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Abstract: The natural distribution of stress in the femur is altered when total hip arthroplasty (THA) is
performed. In fact, when a stem is inserted inside the femur, there is a variation in stress due to the difference
in rigidity between the material with which the stem is made and the femur. This generates the phenomenon
of stress-shielding. The aim of this study is to design an optimized prosthesis that guarantees excellent
rotational stability and reduced stress shielding. Methods: through the finite element method (FEM) the
mechanical behavior of the stem subjected to the loads described by ISO 7206-4: 2010 is studied. Results:
Through topological optimization, there is a reduction in stress shielding in the proximal zone of 31.46%. The
addition of ridges on the dorsal side of the stem also improves rotational stability by 27.82%. Conclusions: The
decrease in stiffness that is recorded with the optimized stem, guarantees a greater distribution of stress on the
bone. The presence of dorsal ridges also favors the corticalization of the bone as it loads the bone near the
dorsal ensuring further stability. The perforated prosthesis presented in this study, shows an increase in
primary stability and an improvement in rotational stability. As there is also a bone regrowth inside the
prosthesis.

Keywords: prosthesis; stress shielding; topological optimization; Fem analysis

1. Introduction

Total hip arthroplasty (THR) is the therapy to treat degenerative diseases, such as hip
osteoarthritis or degenerative cartilage diseases and trauma. In the case of trauma, intracapsular
fractures may be found at the level of the head, intratrochanteric, included in the area between the
small and the great trochanter and subtrochanter, at the diaphyseal level. [1] The purpose of a hip
replacement is to restore the motility and functionality of the joint without causing pain to the patient.
Both the stem and the components that make up the joint must be designed to ensure long-term
mechanical reliability and reliability at the implantation site. [2] The use of THR is increasing,
particularly in young patients. This factor influences the number of revision surgeries, as the
increased life expectancy of the younger population has led to an increase in revision surgeries. In
revision surgery, numerous technical difficulties are encountered due to bone loss as a result of
mobilization. [3] The search for prosthetic alternatives has led to the modification of the primary
components, improvements introduced and changes to obtain a more proximal load transfer to the
femur in order to reduce the phenomenon of stress-shielding [4-7] therefore preserving the bone for
possible revision surgery. In the last two decades, several conservative femoral prostheses have been
designed and some authors have supported their use. Traditionally, tapered anatomical or cylindrical
are used. The classic tapered stem has a rectangular cross section, 4 corners and 4 flat surfaces that
are compressed in the proximal femur, the second type, the stem in the mid-distal view follows the
curvature of the femoral canal. [8-12] The anatomy of the femur, in fact, has two curvatures called
curved and procurvate. Figure 1
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Figure 1. (a) curvature of the femur in frontal and sagittal view, (b) right stem, (c) curved stem.

Studies comparing right and curved stems have shown that curved stems have greater torsional
stability both proximal and distal. [8] It has also been shown that the torsional stability of the
anatomical stems and is not proportional to the length of the stem itself. Despite the positive results
of long-stem femoral prostheses, there are still concerns about the relatively high rate of early
periprosthetic fractures, pain in the front of the thigh, bone loss, and high skin stress[13-15], mainly
due to stress-shielding and rotational instability.

1.1. Rotational instability

It is a problem that is noted in many revisions. The result of the forces acting on the femoral head
turns out to be eccentric with respect to the axis of the stem, thus exerting a high torsional moment
to the prosthesis during walking, exposing it to rotational stresses as well as compression, flexion
and traction stresses Figure 2.
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Figure 2. Direction of application loads and moments.

Sections of the stem with carvings or with edges improve the anchorage of the stem. For
example, rectangular sections with horizontal grooves (Figure 3a) and vertical ones ensure the
anchorage of the stem to several points of the proximal cortical.
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Figure 3. (a) sheet with horizontal grooves, (b) stem with ridges.

Thanks to the overstresses induced by both the notch sections and grooves, bone regrowth is
stimulated which favors the anchoring of the stem. In the same way, the presence of ridges on the
stem Figure 3b increases the stresses on the surrounding spongy bone, which corticalizing creates
islands of cortical bone that stabilize the prosthesis

F, = D

M
L,
Fo= force transmitted to the bone.
Lo=lever arm of F2

Rotational stability is defined as the resistance of the implant to the joint forces that induce
rotation around the longitudinal axis of the implant. Walking, climbing stairs and getting up from a
sitting cause a moment M around the axis of the stem Figure 4. According to equation (1), the lever
arm L2 depends on various anatomical configurations used. Figure 5.

