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In this study, we investigated the mechanical behavior of a knee replacement prosthesis (TKR) manufactured by
the Zimmer company. To facilitate our analysis, we initially utilized a coordinate measuring device, specifically
a contact 3D scanner, to prepare a cloud-of-point model of the prosthesis. This scanning process allowed
us to accurately capture the geometry and dimensions of the TKR, providing a detailed representation of its
physical structure. By utilizing this advanced scanning technology, we ensured that our subsequent simulations
and analyses were based on precise and reliable data, enabling a thorough examination of the mechanical
performance of the knee replacement prosthesis. ABAQUS software was then used to analyze the three-
dimensional model and nonlinear static analysis was performed on the model. This simulation examined the
mechanical performance of the prosthesis for different weight ranges, and the distribution of stress, strain, and
displacement within the prosthesis was analyzed. The results show that the maximum stress created in the
investigated prosthesis increases from 16MPa to 64MPa per weight of 55 kg to 75 kg. Although, with a 26%
increase in the weight of the individual using a knee prosthesis, the maximum stress created in the prosthesis
increases by 76%. This type of prosthesis is suitable for the maximum weight category of 80 kg, as it has a
reliability coefficient of 3. In light of these results, it is clear that weight categories must be taken into account
when considering a particular prosthesis. Otherwise, the prosthesis may be destroyed due to the application of

larger forces during various everyday situations and result in serious knee injuries.
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1. Introduction

Among all the joints in the human body, the knee joint is
the largest and most complex structurally. Meanwhile, the
knee joint has been described as one of the most vulnerable
joints in the body due to its large forces, wide range of
motion, limited coordination, and reliance on soft tissues.
Because of this, knee prostheses have become increasingly
popular in recent years to replace damaged joints. In the de-
sign of knee prostheses, the main objective is to reconstruct
the joint in a manner that enables optimal performance.
Accordingly, designers and manufacturers have developed

and presented different knee prostheses based on the kine-
matic behavior and biomechanical characteristics of the
knee. Furthermore, much research is being conducted to
increase the useful life of prostheses to ensure that patients
do not have to undergo repeated surgeries to replace and
repair damaged prostheses [1-3].

To analyze the mechanics of the knee joint, researchers
use experiments including the study of the knee joint of
a corpse and a living organism, as well as numerical and
theoretical methods, or mathematical modeling. Due to the
geometric complexity of the problem, the complex behav-
ior of the material, the boundary conditions as well as the
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various loadings in the problem, it is very difficult to reach
an exact solution. This problem can be solved by using ap-
proximate solutions with an acceptable degree of accuracy
within a limited period. A finite element method is one
of the best options available in this field [1]. A numerical
solution of this kind achieves an approximate solution to
many physical and engineering problems whose govern-
ing behavior can be expressed by one or more differential
equations. Numerous engineering and non-engineering
applications have been developed based on the finite ele-
ment method, including medicine and dentistry. Various
artificial body components, such as heart valves, artificial
hearts, joint prostheses, dental implants, hearing prosthe-
ses, artificial limbs, and hearing implants, have undergone
tremendous technological advancements over the years.
One of the problems that can be analyzed using the finite
element method is the analysis of these artificial compo-
nents, their functions and connections, and their reaction
to body tissues [1].

Estimating the forces and torques acting on the human
knee, as well as the torsional forces of the thigh-leg joint,
are important factors considered by researchers and design-
ers of prostheses [4-6]. Research using laboratory methods
has included the removal of certain constraints, such as
ligaments, embedding sensors in several parts of the joints
[7], loading of bones and skin, as well as applying force
with weights and pulleys instead of muscle force [8-10].
The study examines how joint components are involved
in movement control, as well as the effect of injury on
the kinematic and kinetic parameters of movement. Even
though laboratory studies can provide detailed quantita-
tive information regarding the kinematic and kinetic pa-
rameters of movement, these methods are expensive and
cannot provide an accurate representation of joint forces
during natural movement [1]. Other methods of estimat-
ing the force of different components of the knee have
included the use of sensitive films to determine contact
surfaces and forces, and robotic systems that allow for con-
trol of force and movement. It is due to the complexity of
applications and the high cost of these devices that they
are less widely used. A static and dynamic analysis of
knee protrusion prostheses was conducted by De la Mora
Ramirez et al. [11]. They examined three different types of
prostheses made of titanium alloy, cobalt-chromium alloy,
and stainless steel 316L alloy. According to their study,
the maximum stress created in these alloys is 47.1,60.9,
and 69.5MPa, respectively, and the maximum compressive
stress obtained is 300MPa [11]. To investigate the effect
of diseases and injuries, Conlisk et al. [12] examined the
model of the injured knee by finite element and compared

