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Additional Screw Added to the Femoral Neck
System Could Enhance the Stability
of Pauwel Type Il Femoral Neck Fractures:
a Finite Element Analysis
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Background: This study explores effective fixation methods for Pauwel type Ill femoral neck fractures by evaluating the biome-
chanical benefits of adding a screw to the Femoral Neck System (FNS).

Methods: Computed tomography (CT) scans of an 82-year-old female patient with an intertrochanteric fracture were used to es-
tablish a finite element femur model with heterogeneous material properties. Finite element models of Pauwel type Il fractures
were created with and without an additional screw. The central and inferior trajectories of the FNS bolt were examined separately
and combined with an additional screw for virtual fixation. Walking and stair-climbing loads were applied.

Results: With the addition of a screw, both peak maximum and minimum principal strains consistently stayed comparable or decreased
in models with both central and inferior bolt trajectories, while the volume of elements with principal strain exceeding 1% decreased by
more than half. The peak von Mises stress observed in the implants ranged from 215.7 to 359.3 MPa, remaining below the titanium alloy's
yield strength of 800 MPa. For normal walking, the addition of a screw to the central bolt trajectory model decreased the fracture gap by
50.6% and reduced sliding distance by 8.6%. For the inferior bolt trajectory, the gap was reduced by 57.9% and sliding distance by 25.0%.
Under stair-climbing conditions, these improvements were also evident; the central trajectory model saw a halved fracture gap and a 7.9%
decrease in sliding distance, while the inferior trajectory model experienced a 55.7% gap reduction and a 27.2% decrease in sliding dis-
tance. The additional screw increased the area ratio of the fracture site experiencing interfragmentary compression 34%—39%, while the
additional screw alleviated peak interfragmentary compression by 12%—18% under both normal walking and stair-climbing conditions.
Conclusions: The addition of a screw reduced the fracture gap, sliding distance, and peak interfragmentary compression, while
increasing the area ratio of interfragmentary compression under both walking and stair-climbing loads, regardless of the FNS bolt
trajectory, suggesting a better mechanical environment for fracture healing.
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Due to potential complications such as nonunion and
femoral head osteonecrosis, the treatment of femoral neck
fractures poses a significant challenge.” Currently, 3 meth-
ods of fixation are commonly utilized for femoral neck
fractures.” The first method is multiple cannulated screws
fixation, which is commonly employed for fragility frac-
tures.” The second method involves the use of a dynamic
hip screw (DHS) for femoral neck fractures in the younger
population with high-energy injuries.” The third method
involves the Femoral Neck System (FNS; DePuy Synthes),
which is a relatively recent and promising fixation meth-
0d.>*® The first 2 devices have been traditionally utilized;
extensive experience with these techniques has been ac-
quired, resulting in various techniques and reported out-
comes. For example, in multiple cannulated screws fixa-
tion, it is recommended to maximize the distance between
the screws and position them to support the endocortex of
the femoral neck.” In the case of DHS, additional antirota-
tion screws are suggested to enhance the rotational stabil-
ity of the head.” Conversely, the experience acquired with
ENS is comparatively limited. Although the manufacturer
provides standardized surgical techniques, researchers
continue to explore various approaches to achieve more
robust fixation under specific conditions, contributing to
the evolution of standard methods.*"”

To investigate a potentially more stable fixation
method using the FNS, it would be efficient to assess the
effects by applying techniques that have been previously
recommended for traditional devices. Given the structural
similarity between the DHS and FNS, the use of an addi-
tional screw could also be applied to the FNS.” Similarly,
the practice of widening the distance between screws
could be applied to the FNS by widening the distance be-
tween the FNS and the additional screw.”

In this study, we hypothesized that the addition of
a screw to the FNS could enhance stability at the fracture
site and that increasing the distance between the FNS
and the screw could result in improved fixation stability.
Therefore, this study aimed to analyze the stability of FNS
fixation with and without an additional screw and to com-
pare the mechanical properties at the fracture site based
on the presence of an additional screw using the finite ele-
ment models of Pauwel type III femoral neck fractures.

METHODS

The requirement for informed consent was waived, and the
study protocol was approved by the Institutional Review
Board of Ajou University Hospital (IRB No. AJOUIRB-
DB-2023-074). All methods in the study were carried out

in accordance with the Helsinki Guidelines and Declaration.