Axis of stem

medial lateral

Height of segment

Figure 4. Torsional moment (M) produced by the introduced force (F 2) and the active lever arm
(L2).
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Figure 5. Lever arm configuration.

We can see that the greater the lever arm (L 2) the lower the force (F) transmitted to the bone;
and contrarywise, the smaller the lever arm (L 2), the greater the force (F) transmitted to the bone.
Prostheses with a reduced radius (L2) are not as strong because they produce a higher surface load
leading to early prosthetic failure caused by local overload per unit area (N/mm?). A large medial
and/or lateral radius produces greater resistance to rotation. The cortical support of the prosthesis is
indispensable for stability and transmission of force, since the larger the area, the lower the specific
surface load. The spongy bone is a dynamic element of minor importance in this sense since it yields
when subjected to a specific axial load. Studies carried out [32] have shown that the design of the
stem in the proximal zone plays a fundamental role in ensuring rotational stability. Stems with
rectangular or trapezoidal section, have better behaviors in terms of stability to rotation because they
provide greater anchoring surfaces than oval or elliptical shapes.

1.2. Stress-shielding

According to Wolff’s law,[16-33] bone remodeling occurs to adapt bone structure and geometry
to loads acting from the outside. Before the implant is inserted into the femur, all the load is
discharged along the bone surfaces, after insertion of the prosthesis, the bone turns out to be subjected
to lower stresses. What occurs is an uneven distribution of stresses since we have the upper part of
the femur which undergoes less loads while the distal part is overstressed by compression by the
presence of the stem. Figure 6 Bone density decreases when the stress acting on the bone is lower
than physiological stress [34]. While it increases, the acting loads turn out to be higher. This
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phenomenon is mainly due to the difference between the stiffness of the implant and that of the
femur. The implants are made of metal alloys (steel, cobalt-chrome, titanium alloys), which are more
stiff (100-200 Gpa) compared to that of the human femur (1-30 GPa) [35].
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Figure 6. Simple scheme of stress shielding [36].

Therefore, in order to fill the problem of Stress-shielding, it is necessary to ensure that there is a
decrease in the stiffness of the stem so as to have an increase in the transfer of the load to the bone,
as also observed by (Diegel et al) [36] . The stiffness turns out to be dependent on the section and the
material. In this study, we will vary the stiffness by acting on the section and through the finite
element method we will compare the stiffness expressed by equation (2) of a modified stem, with the
stiffness of a traditional solid stem.

Applied load

Rigid _ Applied loaa
rgraness Displacement

@)

In addition, stress shielding will be evaluated, comparing the Von Mises stress of the intact
cortical bone with the Von Mises stress of the cortical bone with the implant. gt@ttogimpianto Era]dj
and Esposito [37], defined stress shielding (SS) according to equation 3.

O.Lntatto _ O.melanto

SS = 3)

O-intatto

Low (SS) reflect changes in local stress in a region after implantation. A positive (SS) implies that
the local region undergoes less stress than pre-surgical conditions, which induces stress-shielding; a
negative (SS) suggests instead an increase in local stress or a potential concentration of stress.
Rotational stability will be studied through the evaluation of stem rotations within the femur and
comparing these results with those reported in the literature [38]. This study hypothesizes that
comparing a traditional solid stem to an optimized Figure 7 stem will effectively reduce the effect of
stress shielding and improve rotational stability. Moreover, thanks to the finite elements, important
results can be obtained that provide the designer with the recommendations to be adopted to ensure
implant stability.
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Figure 7. On the left a traditional full-stem prosthesis with rectangular section, on the right prosthesis
with minimization in the proximal area having holes, ridges and slots to improve rotation stability.

2. Materials and Methods

2.1. Evaluation of stem stiffness

The finite element models were created in accordance with the load and constraint
requirements of ISO 7206-4:2010. This standard provides with a good indication the ability that the
femoral prosthesis possesses to withstand load conditions. ANSYS® Workbench software is used for
finite element simulation Figure 8. The finite element analysis (FEA) model includes a suppression
block (transmits 2300N compression to the stem), a femur head and the implant embedded in the
cement 80 mm away from the center of the femoral head with an adduction angle of 10° and a flexion
of 9°. Both made and assembled with 3D Inventor software. For the above parts, the material
properties used in FEA are given in Table 1. The type of delimited contact was defined for bone
cement — implant, conical head of the implant — inner surface of the femoral head, outer surface of
the head of the. The concrete block was constrained in all directions. For all parts of the FEA model,
tetrahedral elements with an average element size of 2 mm were used.

