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1  �Introduction

The menisci are an essential part in the knee, by settling the joint and distributing 
the force over the articulating surfaces [1, 2]. Consequently, the upkeep of the native 
menisci is indispensable for the proper functioning of the knee. The knee transmits 
significant forces of up to 3–5 times body weight, of which the meniscus is known 
to carry anywhere between 45 and 75% of such load [3–5]. This increases the con-
tact area thereby shielding the underlying cartilage from experiencing high com-
pressive stress [6, 7]. A meniscal replacement possessing similar biomechanical 
behavior therefore is expected to support recurrent stress from the femoral condyle 
during flexion-extension motions [8]. Furthermore, its load distribution capabilities 
are crucial so as to spread the load over a wide area such that the joint space is pre-
served. The mechanical performance of materials plays a major role in materials 
development. This is used for quality assessment and quality guarantee, to predict 
the material behavior under operating conditions different from those of the test and 
is also utilized in computations during design [9]. This is particularly relevant to 
composites designed for load-bearing applications.

One of the causes of the failure of meniscal devices is the incorrect choice of 
material used in their design [10]. This lack of required material properties eventu-
ally leads to breakage, wear and tear. A material that will serve as a replacement for 
the meniscus must be able to accommodate high stresses and hence the need to have 
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mechanical properties similar to that of the native meniscus. Messner et al. were the 
first to publish extensive articles on the capability of Teflon and Dacron biomaterials 
to fill in as lasting meniscal substitutes [11–13]. van Tienen et al. investigated the 
utilization of the permeable polyurethane scaffolds for meniscal substitutes. The 
porosity and compressive properties were adapted to empower tissue regeneration 
[14, 15]. Polyvinyl alcohol or PVA hydrogels have been used by American research 
groups for meniscal substitution. It has been presented that by combining the poly-
ethylene filaments with the hydrogel both the tensile and compressive moduli of the 
biomaterial can be tuned to look like that of the local meniscus [16], which is an 
imperative stride towards the capacity of any meniscus embed to convert compres-
sive load into circumferential stress. In addition, polyethylene reinforced polycar-
bonate-urethane (PCU) has been utilized as a meniscus implant [17–21].

In this work, we have fabricated composites of medical grade silicone elastomers 
reinforced with nylon fibers and PCU with Ultra High Molecular Weight 
Polyethylene (UHMWPE) fibers and nylon fibers for replacing the meniscus. The 
excellent mechanical properties, biocompatibility, and viscoelasticity of the matri-
ces coupled with fiber’s notable physical properties and durability makes the devel-
oped composites a potentially exceptional and desirable replacement for the 
meniscus.

2  �Methods

2.1  �Design of the Mold

A custom mold was designed for the production of the mechanical test samples. The 
mold was designed such that the reinforcing fibers can be pulled through the mold 
and arranged horizontally at equal intervals as well as being held in tension. A 
3-dimensional geometric design was made using SolidWorks (Dassault Systèmes, 
Vélizy, France) CAD (computer aided design) software from which the casting of 
the mold was done. The mold was made in different parts so as to allow easy removal 
of the samples after curing. Figure 1 shows a cross section of the assembled mold. 
The design included an enclosure for the mold in order to contain and prevent the 
matrix from spilling out of the mold.

2.2  �Composite Preparation

The composite materials were prepared using combinations of the different matri-
ces and fibers:

	1.	 Silicone elastomers and nylon fibers and
	2.	 Polycarbonate-urethanes (PCU) with Ultra High Molecular Weight Polyethylene 

(UHMWPE) fibers and nylon fibers.
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The medical grade silicones used were as follows: Silastic® biomedical grade 
enhanced tear resistant (ETR) silicone elastomers Q7-4720, Q7-4765 and Q7-4780 
(Dow Corning Limited, Coventry, UK). Bionate PCU 80A and 90A pellets were 
supplied as spherical pellets by the DSM Polymer Technology Group (PTG, 
Berkeley, CA, USA) while the UHMWPE fibers (Dyneema Purity® UG) referred to 
as PE in this study were obtained from DSM. The properties of the matrices and 
fibers are shown in Table 1 as stated in the supplier’s data sheets.

The fibers were manually pulled through the holes in the mold from one end to 
the other. Each fiber was held tightly in order to keep it in tension while the last fiber 
was dragged across a screw and tightened until the fibers were no longer slack. The 
fibers were arranged prior to the composite preparation as it was observed that leav-
ing the fibers in the mold caused them to sag.