Implant Model

To create the implant model, FNS was scanned using the
micro-computed tomography (CT; SkyScan1173; Bruker-
CT) and images were processed into tomographic images
using NRecon (Bruker-CT). These inputs were then em-
ployed to design the model using Solidworks 2019 (Das-
sault System). Through an iterative process of comparing
and modifying the engineered model with the STL model,
a close approximation of the engineered model to the STL
model was established. A 3-dimensional computer-aided
design format file of a cannulated screw with a 6.5-mm
thread diameter (TDM) was provided by the manufacturer.

Three-dimensional Modeling of the Femur

The coordinate system established by Bergmann et al. and
centered around the femur was employed in this study."”
This osteoporotic femur model was created using CT scans
of the femur, specifically that of the left pertrochanteric
fracture of an 82-year-old female patient. The patient had a
height of 160 cm and a weight of 54 kg. To generate 3-dimen-
sional (3D) models of the intact right femur from the CT
images, the Materialise Interactive Medical Image Control
System Research 22.0 (MIMICS; Materialise) was utilized.

Fracture Models

Using 3-Matic 14 software (Materialise), a virtual oste-
otomy was performed to create a model of a Pauwels type
III femoral neck fracture.”” The fracture plane was set at
a 60° angle to the horizontal plane, assuming a complete
anatomical reduction without any fracture gap."”

Meshing

The finite element models were meshed using 10-node tet-
rahedral elements, ensuring that all elements were smaller
than 1 mm. On average, each model consisted of 6,652,731
nodes and 4,824,461 elements.

Implant Positioning

The 3D-fractured femur model was virtually fixed with
the 3D implant model using 3-Matic software. For models
with central and inferior bolt trajectory, a virtual assem-
bly was created, consisting of a 90-mm long bolt, a 90-
mm long anti-rotation screw, a 2-hole plate, and 2 locking
screws. The length of the bolt was determined to ensure
that the bolt tip would be positioned within a range of 5-10
mm from the subchondral bone."” In the models with an
inferior trajectory, the inferior surface of the bolt made
contact with the endocortical bone, defined as voxels with
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over 400 Hounsfield units (HU)."” Voxels with HU below
400 were considered to be the trabecular bone.

To establish screw-added models with central and
inferior trajectories, a partially threaded cannulated screw
with a 6.5-mm thread diameter was added to the models
with central and inferior bolt trajectories, respectively. The
path of the cannulated screw touched the anterosuperior en-

Trajectory of bolt

Central Inferior

)

Additional screw

*)

Fig. 1. Pauwels type Ill femoral neck fracture finite element models were
virtually fixed with the Femoral Neck System (FNS) in the central and inferior
trajectories of a bolt with and without an additional screw. In total, 4 different
combinations of surgical variations of the FNS were established. The models
in the upper row were fixed with FNS alone and indicated as “—screw.” Those
in the lower row had an additional screw and were indicated as “+screw.” The
models in the left column had the central trajectory of a bolt and were indicated
as “central FNS.” Those in the right column had the inferior trajectory and were
indicated as “inferior FNS.”

Femur geometry

docortex of the femoral neck (Fig. 1). For clarity and brevity
in descriptions, each fixation method was assigned a concise
symbol. The bolt trajectories were differentiated into central
and inferior, and the models were marked with "+screw" for
those including an additional screw and "-screw" for those
without it. Thus, the “central FNS + screw” model refers to
the finite element model of a femoral neck fracture fixed
with an FNS in the central bolt trajectory including an
additional screw, and the “inferior FNS + screw” model
refers to the model with an FNS in the inferior bolt trajec-
tory including an additional screw. The bone loss resulting
from the drilling, reaming, and tapping processes during
the insertion of the FNS and the cannulated screw was
replicated using Boolean subtraction to mimic the post-
fixation construct (Fig. 1.0

Boundary Conditions

The contact between the simplified models of the locking
screws in the femoral diaphysis was considered to have an
infinite friction coefficient. The interfaces between (1) the
bolt and anti-rotation screw and (2) the plate and the lock-
ing screws were assumed to be bonded. Frictional contact
was assumed for all other interfaces between the implant
and the 2 fracture fragments. The friction coefficients
assigned were 0.46, 0.42, and 0.20 for bone-bone, bone-
implant, and implant-implant interfaces, respectively."’
The distal articular surface of the femur was fixed within
the world coordinate system.