4— Suppression

blocks
Y\

Femoral Head

i ¥ Implant

Bone cement

Figure 8. FEM model of ISO 7206-4 test (a) standard stem, (b) optimized stem.

2.2. Bone implant stress assessment

To model the stem inserted inside the femur, a cylindrical 3D model Figure 9 was prepared,
dividing it into the cortical and spongy part. [33]. Once assembled, the model was converted to an
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.stp file and exported to Ansys Workbench to prepare the mesh, define the contact, and set boundary
conditions. The assembled model consists of 3 parts (cortical bone, spongy bone, femoral stem), this
classification of the CAD model served to assign the properties of the material independently. It was
assumed that both cortical and spongy bone had linear, orthotropic and homogeneous mechanical
properties. The bone properties listed in Table 1 were taken from [34-36]. As for the stem, it was
made of Ti6Al4V titanium alloy. The properties of titanium alloy are shown in Table 1. The base of
the bone model was constrained in all directions. The contacts between prosthesis and bone have
been set as: bonded and no separation. The loads were taken from the work of Wen-Chen et al.,
2014 [37] and Bergmann et al., respectively. [38]. Figure 10

Figure 9. Representative model of the stem inserted into the femur; cortical thickness considered 3
mm.

Table 1. Mechanical properties of various materials.

. Modulus of Shear Poisson’s Compressive  Yield Density
Material Elasticit modulus ratio Strength strength o/cm?
y (Gpa) (Mpa) (Mpa)

Ex=6979 (Mpa)
Ey=18132
(Mpa)
Ez=6979 (Mpa)

Ex=660 (Mpa) Gyz=0.211 v,, = 0.25
Cancellous bone Ey=1740 (Mpa) Gzx=0.165 v, = 0.4 16 1.37
Ez=660 (Mpa) Gxy=0.260 Vxy = 0.25

Gyz=5.6 vy, =0.25
Gzx=4.5 v, =04 195 2.02
GXy=6.2 Vyy = 0.25

Cortical bone

Ti6Al4V 110 (GPa) 0.3 970 930 442
Steel (suppression
21 .
blocks) 0 (Gpa) 03
Bone cement 3.8 (Gpa) 0.3

Cr-Co (femoral head) 200 (Gpa) 0.33
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Figure 10. The direction and application of loads and time for the numerical model studied. [39].

2.3. Meshing.

The stem-bone model was assembled with approximately 614904 tetrahedral elements Figure 11
adopting an average element size of 2.4 mm as also reported in [39] for the stem. Instead, with
regards to the bone, since it is the main object of study we want to investigate about the distribution
of tensions, a mesh size of 2mm has been adopted to have greater accuracy in the results.

Figure 11. Mesh characteristics used for the stem size=2,4mm for the bone size=2 mm.

Figure 12 shows the mesh convergence verification that displays how adopting an element size
of 2mm, the error committed is 0.20%.[39,40] Mesh convergence analysis is an important process in
finite element analysis (FEA) to ensure the accuracy and reliability of results. Mesh convergence
refers to achieving stable and consistent results as the mesh size and density is refined. If the results
do not converge as expected, you may need to repeat the process of meshing and analysis with a
different strategy to achieve adequate convergence. This could include the use of localized mesh
refinement techniques or optimization of analysis parameters.
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Figure 12. Mesh convergence analysis between element dimension and Von Mises stress.

3. Results

Figure 13 shows the displacement load graph and the stiffness obtained with the first FEM model
(ISO 7206-4:2010) according to equation 4 for the standard stem and for the optimized one comparing
it with that of the human femur [41].

Implant Stiffness @
/ Rdh

4 |
d |

1000

-

-

Load (N)

o

ML

Solid stem e
Optimized stem =
Intact femur «++«: | |

[ 1 |

0 01 02 03 04 05 06 07 08
Displacement (mm)

Figure 13. Load-displacement graph for Ti6Al4V stem, optimized stem and intact femur. The
stiffness value of each configuration is presented above the respective slopes on the diagram.
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Based on these early stiffness results, we should expect the stem femur in Ti6Al4V to have lower
stress after THA, as the Ti6Al4V stem is stiffer than the femur; the femur with optimized stem instead
should have the opposite case, in which greater stress is expected after THA. Through the second
FEA study, in Figure 14, the results of the Von Mises stress for the traditional and optimized stem are
reported.