Having put in the fibers, the mold was filled with the mixed matrix and thereafter 
fixed into its enclosure. The rectangular cuboid (153 × 19 × 6 mm) samples (Fig. 2) 
were cured in a pre-heated hydraulic hot press (Moore E1127, Birmingham, UK) at 

Fig. 1  (a) An assembly of the mold showing the screws and mold enclosure (b) Cross-sectional 
view of the mold for the mechanical test samples

Table 1  Typical properties of the different grades of silicone elastomers and the nylon fiber

Material property Q7-4720 Q7-4765 Q7-4780 Nylon fiber 80A 90A PE fiber

Durometer hardness 23 65 77 –
Tear strength (kN/m) 32 45.1 41.7 – 64.9 96.4
Tensile strength (MPa) 9 8 7.8 – 46.6 55.1
Density (kg/m3) 1110 1200 1200 1150 1190 1200 960
Elongation (%) 1310 900 660 –
Elastic modulus (MPa) – – – 3 12 29
Breaking load (kg) – – – 24.9
Melting point (°C) – – – 220 220
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116 °C for 3 h. The mold was allowed to cool for 24 h after which the samples were 
removed. The same process was followed for fabricating samples containing 100% 
polymeric matrix.

2.3  �Mechanical Evaluation

Both tensile and compression testing were performed using a Zwick/Roell Z030 
material testing machine (Leominster, Herefordshire, UK). Rectangular cuboid 
shaped (70 × 19 × 6 mm) specimens were cut and tested in tension, FT (Fig. 3a). 
Each specimen was tested at a crosshead speed of 12 mm/min. Compression tests, 
Fc (Fig. 3b), were carried out with cubic (6 × 6 × 6 mm) specimens at a crosshead 
speed of 5 mm/min. Four specimens were used in each of the tests. All the results 
were computed as mean ± standard deviation and with Excel software (Microsoft, 
Washington, USA).

Fig. 2  Setup of the fiber arrangement in the mold (a) fiber aligned in the mold and (b) mold seated 
in its enclosure to retain the polymer

Fig. 3  Schematic view of the fabricated mechanical test piece showing the arrangement of the 
fibers and the direction of the tensile testing, Ft, along the fibers while the compression testing was 
carried out perpendicular to the fiber direction, Fc (L and T indicate to longitudinal and 
transverse)
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2.4  �Microstructural Analysis

With the aid of a Wild M400 (USA) light microscope the distribution and alignment 
of the fibers in the composites were observed, while a FEI XL-30 FEG model envi-
ronmental scanning electron microscope (ESEM) was used to further establish the 
fiber alignment in the composite.

2.5  �Meniscal Prosthesis Production

2.5.1  �Injection Molding Machine

The production of the meniscal implants was done using an injection molding tech-
nique. A mini custom-built injection molding machine was designed and fabricated 
locally (Fig. 4). It includes two molds, one for fabricating the fiber-part and the 
other to produce the prosthesis. Each mold consisted of two separable parts for easy 
removal of molded parts.

Fig. 4  The fabricated 
bench-top injection 
molding apparatus
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2.5.2  �Meniscal Prosthesis Fabrication

Injection molding of the meniscal component was carried out in two stages. The 
fiber-part was first produced as a molded piece (Fig. 5) followed by an overmolding 
process [22]. This involved placing the molded fiber-part into the other mold and 
allowing molten matrix to fully cover the mold to produce a complete meniscal 
component (Fig. 6). In addition, the PCUs were molded without fibers to serve as 
controls.

Fig. 5  The mold for fabricating the fiber-part (a) the molded fiber-part within the mold (b) the 
fiber-part after being removed from the mold

Fig. 6  The mold for fabricating the complete meniscal prosthesis (a) the mold core and cavity (b) 
the complete meniscal prosthesis within its mold
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Prior to processing, the PCU pellets were dried in a vacuum oven at 100 °C for 
14 h, being the best drying conditions [23] and as recommended by the manufac-
turer to reduce its moisture content to approximately 0.01%. The materials compo-
sition for meniscus production are summarized in Table 2.