Properties of the Materials
The material properties of the bone elements were deter-
mined using the mapping approach based on the research

Femur neck system
(FNS)

Fig. 2. Each femur element was given the
material property of the matched voxels
of the computed tomography (CT) scan by
calculating Hounsfield units (HU).
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Normal walking Stair climbing

®

Fig. 3. Fracture models were virtually loaded in the normal walking (A) and
stair-climbing (B) conditions. Weight load was transferred to the hemispheric
surface of the femoral head at an inclination of 45° and retroversion of
25° in consideration of the abduction of the acetabulum and the combined
anteversion of the acetabulum and femoral neck. The distal articular face of
the femur was set to be fixed in the world coordinate system.

conducted by Morgan et al.'"*'” This approach involved
a series of steps, including matching the CT HU to ash
density, then to apparent density, and finally to Young’s
modulus. A total of 1,800 groups were created to assign
the material properties of the bones, as shown in Fig. 2.
The assumed Poisson’s ratio for the bone elements was
0.3."” The metal implants were assigned the material prop-
erties of the titanium alloy (Ti-6Al-7Nb), which included
an elastic modulus of 105 GPa, Poisson’s ratio of 0.34, and
a yield strength of 800 MPa."” All materials were assumed
to have isotropic and linear elastic properties.

Loading Condition

In accordance with Bergmann et al’s approach, all the
models were subjected to loads corresponding to normal
walking and stair-climbing conditions."” Among the daily
activities considered for the load on the hip joint, exclud-
ing static activities such as sitting, standing, or lying down,
these activities account for the highest proportion.'” These
forces were applied at the insertion or origin site of the hip
abductor, tensor fascia latae, iliotibial band, vastus media-
lis, and vastus lateralis (Fig. 3).20%

Comparative Parameters

The maximum and minimum principal strains were calcu-
lated for the femoral elements to assess the potential risk of
mechanical failure of the bone.”” The cut-off for principal
strain was set at 1.0% for maximum principal strain and
~1.0% for minimum principal strain.”*” The total volume
of elements with principal strain exceeding a cutoff level
was provided.”**” The von Mises stress (VMS) was evalu-
ated for the metal implants to assess the risk of mechanical
failure of implant. The interfragmentary gap and sliding

Fig. 4. Band graphs depicting the maxi-
mum principal strain of the femur in the
normal walking (the 4 graphs on the left)
and stair-climbing (the 4 graphs on the
right) conditions. The graphs within each
loading condition were arranged in the
same sequence as in Fig 1. All graphs
share the color legend.
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distance were used to evaluate the mechanical stability
at the fracture interface. Vertical movement relative to
the surface is referred to as gap distance, whereas parallel
movement along the surface is known as sliding distance.
Interfragmentary compression was assessed by calculating
the area ratio of the fracture site experiencing compressive
forces exceeding 0 MPa and the peak compressive force
observed at the fracture surface. ANSYS 2019 R3 mechani-
cal software (ANSYS Inc.) was used for the solution of the
finite element analysis. Figs. 4-8 depict the spatial distribu-
tion of values obtained from nodes through a bar graph,
while Table 1 displays values derived from the elemental
mean to differentiate the bone characteristics of each re-
sult element, which may result in variations in absolute
values. Representative values of the elemental mean were
recorded using Microsoft 365 Excel and Access (Micro-

soft), and differences of less than 5% were considered to
be similar. When comparing the FNS-fixed models with
and without an additional screw, the denominators of the
ratios were derived from the corresponding parameters
of the FNS-only model. When comparing the central and
inferior trajectories, the denominators of the ratios were
derived from the corresponding parameters of the central
trajectory model.

RESULTS

Normal Walking Condition

Elements with a maximum principal strain > 1% and a
minimum principal strain < -1% indicated the trabecular
bone located in the narrow cleft between the anti-rotation
screw and bolt, as well as under the bolt (Figs. 4 and 5,

Fig. 5. Band graphs depicting the mini-
mum principal strain of the femur in the
normal walking (the 4 graphs on the left)
and stair-climbing (the 4 graphs on the
right) conditions. The graphs within each
loading condition were arranged in the
same sequence as in Fig 1. All graphs
share the color legend.

