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Abstract. Femoral stems with proximal metaphyseal involvement are commonly used total hip replacement
components with very good results. In this study, total hip arthroplasty (THA) application was analyzed using a three-
dimensionally modeled human hip joint by finite element method. The aim of the study is to investigate the effects of
changes in the direction of the femoral stem on these complications. Finite element analysis is performed on a model
of femur bone by varying the femur angles. Finite element models were prepared for three different positions (5 degrees
varus, neutral, 5 degrees valgus) on the femur without cement during walking motions. A sinusoid dynamic load with
amplitude between 300 N and 1700 N and with a frequency of 1 Hz was applied. The stresses, strains and deformations
that occurred on the femur and stems were determined at the end of the finite element analysis and compared to each
other. Considering the results of strain, strain and deformation in the study;, it is seen that the closest results to the natural
load bearing of the femur are in the valgus position. The results obtained in the neutral position are also close to these
results. In the metaphyseal points involving the femur stem, the highest values were found in the varus position. In all
three positions, the femoral stem provides the transfer of the load from the proximal femur. The lowest stress, strain
and deformation results were obtained in the valgus position, especially in the metaphyseal where the prosthesis is
involved. It is seen that there are values close to this in the neutral position. This situation may be thought to result in a
decrease in the proximal stress shield, an increase in bone protection compared to the varus position, a long-term
loosening and a decrease in periprosthetic fracture.

Keywords: biomechanics; finite element method; total hip arthroplasty

1. Introduction

Total hip arthroplasty (THA) is a successful method that frequently used for long-term pain relief
and restoration of function for patients with diseased or damaged hips (Reimeringer and Nufio 2016).
Aseptic loosening, bone resorption, pain, post-prosthetic bone fractures, and dislocations are the
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main causes of this restoration (Talip and Kisioglu 2019). The total number of hip arthroplasties
performed increases every year. The increase in the number of operations causes an increase in the
failure rate. The long-time performance of this operation is bound up with a diversity of factors,
such as the surgical method used, the placing of the stem, the stability of the intramedullary fixation,
the patient weight, and the stem design. Before clinical application, the effects of prostheses used in
THA on the patient in terms of mechanical behavior should be determined. Before the clinical use
of the prostheses used in THA, the stresses, deformations and displacements that will occur in the
bone can be calculated by using the finite element method.

Many solution methods are used in solving mechanical problems (Keshtegar et al. 2020,
Kolahchi et al. 2020, Azizkhani et al. 2020, Shariati et al. 2021, Huang et al. 2021, Al-Furjan et al.
2020, 20214, b, Kolahchi et al. 2021, Hajmohammad et al. 2021, Motezaker et al. 2021). Based on
the evolution of today’s computers, numerical analysis acquires an important role in the
biomechanical investigation (Cheruvu et al. 2016, Tomlin et al. 2016). General practice in numerical
analysis is the finite element method (FEM), which can be applied in different situations, e.g., in
structure mechanics, thermodynamics or biomechanics (Shariati et al. 2020, Al-Furjan et al. 20203,
b, 2022, Keshtegar et al. 2021, Kolahchi and Kolahdouzan 2021, Taherifar et al. 2021). Structural
mechanical point of view deals with deformation, stress and strain analysis of bone and stem. For
this reason, FEM is widely used in biomechanics to analyze mechanical behavior and to answer
unresolved questions related to clinical complications.

The literature includes articles on analyzing the mechanical behavior of the femur bone by using
FEM (Hambli 2014, EI Sallah et al. 2020, Mobasseri et al. 2020, Ramakrishna and Pavani 2020).
Watanabe et al. (2000) evaluated the stress concentration and stress shielding after hip arthroplasty
using three dimensional finite element models. FEM was used to analyze stress distribution during
normal walking, standing up, stair climbing and knee-bend boundary conditions by Pastrava et al.
(2009) and Michalski et al. (2017). Li et al. (2014) evaluated the fracture process in the cortical bone
at a micro-scale using FEM. Kumar et al. (2015) handled three dimensional femur bone using FEM
and the bone was analyzed for hip contact stresses and forces during walking, standing, running and
jumping activities. Stress, strain, determination and fracture on bone were studied by using FEM by
Parashar and Sharma (2016). Reimeringer and Nuno (2016) examined the effect of the contact ratio
and its location on the primary stability of a cementless stem subjected to stair climbing using finite
element analysis. Wang et al. (2017) examined the contact areas and pressures between the femoral
head and the acetabulum during walking using FEM. Abdullah et al. (2017) analyzed the effects of
different types of femoral components, namely total hip arthroplasty and resurfacing hip
arthroplasty, on predicting the risk of femoral fractures using FEM. Kalaiyarasan et al. (2020)
studied on investigated improving the strength of bone joints made up of dissimilar biomaterials and
tried to find out the best material by using FEM. Wadatkar et al. (2020) investigated the effect of
biomaterials used for an implant on stress analysis and fracture in a human body with the help of
FEM. Biomechanical studies have been conducted by researchers in different fields of medical
sciences using the finite element method Nisanci et al. (2020), Terzi et al. (2020).

