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Background: This study used finite element analysis (FEA) to investigate the effect of varus and valgus

angle on the lateral compartment in unicompartmental knee arthroplasty (UKA).

Methods: One patient who underwent UKA was enrolled as the subject. Thirteen working conditions of
the femoral prosthesis were simulated at varus and valgus angles of 0°, 2°, 4°, 6°, 8°, 10°, and 12°. A
load of 1,000 N was applied downward along the mechanical axis of the femur, and the highest stress
values on the surface of the polyethylene liner, cancellous bone under the tibial prosthesis, cartilage of
femur lateral condyle, lateral meniscus, and tibial lateral plateau cartilage in each model were recorded.
The six highest points were used to calculate the mean value.

Results: The highest stress values on the surface of the polyethylene liner, cancellous bone under the
tibial prosthesis, cartilage of femur lateral condyle, lateral meniscus, and tibial lateral plateau cartilage
increased with an increase in the femoral prosthesis varus/valgus angle. As compared with the stan-
dard position of the femoral prosthesis, there was no significant difference in the surface stress values
of the polyethylene liner, cancellous bone under the tibial prosthesis, cartilage of femur lateral condyle,
lateral meniscus and tibial lateral plateau cartilage when the femoral prosthesis varus/valgus angle was
less than 4° (p > 0.05). In addition, the stress magnitude on the polyethylene liner, cancellous bone un-
der the tibial prosthesis, cartilage of femur lateral condyle, lateral meniscus, and tibial lateral plateau
cartilage significantly increased when the femoral prosthesis varus/valgus angle was greater than 4° (p
< 0.001).

Conclusions: The optimal femoral prosthesis varus/valgus angle in UKA was less than 4°.

(J Nippon Med Sch 2024; 91: 88-98)
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Introduction
Knee osteoarthritis is the most common form of osteoar-
thritis in clinical practice. Unicompartmental knee arthro-
plasty (UKA) is an effective surgical treatment for single-
compartment osteoarthritis of the knee joint. It has been
widely applied by orthopedists because it is associated
with less trauma, shorter operation time, less bleeding,
less interference to soft tissues around the knee joint, and

faster recovery after surgery”. Numerous studies have

reported excellent success rates for UKA: from 85% to
95% at the 10-year mark*. Nevertheless, despite these fa-
vorable outcomes, the issue of abnormal stress distribu-
tion within the knee joint resulting from suboptimal
prosthesis placement during surgery continues to pose a
challenge. Misalignment can lead to prosthesis loosening
and progression of osteoarthritis in the contralateral com-
partment and patellofemoral compartment” . Because of

the wide use of finite element analysis (FEA) in orthope-
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Fig. 1 Imaging findings from the patient. (A) Preoperative radiograph of the knee. (B) Preoperative MRI of the knee. (C) Intra-

operative photograph showing severe degeneration of femoral lateral condylar cartilage. (D) Postoperative radiograph

of the knee.

dic biomechanical research, an increasing number of
studies are using FEA to examine changes in knee biome-
chanics after UKA.

Researchers in China and other countries™ have used
FEA to study the effect of UKA on knee biomechanics.
However, the enrollment of healthy adult volunteers as
research subjects is a major limitation of these studies, as
results obtained from FEA of healthy knee joints may not
accurately reflect the biomechanics of knee joints affected
by osteoarthritis. In addition, these studies have focused
more on internal eversion and posterior inclination of tib-
ial prosthesis during UKA, with relatively little attention
paid to femoral prosthesis internal and external ever-
sion™".

Given these limitations of previous studies, it is neces-
sary to adopt a more accurate FEA modeling method to
study changes in knee biomechanics after UKA. We hy-
pothesized that selecting a patient after UKA as a re-
search subject of FEA—with the study performed in 2-
degree intervals and evaluating the effect of different
varus/valgus angles of the femoral prosthesis on knee
biomechanics—would yield more reliable results on

changes in knee biomechanics after UKA.

Materials and Methods
Study Participant
A patient who had undergone UKA was selected as
the subject for the FEA model. Image data of the patient
are shown in Figure 1A~D. The patient was a 68-year-
old woman with a body mass index of 25.7 kg/m?” After
excluding other joint diseases, we diagnosed anterome-

dial osteoarthritis in May 2020, and she underwent a
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mobile-bearing UKA. After the operation, the placement
angle of the UKA prosthesis was measured.