Fig. 6. Band graphs depicting von Mises
stress of the implant in the normal wal-
king (the 4 graphs on the left) and stair-
climbing (the 4 graphs on the right) con-
ditions. The graphs within each loading
condition were arranged in the same
sequence as in Fig 1. All graphs share the
color legend.
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Fig. 7. Band graphs depicting gaps between fracture surfaces were drawn on
stair-climbing (the 4 graphs on the right) conditions. The graphs within each

the fracture surface in the normal walking (the 4 graphs on the left) and
loading condition were arranged in the same sequence as in Fig 1. All

graphs were aligned to share the color legend. While the gap is expressed as negative when the 2 surfaces move apart in the figure, it is interpreted

as positive in Table 1 for clinical significance. To address visualization probl

ems on screen, the graphs were realigned according to the directional

indicators indicated in the figures, enabling easier comparison between models.

Fig. 8. Band graphs depicting sliding distances between fracture surfaces were drawn on the fracture surface in the normal walking (the 4 graphs on the
left) and stair-climbing (the 4 graphs on the right) conditions. The graphs within each loading condition were arranged in the same sequence as in Fig 1.
All graphs were aligned to share the color legend. While the gap is expressed as negative when the 2 surfaces move apart in the figure, it is interpreted
as positive in Table 1 for clinical significance. To address visualization problems on screen, the graphs were realigned according to the directional
indicators indicated in the figures, enabling easier comparison between models.

Table 1). The addition of a screw had mixed effects on the
peak maximum and minimum principal strain of trabecu-
lar bone. However, it resulted in a consistent reduction in
the volume of elements belonging to the trabecular bone
that exhibited a maximum principal strain > 1% or a mini-
mum principal strain < -1% (Table 1).

None of the cortical bone elements exceeded 1% of
the maximum principal strain. The endosteal cortex in
the inferior neck supporting the bolt in the “inferior FNS
- screw” model had a peak minimum principal strain
of -1.21% (Fig. 5, Table 1). The addition of a cannulated
screw seemed to alleviate the minimum principal strain,
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Table 1. Interfragmentary Motion and Stress on the Fracture Surface and Implant with or without an Additional Screw in the Pauwel Type Il

Femoral Neck Fracture Models Virtually Fixed with the Femoral Neck System

Central bolt Inferior bolt Central bolt trajectory Inferior bolt trajectory
trajectory trajectory with a screw with a screw
Walking
Peak maximum principal strain
Cortical (%) 0.64 0.68 0.70 0.62
Volume of over 1% strain (uL) 0 0 0 0
Trabecular (%) 1.14 1.12 1.39 1.16
Volume of over 1% strain (pL) 1.0 0.8 04 0.1
Peak minimum principal strain
Cortical (%) -0.46 -1.21 -0.61 -0.85
Volume of under 1% strain (pL) 0 0.2 0 0
Trabecular (%) -2.29 —1.68 -1.86 —1.73
Volume of under 1% strain (pL) 40.3 19.8 17.0 49
Implant stress (MPa) 268.9 215.7 338.0 359.3
Gap (mm) 0.198 0.206 0.098 0.087
Sliding (mm) 0.159 0.168 0.145 0.126
Interfragmentary compression
Area ratio of compressive force > 0 MPa (%) 26.2 21.2 35.2 295
Peak compression (MPa) 13.8 14.5 1.4 12.0
Stair climbing
Peak maximum principal strain
Cortical (%) 0.79 0.87 0.63 0.85
Volume of over 1% strain (uL) 0 0 0 0
Trabecular (%) 1.15 1.24 1.56 1.23
Volume of over 1% strain (uL) 2.0 1.4 0.6 0.2
Peak minimum principal strain
Cortical (%) -1.07 -1.23 -1.05 -1.16
Volume of under 1% strain (uL) 0.1 09 0.3 1.3
Trabecular (%) -2.24 -1.81 -1.95 =177
Volume of under 1% strain (uL) 34.2 229 14.8 6.5
Implant stress (MPa) 281.7 256.0 349.2 3414
Gap (mm) 0.228 0.218 0.111 0.097

Sliding (mm) 0.146 0.173 0.134 0.126
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Table 1. Continued

Central bolt Inferior bolt Central bolt trajectory  Inferior bolt trajectory
trajectory trajectory with a screw with a screw
Interfragmentary compression
Area ratio of compressive force > 0 MPa (%) 24.8 214 34.3 30.1
Peak compression (MPa) 16.3 13.9 13.3 1.7

