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ABSTRACT Knee replacement, also known as knee arthroplasty, is a surgical procedure to replace the weight-bearing
surfaces of the knee joint to relieve pain and disability. It is most commonly performed for osteoarthritis and also
for other knee diseases such as rheumatoid arthritis and psoriatic arthritis. In patients with severe deformity from
advanced rheumatoid arthritis, trauma, or long-standing osteoarthritis, the surgery may be more complicated and carry
higher risk. Osteoporosis does not typically cause knee pain, deformity, or inflammation and is not a reason to perform
knee replacement. Other major causes of debilitating pain include meniscus tears, cartilage defects, and ligament tears.
Debilitating pain from osteoarthritis is much more common in the elderly. Knee replacement surgery can be performed as
a partial or a total knee replacement. In general, the surgery consists of replacing the diseased or damaged joint surfaces
of the knee with metal and plastic components shaped to allow continued motion of the knee. The operation typically
involves substantial postoperative pain and includes vigorous physical rehabilitation. The recovery period maybe 12
weeks or longer and may involve the use of mobility aids (e.g. walking frames, canes, crutches) to enable the patient’s
return to preoperative mobility. It is estimated that approximately 82% of total knee replacements will last 25 years.
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many people are suffering from knee joint pains, and they need
an efficient solution to this problem. The best possible solution
for this problem is knee replacement.

Introduction Knee replacement, also known as knee arthroplasty, is a sur-
gical procedure to replace the weight-bearing surfaces of the
knee joint to relieve pain and disability. It is most commonly per-
formed for osteoarthritis, and also for other knee diseases such
as theumatoid arthritis and psoriatic arthritis. In patients with
severe deformity from advanced rheumatoid arthritis, trauma,
or long-standing osteoarthritis, the surgery may be more com-
plicated and carry higher risk. Osteoporosis does not typically
cause knee pain, deformity, or inflammation and is not a reason
to perform knee replacement. Other major causes of debilitat-
ing pain include meniscus tears, cartilage defects, and ligament
tears. Debilitating pain from osteoarthritis is much more com-
mon in the elderly. Knee replacement surgery can be performed
as a partial or a total knee replacement. In general, the surgery

A joint or articulation is the connection made between bones in
the body which link the skeletal system into a functional whole.
They are constructed to allow for different degrees and types of
movement. Some joints, such as the knee, elbow, and shoulder,
are self-lubricating, almost frictionless, and can withstand com-
pression and maintain heavy loads while still executing smooth
and precise movements. Biomechanical classification of Joints
can also be classified based on their anatomy or their biomechan-
ical properties. The main aim is to work on the complex joint,
which has two or more articular meniscus like a knee joint. In
most of the human joints knee, the joint is the stressed part due
to the whole weight of the body is subjected on it. Nowadays,
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correct significant knee joint or bone trauma in young patients.

Similarly, total knee replacement can be performed to correct
mild valgus or varus deformity. Valgus severe or varus defor-
mity should be corrected by osteotomy. Physical therapy has
been shown to improve function and may delay or prevent the
need for knee replacement. Pain is often noted when performing
physical activities requiring a wide range of motion in the knee
joint. Knee joints are damaged due to injuries, mechanical prob-
lems types of arthritis and other problems. A knee injury can
affect any of the ligaments, tendons or fluid-filled sacs (bursae)
that surround your knee joint as well as the bones, cartilage and
ligaments that form the joint itself. Some of the more common
knee injuries include:

ACL injury, Fractures, Torn meniscus, Knee bursitis and,
Patellar tendinitis. The mechanical problems that can cause
knee pain include Loose body, Iliotibial band syndrome, Dislo-
cated kneecap and, Hip or foot pain. The teaching and learning
is the most critical activity in the education system the study to
find out which among them is best was the aim of the research.
The research can be extended by using other sectors in education
filed for Primary education and other professional education
courses. The study was conducted for one particular city. It can
extend to other cities [1]. The first part of this study is based on
the hypothesis that the patterns of contact stress on the tibial in-
sert of a knee prosthesis. The second part of this study addresses
the long-term structural integrity of metal tibial components in
terms of fatigue life. Experimental and computational results
showed a positive matching.

In conclusion, both computational and experimental methods
play an essential role in designing reliable prostheses [2]. In
this study, a computational model was developed to predict
the micro-mechanical stimuli, such as stress and strain, fluid
pressure and flow, of cells and their surrounding PCM in the AF
tissue using three dimensional (3D) finite element models based
on in situ morphology. These studies provide Spatio-temporal
information on micromechanics of AF cells in understanding the
mechanotransduction in the intervertebral disc [3].

The defects on the high-cycle fatigue behaviour of laser-
welded Ti-6Al-4V butt joints. The transition of the crack ori-
gin from the surface to the subsurface occurs upon removal of
the surface stress concentrators. Using statistical methods, the
experimentally determined porosity distribution has been incor-
porated into the model to predict the fatigue scatter range. The
presented methodology can potentially be used to achieve the
required reliability of the welded joints concerning fatigue as a
design criterion [4]. The properties of commercial pure titanium
(CP-Ti) grade 4 by comparing spark plasma sintering (SPS), cold
isostatic press (CIP). Pre-compacted bodies were isothermally
held for 10 minutes at 1250°C under the pressure of 10MPa
in SPS method, while the CIP and sinter method involved the
isothermal holding of pre-compacted bodies for 1 hour at 1350°C
in the tube furnace under argon gas atmosphere. The SPS and
casting methods resulted in highly dense materials. The mi-
crostructural features were homogeneous and mainly consisted
of plate-like a-Ti phase for all three technologies [5]—the lubri-
cation for machining of Ti-6Al-4V.

Vegetable oils have often been proposed as sustainable alter-
natives to the conventional synthetic emulsion coolants. The
current study investigates the effect of six different strategies on
the flank tool wear, surface roughness and energy consumption
during turning of titanium Ti-6Al-4V using uncoated carbide
tool at a certain speed and feed. The use of rapeseed vegetable

oil in MQL and MQCL configuration turns out to be an overall
sustainable alternative. Thus confirming the promise predicted
in the use of vegetable oil as a lubricant for machining [6]. Tita-
nium (Ti-6Al-4V) alloy is mainly utilized in fabricating medical
device applications. Since it has high strength, it is very difficult
to machine alloy using conventional machining. AWJM process
is used for machining titanium.