The protocol of this study was approved by the ethics
committee of Xiangyang No. 1 People’s Hospital (XYYYE
20220023). All clinical investigations were performed in
accordance with the principles of the Declaration of Hel-
sinki. The patient was informed that relevant data were
being considered for submission in an anonymized form
and she consented.

Research Tools and Image Acquisition Equipment

A 64-row computed tomography (CT) scanner (Sie-
mens, Germany) and a 3.0-T magnetic resonance imaging
system (Philips, Netherlands) were used.

Computer Processing Software

The software Mimics Medical 21.0 (Materialise, Geo-
magic Studio 2013; 3D Systems, USA), Solidworks 2017
(Dassault Systemes), and ANSYS Workbench 2019 (AN-
SYS) were used for medical modeling, 3D modeling, and
FEA, respectively. SPSS software, version 18.0, was used
for statistical analysis.

Storage of Scanned Images

A full-length plain scan of both lower extremities was
performed with a layer thickness of 0.6 mm by using a
64-row CT scanner (Siemens, Germany). The patient’s
right knee, including 15 cm each of the distal femur and
proximal tibia, was scanned using the 3.0-T magnetic
resonance imaging system (Philips, the Netherlands). Fi-
nally, the imaging data were stored in a CD-ROM in the
DICOM format.

Prosthetic Materials

A third-generation Oxford unicondyle mobile-bearing

prosthesis was used for UKA.
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Data Import and Data Processing

The thin-slice CT data of the knee joint stored in DI-
COM format were loaded into Mimics Medical 21.0 soft-
ware to check the accuracy and consistency of the
anterior-posterior, superior-inferior, and left-right direc-
tions displayed by the CT data with the actual knee joint.
Two-dimensional tomography images of the knee joint
were then generated in different views, including coro-
nal, sagittal, and axial views. To generate a comprehen-
sive 3D model of the knee bone, the software’s masking
tool was used with predefined threshold values to extract
an initial rough knee bone model. Subsequently, manual
editing techniques, including area growth, separation
mask, edit mask, and cavity filling, were used to refine
and enhance the model’s accuracy and completeness. The
computational part function was used to generate a 3D
reconstruction based on the extracted skeletal model,
which was then converted into STL format and exported.
The process of reconstructing 3D models of soft tissues
based on MRI 2D images was basically the same as the
method for CT images. MRI data were imported into
Mimics Medical 21.0 software. Next, utilizing the afore-
mentioned software tools, preliminary 3D models of soft
tissues, including the articular cartilage and meniscus,
were meticulously extracted, manually edited, and care-
fully trimmed. Finally, the rough 3D models were recon-
structed in 3D using the computational parts function to
generate STL format files, which were exported for fur-
ther analysis.

Reverse Modeling to Generate Solid 3D Data

The STL format files of each structure of knee bone
and soft tissue generated above were imported into the
Geomagic Studio 2013 software. Tools such as regrid,
noise reduction, fast smoothing, nail removal, feature re-
moval, grid doctor were used to improve the quality of
STL triangular surface models of each structure by reduc-
ing noise, smoothing, optimizing, and repairing the
model. After applying these tools, relatively smooth and
clear feature data were obtained. Using the automatic
surface function, the optimized triangular surface model
was fitted with a high-precision surface to generate an
accurate surface. The model was then converted to CAD
objects to generate 3D solid data (Fig. 2A), which were
exported in STP format for further analysis.

Model Assembly and Construction for Each Varus
and Valgus Angle of the Prosthesis

The model of each structural component in STP format
was imported into SOLIDWORKS 2017 and assembled

according to the coordinates and relative position rela-
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tionship of each component. Subsequently, a 3D solid
model of the knee standard position in UKA was con-
structed with the relative position of each component,
such as bone, cartilage, and prosthesis, fixed.

Using SOLIDWORKS 2017 software, 3D solid models
of UKA were constructed based on a standard position
model. The position of the tibial lateral prosthesis plat-
form remained unchanged, and the tibial mechanical axis
served as the reference point. Subsequently, additional 3
D solid models of UKA were created by introducing
femoral prostheses at varus and valgus angles of 2°, 4°,
6°, 8°,10°, and 12°. These models were then exported in
STP format (Fig. 2B, C) for further analysis.

Finite Element Modeling and Simulation Analysis

The 3D solid model files in STP format were imported
into ANSYS Workbench 2019 software. For finite element
modeling, various operations were performed, such as
assigning material properties, dividing the mesh, and set-
ting boundary conditions.