Fig. 9. Band graphs depicting interfragmentary compression between fracture surfaces were drawn on the fracture surface in the normal walking (the
4 graphs on the left) and stair-climbing (the 4 graphs on the right) conditions. The graphs within each loading condition were arranged in the same
sequence as in Fig 1. All graphs were aligned to share the color legend. While the gap is expressed as negative when the 2 surfaces move apart in the
figure, it is interpreted as positive in Table 1 for clinical significance. To address visualization problems on screen, the graphs were realigned according
to the directional indicators indicated in the figures, enabling easier comparison between models.

as its absolute value decreased to 0.85% (Fig. 5, Table 1).
No other models had elements with a maximum principal
strain > 1% and a minimum principal strain < -1% in the
cortical bone. The peak VMS of the implants ranged from
216 to 359 MPa. Adding a screw to the FNS resulted in
an increase in VMS compared to the corresponding FNS-
only models. VMS in the central and inferior trajectory
models increased by 25.7% and 66.6%, respectively, with
the addition of the screw. The highest peak VMS was still
lower than the yield strength of the titanium alloy, which
is 800 MPa (Fig. 6, Table 1)."”

The “inferior FNS - screw” model had a comparable
gap and a 6.0% larger sliding distance between fracture
fragments compared to the “central FNS - screw” model.
The addition of a cannulated screw to the model with a
bolt in the central trajectory halved the gap between frac-
ture fragments by 50.6% and decreased the sliding distance
between fragments by 8.6%. The addition of a cannulated
screw to the “inferior FNS” model decreased the gap by

57.9% and the sliding distance between fragments by
25.0%. Although the gap and sliding distance in the “in-
ferior FNS - screw” model were larger than those in the
“central FNS - screw” model by 4.0% and 6.0%, respec-
tively, the relationship was reversed after the addition of a
cannulated screw. In this case, the “inferior FNS + screw”
model demonstrated a smaller gap and sliding distance
as compared to the “central FNS + screw” model, with re-
ductions of 11.3% and 13.1%, respectively. (Figs. 7 and 8,
Supplementary Figs. 1 and 2, Table 1).

The “inferior FNS - screw” model had 5% higher
peak interfragmentary compression and a 19% lower area
ratio of the fracture site with compressive force exceeding
0 MPa compared to the “central ENS — screw” model. The
addition of a cannulated screw to the model with a bolt in
the central trajectory reduced the peak interfragmentary
compression by 18% and increased the area ratio of the
fracture site with compressive force exceeding 0 MPa by
34%. The addition of a cannulated screw to the model with
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a bolt in the inferior trajectory reduced the peak interfrag-
mentary compression by 16% and increased the area ratio
of the fracture site with compressive force exceeding 0
MPa by 39% (Fig. 9, Supplementary Fig. 3, Table 1).

Stair-Climbing Condition

The trabecular bone located in the narrow cleft between the
anti-rotation screw or under the plate that supports the bolt
exhibited an absolute magnitude of strain > 1% under the
stair-climbing load (Figs. 4 and 5, Table 1). The addition
of a screw had mixed effects on the peak maximum and
minimum principal strain of trabecular bone. However, it
resulted in a reduction in the volume of elements belonging
to the trabecular bone that exhibited a maximum principal
strain > 1% or a minimum principal strain < -1% (Table 1).

In all the models, the medial cortex of the femoral
neck exceeded -1% of the minimum principal strain, rang-
ing from -1.07% to -1.23% (Fig. 5, Table 1). The volume
of cortical bone elements with an absolute value above 1%
remained less than 1.3 puL. The peak VMS of the implants
ranged from 256 to 349 MPa. The highest peak VMS was
still lower than the yield strength of the titanium alloy (Fig.
6, Table 1). The addition of a screw to FNS led to a rise in
VMS as compared to the FNS-only models. The addition
of a screw increased the VMS in the central and inferior
trajectory models by 24.0% and 33.3%, respectively.