Since the process involves less heat affect zone and higher
material removal, it is possible to enhance the machinability of
the workpiece. It has attempted to find the influence of process
parameters on surface roughness and topography for enhancing
the process. It has been observed that the abrasive flow rate and
standoff distance has the most significant role in determining
surface quality [7]. Titanium alloy (Ti-6Al-4V) Grade 5 is the
most popular alloy widely used in Biomedical part manufactur-
ing due to its inherent properties. However, on the other hand,
Ti-6Al-4V shows machining challenges on-base performance cri-
teria like metallurgical aspect, chip formation, cutting tool wear,
lubrication strategy and surface integrity. In this paper study of
various machining problem discussed by different researchers
and their probable solution, which helps to reduce tool wear,
high surface finish with effective lubrication strategy by reduc-
ing machining complexity. Surface finish is directly depending
upon machining conditions. The good surface finish obtained at
a minimum depth of cut, maximum R.P.M., with the low cutting
speed in wet machining. Dry machining should be avoided for
saving tool life and surface texture [8].

The microstructure, hardness, tensile deformation and fi-
nal fracture behaviour of an emerging titanium alloy for
performance-critical applications are presented and discussed.
Both longitudinal and transverse test specimens were prepared
from the as-provided sheet stock of the alloy and deformed in
uniaxial tension. The yield strength and tensile strength of the
alloy sheet in the transverse orientation was higher than the
longitudinal orientation. The ductility of the test specimens,
quantified in terms of reduction-in-cross-sectional area, was
higher for the transverse specimen when compared to the longi-
tudinal counterpart. The tensile fracture behaviour of the alloy
was quantified by careful examination of the fracture surfaces in
a scanning electron microscope. The intrinsic fracture features
on the tensile fracture surface were discussed, taking into con-
sideration the nature of loading and contribution from intrinsic
microstructural features [9]. The Young’s modulus (E), Poisson’s
ratio (v) and anisotropy parameter (AG) of a” phase, which ob-
tained from different solution treatment and water quenching
temperature, were investigated using first-principles calcula-
tions based on density functional theory (DFT). The calculation
results showed that the value of the elastic modulus of a” phase
was higher than that of the elastic modulus of &” phase was
anisotropic.

In order to verify the calculation results, the elastic modulus
anisotropy of macroscopic Ti-6Al-4V alloys, which were treated
at 850°C, 900°C and 950°C, were tested by the tensile and the
compressive experiments. The experimental results showed the
same change tendency with the calculation results [10]. Tung-
sten Inert Gas welded titanium sheet of 1.5 mm thickness is
considered as a candidate material for investigation. The weld
joint is prepared using 80 A welding current and 200 mm/min
travel speed. Tensile properties are evaluated at room tempera-
ture, 250 °C, 450 °C and 650 °C. The ultimate strength and yield
strength decreases with increase in temperature and also the
percentage elongation increases with increase in temperature.
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At temperatures above 650°C, the ultimate tensile strength (UTS)
had decreased to about 66% than the ultimate tensile strength
(UTS) at room temperature [11]. The results of a study of phase
composition and microstructure of initial material and samples
obtained by selective laser melting of titanium-based alloy, as
well as samples after heat treatment. The effect of heat treatment
on microstructure and mechanical properties of specimens was
shown. The heat treatment allows obtaining sufficient mechani-
cal properties of the material at room and elevated temperatures
such as an increase in ductility of the material. The microstruc-
ture of the bulk specimens after SLM is martensitic a’-phase in
the form of fine-dispersed acicular precipitates. The fractogra-
phy of samples showed that they feature ductile fracture with
brittle elements [12].

The characterization study of specimens manufactured from
Ti-6Al-4V powder with the use of laser engineered net shaping
technology (LENS). Two different orientations of the specimens
were considered to analyse the loading direction influence on
the material mechanical properties. Moreover, two sets of speci-
mens, as-built (without heat treatment) and after heat treatment,
were used. Microstructure characterization was examined with
the use of optical and scanning electron microscopes (SEM);
besides, the electron backscatter diffraction (EBSD) was also
used. The fracture mechanism was discussed based on the
fractography analysis. The material data was used to obtain
parameters for the selected constitutive model to simulate the
energy-absorbing structures manufactured with LENS technol-
ogy. The numerical modelling confirmed the correctness of the
acquired material data resulting in a reasonable reproduction
of the material behaviour during the cellular structure deforma-
tion process [13]. A comparative investigation of mechanical
properties of Ti-6Al-4V titanium alloy with microcrystalline
and sub-microcrystalline structures in the temperature range of
20-600°C has been carried out.

The grain sizes under the sub-microcrystalline and microcrys-
talline conditions are 0.4 and 10mm, respectively. The structure
refinement of the alloy results in an increase in both strength
and fatigue limit at room temperature by about 20%. With
increasing deformation temperature, the strength of the sub-
microcrystalline alloy is higher than that of the microcrystalline
alloy up to 400°C. The creep strength of the sub-microcrystalline
alloy is slightly lower than that of the heat-strengthened micro-
crystalline alloy already at 250°C [14]. Titanium Alloy (Ti-6Al-
4V) is the most widely used because it features good machinabil-
ity and excellent mechanical properties when compared to the
Pure Titanium. These alloys are widely used in the biomedical
parts, because of their high specific strength and exceptional
corrosion resistance. However, the machinability of titanium
alloys is difficult due to their low thermal conductivity and elas-
tic modulus, high hardness at elevated temperature, and high
chemical reactivity. In this article to overcome this disadvantage
of machinability, the material is heat-treated, which increases
the machinability. The effect of heat treatment on the mechani-
cal properties of the titanium alloy is compared by the results
obtained in the Universal Testing Machine (UTM), Hardness
Testing, Scanning Electron Microscope (SEM) for the both the
Non-Heat Treated Specimen and Heat Treated Specimen [15]. Ti-
6Al-4V and stainless steel 316L have been processed by selective
laser melting under similar conditions, and their microstruc-
tures and mechanical behaviours have been compared in details.
Under the investigated conditions, Ti-6Al-4V exhibits a more
complex behaviour than stainless steel 316L with respect to the

occurrence of microstructural and mechanical anisotropy. More-
over, Ti-6Al-4V appears more sensitive to the build-up of internal
stresses when compared with stainless steel 316L, whereas stain-
less steel 316L appears more prone to the formation of “lack of
melting” defects [16].