Loosening, osteolysis and periprosthetic fracture are seen as of late complications after total hip
arthroplasty. The aim of this study is to investigate the effects of changes in the direction of the
femoral stem on these complications. For this reason, we analyzed the change in stress, strain and
determination of mechanical properties using software based on the finite element method by
placing the stem in different positions (5 degrees varus, neutral, 5 degrees valgus) on the femur
without cement. The mechanical effects of the incorrectly placed stem on the bone were evaluated.
We compared stem placed at different angles by measuring stress, strain and deformation. As far as
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M1 M2 M3
Fig. 1 Stem angles, (M1-5° (varus), M2-neutral, M3-5° (valgus))

we know, there is no FEM study in the literature that examines the placement angle of the femoral
stem in as much detail as this study. The results obtained will contribute to the application of the
most appropriate THA stem placement with the help of a computer without performing any
operation on the patient before surgery (THA).

2. Definition of the problem

Femur bone is known as the longest and strongest bone in the human body. The length of this
bone is about 26% of the height of a human being. The upper part consists of head, neck and two
trochanters. The cylindrical body is the long part of the femur. The slightly cuboid (diagonal
diameter is bigger than its anteroposterior) lower part is bigger than the upper one.

For the biomechanical analyses, we selected the CLS Spotorno stem (Zimmer, Warsaw, USA),
clinically and biomechanically well established as cementless THA stem (Aldinger et al. 2009,
Schmidutz et al. 2017).

In order to determine the effect of implant placement, we analyzed it with 3 different stem angles
in the femoral shaft: Model 1 (M1) 5° (varus), Model 2 (M2) neutral and Model 3 (M3) 5° (valgus)

(Fig. 1).

3. Materials and method

The analyzed structures in biomechanics are man-made and have a biological origin. When the
femur is analyzed, there are no exactly defined angles, curves and distances. The femur has the
ability to adapt to any situation mechanically. Especially with regard to implant technology and
arthroplasty, it plays an important role in orthopaedic biomechanics. If the operation and the design
of the stem are wrong, the distribution of the stress around the treated joint occurs improperly. If the
forces are mainly transferred by the stem, femur and stem contact regions get minimally loaded.
This is another problem that can be solved by stress, strain, and deformation analysis of the stem-
femur compound. These models are subjected to transient structural analysis using ANSYS
Workbench to evaluate the stress, strain, and deformation.
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Fig. 2 Geometry for models (M1, M2, M3, Stem)

3.1 Modeling

In the last twenty years with dramatic development in efficiently modeling, analyzing and
designing complex structures, FEM has become the most widely used numerical method such as
industrial structures, machines and human organs. The FEM was applied first in biomechanical
orthopedics to investigate the stress in human bones (Brekelmans et al. 1972). To this end, FEM
helps to predict biomechanical behaviors of biological tissues at a particular location in complex
systems both in living organism and in laboratory.

The stem and femur to be analyzed in the FEM can be designed using CAD-software. Although
there are many methods to model a femur bone of which computer tomography scan and MRI data
due to unavailability of such data, virtual femur bone and stems models were designed and
assembled in the SolidWorks program as in the real medical operations (SolidWorks 2018). For 3D
solid models of THA modeling, bone and stem parts were prepared and assembled. Then, the models
were transferred to the ANSYS Workbench software for transient structural analysis (Fig. 2)
(ANSYS 2016). Dimensions of CLS stem (for Head M) are used for size 11.25 (Zimmer). The
models were created with an addiction angle of 16° in the frontal plane and 9° flexion angle in the
sagittal plane for the loading conditions (Bergmann et al. 2001).