the results with the model of the healthy knee. In the knee
injury model, they simulated meniscus and bone injuries.
The results of their study show that meniscus tears in dif-
ferent directions can strongly affect the biomechanics of
the knee joint and cause an increase of about 80% in the
maximum stress created. Navacchia et al. [13] investigated
the effect of minor ligament injuries on knee prosthesis per-
formance. The results of their study show that the damage
effect of contact stresses increases in the radial and oblique
direction and vice versa due to the increase of the contact
surfaces resulting from the rupture, the contact pressure
decreases in the longitudinal direction. Kwon et al. [14]
analyzed the finite element analysis of the knee replace-
ment prosthesis under the forces and misalignment of the
step cycle. After scanning the bone and the knee prosthesis
using ANSYS finite element software, they analyzed the
nonlinear static analysis of the knee joint and investigated
the effect of the prosthesis characteristics on the resulting
forces. The results of their study show that the use of suit-
able prostheses and softer materials causes a compressive
stress of about 30MPa in the knee prosthesis. Kang et al.
[15] used finite element analysis to analyze the fatigue of
knee prostheses with two different genders to investigate
the effect of types of materials. They also used the genetic
algorithm method to optimize the shape of the prosthesis.
The obtained results show the improvement of the shape
of the new prosthesis, and the optimal angle has been ob-
tained around 132 degrees. Belvedere et al. [16] designed a
new type of knee prosthesis for patients with tumors in the
distal femur and proximal tibia regions. Using the finite
element method, Li et al. [17] calculated the forces in the
ligaments at different angles and under the effect of differ-
ent forces, as well as the levels and contact stresses in the
articular surfaces of the tibiofemoral and patellofemoral
joints. Their results show that tearing of the anterior seg-
ment ligament causes an increase in the contact stresses in
the inner meniscus and the inner surfaces of the joint in the
initial angles of flexion, as well as an increase in the force
of the lateral ligaments in different angles.

Thienkarochanakul et al. [18] investigated the effects
of different loading conditions on the stress distribution
within the knee joint. By simulating various activities, such
as walking, running, and jumping, the researchers were
able to identify the areas of highest stress concentration
within the knee joint. This information can be valuable in
designing interventions to reduce the risk of knee injuries.
In another study by Nikkhoo et al. [19], the researchers fo-
cused on the impact of different surgical techniques on the
biomechanics of the knee joint. By utilizing FEA, they com-
pared the stress distribution and stability of the knee joint
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following different surgical procedures, such as total knee
replacement and ligament reconstruction. The findings
from this study can aid surgeons in making informed de-
cisions regarding the most appropriate surgical technique
for individual patients.

The mechanical behavior of knee replacement prosthe-
ses plays a crucial role in determining the long-term success
and functionality of these devices for patients undergo-
ing knee replacement surgery. Understanding how these
prostheses respond to mechanical loading, such as weight-
bearing activities and daily movements, is essential for
predicting their performance and durability in real-world
scenarios. By analyzing the stress, strain, and displace-
ment distribution within knee replacement prostheses, as
we have done in our study, clinicians and researchers can
gain valuable insights into how these devices withstand
varying loads and forces. This knowledge is instrumental
in optimizing the design and material selection of knee
prostheses to improve their reliability and longevity, ulti-
mately leading to better patient outcomes and reduced risk
of complications or implant failure. In summary, the stud-
ies conducted in the field of finite element analysis of the
knee joint over the past two years have provided valuable
insights into the biomechanics, injury mechanisms, and
treatment strategies related to this complex joint. By utiliz-
ing computational modeling techniques, researchers have
been able to simulate various loading conditions, evaluate
surgical techniques, and investigate the role of cartilage
properties. These findings have the potential to improve
clinical decision-making and enhance patient outcomes in
the management of knee joint conditions.