The machining parameters. Titanium alloy machining is
hindered basically due to its high chemical reactivity and low
thermal conductivity. The cutting speed, feed and depth of
cut were used as the process parameters whereas the cutting
force and temperature were selected as performance character-
istics. The degree of influence of each process parameter on
individual performance characteristic was analysed from the
experimental results obtained using the Taguchi Method. The
cutting speed was identified as the most influential process pa-
rameter on cutting force and temperature [17]. The purpose of
this study was to evaluate the effect of heat treatments on the
Vickers hardness of commercially pure titanium and Ti6Al-4V
cast alloys. Commercially pure titanium and Ti-6Al-4V alloy
specimens were randomly assigned to 3 groups (n=10) that re-
ceived the following heat treatments. After heat treatments, the
specimens were embedded in acrylic resin, and their surface
was ground and polished, and hardness was measured. Vickers
hardness means (VHN) and standard deviations were analyzed
statistically by Kruskal-Wallis test at 5% significance level. The
results demonstrated different hardness of CP Ti and Ti-6Al-
4V when different heat treatments were used. For CP Ti, VHN
means of T2 group was remarkably higher than those of control
and T1 group, which showed similar VHN means to each other.
For Ti-6Al-4V alloy, however, VHN means recorded for each
group may be presented as follows: T2>T1>control [18].

Titanium alloys are known for their good mechanical proper-
ties, low density, excellent corrosion resistance and low thermal
conductivity. Unfortunately, the thermal cycle during welding
of alpha-beta alloys (Ti-6Al-4V) can significantly change their
strength, toughness and plasticity. The scope of present work is
to investigate the possibility for producing Ti-6Al-4V welds by
arc discharge in a vacuum and to establish the influence of the
welding parameters on dimensions and mechanical properties
of the welds. The results, presented in this work, describe the
dimensions of the fusion zone and heat-affected zone of welds,
produced by hollow cathode arc welding using different weld-
ing parameters. The mechanical properties of the welds were
determined [19].

The experimental investigation on the flow stress behaviour
of TibAl-4V alloy at elevated temperatures and very low strain
rate. Though Ti-6Al-4V alloy is very hard to deform at room
temperature, having only about 16% elongation, it exhibits su-
perplasticity at elevated temperatures. To investigate this, the
tensile tests were conducted from 7000C to 9000C temperatures.
The experimental study shows more than 50% elongation in all
the cases and particularly more than 250% elongation at 0.0001
/s strain rate and at 7500C to 9000C temperature in all directions,
which is an indication of super-plasticity in the material. This is
also corroborated by the microstructural study of the fractured
specimens [20]. The effects of machining parameters on surface
roughness, Material removal rate and roundness error in wet
turning of Ti-6Al-4V. Multi layered CVD coated carbide tool
with different nose radius are chosen for this work. Combined
effects of four cutting parameters, namely cutting speed, feed
rate, depth of cu and nose radius on performance measures such
as surface roughness, Material removal rate and roundness er-
ror, are explored by Grey relational analysis. These responses
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are essential factors to evaluate cutting performance and also
influences the product quality, product cost etc [21]. Cutting tool
life, its wear rate and machining cost play a significant role in a
machining process. Effect of these parameters using face milling
of titanium alloy is analysed to assess the economic factor of
sustainability. Experiments are designed in DOE for central
composite design and performed face milling of Ti-6Al-4V with
PVD coated carbide inserts using three conditions of cooling and
measured the response values. Feed, speed, and depth of cut
were used as input variables. The results indicate that cryogenic
cooling is more sustainable for tool life, having a better surface
finish of the machined part with the least energy and machining
cost [22].

The investigation assessed the biomechanical performance
of the metal plate and bone strut technique for fixing recalci-
trant nonunions of femur midshaft segmental defects, which
has not been systematically done before. A finite element (FE)
model was developed and then validated by experiments. This
study computationally and experimentally examined plate and
strut fixation of a large femoral midshaft segmental defect. Case
consisting of plate and strut fixed with the maximum possi-
ble number of screws had the highest axial stiffness and was
the least at risk for fracture since it had the lowest plate stress,
second-lowest screw stress, and third-lowest strut stress. Con-
versely, Cases 2 and 9 had the lowest axial stiffnesses, which
could potentially permit some interfragmentary motion for en-
hanced fracture healing [23]. The comparison study of normal
tibiofemoral joint and knee osteoarthritis is done to analyse the
displacement, stress and strain values. Magnetic resonance imag-
ing (MRI) is thought to be an inexorably essential instrument for
in vivo investigations of musculoskeletal biomechanics. Mag-
netic resonance images were obtained for two subjects in the age
group of 40-45 years. FEA is done using ANSYS 14 software to
determine displacement, stress and strain values. Finite Element
Analysis (FEA) result includes the stresses and strains induced
in the knee articular cartilages and meniscus during single-leg
stance. Displacement, stress and strain values for OA knee are
higher than the normal knee joint. Hooke’s law of modulus of
elasticity is verified in this work. Then the finite element model
(FEM) is validated through geometrical measurements such as
joint space width cartilage thickness and meniscus thickness [24].
It is generally assumed that this process of cartilage degenera-
tion is due to changes in mechanical loading after meniscectomy.
Load induced cartilage damage is characterized as either type
(1)—damage without disruption of the underlying bone or cal-
cified cartilage layer—or type (2), subchondral fracture with or
without damage to the overlying cartilage. To investigate that
we applied an axisymmetric biphasic finite element analysis
model of the knee joint. In this model, the articular cartilage lay-
ers of the tibial and the femoral condyles, the meniscus and the
bone underlying the articular cartilage of the tibia plateau were
included. The model was validated with data from clinical stud-
ies, in which the effects of meniscectomy on contact areas and
pressures were measured. It was found that both the maximal
values and the distributions of the shear stress in the articular
cartilage changed after meniscectomy and that these changes
could lead to both type (1) and type (2) cartilage damage. Hence
it likely that the cartilage degeneration seen after meniscectomy
is initiated by both type (1) and type (2) cartilage damage [25].

The finite element (FE) analysis and modelling of square
concrete-filled steel tube (CFST) members subjected to a flexural
load. The finite element model was verified by comparisons