Three dimensional finite element models of both models were automatically generated with 5-
node tetrahedron elements (tetrahedron elements with four nodes). SOLID 187 tetrahedron element
was used for the finite element models. The contact type between bone and stem was defined as
CONTA 172 and TARGE 169 elements. We applied the transient structural type of analysis, which
allows time dependent loading.

3.2 Material properties

Material properties of the femur are different between humans so that it does not assign any
certain material properties. The bone material is anisotropic in nature, but the material properties of
all models were assumed to be linear, elastic, and isotropic. The reason is that a small part of the
bone can be solved for an anisotropic solution however for complete bone; it is extremely difficult
to assign anisotropic material properties. The material properties of all models were assumed to be
linear, elastic, and isotropic. The only cortical part was modeled in this study (Anwar et al. 2017,
Peleg et al. 2006). Each element must be assigned to the appropriate elastic constants of the material
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Table 1 The material properties of the models

Materials Density (g/cm®) Modulus of elasticity (MPa) Poisson’s ratio
Stem Ti6AI4V 4.43 113800 0.34
Femur Bone 2.1 17000 0.35

Fig. 3 Finite element meshes of the model

in the finite element model. Three material constants (elastic modulus, Poisson’s ratio, and density)
were required. The material properties of Titanium Alloy (Ti6Al4V), the most used for the prosthesis
were described for the prostheses (Wadatkar et al. 2020). The CLS Spotorno type of femoral stem
was modeled for this study. The material properties of the femur bone were defined according to the
study of Tu et al. (2009). The properties of the material used for the model are represented in Table
1.

3.3 Loading and boundary conditions

The application of boundary conditions and loading in biomechanical FEM is based on
suppositions including forces acting in the human body, displacements and symmetry boundary
conditions based on simplifications in the model. The major source of acting loads in the
musculoskeletal system for orthopedic biomechanics is the telemetric in vivo measurement using
instrumented stems (Bergmann et al. 1993, 2001).

In this study, different configurations were evaluated to emphasize the effects of various
assembling conditions of bone and stem. The boundary condition was applied by fixing the distal
epiphysis, which is the lower part of the femur that is connected to the knee. For the loading
conditions, the samples were dynamically loaded under physiological adapted conditions according
to in vivo measurements obtained for a person with a bodyweight of 70 kg, walking on ground level.
A sinusoid dynamic load with amplitude between 300 N and 1700 N and with a frequency of 1 Hz
was applied for 30 cycles per analysis (Fottner et al. 2009). The load was applied to the head of the
model.

3.4 Meshing

A mesh convergence study was performed by refining the element size from 5 mm to 2 mm.
Changing mesh sizes had different results in terms of stresses. Stresses change significantly when
mesh size decreases from the initial 5 mm size to 2 mm. Beyond the mesh size lesser than 2 mm,
there are no significant changes in stresses for subsequent mesh size. Thus, the most convenient
element size for the optimum results was defined as 2 mm for the analysis of all the models. A femur
and stem THA model consisting of 134894 nodes and 87061 elements is shown in Fig. 3.



34 Yilmaz Giivercin et al.

Fig. 4 Stress, strain, deformation

Stresl Deformatios

M1
M2
Stres Strain Deformatio:
M3
Stress Strain Deformation

Fig. 5 Results of the maximum stress, strain, and deformation in the stem
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Stres Strain Strain Deformation

M3

Stress Deformatios

Fig. 6 Results of the maximum stress, strain, and deformation in the femur

Fig. 7 Positions of points

3.5 Solve

In order to evaluate the influence of the stem angles, three finite element models of the stem-
femur compound were generated. The structural response of the stem-bone compound to the applied
forces was calculated using the transient structural analysis ANSYS Workbench (Fig. 4).
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Table 2 Results of the maximum stress, strain, and deformation in the stem

Models Max. Von-Mises Stress (MPa) Max. Strain (10%)  Max. Deformation (mm) (10%)
M1 98.568 8.6616 6.4534
M2 85.091 7.4774 5.9353
M3 80.386 7.0034 4.7509

Table 3 Results of the maximum stress, strain, and deformation in the femur

Models Max. Von-Mises Stress (MPa) Max. Strain (10%) Max. Deformation (mm)
M1 42.833 0.25203 5.1066
M2 38.252 0.22516 4.7289
M3 31.955 0.19973 3.7622

Table 4 Results of the stress at points in the stem (MPa)