The purpose of this research is to investigate the stress
distribution on a sample of knee joint replacement pros-
theses to increase the life of these devices. This allows the
effectiveness of a knee prosthesis to be evaluated in a vari-
ety of daily activity situations. To mimic the real sample,
a titanium alloy GSF knee joint implant (Ti6A14V) with
the dimensions and size of the distal femur and proximal
tibia will be selected in the current study. In this regard,
due to its geometric complexity, a coordinate measuring
device, one example of a 3D contact scanner, will be used
to model the desired prosthesis by creating high-precision
cloud points and editing them with SolidWorks software.
The model of the implant will then be created as a 3D model.
Simulation of the desired model will be performed using
finite element analysis and ABAQUS software as well as
nonlinear static analysis. This simulation will investigate
the mechanical performance of the implant under various
loading conditions and for different weights from 55 kg
to 85 kg and in the most critical state. Additionally, the

effect of different parameters on the stress distribution and
deformation of the implant will be discussed, and a specific
weight range for its application will be presented.

2. Materials and methods

In this section, to provide clarity on the steps for creating
a geometric model of the knee prosthesis, we outline the
methodology supported by the segmentation process with
multiple images from various perspectives. Initially, a con-
tact 3D scanner was employed to capture the geometry
of the knee prosthesis manufactured by the Zimmer Com-
pany. Subsequently, the obtained point cloud data under-
went a segmentation process, wherein relevant features of
the prosthesis were extracted to create a three-dimensional
geometric model. This segmentation process involved de-
lineating the boundaries of individual components of the
prosthesis, such as the femoral and tibial components, and
refining the geometry to ensure accuracy. To illustrate this
process, we present several images from different view-
points, demonstrating the segmentation of the geometric
model and the extraction of key features. These images pro-
vide visual support and aid in understanding the method-
ology employed for creating the geometric model of the
knee prosthesis. Fig. 1 depicts a simplified flowchart illus-
trating the research methodology employed in this study.
This flowchart outlines the sequential steps involved in
the research process, from capturing the geometry of the
knee prosthesis to conducting finite element analysis and
interpreting the results. It provides a visual representa-
tion of the workflow and procedures followed in the study,
enhancing the reproducibility and understanding of the
research methodology.

2.1. Creating the geometric model

A three-dimensional geometry of the knee bone is created
by first preparing the used knee from CT scan images of a
patient’s knee and then introducing it as input into Mimics
software. An image of the CT scan of the used knee can be
seen in Fig. 2. In the following step, Mimix software opens
this information and creates a three-dimensional model
of the knee. The information is then transformed into a
three-dimensional map after modifications are made. As a
final step, the raw data was converted into a map for use in
finite element analysis using the cloud of point method. In
Fig. 3, the geometry of the studied knee is represented in
the form of points in the Solidworks software environment.

The purpose of this research has been to examine a real-
life example of a knee replacement prosthesis. An illus-
tration of the intended prosthesis can be found in Fig. 4.
The knee replacement prosthesis (TKR) is manufactured
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Fig. 1. A simplified flowchart illustrating the research methodology employed in this study

Fig. 3. The studied knee geometry in the Solidworks

software environment

by Zimmer and is intended for women. As a result of the
geometric complexity of the desired prosthesis, a coordi-
nate measuring device, an example of a contact 3D scanner,
is used to prepare the point cloud model of the prosthesis
parts.

Fig. 4. The Tibia and femoral parts of the examined knee
prosthesis

2.2. Calculation of forces in the knee joint

As shown in Fig. 5, the foot model is defined as a mechani-
cal system consisting of three body parts, the thigh, the leg,
and the sole, which are connected two by two to the hip,
knee, and ankle joints, respectively.