of computational solutions with experimental results for three
different types of concrete. The flexural capacity increases by
only 12% when the compressive strength of the infilled concrete
increases from 60 MPa to 100 MPa, hence showing a marginal
effect [26]. A numerical simulation model using finite element
analysis. It could help to avoid failure and to save machining
times by predicting the machining parameters such as cutting
forces, chip formation, and temperatures distribution. The result
is found that there is very good agreement between the simu-
lated values and experimental tests. It concludes that the finite
element model represents the real key to reduce the cost of man-
ufacturing in terms of machining time saving and extend the
duration of the cutting tool life [27]. The aim of this research was
to study the distribution of contact stresses in prosthetic knee
joints made out of polyethene chopped carbon fibre composite
and conventional polyethene. Commercially available software
(ANSYS 8.1) was used in numerical experiments. The effect of
the sagittal radius, flexion angles and external load on stresses
in the joint were investigated in numerical experiments. The
stresses level at the interface of the tibia and femoral is lower for
polyethene chopped carbon fibre and alumina ceramic combi-
nation compared to polyethene and alumina ceramic [28]. The
purpose of this study was to validate the use of the recovery
response for mechanical characterization of cartilage in a con-
trolled, ex vivo environment. To do so, confined compression
creep and recovery tests were conducted on cartilage explants
(N=10), and the resulting mechanical properties from both the
creep and recovery phases were compared. No statistically sig-
nificant differences were found in the mechanical properties
between the two phases, reinforcing the hypothesis that unload-
ing (recovery) may be a good surrogate for loading [29] and to
develop a new hybrid knee implant which combines a polymer-
composite (CF/PA-12) with an existing commercial implant sys-
tem (P.F.C.® Sigma™) made from stainless steel. This hybrid
implant is expected to alleviate stress shielding and bone loss by
transferring much more load to the femur compared to conven-
tional metallic implants. Results of the FEA simulations showed
that the CF/PA-12 lined femoral component generated almost
63% less in peak stress compared to the regular stainless steel
component, indicating more load transfer to the bone and con-
sequently alleviating bone resorption [30]. The study shows for
the first time the loads experienced by all four major ligaments
of the knee, and the minimum loads in the menisci in response
to in-vivo motions. The ISL and robotic test platform allow de-
termination of the loads on the four major ligaments and the two
menisci in the joint. This study shows for the first time the loads
experienced by all four major ligaments of the knee, and the
minimum loads in the menisci in response to in-vivo motions.
Results showed similar loading patterns between animals but
with some quantitative differences [31]. A sensitivity study was
undertaken to evaluate the model response due to some of the
model parameters and to gain a better understanding of the func-
tion of the elements in the model. A three-dimensional analytical
model of the knee joint is presented, taking into account the ge-
ometry of the joint surfaces as well as the geometry and material
properties of the ligaments and capsule. It is concluded that the
predictions of the model agree well with experiments described
in the literature [32] and to evaluate the associations between
knee muscle strength (MS) and falls, controlling for knee joint
proprioception, varus-valgus knee joint laxity, and knee pain,
among patients with knee osteoarthritis (OA) reporting knee
instability. The methods used for Maximum knee extension and
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flexion strength measurement is done by iso-kinetically. Ad-
ditionally, proprioception, varus-valgus laxity, and pain were
assessed. After Conducting the tests, it was concluded that high
knee extension and flexion muscle strength decreased the risk of
falls in patients with knee OA and self-reported knee instability
[33].

Based upon the re-injury to a recently rehabilitated or oper-
ated knee is a common occurrence that can result in significant
loss of function. Finally Concluded that they have reviewed a
broad spectrum of knee stability measures designed to detect
anterior-posterior and rotational knee instability [34]. With the
information of determining the effect of the whole-body vibra-
tion training program (WBVT) in comparison with conventional
training (CT) program on knee proprioception and postural sta-
bility after anterior cruciate ligament (ACL) reconstruction. The
methodology used is Twenty athletes with unilateral ACL recon-
struction were randomly assigned in two groups; WBVT and CT,
all participants received 12 sessions of WBVT or conventional
training. Finally it was concluded that whole-body vibration
training improved proprioception and balance in ACL recon-
structed athletes [35]. To assess the impact of MRI in selecting or
excluding cases which genuinely require arthroscopic surgery.
To know whether routine MRI is required pre-operatively in all
cases with positive clinical findings. The conclusion which was
made after the study is Clinical examination is more sensitive,
specific and accurate in the diagnosis of ACL. MRI is more sensi-
tive but less specific for meniscal injuries. Clinical examination
for cruciate injuries can surpass the MRI findings. Arthroscopy
can be performed without MRI in single lesion injuries. How-
ever, MRI will play a role in meniscal injuries or doubtful cases
[36]. From the study of this paper, it was obtained that it was
on ligament grafts length used in an anterior cruciate ligament
(ACL). The methodology used is ninety-one adult cadavers were
studied. Patellar ligament (PL) length, ACL length, ACL width
and the maximum femoral epicondylar width (FECW) were
measured. Finally, it was concluded that an individual’s FECW
could be used to predict ACL length pre-operatively [37]. Fa-
tigue is known to influence dynamic knee joint stability from a
neuromuscular perspective, and electromechanical delay (EMD)
plays an essential role as the feedback activation mechanism
that stabilizes the joint. The final discussion was, the current
study indicates that soccer-specific fatigue significantly increases
the EMD post fatigue, compromising neuromuscular control
required to stabilise the joint, in female youth soccer players.
These effects were significantly more significant in the youngest
(U13) age group compared with the older (U15 and U17) age
groups [38]. The work was based upon the electrical stimula-
tion (ES) and magnetic stimulation (MS), applied peripherally,
may be used to elicit muscle contractions to increase muscle
hypertrophy, increase muscle strength and reduce knee laxity in
rehabilitation following injury. It was concluded that both pe-
ripheral stimulation interventions suggested a beneficial trend
during strength training by allowing the production of addi-
tional repetitions at the point of muscle failure when it was
not possible to continue with voluntary activation alone [39]:
the injury prevention, recognition of common injuries in sports
and causes damage. The aim of this study was to investigate
the prevalence and mechanisms of injuries in male professional
beach soccer players in Yazd province. The methodology used
was to survey of 50 soccer players and data was analysed us-
ing the chi-square test. It can be concluded finally that most of
the injuries experienced in this field of sport are due to lack of

leg and shin covering [40]. To provide a general review of the
computational models used in the analysis of the mechanical
function of the knee joint in different loading and pathological
conditions. It is also discussed about geometry- reconstruction
procedures, as well as some critical issues in finite element mod-
elling, are also discussed [41]. To evaluate the effectiveness of the
arthroscopic procedures for the symptomatic discoid meniscus.
This is because discoid meniscus is often revealed clinically dur-
ing childhood. However, many patients with discoid meniscus
remain asymptomatic and present late. After the study, it was
concluded that treatment of symptomatic torn discoid menis-
cus by the arthroscopic procedure is safe, simple with minimal
operative trauma and fewer complications [42].