Models 1 2 3 4
M1 36.431 30.054 6.3522 6.8412
M2 32.211 27.539 5.9103 4.5044
M3 27.219 25.811 46719 2.1517

5 6 7 8
M1 59.988 84.400 28.261 18.901
M2 51.166 68.298 18.501 16.717
M3 43.462 59.455 11.587 14.476

9 10 11 12
M1 78.225 50.962 73.550 38.185
M2 71.207 37.425 68.529 18.624
M3 60.282 21.582 56.409 16.923

Table 5 Results of the stress at points in the femur (MPa)

Models 1 2 3 4
M1 12.34 9.0005 2.7433 1.5699
M2 10.884 6.2813 1.2595 1.1163
M3 9.7017 5.2473 0.5692 0.84165

5 6 7 8
M1 29.311 19.029 2.6522 9.994
M2 24.525 17.747 1.9015 6.6048
M3 16.496 13.580 1.4848 3.8039

9 10 11 12
M1 31.977 17.958 9.6771 11.330
M2 28.480 15.677 8.4626 8.1644
M3 13.736 11.566 7.9950 6.4488

4. Numerical results

In this study, the finite element method was used to obtain stress, strain, and deformation values
in each region of the femur and stem. Titanium was used as a stem material for all models. The
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Table 6 Results of the strain at points in the stem (10)

Models 1 2 3 4
M1 3.1678 2.6156 4.4356 6.1540
M2 2.9970 2.2847 3.3506 5.5784
M3 2.4024 2.1663 2.3831 4.6886

5 6 7 8
M1 5.2363 7.4065 2.4922 1.706
M2 4.2627 6.0010 1.4165 1.4288
M3 3.8130 5.2218 1.0190 1.2624

9 10 11 12
M1 7.4913 7.3535 6.9406 2.1520
M2 6.1415 3.3126 5.7558 1.6891
M3 5.0347 1.0542 5.3686 1.4896

stress, strain, and deformation images and numerical values of the analysis results for the Model 1
(M1), Model 2 (M2), and Model 3 (M3) are shown in Figs. 8-10 and in Tables 2-5, respectively.

The stress, strain, and deformation images and numerical values of the analysis results for the
stem and femur are shown in Figs. 5-6 and in Tables 2-3, respectively. As can be seen from the
tables, the highest stress, strain, and deformation values were obtained in the M1. The lowest stress,
strain, and deformation values were obtained in the M3.

The proximal registration points 1 and 2 were set at the level of the lesser trochanter. For both
groups, the distal points 5 and 6 were positioned 1.5 cm above the tip of the stem. Measurement
points 3 and 4 were located centrally between the proximal and distal levels (Fottner et al. 2009).
On the three different stem-femur compound designs twelve points were measured for each model.
The stress, strain, and deformation values obtained are shown in Tables 4-9.

When the numerical data in Tables 4-9 are examined, it is seen that the results obtained using

M1, M2, and M3 designs were different from each other. In terms of models, the maximum values
were obtained when using M1, while the lowest values were obtained in M3.
When Table 4 and Table 5 are considered in terms of points, it is seen that the highest three stress
values for stem and femur are determined at points M1-6, M1-9, M1-11 and M1-5, M1-9, M2-9,
respectively. On the other hand, the lowest three stress values for stem and femur are determined at
points M3-4, M2-4, M3-3 and M3-3, M3-4, M2-4, respectively. Considering the stress values for
the stem and femur at the points shown in Fig. 7, it is seen that the stresses increase in (1-5-9), (3-
7-11) and (4-8-12) directions. When passing from point 2 to point 6, the stress value increases but
decreases at the transition from 6 to 10.

When Tables 6-7 are considered in terms of points, it is seen that the highest three strain values
for stem and femur are determined at points M1-4, M1-2, M1-3 and M1-1, M1-4, M1-3,
respectively. On the other side, the lowest three strain values for stem and femur are determined at
points M3-7, M3-10, M3-8 and M3-7, M2-7, M3-8, respectively. When Tables 6 and 7 are
examined, strains in the direction of the points (1-5-9) increase both in the stem and in the femur.
The strain value increases when moving from point 2 to point 6, but decreases from point 6 to point
10. The strain decreases in the direction of 3 to 7 point, and increases in the direction of 7 to 11. The
same is true towards the (4-8-12) points. The strains decrease in the 4-8 direction and increase in the
8-12 direction.
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Table 7 Results of the strain at points in the femur (10)