Traditional stem Optimized stem

Von Mises
Stress (MPa)

Proximal zone

Distal zone

Figure 14. Von Mises stress distribution on bone (a) traditional stem (b) optimized stem (c) intact bone
[35].

Regarding the stems instead, in Figure 15 the results of the Von Mises stress are reported.
Von Mises Traditional stem Optimized stem

Stress (MPa) 1020,1

735,57
451,05
166,53
109,63
79,006
62,125
45,244
42,207
39,17
36,133
13,594
13,594
9,2912
1,0765
0,0002458

[  IEEEEEEEEEEN |

Figure 15. Von-Mises stress for stems.
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As shown in Figure 14, stress is mainly concentrated in the proximal zone, as also shown by
Swanson et,al [42]. Observing the distribution of stress for the full stem and the optimized stem, it is
clear that there is a global increase in stress from the proximal to the distal zone. This phenomenon
can also be explained by observing Figure 15 in which we see how the optimized stem has a lower
stress than the traditional solid stem, this phenomenon makes it clear how part of the load is
distributed more on the bone in contact, with a reduction in stress-shielding. Moreover, considering
the yield stress (110 Mpa) of the cortical bone detected by a study on cadavers [43] we can affirm that
the insertion of the prostheses does not involve risks of fracture for the femur.

Through equation 3 we can calculate the stress shielding for the two stems Table 2 taking as
reference the Von Mises stress of the stemless bone Figure 14 and the results of the Von Mises stress
for the bone in the two cases, summarized in Figure 16.

25

M traditional stem
optimized stem
0 25 50 75 90 115 130

= = N
o v o

Von Mises stress (Mpa)

(6]

145 150

distance from the neck(mm)

Figure 16. Trend of Von Mises stresses in the bone.

Table 2. Reduction of stress-shielding for the three zones: prosimal, central, distal.

Von Mises stress Von Mises bone  Stress-shielding reduction%

bone with stress with Traditional optimized stem
traditional stem  optimized stem stem
Proximal 13 Mpa Proximal 17 Mpa 24.08% 31.46%
Central 3.1 Mpa Central 4.2 Mpa 5.54% 7.5%
Distal 4.6 Mpa  Distal 5 Mpa 9.59% 10.1%

From the table, we observe how in the proximal area where there are higher loads, with the
optimized stem we obtain a reduction in stress-shielding of 31.47% compared to the traditional stem
24.08%. This result is also part of the percentages obtained from other studies in the literature [44—47]
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Figure 17 shows the deformation of the stem in the bone.

Equivalent
elastic strain Traditional stem Optimized stem

(mm/mm)

B o,1163
0,0858
Figure 17. Equivalent deformation of the implant.

0,0554
— 0,0249
I 0,0208
0,0166
| 0,0125
0,0083
0,0041
1,478e-5

Micromovements of femoral prostheses refer to small sliding or rotational movements that can
occur between the femoral stem of the prosthesis and the surrounding bone after implantation. These
movements can be influenced by various factors, including implant design, bone fixation, the
characteristics of the patient’s bone, and physical activity. The goal of implanting a femoral prosthesis
is to achieve adequate stability and integration with the surrounding bone. However, it is not always
possible to completely avoid micro-movements. Some micromovements can be considered normal
and can help in the stimulation of bone growth and osseointegration of the implant. However,
excessive or uncontrolled movements can lead to problems such as premature wear of the implant,
detachment of the coating or overall instability of the implant. Therefore, it is important to try to
minimize unwanted micro-movements during the design and implantation of femoral prostheses.
The maximum displacement values of the center of the head are 0.023 mm for the standard stem and
0.0166 mm for the optimized stem, thus reducing torsional deformation by 27.82%. From which it is
therefore clear that the optimized prosthesis has a greater rotoational stability than the standard
prosthesis. This can be explained by considering that during the insertion of the standard stem, the
greater trochanter turns out to be weakened more due to the design of the proximal zone of the stem.
Therefore, the optimized stem has a less invasive design which preserves the trochanter that, in
contact with the stem, gives greater stability.