By the literature survey, the paper concludes that COMPU-
TATIONAL and EXPERIMENTAL methods plan an essential
role in designing reliable prostheses. There are many methods
for a knee implant, but TOTAL KNEE IMPLANT(TKR) plays an
essential role in the knee replacement process. Using a statistical
method can be used to achieve a required reliable of welded
joints concerning fatigue as a design criterion. The metal Ti-
6Al1-4V is determined as highly BBOCOMPACTABLE metal than
compared to ceramics, stainless steel and other carbon metals.
Since the metal Ti-6Al-4V has high strength, it is difficult to ma-
chine alloy using conventional machining. Since the process,
AW]JM is conducted under less heat affect zone and higher ma-
terial removal, TITANIUM is possible to enhance machining
using this process. Dry machining should be avoided for sav-
ing tool life and surface texture of the material. Good surface
finishing of TITANIUM can be obtained under WET machining
minimum depth of cut, and maximum R.P.M. Electromechan-
ical delay(EMD) plays an important role in knee replacement
because it acts like a feedback activation mechanism that stabi-
lizes the joint. The main reason for a knee injury is due to the
overweight of the body and increasing age. As the age increases,
the strength of the bones becomes weaker, which leads to a knee
replacement. The treatment of symptomatic torn discoid menis-
cus by the arthroscopic procedure is safe. The main cause of
leg injury for players is due to lack of leg and shin covering. If
the covering is done, then there is a chance to reduce the knee
injury by 50%. As Ti-6A1-4V highly has high strength, it is now
widely used for knee replacement. Stimulation interventions
suggested a beneficial trend during strength training by allowing
the production of additional repetitions at the point of muscle
failure when it was not possible to continue voluntary activation
alone. Femoral epicondylar width(FECW) is used to predict
Anterior cruciate ligament(ACL) pre-operatively. Finally, we
conclude that high knee extension and flexion muscle strength
decreased the risk of falls in patients knee osteoarthritis(OA)
and self-reported instability.

Force Analysis of Knee Joint

The Static analysis is used to determine the forces and moments
acting on a joint when no motion takes place or at one instant
in time during a dynamic activity such as walking, running or
lifting an object. A simplified technique is used, such as a free
body diagram and limits the analysis in one place. The three
principles coplanar force acting on the free-body are identified
and designated in the free body diagram. The various forces
acting on the knee joint in various motion are as follows:

¢ Fx - Friction Force
¢ Fy - Ground Reaction Force
* Fz - Ground To Foot Force
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Fig. 1. Free body diagram of the knee joint for case-I.

® X - Perpendicular distance along with Fy
® Y - Perpendicular distance along with Fx
¢ P - Patella Tendon Force

® ] -Joint Reaction Force

* W - Ground Reaction Force

¢ a-Perpendicular Distance along W

® b-Perpendicular Distance along with P

The case |

When the total weight of the body is acting over a single knee
joint in a straight position. In the first case, the two coplanar
forces (Fx and Fz) acting on the foot are calculated by measuring
the distance from the line of action of a force from the ground
by considering the vertical force Fy as a weight of the body. The
external force system acting on the tibia consists of the three
ground-to foot forces (Fx, Fy, and Fz). Fx is the frictional force
acting at the foot in the line of progression; Fy is the vertical
component, and Fz is the side-to-side ground-to-foot force. In
the sagittal plane of the knee, the turning moment Mz can be
estimated from Mz = Fy x X and Fx x Y. The lever arms X and Y
are calculated from the knee and the coordinates for the centre
of the pressure of the foot. In the coronal plane, Knee moment
Mx is calculated from Mx = Fy x Zand Fz x Y.

Case ll

During walking or lifting, the leg is in an inclined position and
total weight of body acting on the ankle. For the second case, an
example illustrates the application of the simplified free-body
technique for coplanar forces to the knee. The techniques used
to estimate the minimum magnitude of the joint reaction force
acting on the tibiofemoral joint of the weight-bearing leg when
the other leg is lifted during stair climbing. As per the literature
studied the two main forces acting on the joint during walking
and stair lifting position are patella tendon force (P) and joint
reaction force (J) with the ground reaction force (W) as per the
weight of the body. The forces acting on joint has been calculated
from the vector diagram, and the distance up to knee joint from
the vertical force is measured practically are shown. )} M=0
WxA -PxB =0WxA =PxB

Medical use or purpose

Knee replacement surgery is most commonly performed in peo-
ple with advanced osteoarthritis and should be considered when

Fore T a

\‘, "-.:‘\ P 12 B

Y

w

Fig. 2. Free body diagram of the knee joint for case 2.

conservative treatments have been exhausted. Total knee replace-
ment is also an option to correct significant knee joint or bone
trauma in young patients. Similarly, total knee replacement can
be performed to correct mild valgus or varus deformity. Valgus
severe or varus deformity should be corrected by osteotomy.
Physical therapy has been shown to improve function and may
delay or prevent the need for knee replacement. Pain is often
noted when performing physical activities requiring a wide
range of motion in the knee joint.

Variations in manufacturing

Variations in the manufacture and surgical preparation for knee
replacement occur between cemented and uncemented com-
ponents, between resurfacing the patella or not, and between
denervating the patella using electrocautery or not. Cemented-
fixation may be more vulnerable to future aseptic loosening
than the cement-less technique. Retaining the posterior cruciate
ligament (PCL) has been shown to be beneficial for patients. Re-
moval of the PCL has been shown to reduce the maximal force
that the individual can place on that knee. Typically individuals
who have the PCL removed will lean forward while climbing
in order to maximize the force of the quadriceps. A variation
in the total knee replacement procedure is to permit movement
in the prostheses using a polyethene insert, and an approach
called mobile-bearing total knee arthroplasty. There is no strong
evidence that this approach improves knee function, mortality,
number of adverse effects, or amount of pain compared to a
fixed bearing approach for total knee replacement that retains
the PCL. Minimally invasive procedures have been developed
in total knee replacement that does not cut the quadriceps ten-
don. There are different definitions of minimally invasive knee
surgery, which may include a shorter incision length, retraction
of the patella without eversion (rotating out), and specialized
instruments. There are few randomized trials, but studies have
found less postoperative pain, shorter hospital stays, and shorter
recovery. However, no studies have shown long-term benefits.
Softwares generally used for analysis on total knee replace-
ment: Medical simulation, or more broadly, healthcare simula-
tion, is a branch of simulation related to education and training
in medical fields of various industries. Simulations can be held
in the classroom, in situational environments, or spaces built
specifically for simulation practice.[1] It can involve simulated
human patients - artificial, human or a combination of the two,
educational documents with detailed simulated animations, ca-
sualty assessment in homeland security and military situations,
emergency response, and support virtual health functions with
holographic simulation. In the past, its primary purpose was
to train medical professionals to reduce error during surgery,
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Fig. 3. The meshing of the knee cap.

prescription, crisis interventions, and general practice. Com-
bined with methods in debriefing, it is now also used to train
students in anatomy, physiology, and communication during
their schooling. These are some of the screen-based simulation
software for analysis of bones

¢ ACLS Simulator

* Anatomy Module

* Anesthesia Simulator

e Anesthesia SImSTAT - ASA /CAE Healthcare
e CardioSim

¢ MicroEKG

¢ Neonatal Simulator

These are high fidelity simulators which can enable us to exam-
ine the minute change in bone moments.