Models 1 2 3 4
M1 7.2695 5.5235 5.1583 7.4062
M2 6.4472 3.9729 4.0974 6.8730
M3 5.6737 3.3587 3.4048 5.8392

5 6 7 8
M1 17.244 11.192 1.5633 5.8784
M2 14.360 10.044 1.2298 3.8587
M3 9.7044 7.9912 1.0813 2.2380

9 10 11 12
M1 18.812 10.567 5.6881 6.6555
M2 16.758 8.2785 5.0476 4.7973
M3 8.078 6.8522 9.9427 3.7180

Table 8 Results of the deformation at points in the stem (mm)

Models 1 2 3 4
M1 3.7769 3.7928 3.7781 3.8310
M2 3.4314 3.4273 3.3985 3.4418
M3 2.7515 2.6518 2.6639 2.7221

5 6 7 8
M1 2.3125 2.3675 2.298 2.3908
M2 2.1693 2.1494 2.1445 2.1695
M3 1.7828 1.6834 1.7439 1.7156

9 10 11 12
M1 1.1354 1.17830 1.1603 1.1335
M2 0.93292 0.92665 0.94529 0.92395
M3 0.84694 0.83918 0.85324 0.87478

Table 9 Results of the deformation at points in the femur (mm)

Models 1 2 3 4
M1 3.6132 3.5618 3.5913 3.6051
M2 3.3464 3.3649 3.3266 3.3356
M3 2.6997 2.6433 2.6862 2.6435

5 6 7 8
M1 2.3713 2.4265 2.3277 2.4881
M2 2.2241 2.1921 2.1594 2.262
M3 1.9147 1.6954 1.8296 1.7828

9 10 11 12
M1 1.3685 1.1794 1.1400 1.0864
M2 0.98583 0.98583 0.9446 0.94607
M3 0.8535 0.73028 0.86817 0.86525
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When Tables 8-9 are considered in terms of points, it is seen that the highest three deformation
values for stem and femur are determined at points M1-6, M1-9, M1-10 and M1-5, M1-9, M2-9,
respectively. On the other hand, the lowest three deformation values for stem and femur are
determined at points M3-10, M3-9, M3-11 and M3-10, M3-9, M3-12, respectively. When the
deformation values obtained are considered, the deformation in the direction of (1-5-9), (2-6-10),
(3-7-11), and (4-8-12) points decreases both in the stem and in the femur.
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Fig. 13 Deformation at points in the femur

Nowadays, THA is an effective treatment of osteoarthritis on the hip due to various reasons and
its results are very good. However, in cementless THA applications, unsuccessful results occur in
patients in the short and long terms. The long-term failure rate is reported to be 10% (Bordini et al.
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2007). This failure depends on factors such as surgery, patient characteristics, and prosthesis type.
The main purpose of this study is to minimize these unsuccessful results. For this reason, the stem
placement at different angles in the femoral stem model, which is widely used and has metaphyseal
involvement was evaluated mechanically. 3D femoral stem layer model was created and analyzes
were made with the help of a package program based on the finite element method. As a result of
the analysis, the deformation, strain and stresses in the femur and the stem were obtained and
presented in tables and graphics. This numerical study examined the stem angle in the femur from a
biomechanical perspective for use in clinical applications. When the numerical results obtained are
examined, it is seen that the lowest stress, strain, and deformation values in the femur and stem under
dynamic load are in the valgus position (M3). The values obtained in the neutral position (M2) are
between the values obtained from the valgus and varus positions and are closer to the valgus
position. On the contrary, in the varus position (M1), the values were found to be very high and open
to clinical complications (Figs. 8-13).

THA is the most effective treatment for calcification of the hip due to various reasons. The
design, material and application of the prosthesis used are the main factors affecting the success.
Success can be measured by properly transmitting the body load to the thigh. Load transfer in long
bones normally occurs with subchondral bones. In prosthetic patients, load transfer is provided by
the attachment of the stem to the femur from various regions (Cristofolini 2017). It has been reported
that prostheses with metaphyseal involvement rather than diaphyseal involvement have better results
(Gardner et al. 2010). In our study, a conical prosthesis with metaphyseal involvement was used. In
our study, a decrease was found in the proximal femur cortex and proximal stem (1,2,3,4 points)
stresses compared to other points (Yan et al. 2020, Bieger et al. 2012, Yan et al. 2018). It is observed
that the values in the proximal femur and proximal stem are low in the strain as well as in stretching
in all three implantation forms. On the other hand, deformation was found to be high in all three
implantations. In this case, it can be predicted that the proximal femur stress and strain change is
low and the displacement is high may cause periprosthetic bone loss (Engh et al. 2003).