2.6  �Friction and Wear Tests of Meniscal Prosthesis

2.6.1  �Experimental Technique

A standard linear reciprocating wear rig used for testing the friction and wear 
behavior of the mensical prostheses was designed and built at the mechanical engi-
neering department of the University of Cape Town [24, 25]. It is a customized wear 
rig that has been extensively used for testing the friction and wear properties of dif-
ferent materials [26]. The rig was designed to reproduce the sliding wear behavior 
of two materials moving against each other under different operating conditions. It 
consists of a flat counterface, fixed unto a shuttle base, which slides perpendicularly 
on a stationary wear pin. It operates in a reciprocating mode to test the required 
samples. In order to adapt this device as a simulated knee wear tester, new fixtures 
were designed and fabricated. Figure 7 shows a setup of the assembled fixtures.

Table 2  Composition of the 
different meniscal composites

Matrix Fiber Specimen type

Bionate 80A – B8
Nylon B8N
PE B8PE

Bionate 90A – B9
Nylon B9N
PE B9PE

Fig. 7  The testing compartment for the friction and wear testing showing (a) the prosthesis holder 
fixed within the lubricant bath and (b) the stainless steel counterface seated on top of the specimen 
in its holder with the in-built heating system
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The in vitro wear tests used were in accordance with the ASTM F732 standard, 
Standard Test Method for Wear Testing of Polymeric Materials Used in Total Joint 
Prostheses. This has been previously used to study hydrogels for articular cartilage 
replacement [27]. In this study, three prostheses were tested for each of the speci-
men types; they were thoroughly cleaned following the series of processes specified 
in the standard. These involved (a) rinsing the samples with tap water in order to 
eliminate bulk contaminants, (b) washing in an ultrasonic cleaner in a solution of 
1% decon cleaning detergent for 15 min, (c) rinsing in a stream of distilled water, 
(d) washing in the ultrasonic cleaner in distilled water for 5 min, (e) rinsing again in 
a stream of distilled water, (f) drying with lint-free tissue, (g) immersing in methyl 
alcohol for 3 min, (h) drying with lint-free tissue, and finally (i) air-drying in dirt-
free surroundings at room temperature for 30 min.

Each prosthesis specimen was weighed three times before the test to obtain an 
initial mass using a Mettler Toledo AT20 balance (Microsep (Pty) Ltd., Switzerland), 
having a sensitivity of 0.001  mg. The averages and standard deviations of these 
masses were calculated and used. Similarly, the means and standard deviations of 
the mass measurements of the specimens after the tests were computed. The lubri-
cant used was bovine serum with a composition of 25% foetal calf serum (Highveld 
Biological (Pty) Ltd., South Africa) in 75% distilled water with the addition of 0.2% 
sodium azide to act as an antibiotic. The mixture was filtered using 0.22 μm filter to 
remove impurities; it was thereafter placed in sterilized bottles and kept frozen at 
−20 C until use.

The tests utilized a stainless steel counterface under a limited normal load of 
360 N, being the maximum the machine could tolerate without exceeding the capac-
ity of the motor. Also, beyond this load limit, the wear rig makes excessive noise. 
Besides, overloading the rig will compromise the test configuration. A collection of 
specimens was used as controls, loaded soak controls and unloaded soak controls to 
cater for each of the specimen types. These controls were used to estimate the dif-
ference in fluid uptake between the tested specimens and the control specimens 
during the gravimetric wear calculations. In addition, effort was made to verify the 
precise wear of the tested specimens by drying them in the vacuum oven before and 
after the test to completely remove the absorbed lubricant during the test. The dry-
ing was done in the vacuum oven at 50°C while checking the weight periodically 
until a stable weight was obtained to ascertain complete removal of fluid. Mass loss 
was measured using a microbalance, each mass being measured three times and 
their averages recorded.

2.6.2  �Description of the Test

The specimen was first secured into the specimen holder affixed to the lubricant 
bath. The bath was then mounted onto a mechanism which consisted of a shuttle 
base that housed linear bearings, this mechanism was attached via a connecting 
shaft to a friction measuring load cell linked to a crank shaft driven by an electric 
motor. The lubricant of approximately 210 mL was poured into the testing chamber, 
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which was up to three quarters of its volume, allowing the contact surfaces to be 
well immersed in the test medium. The stainless steel counterface was placed into 
the chamber to sit on the specimen, positioning the convex surface of the counter-
face to fit precisely into the inner curvature of the specimen. On starting the motor, 
it drove the mechanism which in turn made the stainless steel counterface to swing 
such that it was subjected to a simple harmonic oscillatory motion with a stroke of 
±15° in flexion/extension simulating a walking cycle. The movement of the counter-
face was aided by the attached weight bearing shaft and bushes; at a frequency of 
1 Hz and a speed of 60 mm/s in a linear reciprocating motion of 30 mm length mak-
ing a full cycle 60 mm. Although sliding speed had been estimated to be 50 mm/s 
and 150 mm/s for walking and running in the human knee [28], the oscillating speed 
of 60 mm/s was chosen, being the minimum permitted by the adjustable screw of 
the specialized wear equipment. Each test was carried out for a total number of 
100,000 cycles while maintaining the temperature of the test fluid at a physiological 
temperature of 37 ± 1±°C. The total number of 100,000 cycles is another limitation 
which is because the rig could not be allowed to run consecutively for several days 
due to the capacity of its motor.