4. Discussion

The stiffness of the femoral stem of a prosthesis is an important factor to consider in the design
and choice of the implant, it can influence the load transferred to the surrounding bone and the
overall mechanical behavior of the implant. The stiffness of the femoral stem depends on several
factors, Materials: however metallic materials are used, such as titanium alloys or stainless steel,
which have different stiffness characteristics. For example, titanium has greater ductility than
stainless steel, which can affect the overall stiffness of the stem. Geometry: A no stem with a larger
diameter or a larger cross-section will have greater stiffness than one with a smaller diameter. In
addition, the stem can be designed with a cylindrical, conical, or modular geometry, which will affect
its overall stiffness. Bone fixation, for example, a cemented stem will have greater rigidity than a stem
with press-fit fixation, since acrylic cement contributes to the overall rigidity of the system. The choice
of fixation method depends on the characteristics of the patient’s bone and the preferences of the
surgeon. Stem-bone interface: The interaction between the femoral stem and the surrounding bone
can affect the overall stiffness of the implant. For example, if the stem is designed with a porous
surface or hydroxyapatite coating, this can promote osseointegration and increase the stability of
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stem-bone contact, thus affecting overall stiffness. It is important to carefully consider the stiffness of
the femoral stem according to the specific needs of the patient.[48] Excessive stiffness of the stem
could cause excessive stress on the surrounding bone, while insufficient stiffness could compromise
the stability of the implant. Therefore, the choice of stem type, size and overall implant design should
be carefully evaluated by the orthopedic surgeon based on the characteristics of the femur bone, the
patient’s health, and functional needs. Contact between the femoral shaft of a prosthesis and the
surrounding bone is critical to the success and durability of the implant. During femur arthroplasty,
the stem of the prosthesis is inserted inside the medullary canal of the femur bone. The goal is to
achieve stable and long-lasting contact between the stem and bone to ensure good load transmission
and prevent unwanted movements or implant failures. There are several factors to consider when
optimizing the contact between the femoral stem and the bone [49-51]: Stem profile design: The
geometry of the stem profile can affect contact with the surrounding bone. Several designs of femoral
stems are available, including cylindrical, conical, or anatomical stems. The choice of stem profile
depends on the anatomical features of the patient and the condition of the femur bone. Surface
coatings: Some femoral dentures may have special surface coatings to improve contact with the bone.
For example, the coating of hydroxyapatite or other porous coatings can promote bone growth and
promote better integration of the implant with the bone. Bone fixation: Implant stability can be
improved through bone fixation techniques, such as the use of acrylic cement or press-fit fixation.
The method of fixation depends on the characteristics of the patient’s bone and the design of the
prosthesis. Dimensional adaptation: it is important that the size of the femoral stem is appropriate
for the medullary canal of the bone. [52]Proper adaptation avoids excessive stress on the walls of the
surrounding bone and promotes the stability of the implant. Load and activity: Optimizing contact
between the femoral shaft and bone also requires consideration of the patient’s load and activities.
The stem design and material must be able to withstand the mechanical stresses associated with
everyday activities, such as walking, climbing stairs and other movements. It is important that the
contact between the femoral shaft and the bone is stable and long-lasting to ensure good functionality
of the prosthesis and reduce the risk of complications, such as implant failure or detachment of the
coating. The choice of stem type, fixation technique and overall implant design should be carefully
evaluated by the orthopedic surgeon based on the patient’s specific needs and femoral bone
characteristics. In non-cemented prostheses it is essential to obtain a proximal fixation of the stem in
such a way as to increase the load on the area near the femur, thus reducing the possibility of bone
atrophy. If sufficient adaptation is not achieved, the phenomenon of stress shielding is generated [48].
Therefore, the distal part must be flexible to transfer loads to the bone. Solid sections have the
disadvantage of stiffening the stem and presenting maximum torsional instability, while grooved or
windowed sections increase the flexibility of the stem and guarantee torsional stability. The stiffness
of the stem, which is determined by the geometry of its cross section and elastic modulus, affects the
stresses in the entire system. Studies show that it is possible to achieve a reduction in stress shielding
with hollow section stems compared to solid stems, some hollow forms work better than others. [37]
The advantage of the hollow stem lies in greater rigidity control, while maintaining acceptable
anatomical adaptation. This is possible thanks to the wide range of rigidities offered by hollow
sections. The external shape of the stem can be chosen according to anatomical criteria and the
internal dimensions can be adjusted to optimize bone stresses. In any case, it is necessary to find a
compromise to optimize both the stability and flexibility of the prosthesis. In fact, as reported in [49]
a reduction in stem stiffness certainly leads to a reduction in stress shielding but also to an increase
in stress in the proximal area of the femur inducing the risk of fractures. Figurel8
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Figure 18. Relative relationships between stress-shielding and stress of the proximal interface with
stem stiffness. This chart clearly illustrates the main design conflict.