In this study, it is seen that the deformation decreases and the stress and strain increase as towards
the distal. This situation is consistent with the studies in the literature examining the stress, strain
and deformation values at some points in the stem and femur (Floerkemeier et al. 2017, Aamodt et
al. 2001, Yan et al. 2020). Unlike the general situation, stress and strain decrease at 6-10 points
corresponding to the anterior of the proximal diaphysis. This could be due to the low load effect on
the region caused by the stem design.

The incidence of periprosthetic femur fractures after CAP with CLS prosthesis was as low as 8
years and was reported to be 4.5% after 17 years. The authors reported that the stem placement angle
did not differ in fracture incidence (Streit et al. 2011). In another study involving 26-32 years of
follow-up after CAP with CLS prosthesis, the authors reported that more research is needed to
evaluate the causes and risk factors of periprosthetic fractures (Peitgen et al. 2019). The popularity
of direct anterior prosthesis application is increasing day by day, and varus placement is widely seen
in studies. It has been reported that varus localization of the femoral stem may have adverse effects
on patients (Haversath et al. 2020, Zang et al. 2018). Although it was stated in long-term studies
with CLS prosthesis that the femoral stem placement angle would not affect the life of the prosthesis,
in a study with a wide participation, the authors reported that the risk of periprosthetic fracture might
increase in the positioning of valgus above 3 degrees and varus above 5 degrees (Griffiths et al.
2020).

When the implantation types of varus, valgus and neutral were evaluated among themselves, the
stress, strain and displacement values in the proximal femur were highest in the varus position and
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Fig. 14 Stress distributions in the three FE models

the lowest in the valgus position. When the femur diaphysis area was examined, it was observed that
it was the lowest in the valgus position and the highest in the varus position, as in the proximal
region. Considering the endpoint of the distal stem, it is seen that the lowest stress value is in the
neutral position and the highest value is in the varus position (Fig. 14). Fig. 14 is an internal cross-
sectional view of the femur without the stem. The increase in stress will cause an increase in the
fibrous tissue that will disrupt the osseointegration at the bone implant border and will cause cracks
in the bone or stem. It would be the right approach to think that this situation will increase the risk
of periprosthetic fractures by tiring the bone or stem in the long term. These stresses will cause
deformations in the bone, especially in the valgus, and varus positions. These deformations are
thought to cause bone fractures over time.

There are many cemented prosthesis studies on incorrect femoral stem positioning. On the
contrary, there are few studies done with cementless prostheses. In THA applications, % 46 percent
of femoral stem placements are at least one degree of varus or valgus position. Six of these patients
had cortical hypertrophy and nine of them had proximal region osteolysis (Shishido et al. 2018). In
this study, especially the mechanical effects of cementless prosthesis placement are examined and
the literature on the subject is contributed.

6. Conclusions

The aim of this study is to measure the stress, strain, and deformation created by the femoral stem
placed in different positions under dynamic load. Accordingly, the damages that may occur in the
femur and stem were evaluated in accordance with the clinic.

Finite element modeling is a powerful method in biomechanical analysis, but it has some
limitations. The most important limitation in the application of FEM for biomechanics is the lack of
anatomical detail in the modeling. With the advances in computer tomography, some of these
limitations have been solved. When the parameters required for the design are known the results
from FEM can be utilized effectively for stem design and application.

As a conclusion, this study compared stress, strain, and deformation values that occurred in the
cementless THA for three different stem angles. The stress, strain and deformation distributions
caused by replacing the stem in the femur were analyzed with the help of the ANSYS Workbench
finite element program. The results obtained are described below.
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» For clinical practice, the results of the current study showed that the different angle variations
of the stem in the femur have an influence on mechanical behaviors.

* With the development of computers, the accuracy of stem-femur analysis made with the finite
element method has increased.

» The effects of femoral stem placement on the patient are discussed in the literature. In this study,
although the mechanical values are more appropriate in the valgus position, the lowest stress
values were obtained in the neutral position at the point where the distal part of the femoral stem
touches the bone.
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