The first step was to establish and annotate the mate-
rial properties corresponding to each structural compo-
nent of the model, including material name, elastic
modulus, Poisson’s ratio, and other material parameters®.
These properties are shown in Table 1.

The second step was finite element discretization of the
model. The tetrahedral mesh elements were specified for
grid division, and the quality of the generated mesh was
checked and the convergence was verified. Subsequently,
the finite element mesh was subdivided to accurately
capture the details of the knee joint model. Finally,
boundary conditions were set for the simulation.

Numbers of Structural Nodes and Elements

In this model, there were 298,538 elements and 530,624
nodes in total. The specific elements and nodes of each
construction are shown in Table 2.

Contact links were created between lateral femur carti-
lage and lateral meniscus, lateral femur cartilage and lat-
eral tibial plateau cartilage, lateral meniscus and lateral
tibial plateau cartilage, femoral prosthesis and a polyeth-
ylene gasket, and the polyethylene gasket and tibial pla-
teau prosthesis. The lateral femur and lateral meniscus,
as well as the lateral meniscus and lateral tibial plateau
cartilage, were defined as binding connections. Friction-
less limited sliding surface contact was established be-
tween the lateral femoral cartilage and lateral meniscus,
as well as between the lateral femoral cartilage and lat-
eral tibial plateau cartilage. Additionally, a frictionless in-
terface was assumed between the femoral prosthesis and

the polyethylene gasket.
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Fig. 2 Finite element models of the femoral prosthesis in standard position and at different var-

us/valgus angles. (A) The standard prosthesis position, namely, varus and valgus angles
of 0°. (B) From left to right, the position of the femoral prosthesis at varus angles of 2°, 4°,
6°, 8°,10°, and 12°. (C) From left to right, the position of the femoral prosthesis at valgus

angles of 2°,4°, 6°, 8°,10°, and 12°.

To compare the effect of varus/valgus angles on stress
values at the knee joint, the same boundary conditions
and loading mode were used for all 13 models, including
the standard position (varus/valgus 0°) and models with
varus/valgus angles of 2°, 4°, 6°, 8° 10° and 12°. To
simulate the actual force situation of the UKA model, a
fixed restraint was applied at the distal tibial position,

and a concentrated force load of 1,000 N was applied at
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the distal femur along the mechanical axis of the femur
toward the distal tibia, as shown in Figure 3.

Thirteen types of finite element models were simulated
in ANSYS Workbench 2019 software to verify the analyti-
cal computational convergence. The results of the stress
distribution on the lateral femur cartilage surface, lateral
meniscus, and lateral tibial plateau were obtained. The

highest stress values were extracted and counted and
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Table 1 Material parameters for each tissue structure

Construction Modulus of elasticity (MPa) Poisson’s ratio
Metal prosthesis 195,000 0.3
Femur 3,884.3 0.3
Tibia 4,184.6 0.3
Fibula 4,164.6 0.3
Polyethylene liner 685 0.4
Meniscus 27.5 0.33
Cartilage 15 0.46
Ligaments 48 0.3

Table 2 Numbers of structural nodes and elements
for each structure

Construction Nodes Elements
Femoral cartilage 17,001 8,533
Tibial cartilage 11,558 5,816
Femur 161,826 91,746
Tibia 162,651 92,919
Fibula 26,623 15,168
Medial collateral ligament 18,914 10,574
Lateral collateral ligament 13,670 7,552
Cruciate ligament 17,755 9,913
Lateral meniscus 12,662 6,668
Prosthesis 87,964 49,649

presented in Figure 4A~C.

Accuracy Verification of Finite Element Model of
Unicompartmental Knee Arthroplasty

The accuracy of the finite element reference model of
the knee joint (femoral prosthesis at varus and varus 0°)
was verified by applying a 1,000 N load. The results
showed that the highest stress values on the surface of
the cartilage of the femoral lateral condyle, the cartilage
of the tibial lateral platform, and the lateral meniscus
were 4.31 + 0.06, 2.09 + 0.06, and 5.58 + 0.08 Mpa, re-
spectively. These results were similar to those reported in

17-21

previous studies”™, proving that our finite element
model was accurate and effective.

Statistical Analysis

All relevant data were collected and used to establish a
database. The data were then imported into the SPS518.0
statistical software system for analysis. The six points
with the highest stress were averaged to obtain the high-
est stress value. The highest stress value was used as the
measurement data and showed a normal distribution, ex-
pressed as X + s. The t-test was used to compare the
highest stress value of each UKA model with that of the

standard position model.
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Fig. 3 Magnitude and direction of load force.