The frictional forces between the stainless steel counterface and the prosthesis 
specimen were measured using a calibrated load cell. The load cell, linked to the 
shuttle by a shaft, reads the forces as voltage values, amplifies and converts them to 
frictional data. A computer software application was used to obtain the data through 
a National Instruments data acquisition device. The frictional force data were writ-
ten to a comma-separated values (CSV) file. The conversion of the voltage (mV) /
sample data to force (N)/distance (m) by the software uses the sample rate, recipro-
cating speed and load cell calibration.

2.6.3  �Friction Measurements

The process of sampling for frictional force did not correspond to the movement of 
the test specimen. Therefore, while the cycle had a frequency of 1 Hz, sampling had 
a higher frequency of approximately 2.53 samples per second (2.53 Hz), the latter 
being previously fixed by the data acquisition software.

The friction coefficient, μ, was calculated using the frictional force, FF, and the 
normal load, FN as in Eq. (1).

	
m =

F

F
F

N 	
(1)

There are a number of phases from which the values of frictional coefficient can 
be calculated during the test [29]. The use of different averaging methods has been 
employed to obtain realistic representative values that best describe sinusoidal plots 
[30]. This study used the root mean square (RMS) method because it served as a 
common evaluation parameter relative to frictional coefficient and gave the best 
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description of the entire process [29]. The RMS is a statistical measure of the ampli-
tude of a varying quantity which is especially useful when the values alternate 
between positive and negative. Given a set of n values {x1, x2, x3, …., xn}, the root 
mean square can be calculated using the following formula:
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In analyzing the data, groups of cycles were represented by the RMS frictional 
coefficient thereby reducing the complex data pattern to a simpler numerical repre-
sentative value. In order to process the data and generate textual and graphical rep-
resentations of the results, computer programs written in Microsoft C# 4.0, Matlab 
and MySQL were used.

2.6.4  �Wear Measurements

The wear mass was evaluated gravimetrically and the mass loss obtained from the 
difference of the final and initial masses was used taking into account the lubricant 
uptake. The wear behavior was then characterized using the parameter, wear factor, 
WF (mm3/Nm), which was calculated as follows:

		
V

m
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(3)
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where VL is the volume loss in mm3, m is the mass loss is in kg, ρ is the density 
in kg/m3, F is the applied load in N and d is the sliding distance in m.

2.7  �Surface Characterization

A microstructural analysis was done on a Nova NanoSem 230 scanning electron 
microscope (SEM), (FEI, Holland, Netherlands) to analyze the surface morphology 
of the specimens after testing. The specimens were coated with carbon for this 
observation. Also, control specimens were evaluated.
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Fig. 8  Tensile (a) and compression (b) stress–strain plots for the different silicones and their 
nylon reinforced composites
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3  �Results and Discussion

3.1  �Tensile and Compression Tests

The stress-strain plots for both tension and compression tests for the silicones and 
their nylon reinforced composites are shown in Fig. 8.

The composite with the optimum properties has its tensile modulus increased 
significantly from 10.7 ± 2.9 to 114.6 ± 20.9 MPa when reinforced with 5% v/v 
nylon fibers. This value is within the circumferential tensile modulus of the native 
meniscus. Unlike the tensile modulus, the compressive modulus of the composite 
was found to reduce from 2.5 ± 0.6 to 0.7 ± 0.3 MPa when fibers were incorporated; 
which is closer to the aggregate compressive modulus of the native meniscus. The 
optimum tensile modulus was observed with composites of silicone elastomer 
Q7-4780 which increased from 10.7 ± 2.9 MPa for 100% polymeric matrix samples 
to 114.6 ± 20.9 MPa for composites with reinforced fibers. Its compressive modulus 
on the other hand reduced from 2.5 ± 0.6 to 0.74 ± 0.3 MPa for samples without 
fibers and with fibers, respectively.