By using ANSYS software:

The finite element method (FEM) is a widely used numerical
technique to analyse stress-strain states in various biomedical de-
vices and prosthetic bone joints, in particular. Accurate geomet-
ric models of the tibial and femoral components of artificial knee
joint were constructed using ANSYS software. Two-dimensional
diagrams of the femoral and tibia components. The finite ele-
ment model was generated by meshing the solid model brick
elements. The tibial component was constrained in all degrees
of freedom at its lower surface. The femoral component was
rigidly fixed. the compressive load was applied to the femoral
component at the bearing points at different flexion angles.

Modelling of all the components of the knee joint, i.e., Fe-
mur(thigh) bone, the knee cap(patella) and the Shinbone or
otherwise called Tibia along with Fibula which stabilizes the
human leg are modelled and designed in Solidworks software.
All the designed bones and the knee cap are further assembled
in the same software. Now the analysis is conducted on the knee
cap by assigning three different materials such as Stainless Steel,
Ceramic and The Titanium alloy (Ti-6Al-4V).

Modelling & Assembly:

All the parts (Tibia, Kneecap, Femur and Patella) are initially
modelled in the Solidworks software and then assembled in the
same.

Fig. 4. The action of forces on the knee cap.

Design of the knee cap and Patella

For the design of kneecap, we selected the front plane and drew
the front view of the cap with the help of line and spline com-
mands. Later the drawn sketch is selected, and the revolved it
through 180°. We get the solid object. However, we require a sur-
face model. So, in order to get it, we use the shell feature which
removes the material from the object and leaves the kneecap.

Design of Bones (Femur & Tibia)

The design of a bone is a very complicated job and requires
surface modelling techniques. Because the surface of the bone
contains very intricate contours.

Assembly

It involves bringing in all the individual parts together and then
assembling by giving suitable mates. The lower portion of the
upper bone(femur) is in contact with the inner surface of the
kneecap. The outer portion of the knee cap is an inmate with the
upper portion of the spacer, which acts as a shock absorber. The
lower portion of the plate is in fixed contact with the Tibia bone
or otherwise called as the shin bone.

Analysis

After completing the assembly in Solidworks software, we im-
port the same file into Ansys software for conducting the analy-
sis. This can be done first by saving the Solidworks file in “.IGS”
format. Now the file can be opened in Ansys software with the
help of the database. Now we apply the suitable materials to the
different parts, and then the file meshes. Now the meshed file is
taken for analysis. As mentioned above the loads are applied,
and the constraints are given by selecting the respective surfaces,
and we run the study. The element size for meshing is taken as
fine for accurate results even though it takes a bit time, and the
element shapes are taken as a tetrahedron, and the boundary
conditions are as follows:
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Fig. 5. Applying constraints to stainless steel knee cap.

Fig. 6. The meshing of the stainless steel knee cap

Boundary Conditions:

Load was applied in the form of force. While standing axial
load is one who acts and thus needs to be applied. Maximum
load should be applied for testing the prosthesis as we should
think of worst-case scenario (In case of jumps or jerks etc.,). In
this study, we have tested the prosthesis at a load of 2200N
when the leg is in a straight position which is the maximum load
which is approximately three body weights considering average
weight of an individual to be 60-65 kg. We have checked the
stress pattern. The bone assembly of (Tibia, Knee cap, Femur
and Patella) have some constraints such as the inner part of the
kneecap is fixed with the bottom portion of the femur bone. The
Outer surface of the kneecap is in rolling contact with the upper
part of the plate which is fixed to the upper portion of the tibia or
the shin bone. The following are the figures which are designed
in Solidworks software:

From this analysis, we conclude that the Titanium alloy gives
us the best results, and also we infer that Titanium is the best
biocompatible material. Hence we go for Titanium-based alloy.
The analysis figures are shown below:
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Fig. 8. Applying constraints for ceramic knee cap.
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Fig. 9. The meshing of the ceramic knee cap.
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Fig. 11. Applying constraints to Titanium alloy knee cap.

Fig. 7. Deformation of Stainless steel material knee cap.
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Fig. 12. The meshing of Titanium alloy knee cap.
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Fig. 13. Deformation of Titanium alloy knee cap.

Fig. 14. The meshing of Femur bone, Tibia bone and Titanium
alloy knee cap.

Results and Discussions:

By the study of the method of Total Knee Replacement (TKR),
the implant is provided at the joint due to accidental injuries
or diseases. The analysis is performed on knee cap with three
different materials like Ti-6Al-4V, Stainless steel and ceramics.
The knee cap made up of Stainless steel shows more deformation
than Ti-6Al-4V and has a yield strength 1.723MPa under complex
loading, as shown in following figure 15. The knee cap made up
of ceramics has large deformation than Ti-6Al-4V and Stainless
steel, shown in the below fig 16. The knee cap made up of
Ti-6Al-4V has less deformation and shows high yield strength
8.274MPa under complex loading shown in below fig 17.

After placing the Ti-6Al-4V knee cap in knee joint show is in
Figures 18 and 19.

This study consists of total deformation of femur and tibia
bone along with knee cap where the maximum load is acting
on femur bone, and minimum load is acting on tibia bone. By
this we can understand that impact of the load is more on femur
bone than tibia bone.

S S ——a—

Fig. 15. Deformation of Stainless steel knee cap.

i

PHERES

R~ TRV T AR AR T S~ Wote & {

| S —

Fig. 16. Deformation of Ceramic knee cap.
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Fig. 17. Deformation of Titanium alloy knee cap.
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Fig. 18. The analysis was done on the knee cap along with femur
and tibia bones.
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Fig. 19. Von-mises stress on the knee cap.

Conclusion and Future Scope

Finite element analysis proved as one of the efficient techniques
for evaluation of the performance of prosthesis with different
materials under day to day loading conditions. This study and
research work can conclude the facts: The material Ti-6Al-4V is
selected based on the results that are obtained from the analysis
on the kneecap by assigning three different materials such as
Ti-based alloy, Ceramic and Stainless Steel.

e Itis clear from the results that the Titanium Alloys (Ti-6Al-
4V) is the best material of choice for knee implant because
it shows the minimum Von-mises stress at the extreme load-
ing conditions than the other materials.

¢ The result of the analysis showed us that Titanium could
withstand the loads that fall on the knee bone better than
that of other materials. Also, we know that Titanium is
the strongest and the best Biocompatible metal that can be
used.

¢ Although Stainless Steel and Ceramics are less costly com-
pared to Titanium alloys, it is worth spending more initial
cost on Titanium-based Kneecap because of its biocompati-
ble nature and its strength to support the loads that fall on
the Knee joint.

