiles, bath tubs and enclosures, 
swimming pools, hot tubs, septic tanks, water tanks, 
roofing, pipes, cladding, casts, surfboards, and 
external door skins. 
 

Table 1. The glass fiber specification 

 
 
3.2 Epoxy:- 
Epoxies are polymerizable thermosetting resins and 
are available in a variety of viscosities from liquid to 
solid. The antages of epoxies are high strength and 
modulus, low levels of volatiles, excellent adhesion, 
low shrinkage, good chemical resistance, and ease of 
processing. The Epoxy resin properties are shown in 
Table 2. 

Table 2.The Epoxy resin properties 
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3.3 Fillers (foam):- 
Foam PVC Sheet is half the weight of solid PVC and 
handles the toughest jobs. Other characteristics of 
Foam PVC Sheet include its non-flammability, noise 
control, easily screened or painted, and is easily 
drilled, sawed, nailed, screwed or bonded. The 
Characteristicsof PVC form are light weight, high 
strength, easily cleaned, easily fabricated, outstanding 
printability, uniform fine close cell structure, good 
resistance to light and weathering, low flammability. 
The technical properties of the PVC foam are shown 
in Table3.  
 
Table3.  Technical Properties of the PVC Foam 

 
 
3.4 Fabrication Process:- 
An important consideration in the design and 
fabrication of a limb prosthesis is the type of material 
used for its construction. Interface materials will 
influence the comfort of the socket. Structural 
materials will affect the strength and weight of the 
overall prosthesis. The prosthetist has a vast array of 
materials to choose from in designing the optimal 
prosthesis for a particular individual.  
It's important to remember that no one material or 
type of component is the best for all individuals. Each 
individual needs to be evaluated with careful 

consideration given to their lifestyle, expectations and 
physical characteristics. The prosthetist must be 
knowledgeable about working with such traditional 
materials as wood, steel and leather as well as the 
space age materials like titanium, carbon fiber, and 
plastics.  
Glass fabric Composite were produced with 5*5 cm 
(dimension). Two layers of glass fiber of 0.2cm 
thickness were laminated. PVC foam with 3.6cm 
thickness was used as a sandwich foam between the 
two layers of glass fiber. The epoxy resin was used to 
laminate the layers of the composite material, the 
vacuum process was applied to manufacturing the 
composite material.  
 
IV. TESTING AND RESULTS 
 
4.1 Tensile strength test: 
A universal testing machine (UTM), also known as a 
universal tester [1]. Materials testing 
machine or materials test frame, is used to test the 
tensile strength, bending compressive 
strength of materials. It is named after the fact that it 
can perform many standard tensile and compression 
tests on materials, components, and structures. 
Figure 1 shows the tensile strength of the four 
samples the curve  illustrate the tensile strength of the 
composite fabric have  linear behavior before the 
failure point, and the maximum force of more than 
1000N,  and the average of module r reaches 
1500MPa, before a drop down happened incurring 
failure mode. 
 

Table 4.The tensile strength testing 

 
 

 
Fig 1.  Tensile Strength Testing 
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The curves shows the load is not applied immediately 
at the start of testing due to the sample slipped in 
machine grips. Then the load applied gradually to the 
samples, the fibers bears the significant  load, and the 
curves shows all samples illustrate  high peak load 
 
4.2 Bending Test 
The 3 bending test was applied to the composite 
material, curve in figure 2 shows the maximum load 
of the composite fabric before the failure.The beak 
load average for the four samples is shows that the all 
samples have high resistance against the bending. 
This a good indicator to use it in the artificial limp 
especially in the lower part  which need a high 
bending load during the daily use.Table 5 shows the 
specification of the static bending test 
 

Table 5.The static bending test 

 
 
A deformation happened gradually before incurring 
failure mode according to displacement on the four 
samples. Before the peak the fiber bears the load and 
after the peak there is no catastrophic failures because 
the matrix afford the load after the failures in the 
fibers. 
 

 
Fig 2.Three Bending Test(load-displacement) 

 
4.3 Compression parallel to Surface Test 
The compression test were applied to the samples in 
the parallel surface. In the parallel surface the 
samples shows very clear peak load and high modules 
because the fiber compassion resistance in the 
longitude direction is higher than incidental direction   

Table 6.  Standard Static Bending Test 

 
 

 
Fig 4. Compression parallel to Surface Test 

 
Table 7.The Pressure test (load-time) 

 
 
Three  samples was subjected to the device at the 
beginning behavior of the curve reaches high level on 
the scale of the device a deformation happened 
gradually until it failed according to displacement on 
the three samples(no drop-in). 
 
4.4 Impact test:-  

 
 
CONCLUSION 
 
Attachment of an artificial limb directly to the human 
body has a number of potential benefits and the tech-
unique has been implemented for several amputation 
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sites. In this paper the manufacturing prosthesis from 
glass fiber and epoxy resin was studied. The tensile 
strength, impact, pressure and three bending tests 
were applied to the glass fiber and epoxy resin 
composite to test the physical properties of the 
composite material. 
Prosthesis from glass fiber and epoxy resin gives high 
properties at tensile, impact, pressure and three 
pending, comparing with other materials. Using 
composite materials produce light weight, strong, 
long life time prosthesis. Simplicity of the technique 
gives the opportunity to learn and produce composite 
prostheses. Provide new opportunity to establish 
composite prosthesis manufacture. 
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