Proximally wide prostheses have greater prosthetic support and therefore greater rotational
stability. In fact, as explained in [50] a height of the proximal segment exerts a greater load on the
bone surface, when the resistance to rotation is exceeded the torque can no longer be transmitted
completely to the bone and the stem begins to rotate. Consequently, a low transmitted moment is
indicative of lower rotoational stability. Torsional resistance can be increased in relation to femoral
neck geometry [51] and by adding ridges on the lateral surfaces of the stem. The addition of ridges
anteriorly, posteriorly and laterally, increases rotoational stability by 50% [52]. When porously coated
implants are used, rotoational stability is guaranteed only if the diaphysis is under boring and very
narrow diaphyseal fixation is achieved [53]. The current study conducted with the finite element
method (FEA), is limited by the use of mechanical properties of materials found in the literature. But
comparing the results obtained with those performed by other scholars [54-57] we note a certain
numerical correspondence; In fact, in this study a reduction of about 32% was achieved with regard
to stress shielding, compared to (15-40%) obtained by other studies.

5. Conclusions

Reducing stress shielding is an important goal in the design of femoral prostheses. Stress
shielding occurs when the implant replaces the loading function of the surrounding bone, leading to
a decrease in stress and mechanical charge on the bone. This can cause a reduction in bone density
and a weakening of the bone around the implant. To reduce stress shielding and promote the
preservation of the surrounding bone, several strategies can be adopted:[53-55]

e  Stem flexibility: A femoral stem designed with an appropriate degree of flexibility may allow
for better load distribution between the implant and the surrounding bone. This helps reduce
stress focused on specific regions of the bone and minimize stress shielding.

e  Neck geometry: The geometry of the stem neck can affect the distribution of forces and the stress
transferred to the bone. A neck with a proper shape and length can contribute to a more even
distribution of the load and reduce stress shielding.

e  Surface coatings: The use of surface coatings, such as porous coatings or hydroxyapatite
coatings, can promote osseointegration of the implant and improve load transmission to the
surrounding bone. This helps reduce stress shielding and promote better long-term stability of
the implant.


https://doi.org/10.20944/preprints202307.0737.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2023 do0i:10.20944/preprints202307.0737.v1

15

e  Selective fixation: Selective fixation refers to the use of different fixation methods in different
regions of the femoral stem. For example, cemented fixation or press-fit fixation may be used in
regions where greater stability is desired, while in other regions less rigid fixation may be
preferable. This strategy helps reduce overall stem stiffness and minimize stress shielding.

e Gradual loading: A gradual post-operative loading and appropriate rehabilitation can
contribute to a better adaptation of the bone to the implant and a reduction in stress shielding.
A gradual loading process allows the bone to gradually adapt to new mechanical conditions and
promotes bone remodeling

This study outlined a new single-stem design for the (THR) through finite element modelling to
reduce the phenomenon of stress shielding leading to aseptic loosening and improve rotoational
stability. It has been shown that by using a prosthesis with holes and windows, stiffness can be greatly
reduced and stress shielding can suffer a decrease of 31.46% compared to 24.08% of the complete
stem. This study also showed that drilling transverse holes in the prosthesis improves rotoational
stability by 27.82% compared to the full stem, as bone regrowth both on the surface and inside the
prosthesis would improve stability. The main limitations of this study derive from the modelling
carried out and the properties of the materials used in the simulation. It is important to note that
reducing stress shielding should not compromise the stability and integration of the system.[56,57]
Therefore, implant design and load management decisions should be based on an accurate
assessment of patient bone characteristics, functional needs, and clinical considerations. Future
studies should take a deeper look at the actual mechanical properties of bone and its dynamic
remodeling at applied loads for more accurate modeling. The potential benefits for the patient from
reducing stress shielding are better integration with the bone, which should lead to a reduction in
aseptic loosening failures and better patient recovery.
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