To determine the forces and torques affecting a joint in
a static state, static analysis equations and the free body
diagram method are used. It is assumed that the entire
body weight is applied to one knee joint in a standing
position to draw the free-body diagram of the knee. A
depiction of this situation can be found in Fig. 6. Using the
distance from the force-extension line from the ground and
the vertical force Fy as the body weight, two coplanar forces
(Fx and Fz) act on the leg. The external force system acting
on the tibia includes three forces that enter the leg from the
ground (Fx, Fy, and Fz). Fx is the frictional force on the foot,
Fy is the vertical component and Fz is the lateral force from
the ground to the foot. In the sagittal plane of the knee, the
torque Mz is estimated from the relationship Mz = Fy x X
and Mz = Fx x Y, where X is the vertical distance along
Fy and Y is the vertical distance along Fx. X and Y lever
arms are calculated from the knee and foot pressure center
coordinates. In the coronal plane, the knee torque Mx is
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Knee

Fig. 5. Free body diagram of the knee joint

calculated from the relations Mx = Fy x Z and Mx = Fz x
Y. The forces caused by different weights are calculated
analytically for a weight of 60 kg based on Egs. (1) and (2)
and are given in Table 1 for different weights.

Fx x y = Fy x xFx x 53 = 588.6 x 15(y = 53,x = 15)Fx

=166.57 N
@)

Fy x z = Fz x y588.6 x 10 = Fz x 53(z = 10,y = 53)Fz

=111.05N
@)

Knee joint center
¥ 2

Knee joint center
AR

- Reaction at the foot f ———————Reaction at the foot

Fig. 6. Free body diagram of the knee joint (a) side view
and (b) front view [20]

Table 1. The amount of force on the knee joint for different

weights
Weight (kg) Fx(N) Fy(N) F,(N)
55 152.20 539.89 102.56
60 166.58 588.63 113.54
65 180.46 637.84 126.34
70 194.36 686.34 128.65
75 208.44 735.90 138.45
80 270.23 895.32 153.23

2.3. Finite element simulation

The use of the finite element method has been developed in
many different fields of engineering sciences such as civil
engineering, mechanics, and biomechanics [21-25]. The
assumptions of the simulation problem will be presented
first in this section. Subsequently, owing to its geometric
complexity, the desired prosthesis will be modeled using
a coordinate measuring device. An example of a three-
dimensional contact scanner will be employed to create a
cloud of precise points, which can be edited with Solid-
Works commercial software. A finite element numerical
method will be used to simulate the prepared model using
ABAQUS commercial software. Various weight categories
will be analyzed to evaluate the stress-strain on the knee
prosthesis during critical daily activities.

A 3D model of the different parts of the prosthesis is
prepared and edited to enable numerical simulation using
the ABAQUS software. Initially, a point cloud model is
created by scanning the knee prosthesis using a coordinate
measuring device. Subsequently, the resulting point cloud
model undergoes editing to convert it into a 3D model suit-
able for simulation purposes. This editing process involves
refining the geometry, smoothing surfaces, and ensuring
the model’s compatibility with the finite element analysis
techniques employed in ABAQUS software. The edited
3D model accurately represents the geometry and features
of the knee prosthesis, facilitating precise simulation of its
mechanical behavior under various loading conditions. To
this end, a 3D model of a prosthetic part was created and
modified using SolidWorks commercial software. As part
of the editing process of the prosthetic parts, an attempt
has been made to remove the sharp edges. Also, at the
contact points and other points that caused fine meshes,
the surfaces were stitched together and unnecessary parts
were removed for analysis. Fig. 7illustrates the 3D model
of different components of a prosthetic device.

In this study, a non-linear static analysis will be con-
ducted using the finite element method and the commer-
cial software ABAQUS for simulating the knee prosthesis
in question with enriched molecular polyethylene. The
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Fig. 7. 3D model of the femoral part of the knee prosthesis
of the case

specifications of the materials employed in human knee
replacement prostheses are presented in Tables 2 and 3. Ta-
ble 2 provides the elastic characteristics of the material used,
while Table 3 presents the plastic stress-strain properties
of the material employed in the femoral, femur, and tibia
parts. These tables will serve as references for defining the
material properties within the finite element model, ensur-
ing an accurate representation of the mechanical behavior
of the knee prosthesis under varying loading conditions.