In the nylon reinforced composites, an increase in the tensile modulus was 
observed as compared to their unreinforced analogue, and this follows a similar 
trend as described by a previous research group [16]. In comparison with the com-
posite of Q7-4780 which had the highest tensile modulus, Q7-4765 had a lower 
modulus of approximately 43% while that of Q7-4720 was the least at approxi-
mately 15%.

The lowest compressive modulus value was measured for the composite of 
Q7-4780 which decreased from 2.5 ± 0.6 to 0.7 ± 0.3 MPa when fibers were incor-
porated. Although this value is higher than the aggregate compressive modulus of 
the native meniscus, which is 0.22  MPa [31], this reduction suggests that nylon 
reinforced silicones can be fashioned to mimic the desired properties of the native 
meniscus.

In this study, both B8 and B9 displayed characteristic elastomeric stress-strain 
behavior that is typical of these materials and have also been observed in previous 
studies for similar PCU materials [32]. The tensile stress-strain curve of B9 showed 
a slightly higher yield point before undergoing a period of further elongation. The 
unreinforced PCU materials permitted more strain prior to failure than their fiber-
reinforced counterparts (Fig. 9).

The empirically determined tensile modulus of composite of PCU is summarized 
in Table 3. Conversely, the value of ~18 MPa obtained for the tensile modulus of 
B9 in the current tests, was lower than 29 MPa given by the supplier.

From the mechanical tests for the different composites, the PCU composites pro-
vided excellent mechanical properties more suitable for the meniscus than the sili-
cone composites. Therefore, further tests including friction and wear were conducted 
on the PCU composite samples.

A. O. Inyang et al.



559

Fig. 9  Tensile and compression stress–strain plots for the different PCU and their nylon and PE 
reinforced composites
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3.2  �Friction Test for the Produced Meniscal Prosthesis

An output coefficient of friction data taken across 20 cycles is shown in Fig. 10. 
Considering the plots for the total period for each test performed, it was evident that 
there were varying (uneven) peaks which appeared almost periodically on each plot. 
These peaks are background “noise” which could be attributed to the instrumenta-
tion set up.

Using the averaging method of effective value (rms) to generate the coefficient 
of friction, μrms and the frictional force, distinct, more explicit plots were generated 
(Fig. 11a, b) which are more representative of the frictional characteristic of the 
specimens tested.

Table 3  Mechanical 
properties of the fiber-
reinforced PCU composites 
compared with their 
unreinforced matrices

Specimen type
Tensile modulus 
(MPa)

Compressive modulus 
(MPa)

B8 14.12 ± 1.56 18.85 ± 2.07
B8N 64.82 ± 2.10 23.55 ± 1.74
B8PE 46.23 ± 0.03 19.53 ± 1.60
B9 17.63 ± 0.53 71.22 ± 1.03
B9N 123.97 ± 1.67 73.39 ± 6.59
B9PE 43.77 ± 5.07 31.93 ± 0.69

Fig. 10  An excerpt of 20 cycles from the data collected from one of the specimens
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A plot of the six different compositions tested showed differences in their fric-
tional behavior with respect to time (Fig. 12). In order to compare the behavior of 
the different tested specimens, the coefficient of friction, μrms curves were refined by 
fitting a mathematical function to obtain an average trendline for the experimental 
data (Fig. 12).
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In general, the curves showed an initial increase at the onset of the experiment 
within the first 20,000 cycles. This was afterwards followed by a phase of fairly 
constant friction coefficient values. Subsequently, at some point, spiky shifts to 
higher coefficient of frictions were observed, which was generally followed by a 
drop in the coefficient of friction.

The effect of fiber reinforcement as well as the fiber types on the friction coeffi-
cient was observed in all the specimens tested. The different compositions were 
observed to vary with respect to the reinforcement fibers (Fig.  13). The friction 
coefficient for B8 was lower compared to B9 (~2% decrease) while the friction 
coefficient for both B8N and B9N showed a rise in value (~6% and ~4% respec-
tively) when compared to their respective unreinforced matrices. Although B9PE 
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gave a lower friction coefficient than its matrix, the contrary was the case with 
B8PE. A percentage decrease of ~2% was recorded in the case of B9PE while an 
increment of ~4% was recorded for B8PE.  There was no significant difference 
observed in the mean value of the friction coefficient between the matrix and their 
reinforced matrices, and between B8 and B9 as P > 0.05.