The future scope from work is framed as follows:

e Practical and clinical implementation should be done.

* Vibrational and Thermal analysis can be done.

® Research should be done on other materials which can be
better than titanium alloy for knee implant.

* Dynamic analysis should be considered for a better under-
standing of knee mechanics.

Conflict of Interest

Authors declare no conflict of interests.

Funding

There were no financial support from any organization that
could pose any conflict of interest.

Ethics committee approval

The Institutional Ethics Committee approved the study.

Patient informed consent

Not applicable.

References

1.

10.

11.

S. S.Rai, Anil T. Gaikwad, R.V. Kulkarni, “A Research Paper
on Simulation Model for Teaching and Learning Process
in Higher Education”, International Journal of Advanced
Computer Research (ISSN (print): 2249-7277".

. Tomaso Villa, Francesco Migliavacca, Dario Gastaldi, “Con-

tact stresses and fatigue life in a knee prosthesis: compar-
ison between in vitro measurements and computational
simulations”, Journal of Biomechanics 37 (2004) 45-53".

. Li Cao, Farshid Guilak, “Pericellular Matrix Mechanics in

the Anulus Fibrosus Predicted by a Three-Dimensional Fi-
nite Element Model and In Situ Morphology”, Cell Mol
Bioeng. 2009 September 1; 2(3): 306-319”.

. Fedor Fomin, Manfred Horstmann, Norbert Huber, Nikolai

Kashaev, “Probabilistic fatigue-life assessment model for
laser-welded Ti-6Al-4V butt joints in the high-cycle fatigue
regime”, “International journal of Fatigue 116 (2018)22-35".

. Muziwenhlanhla A. Masikane, Oluwagbenga T, Johnson,

Enoch N. Ogunmuyiwa, Iakovos Sigalas, “Densification
and Tensile Properties of Titanium Grade 4 Produced Us-
ing Different Routes”, “Procedia Manufacturing 35 (2019)
826-832".

. Ibrahim Deiab, Syed Waqgar Raza,Salman Pervaiz, “ Anal-

ysis of Lubrication Strategies for Sustainable Machining
during Turning of Titanium Ti-6Al-4V alloy”, “ Procedia
CIRP 17 (2014) 766 — 771".

. Vasanth S  ,Muthuramalingam T, Vinothkumar P,

Geethapriyan T , Murali G, “ Performance Analysis
of Process Parameters on Machining Titanium (Ti-6Al-4V)
Alloy Using Abrasive Water Jet Machining Process” , “
Procedia CIRP 46 (2016 ) 139 — 142”.

. Patil Amit S., Ingle Sushil V., More Yogesh S., Nathe Manik

S, ” Machining Challenges in Ti-6Al-4V.-A Review”, “ In-
ternational Journal of Innovations in Engineering and Tech-
nology (IJIET)”, “Volume 5 Issue 4 August 2015”7, “ ISSN:
2319 - 1058”.

. MITHUN KURUVILLA, T S SRIVATSAN, M PETRAROLI

and LISA PARK. “ An investigation of microstructure, hard-
ness, tensile behaviour of a titanium alloy: Role of orienta-
tion”, “ Vol. 33, Part 3, June 2008, pp. 235-250.”.

Zhongxue Feng, Yingxiang Yang, Zhichao Xu, Qingnan Shi,
“ Effect of Martensitic Transformation on Elastic Modulus
Anisotropy of Ti-6Al-4V Alloy”, “. 2018; 21(4): e20180197.”.

S. Dineshkumar, Shrinidhy Sriram, R Surendran,
V.Dhinakaran, “ Experimental Investigation of Ten-
sile Properties of Ti-6Al-4V alloy at Elevated Temperature”,
“ International Journal of Recent Technology and Engi-
neering (IJRTE) ISSN: 2277-3878, Volume-8 Issue-1S2, May
2019”.

Roopsandeep Bammidi, Jakka Mahesh et al./ International Journal of Medical Reviews and Case Reports (2020) 4(6):41-52



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

POPOVICH Anatoliy, SUFITAROV Vadim, BORISOV Ev-
genii, POLOZOV Igor, “ Microstructure and Mechanical
Properties of Ti-6AL-4V Manufactured by SLM”, “ Vols
651-653 (2015) pp 677-682".

Aleksandra Szafran’ska, Anna Antolak-Dudka, Pawet Bara-
nowski, Pawet Bogusz, Dariusz Zasada , Jerzy Mata-
chowski and Tomasz Czujko, “ Identification of Mechan-
ical Properties for Titanium Alloy Ti-6Al-4V Produced
Using LENS Technology”, “ Materials 2019, 12, 886;
d0i:10.3390/mal12060886".

Sergey Zherebtsov, Gennady Salishchev, Rafail Galeyev and
Katsuhiro Maekawa, “ Mechanical Properties of Ti-6Al-4V
Titanium Alloy with Sub-microcrystalline Structure Pro-
duced by Severe Plastic Deformation”, “ Materials Transac-
tions, Vol. 46, No. 9 (2005) pp. 2020 to 2025”.

Samatham Madhukar, Paaka Vidyanand Sai, Sumith Kumar
and Dasari Jagath Prakash, “ Experimental Investigation on
Effect of Heat Treatment on Mechanical Properties of Tita-
nium Alloy (Ti-6Al-4V)”, “ International Journal of Current
Engineering and Technology E-ISSN 2277 — 4106, P-ISSN
2347 - 5161, Vol.7, No.1 (Feb 2017)”.

Mertens, S. Reginster, H. Paydas, Q. Contrepois, T. Dormal,
O. Lemaire, ]J. Lecomte-Beckers, “ Mechanical properties
of alloy Ti-6Al-4V and of stainless steel 316L processed by
Selective Laser Melting: Influence of out-of-equilibrium
microstructures”, “ Powder Metallurgy, 57(3) (2014), pp.
184-189”.

Satyanarayana Kosaraju, Venu Gopal Anne & Bangaru Babu
Popuri, “ Taguchi Analysis on Cutting Forces and Tempera-
ture in Turning Titanium Ti-6Al-4V”, “ International Journal
of Mechanical and Industrial Engineering (IJMIE), ISSN No.
2231 6477, Vol-1, Issue-4, 2012”.

Sicknan Soares da ROCHA, Gelson Luis ADABO, Guil-
herme Elias Pessanha HENRIQUES, Mauro Anténio de
Arruda NOBILO, “ Vickers Hardness of Cast Commercially
Pure Titanium and Ti-6Al-4V Alloy Submitted to Heat Treat-
ments”, “ Braz Dent ] (2006)17(2):126-129 ISSN 0103-6440".