Due to the geometrical complexity of knee prosthesis
members, the assembly was meshed in ABAQUS using
10-node tetrahedral elements (C3D10), with a seed size of
1.5 mm to ensure adequate mesh density. Mesh conver-
gence was assessed to verify the sensitivity of the results to
changes in the mesh density. An ABAQUS-based mesh ver-
ification method was employed to ensure that the percent-
age of element distortion for all models remained below
0.22%. This rigorous verification process helps to ensure
the accuracy and reliability of the finite element analysis
results obtained using the meshed models. Also, in Fig. 8,
the forces and range of different movements applied to the
femoral and leg parts of the prosthesis are shown. In the
knee prosthesis, the degrees of freedom in the lateral direc-
tions are restricted (U1 = U2 = 0), and the end of the tibia
bone is completely restricted (U1 = U2 = U3 = 0). In ad-
dition, to model the contact between different components,
the contact adverb has been used. After modeling and ap-
plying loading and contact and boundary constraints and
solving using the finite element method, it is possible to
observe the stresses applied to each part of the different
members and compare it with different criteria to the opti-
mal design of the members by considering and changing
Thickness, material, etc.

U=0 Lt O‘L'z=0

Fig. 8. The meshed model of the knee and prosthesis
assembly along with the representation of the forces and
boundary conditions of the knee members

3. Results

In this section, the results of the knee prosthesis simulation
using the finite element method via ABQUS software are
presented along with different force conditions for different
weight categories.

3.1. Mesh independency study

This part examines the lack of dependence on the simu-
lation mesh of the desired knee prosthesis. According to
Table 4, when the element is increased several times, the
von Mises stress changes slightly. In other words, the von
Mises stress parameter does not depend on the number
of elements, indicating its convergence. During this study,
689154 elements and 985456 nodes were used, which pre-
dicted a von Mises equivalent stress of 16.66 MPa with a
deviation of 0.4% from the converged stress with 597486
elements.

3.2. Stress distribution

In the initial analysis, simulation results for the 55 kg
weight category are presented, focusing on the equivalent
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Table 2. Characteristics of knee replacement prosthesis materials

Material Poison ratio  Young Modulus  Density
Femoral Ti-6Al-4V 0.32 116GPa 4620 kg m 3
Tibia UHMWPE 0.44 1.1GPa 920 kg m~3
Femur Bone 0.45 10.5MPa 1550 kg m—3

Table 3. Stress-plastic strain of materials used in knee prosthesis

Strain

Stress (MPa)

0
0.0367
0.0472
0.2834
0.3465

14
15.73
18.35
30.42
33.00

Table 4. Investigation of independence from the mesh for knee prosthesis

Solution Number Mesh Size (mm) Elements Equivalent Stress (MPa) Change (%)

1 10 39478 4.23 -

2 8 78921 7.84 45.8
3 6 178568 12.17 35.0
4 3 220468 14.92 20.0
5 2 426820 16.02 6.3
6 1 597427 16.52 3.1
7 0.5 682590 16.63 0.4

stress distribution. Fig. 9 depicts the von Mises stress con-
tour of various components, including the prosthetic parts,
femur bone, and tibia bone, under the application of forces
resulting from a 55 kg weight load. It is observed that the
maximum stress values in the femur, tibia, and knee pros-
thesis are 0.15MPa, 0.97MPa, and 16.60MPa, respectively.
Notably, the stress concentration is higher in the knee pros-
thesis due to the presence of contact areas. However, it
is reassuring that the maximum stress in the prosthesis
remains below the yield stress of titanium. Consequently,
the prosthesis exhibits an acceptable safety margin in this
weight category, with a calculated safety factor of approx-
imately 54 . This analysis underscores the mechanical ro-
bustness of the prosthesis under typical loading conditions
for individuals weighing 55 kg, affirming its suitability for
clinical use in this demographic group.

Fig. 10 illustrates the von Mises stress contour of the
prosthetic parts, femur bone, and tibia bone for a weight
of 60 kg. In this scenario, the von Mises stress values
for the femur, tibia, and knee prosthesis are recorded as
0.53MPa, 1.03MPa, and 45.68MPa, respectively. It is evi-
dent from the finite element analysis results that the stress
experienced by the knee prosthesis is significantly higher
in this case. However, despite the elevated stress levels, the
material properties of the prosthesis ensure that it operates
within a safe range and remains sufficiently distant from
the plastic deformation zone. With respect to the yield

stress of the prosthesis material, the calculated safety factor
for this weight category stands at 23. This analysis under-
scores the resilience of the prosthesis design, indicating
its ability to withstand increased mechanical loads associ-
ated with individuals weighing 60 kg while maintaining
structural integrity and safety.