3.3  �Wear Test of the Produced Meniscus

It was observed that vacuum oven drying of the specimens was not effective because 
it was difficult to obtain a stable weight loss in the specimens even after 100 days of 
drying (Fig. 14). Similarly, such behavior has been reported by previous studies on 
PCUs [33, 34]. Hence, these results were not used in the mass loss calculation.

There was marginal difference between the loaded soak and unloaded soak con-
trols in the order of 0.004. However, it was interesting that the fluid absorption 
varied widely between the different loaded soak controls owing to the differences in 
the constituent materials (Fig. 15).

It was observed that nylon reinforced PCUs fluid intake was quite high with B8N 
absorbing the highest amount. The mass loss due to wear varied within the different 
specimens with B8PE recording the least value and the highest was B8N. Nylon 
reinforcement fibers were clearly seen to predispose the matrices to excessive mass 
loss and consequently a high wear factor (Table 4).

A physical examination of the stainless steel counterface showed no presence of 
the matrix PCU material on its surface at the end of the test. Also, on visual assess-
ment of the prostheses specimens no mark was noticeable on the articulated surface. 
Micrographs of the tested specimens showed that changes have taken place on the 
surfaces of specimens as a consequence of wear processes (Fig. 16).

The surfaces of the PCU and the fiber-reinforced specimens showed a rather 
smooth surface (Fig. 16a, b) while the reinforced specimen appeared even smoother 
unlike the tested specimens that exhibited surfaces such as bumpy (Fig. 16c, d), stri-
ated (Fig. 16c, f and g), rough surface (Fig. 16f) and wear debris (Fig. 16d–g). The 
wear morphological attributes of the nylon composites, B8N and B9N, revealed 
more wear debris and deformation, than their respective matrix, B8 and B9. The 
surfaces were also marked or striated with some continuous lines. Damaged areas 

Table 4  Calculated wear mass and wear factors for the different specimen types

Specimen prosthesis Wear mass (mg) Wear factor × 10−6 (mm3/Nm)

B8 35.0 (±16.0) 10.0 (±6.4)
B8N 47.0 (±18.0) 22.5 (±2.9)
B8PE 4.0 (±2.8) 1.6 (±1.1)
B9 30.0 (±8.0) 10.7 (±3.4)
B9N 20.0 (±1.0) 7.3 (±0.5)
B9PE 6.0 (±4.9) 2.1 (±1.9)
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Fig. 16  SEM surface morphology of the specimen types as observed under the SEM. Untested 
specimen of (a) matrix (b) reinforced matrix and tested specimens of (c) B8 (d) B8N (e) B8PE (f) 
B9 (g) B9N (h) B9PE
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found on B9 were more than that of B8 consisting of worn scar with minimal wear 
debris (Fig. 16f).

The wear features apparent with PCU-nylon composites could be due to the 
influence of nylon fibers having a tendency to hydrolyse when it absorbs fluid 
thereby losing its stiffness over time and subsequently exhibiting a reduction in 
wear resistance (Table 4).

The composites containing PCU-PE indicated lower wear debris and lighter 
deformation with B8PE having a smoother surface other than B9PE. B9PE seemed 
rougher with delaminated areas which could be connected to fiber pull-out. These 
composites appeared to have better wear resistance owing to the reinforcement 
fibers performing the role of a strengthener in the PCU matrix.

The excellent wear properties of PE reinforcements are assumed to withstand the 
wear processes at the fiber-matrix interface, thereby generating resistance which 
prevents the removal of the PCU matrix [35].

4  �Conclusion

Reinforcing of the PCU matrix with fibers should result in improved friction and 
wear properties by minimizing plastic deformation and subsequently a reduction in 
friction and wear rate. However, as seen from this study the type of reinforcement 
fiber used and its tribological behavior play a role in the overall composite proper-
ties. The PE fibers of the type used have favorably affected both the frictional and 
wear characteristics of the PCU matrix. Both Bionate PCU matrices used have per-
formed satisfactorily for the proposed use considering their behavior especially in 
the reinforced state. It is proposed that further testing at physiological loading at 
millions of cycles can be carried out in order to decide on the choice of the matrix 
for the PE fibers.

The limitations associated with this work include inability to use the friction/
wear testing equipment to carry out the experiment at physiological loads experi-
enced in the knee joint. Also, an ideal set up will be to simulate the test using a 
counterface of bone or cartilage, such that an in vivo system is replicated.
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