Results
This study established finite element models of UKA
with the femoral prosthesis at varus/valgus angles of 0°,
2°, 4°, 6°, 8°, 10°, and 12°. The lateral compartment carti-
lage and lateral meniscus exhibited the highest surface
stress values in all models. The values presented in Table
3 were derived by calculating the mean value from the
six stress points with the highest magnitudes. As com-
pared with the femoral prosthesis standard position
(varus/valgus angle 0°), the surface stress magnitudes on
the lateral femoral condyle cartilage, lateral tibial plateau
cartilage, and lateral meniscus were higher when the
femoral prosthesis varus/valgus angle was less than 4°(p
> 0.05). In addition, the stress magnitude on the lateral

compartment cartilage and lateral meniscus was signifi-
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Fig. 4 Stress clouds on the lateral compartment of the knee joint. (A) Stress clouds on the cartilage surface of the lateral
femoral epicondyle at femoral prosthesis varus/valgus angles of 0°, 2°, 4°, 6°, 8°, 10°, and 12°. (B) Stress clouds
on the surface of the lateral meniscus at femoral prosthesis varus/valgus angles of 0°, 2°, 4°, 6°, 8°, 10°, and 12°.
(Q) Stress clouds on the surface of the lateral tibial plateau at femoral prosthesis varus/valgus angles of 0°, 2°,
4°,6° 8°,10° and 12°.
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Table 3 Changes in lateral compartment surface stress compared with a varus/valgus angle of 0°

Maximum Surface Stress (Mpa)

plosthests L 1F 1 L 1 L 1 Tibial
Flacement Coicg;&lle Ce;?t(i)lrzfge P-value Meartiesr?us P-value Pla?ggflaCa;tillzge P-value
Varus
12° 5.08+0.08 P<0.001 6.57+0.11 P<0.001 2.46+0.07 P<0.001
10° 4.84+0.07 P<0.001 6.45+0.10 P<0.001 2.38+0.06 P<0.001
8° 4.70+0.11 P<0.001 6.32+0.10 P<0.001 2.30+0.05 P<0.001
6° 4.53+0.07 P<0.001 5.99+0.07 P<0.001 2.23+0.08 P<0.001
4° 4.37+0.07 0.12 5.65+0.08 0.079 2.14+0.06 0.07
2° 4.34+0.09 0.33 5.62+0.09 0.312 2.12+0.07 0.28
Standard Position
0° 4.31+0.06 5.58+0.08 2.09+0.06
Valgus
2° 4.33+0.07 0.30 5.61+0.07 0.447 2.11+0.04 0.45
4° 4.36+0.05 0.20 5.63+0.08 0.207 2.13+0.07 0.14
6° 4.47+0.10 P<0.001 5.91+0.07 P<0.001 2.21+0.07 P<0.001
8° 4.65+0.08 P<0.001 6.25+0.10 P<0.001 2.29+0.05 P<0.001
10° 4.96+0.08 P<0.001 6.52+0.08 P<0.001 2.40+0.06 P<0.001
12° 5.21+0.07 P<0.001 6.74+0.09 P<0.001 2.52+0.05 P<0.001

P<0.05 indicates a significant difference.

Table 4 Changes in medial compartment surface stress compared with a varus/

valgus angle of 0°

Maximum Surface Stress (Mpa)

Prosthesis Cancellous bone
Placement b olye;thylene P-value surface under the P-value
liner tibial prosthesis
Varus
12° 20.28+1.02 P<0.001 3.52+0.10 P<0.001
10° 19.15+1.08 P<0.001 3.28+0.12 P<0.001
8° 18.65+1.03 P<0.001 3.22+0.07 P<0.001
6° 17.97+1.12 P<0.001 3.13+£0.08 P<0.001
4° 17.45+1.07 0.18 2.97+0.05 0.18
2° 17.14+1.10 0.52 2.95+0.05 0.50
Standard Position
0° 16.86+1.05 2.93+0.07
Valgus
2° 17.21+1.07 0.43 2.96+0.05 0.31
4° 17.58+1.05 0.10 2.98+0.06 0.09
6° 18.17+1.10 P<0.001 3.15+0.05 P<0.001
8° 18.86+1.09 P<0.001 3.23+0.09 P<0.001
10° 19.25+1.13 P<0.001 3.34+0.07 P<0.001
12° 20.47+1.08 P<0.001 3.56+0.06 P<0.001

P<0.05 indicates a significant difference.

cantly higher at femoral prosthesis varus/valgus angles
greater than 4° (p < 0.001).