Considering the weight category of 65 kg, the results of
the simulation including the equivalent stress of the pros-
thesis parts, femur bone and tibia bone are shown in Fig. 11.
The results of the finite element analysis show that for a
weight of 65 kg, the maximum von Mises stress generated
in the femur, tibia and prosthesis is 0.91MPa, 1.10MPa and
56.26MPa, respectively. In this case, the safety factor of the
knee prosthesis is equal to 16 .

Fig. 12 shows the von Mises stress contour of prosthetic
parts, femur bone and tibia bone by applying the forces
resulting from the weight of 75 kg. According to the finite
element results presented in this figure, it can be seen that
the maximum von Mises stress generated in the femur
bone, tibia bone, and knee prosthesis is 1.61MPa, 1.26MPa,
and 75.72MPa, respectively. As the results show, in this
case, the stress created in the prosthesis is much higher, but
due to the material used in the prosthesis, the prosthesis
still operates in a safe area and is far enough away from
the plastic area. Because the surface of the knee prosthesis
has more contact surface, therefore, support pressure and
more stress are created in this part. According to the yield
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Fig. 9. Stress distribution (Pa) in (a) femur, (b) tibia and (c) knee prosthesis for 55 kg weight

stress of the prosthesis, the safety factor of the prosthesis is
11.8 in this weight category. Considering that the reliability
factor, in this case, was extracted for static analysis and its
value is somewhat lower, therefore, considering dynamic
analysis or sudden application of force to the knee, the
prosthesis may enter the plastic area. And a lasting change
in its shape.

Based on this, it can be stated that considering the mar-
gin of confidence, the ability to use this type of knee pros-
thesis is not suitable for weight categories greater than
75 kg. In addition, it is observed that the stress of the tibia
bone is about 14% more than that of the femur bone.

In this section, simulation results depicting the equiva-
lent stress distribution in the prosthetic parts, femur bone,
and tibia bone for the 85 kg weight category are presented
in Fig. 13. The finite element analysis reveals that for a
weight of 85 kg, the maximum von Mises stress observed

in the knee prosthesis reaches 912MPa. These findings indi-
cate that the safety factor for the knee prosthesis falls below
1, suggesting that the prosthesis is unable to withstand
weights exceeding the specified weight category of 80 kg.
Consequently, it is evident that this particular prosthesis
design may not be suitable for individuals weighing 85 kg
or more due to the risk of structural failure under applied
loads. This analysis underscores the importance of consid-
ering weight categories in prosthesis selection to ensure
patient safety and avoid potential complications associated
with mechanical overloading of the implant.

3.3. Comparison of results between different weight cat-
egories

Based on the finite element analysis conducted in the pre-

vious sections, this section compares the maximum von

Mises stress generated in different parts of the knee, as

well as the reliability coefficient of the knee prosthesis. A
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Fig. 10. Stress distribution ( Pa ) in (a) femur, (b) tibia, and (c) knee prosthesis for 60 kg weight

summary of the results of the finite element analysis can
be found in Table 5. Examining these results, it is appar-
ent that the tibia bone is subjected to more stress than the
femur bone and that the knee prosthesis is subjected to
the greatest amount of stress. Moreover, by examining the
confidence factor created in the knee prosthesis under vari-
ous weight categories, it is evident that the knee prosthesis
has a safety factor of about 15 at a weight of 75 kg. Con-
sidering the confidence margin, it can be concluded that
this weight category is appropriate for the prosthesis under
investigation.