NIKOLAY VASILEV FERDINANDOV, DANAIL DIM-
ITROV GOSPODINOV, MARIANADIMITROVA ILIEVA,
ROSSEN HRISTOV RADEYV, “ MECHANICAL PROPER-
TIESOF ARC WELDED IN VACUUM Ti-6Al-4V ALLOY”, “
icams-2018.VI-6”.

MA Wahed, AK Gupta, SK Singh and N Kotkunde, “ Effect
of anisotropy on mechanical properties of Ti-6Al-4V in su-
perplastic region”, “ Materials Science and Engineering 346
(2018) 012023".

Vishnu Narayan, Aswathy V G, “ Multi-Response Optimiza-
tion In Turning Of Titanium Alloy Using Grey Relational
Analysis”, “ International Journal of Innovative Research
in Science, Engineering and Technology Vol. 4, Issue 12,
December 2015”.

Masood, 1., Jahanzaib, M., Haider, A.“Tool wear and cost
evaluation of face milling grade 5 titanium alloy for sustain-
able machining”, “Advances in Production Engineering &
Management ISSN 1854-6250 Volume 11 Number 3 Septem-
ber 2016 pp 239-250".

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Jason Coquim, Joseph Clemenzi, Mohsen Salahi, Abdurah-
man Sherif, Pouria Tavakkoli Avval, Suraj Shah, Emil H.
Schemitsch, Z. Shaghayegh Bagheri, Habiba Bougherara,
and Radovan Zdero, “ Biomechanical Analysis Using FEA
and Experiments of Metal Plate and Bone Strut Repair of
a Femur Midshaft Segmental Defect”, “ BioMed Research
International Volume 2018, Article ID 4650308,”.

V. Ashwin Kumar and A. K. Jayanthy, “ Finite Element Anal-
ysis of Normal Tibiofemoral Joint and Knee Osteoarthritis:
a Comparison Study Validated Through Geometrical Mea-
surements”, “ Indian Journal of Science and Technology,
Vol 9(S1), DOI: 10.17485/ijst /2016 /v9iS1/98891, December
2016”.

W. Wilson, B. van Rietbergen, C.C. van Donkelaar, R.
Huiskes, “ Pathways of load-induced cartilage damage
causing cartilage degeneration in the knee after meniscec-
tomy”, “ Journal of Biomechanics 36 (2003) 845-851".

M.E Javed, N.H. Ramli, S. Kashif-ur-Rehman, N.B. Khan Fi-
nite element analysis on the structural behaviour of square
CFST beams, Materials Science and Engineering 210 (2017)
012018.

Moaz H. Ali, Finite Element Analysis is A Powerful Ap-
proach To Predictive Manufacturing Parameters, Jour-
nal of Babylon University /Engineering Sciences/ No.(1)/
Vol.(26): 2018.

C. Shashishekar & C. S. Ramesh, Finite element analysis of
prosthetic knee joint using ANSYS, Modelling in Medicine
and Biology VII 65.

Hattie C. Cutcliffe & Louis E. DeFrate, Comparison of Car-
tilage Mechanical Properties Measured During Creep and
Recovery Scientific Reports | (2020) 10:1547.

Bougherara, H; Mahboob, Z; Miric & M; Youssef, Finite
Element Investigation of Hybrid and Conventional Knee
Implants, International Journal of Engineering, (IJE) Volume
(3): Issue (3).

Joshua Michael Rosvold, An Instrumented Spatial Linkage
to Measure In-Vivo Kinematics and Motion Reproduction
with a Robotic Test System.

Wismans, F. Veldpaus and J. Janssen, “A three-dimensional
mathematical model of the knee-joint”, “J] Bionwhunts Vol
13. pp. 677-685".

Arjan H. de Zwart, Martin van der Esch, Mirjam A.G.M.
Pijnappels, Marco ].M. Hoozemans, Marike van der Leeden,
Leo D. Roorda, Joost Dekker, Willem F. Lems, and Jaap
H. van Dieén “Falls Associated with Muscle Strength in
Patients with Knee Osteoarthritis and Self-reported Knee
Instability”] Rheumatol 2015;42,;1218-1223.

Jawad F. Abulhasan, Martyn D. Snow, Cameron M. An-
ley, Mohammad M. Bakhsh and Michael J. Grey “An Ex-
tensive Evaluation of Different Knee Stability Assessment
Measures: A Systematic Review”.

Azar Moezy, Gholamreza Olyaei, Mohammadreza Hadian,
Mohammad Razi and Soghrat Faghihzadeh”A Compar-
ative Study of Whole Body Vibration Training and Con-
ventional Training on Knee Proprioception and Postural
Stability after Anterior Cruciate Ligament Reconstruction.”

Roopsandeep Bammidi, Jakka Mahesh et al./ International Journal of Medical Reviews and Case Reports (2020) 4(6):41-52



36. Prakash Sasnur, Abdul Qadeer Patwegar, Adarsha H. M.
“Impact of magnetic resonance imaging on arthroscopic
surgeries of knee joint”.

37. Mrs R van Zyl, MSc Anatomy. Dr A-N van Schoor, PhD
Anatomy. Dr PJ du Toit, PhD Physiology. Dr EM Louw,
PhD Statistics. SA Orthop. j. vol.15 n.4 Centurion Oct./Nov.
2016.

38. Prof mark de ste Croix, PhD; Abigail m. Priestley, MS; DR
Rhodri s. Lloyd, PhD; Dr Jon 1. Oliver, PhD. “ACL injury
risk in elite female youth soccer.

39. Jawad E. Abulhasan, Yvonne L. D. Rumble, Emma R. Mor-
gan, William H. Slatter and Michael J. Grey “Peripheral
Electrical and Magnetic Stimulation to Augment Resistance
Training” J. Funct. Morphol. Kinesiol. 2016, 1, 328-342

40. Sharifatpour, R., Abbasi, H., Ebadi Asl, H. “The prevalence
and mechanisms of injuries in male professional beach
soccer players in Yazd province” ] Adv Pharm Edu Res
2018;8(52):85-88.

41. Kazemi, Y. Dabiri, and L. P. Li “Recent Advances in Com-
putational Mechanics of the Human Knee Joint”.

42. Chowdhury Igbal Mahmud, Khandaker Md. Nurul Are-
fin, A.ZM Selimullah, Ashraful Islam, Modhu Sudan
Pal “Symptomatic Discoid Lateral Meniscus Treated with
Arthroscopic Procedure: Observations in 20 Knees”.

Roopsandeep Bammidi, Jakka Mahesh et al./ International Journal of Medical Reviews and Case Reports (2020) 4(6):41-52