The highest surface stress values on the polyethylene
liner and cancellous bone surface under the tibial pros-
thesis were recorded in detail for all models, as shown in
Table 4. As compared with the femoral prosthesis stan-

dard position (varus/valgus angle 0°), the surface stress
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magnitudes on the polyethylene liner and cancellous
bone surface under the tibial prosthesis were significantly
higher at femoral prosthesis varus/valgus angles greater
than 4° (p < 0.001).

Changes in Stress on the Cartilage Surface of the Lat-
eral Compartmental in Different UKA Models

As shown in Figure 5A, at femoral prosthesis varus/

J Nippon Med Sch 2024; 91 (1)
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Fig. 5 Percentage change in surface stress values on the lateral compartment cartilage and me-
niscus at different femoral prosthesis varus/valgus angles. (A) Percentage change in sur-

face stress on the lateral femoral condyle cartilage. (B) Percentage change in surface stress
on the lateral tibial plateau cartilage. (C) Percentage change in surface stress on the lateral

meniscus.

valgus angles of 0°, 2°, 4°, 6°, 8°, 10°, and 12°, the surface
stress magnitudes on the lateral femoral condyle cartilage
were 0.7%/0.5%, 1.4%/12%, 51%/3.7%, 9.0%/7.8%,
12.3%/15.1%, and 17.8%/20.8% higher, respectively, than

those of the standard position. Moreover, at these angles,

J Nippon Med Sch 2024; 91 (1)

the surface stress magnitudes of the lateral tibial plateau
cartilage were 1.4%/0.9%, 2.4%/1.9%, 6.7%/5.7%, 10.1%/
9.5%, 13.9%/14.8%, and 17.8%/20.5% higher, respectively,
than those of the standard position, as shown in Figure 5

B. The stress magnitude on the lateral compartment carti-
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lage was significantly higher at varus/valgus angles
greater than 4° (p < 0.001).

As shown in Figure 5C, at femoral prosthesis varus/
valgus angles of 2°, 4°, 6°, 8°, 10°, and 12°, the surface
stress magnitudes on the lateral meniscus were 0.7%/
0.5%, 1.3%/0.9%, 7.3%/5.9%, 13.3%/12.0%, 15.6%/16.8%,
and 17.7%/20.7% higher, respectively, than those of the
standard position. The stress magnitude on the lateral
meniscus was significantly higher at a varus/valgus an-
gle greater than 4° (p < 0.001).

Discussion

Studies have demonstrated that FEA is a highly accurate
and repeatable method for simulating the kinematics of
the knee joint and for accurately reflecting the magnitude
and distribution of stress within the joint”™. However,
the potential clinical utility of this approach has been
compromised by the improper selection of research sub-
jects in previous studies. For example, Kwon et al.” and
Park et al.” selected a healthy mature male and a healthy
mature male athlete with no prior history of knee injury
as research subjects for FEA. However, since the goal is
to analyze changes in knee joint biomechanics, the results
obtained from FEA of healthy knee joints may not accu-
rately reflect the knee biomechanics of people with knee
osteoarthritis. Therefore, these experimental results lack
reliability. Thus, it is necessary to adopt a more accurate
FEA modeling method to study changes in knee biome-
chanics after a surgical procedure. The primary objective
of FEA is to investigate the biomechanical alterations oc-
curring in knee joints after UKA. Hence, it is more con-
sistent with the goals of FEA to choose patients who
have undergone UKA as research subjects, rather than se-
lecting healthy individuals. Previous studies have dem-
onstrated the reliability of selecting post-UKA patients as
subjects for FEA investigations. Sasatani et al.” selected a
medial osteoarthritic knee for FEA. Srinivas et al.”* used
FEA to investigate five patients who underwent TKA.
Therefore, we selected one post-UKA patient for FEA, to
study the effects of a femoral prosthesis placed at differ-
ent varus/valgus angles on changes in knee biomechan-
ics, which provided more reliable and accurate results.