The limitation of using von Mises stress in examining
stress distribution in bones lies in its applicability to mate-

rials with homogeneous and isotropic properties. Bones,
however, exhibit complex material properties, including
anisotropy, viscoelasticity, and heterogeneity. Addition-
ally, bone response to loading varies with factors such as
loading rate, direction, and the presence of microstruc-
tural features like trabecular and cortical bone. Von Mises
stress analysis assumes uniform stress distribution and
may oversimplify the complex stress patterns present in
bones. Therefore, while von Mises stress can provide useful
insights, particularly in ductile materials, its application to
bone biomechanics requires careful consideration of these
limitations. Integrating other analysis techniques and con-
sidering bone-specific characteristics can enhance the ac-
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Fig. 11. Stress distribution (Pa) in (a) femur, (b) tibia and (c) knee prosthesis for 65 kg weight

Table 5. Maximum von Mises stress created in the femur bone, tibia bone and knee prosthesis for different weight categories

Weight Femur (MPa) Tibia (MPa) Prosthesis (MPa) Safety Factor
55 kg 0.15 0.97 16.60 62.23
60 kg 0.53 1.03 45.68 22.63
65 kg 0.91 1.10 56.26 17.45
70 kg 1.22 1.24 63.32 16.75
75kg 1.61 1.26 75.72 14.73
80 kg 2.24 3.22 277.04 3.12
85 kg 3.45 4.23 912.0 0.98

curacy and reliability of stress distribution assessments in
bones. Potential limitations of the study include the simpli-
fications inherent in the finite element model used, which
may not fully capture the complexity of knee prostheses
or surrounding tissues. Additionally, the chosen material
properties and boundary conditions might not entirely rep-
resent real-world scenarios, impacting the accuracy of the

results. Further validation against experimental data or
clinical outcomes could strengthen the findings, as could
exploring patient-specific modeling approaches. Avenues
for future research encompass biomechanical optimization
of prosthetic designs and materials, longitudinal studies
on long-term outcomes, integration of multiscale model-
ing techniques, and exploration of advanced simulation
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Fig. 12. Stress distribution (Pa) in (a) femur, (b) tibia and (c) knee prosthesis for 75 kg weight

methods to better understand knee prosthetic behavior and
improve patient outcomes.

4. Conclusion

In this research, the mechanical behavior of a real sample
of knee replacement prosthesis (TKR) for women manufac-
tured by Zimmer Company has been investigated. As a re-
sult of its geometric complexity, the desired prosthesis was
modeled using a coordinate measuring device, which is an
example of a contact 3D scanner, in order to create cloud
points with high accuracy. Using SolidWorks software,
the model is modified and then simulated with ABAQUS
commercial software and analyzed via finite element nu-
merical methods. The stress-strain of the knee prosthesis
was evaluated for the range of 50 kg to 85 kg. The following
conclusions were reached based on the results:

¢ For weights of 55kg to 75 kg, the maximum von
Mises stress created in the femur bone changes from
0.15MPa to 1.61MPa, for the tibia bone from 0.16MPa
to 3.22MPa, and for the knee prosthesis from 16.55MPa
to 75.72MPa.

¢ For a weight of 70 kg, the maximum von Mises stress
in the femur bone, tibia bone, and knee prosthesis is
1.22MPa, 1.24MPa, and 63.39MPa, respectively. Based
on these results, it can be seen that the stress created
in the tibia bone is about 25.6% more than the femur
bone and the confidence factor for knee prosthesis is
about 14.05.

¢ For different weights in fixed positions, the used pros-
thesis can bear up to 75 kg in weight categories. At a
weight of 75 kg, the safety factor of the knee prosthesis
is about 12, so the use of this type of prosthesis is not
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recommended for people weighing more than 75 kg.
The results show that the safety factor of the analyzed
prosthesis for a weight of 80 kg is around 3, which is a
very small value. It can also be seen that for the weight
category of 85 kg, the safety coefficient was less than
unity, so this prosthesis will not be able to be used for
weight categories greater than 80 kg.

In conclusion, this study underscores the critical impor-
tance of considering weight categories in the selection of
knee replacement prostheses to optimize mechanical per-
formance and enhance patient outcomes. To address this,
we offer practical recommendations for clinicians and pros-
thetists: Firstly, clinicians should factor in patient weight
categories when selecting knee prostheses to minimize the
risk of implant failure, particularly for individuals with
higher body mass indices. Secondly, prosthetists are en-
couraged to explore avenues for optimizing prosthesis de-
sign, potentially through innovative modifications or mate-
rials, to improve durability and functionality across differ-
ent weight ranges. By integrating these recommendations
into clinical practice, healthcare professionals can make
more informed decisions regarding prosthesis selection
and design, thereby contributing to improved patient satis-
faction and long-term success following knee replacement
surgery.
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