Recently, several studies of healthy adult volunteers
analyzed the placement position of the tibial prosthesis
in mobile-bearing UKA. Ma et al.” established the nor-
mal knee joint and fixed-bearing UKA models with dif-
ferent femoral prosthesis varus and valgus angles. They
found that the high-stress magnitude on the lateral com-

partment cartilage surface increased at varus positions
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but decreased at valgus positions. Innocenti et al.”
pointed out that the tibial prosthesis of the fixed plat-
form should have either no varus and valgus angle or
have a varus and valgus angle greater than 3°. Kang et
al.” found that 5-7° is the optimal range of the caster an-
gle for fixed platform tibial prosthesis; higher and lower
values accelerated the wear of cartilage and polyethyl-
ene. Gaudiani et al.” found that, in the placement of the
UKA prosthesis, a varus and valgus angle of 1-4°
achieved good clinical results, whereas a varus and val-
gus angle greater than 5° aggravated degeneration of the
contralateral compartment and caused early loosening of
the prosthesis. Kim et al.” postulated that overcorrection
of the lower limb force line during UKA (valgus force
line exceeding 180°) may lead to progression of contralat-
eral intercompartment osteoarthritis of the knee.

In our study, we found that the stress values on the ar-
ticular cartilage surface of the femoral lateral condyle,
tibial lateral platform, and lateral meniscus surface
gradually increased as the femoral prosthesis varus/val-
gus angle increased. As compared with the femoral pros-
thesis standard position (varus/valgus angle 0°), surface
stress values on the lateral femoral condyle cartilage, lat-
eral tibial plateau cartilage, and lateral meniscus were
higher when the femoral prosthesis varus/valgus angle
was less than 4° (p > 0.05). In addition, the stress magni-
tude on the lateral compartment cartilage and lateral me-
niscus significantly increased when the femoral prosthe-
sis varus/valgus angle was greater than 4° (p < 0.001).
These results were consistent with the conclusions drawn
by Gaudiani et al.” and Kang et al.” We speculate that
this phenomenon may be caused by the improper place-
ment angle of the femoral prosthesis. Specifically, a femo-
ral prosthesis varus/valgus angle exceeding 6° may have
increased the risk of adverse biomechanical changes in
the lateral compartment cartilage and meniscus, thereby
worsening the overall clinical outcomes of patients. How-
ever, our findings are inconsistent with results reported
by Ma et al.”, perhaps because of differences in the pa-
tients analyzed by FEA. Because Ma et al. chose healthy
adult volunteers for FEA, their results lack reliability.

Our study revealed that the surface stress values on
both the polyethylene liner and cancellous bone beneath
the tibial prosthesis increased with an increasing femoral
prosthesis varus/valgus angle. Specifically, as compared
with the standard position of the femoral prosthesis
(varus/valgus angle 0°), the surface stress values on the
polyethylene liner and cancellous bone were higher

when the femoral prosthesis varus/valgus angle was less
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than 4°, although statistical significance was not reached
(p > 0.05). However, stress magnitudes on the polyethyl-
ene liner and cancellous bone beneath the tibial prosthe-
sis were significantly higher when the femoral prosthesis
varus/valgus angle exceeded 4° (p < 0.001). This notable
increase in stress could potentially accelerate polyethyl-
ene liner wear and contribute to tibial prosthesis loosen-
ing. Furthermore, we observed that when the femoral
prosthesis was placed in a valgus position rather than a
varus position the surface stress values on the polyethyl-
ene liner and cancellous bone beneath the tibial prosthe-
sis were higher. This observation is likely attributable to
a combination of factors, including reduced stress shar-
ing by the medial cortical bone in the valgus position of
the femoral prosthesis, external displacement of the tibial
prosthesis force point, and an increased load on the me-
dial compartment.

This study has some limitations. First, although the fi-
nite element model of the present post-UKA patient en-
sured comparability with other models, the results lacked
group representation. A more complete finite element
model should be established in future research. In addi-
tion, this study was subject to the constraint of utilizing a
single finite element model. To achieve a more compre-
hensive understanding of the biomechanical alterations
of the femoral prosthesis at various varus/valgus angles,
it would be beneficial to use multiple finite element mod-
els, considering different varus/valgus angles and caster
angles of the tibial prosthesis. Such an approach would
facilitate a deeper investigation of the biomechanical
changes and their implications.

Conclusions

The FEA model was used to analyze surface stress
magnitudes on the lateral femoral condyle cartilage, lat-
eral tibial plateau cartilage, and lateral meniscus after
UKA. The results indicated that the optimal position of
the femoral prosthesis varus/valgus angle in UKA was

less than 4°.
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