Adding a cannulated screw to the inferior FNS
model halved the gap between fracture fragments and de-
creased the sliding distance between fragments by 7.9%.
Adding a cannulated screw to the inferior FNS model
decreased the gap by 55.7% and the sliding distance be-
tween fragments by 27.2%. Without the additional screw,
the “inferior FNS - screw” model had a comparable gap
and approximately 19.0% more sliding between fracture
fragments than the “central FNS - screw” model (Figs. 7
and 8, Supplementary Figs. 1 and 2, Table 1). The addition
of a cannulated screw made the gap difference significant,
reaching a 12.8% difference with a smaller gap in the
“inferior FNS + screw” model. The addition of the screw
reversed the relationship of sliding distance, as the “inferior
ENS + screw” model had a smaller sliding distance than
the “central FNS + screw” model by 5.9%.

During stair-climbing, the “inferior FNS - screw”
model had 15% lower peak interfragmentary compres-
sion and a 12% lower area ratio of the fracture site with
compressive force exceeding 0 MPa compared to the “cen-
tral FNS - screw” model. The addition of a cannulated
screw to the model with a bolt in the central trajectory
reduced the peak interfragmentary compression by 14%
and increased the area ratio of the fracture site with com-

pressive force exceeding 0 MPa by 39%. The addition of a
cannulated screw to the model with a bolt in the inferior
trajectory reduced the peak interfragmentary compression
by 12% and increased the area ratio of the fracture site
with compressive force exceeding 0 MPa by 41% (Fig. 9,
Supplementary Fig. 3, Table 1).

DISCUSSION

This study employed finite element analysis to examine
the biomechanical effects of adding a screw to FNS for
the fixation of Pauwel type III femoral neck fractures. The
addition of a screw either maintained or decreased bone
strain, while reducing the fracture gap and sliding dis-
tance, thereby leading to a comprehensive improvement
in stability, regardless of whether the FNS bolt trajectory
passes through the central or inferior trajectory. While
ENS in the central trajectory provides better stability than
ENS in the inferior trajectory without an additional screw,
the addition of an extra screw reversed the relationship,
with the greater improvement in stability observed in the
inferior trajectory model."*"*”

Adding a screw in both trajectories had a beneficial
impact, reducing the gap between fractures and the dis-
tance of sliding with the alleviation of bone strain. This led
to increased stability at the fracture site. These results are
in line with a prior finite element analysis conducted by
Kuang et al.,”” where they compared 3 fixation models: the
central trajectory, the lower trajectory, and the lower tra-
jectory of the bolt combined with a cannulated screw. Al-
though the study had certain limitations, such as the use of
a 3D model that did not consider the surgical procedure,
the exclusion of muscle load in the loading conditions, and
the assumption of bone as a homogeneous material, it sup-
ports the idea that the addition of a cannulated screw en-
hances stability at the fracture surface. The idea of adding
a screw to the FNS is currently being tried in the clinical
field. Recent clinical study assessed the addition of a screw
to FNS with retrospective manner.”” By combining an
additional screw with FNS, Su et al.* reported favorable
outcomes in 129 young adults with femoral neck fractures.

Previous mechanical studies utilizing a finite ele-
ment model to assess the stability of femoral neck frac-
tures treated with the FNS alone have indicated that the
FNS with a central bolt trajectory exhibited slightly better
stability at the fracture site compared to the inferior trajec-
tory.13’21‘27) However, the addition of a screw was observed
to result in a greater enhancement of fracture stability
when the FNS bolt passed through the inferior trajectory,
surpassing the stability achieved with the central bolt tra-
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jectory model. The previous finite element analysis con-
ducted by Kuang et al.” did not include a model with an
additional screw in the central trajectory, thus limiting the
exploration of this relationship. In this study, the effects
of screw addition were demonstrated in both trajectories,
highlighting its efficacy in both cases and particularly in-
dicating higher stability in the inferior trajectory.

Research examining the biomechanical consequenc-
es of screw arrangement in multiple screw techniques for
femoral neck fractures consistently shows that greater
spacing between screws results in improved stability.” This
can be attributed to the acquisition of cortical support with
larger spacing and the longer lever arm provided by the
increased distance between each screw, effectively address-
ing rotational loads. Taking these insights into account, the
effects of FNS trajectory and the addition of a screw can be
interpreted in terms of cortical support and increased le-
ver arm for rotational loads. In this context, by placing the
ENS bolt in the inferior trajectory, a larger spacing between
the FNS and the additional screw was achieved. This larger
spacing facilitated cortical support and created a longer
lever arm, resulting in greater stability. In comparison,
adding a screw to the FNS in the central trajectory did not
provide the same degree of spacing, cortical support, and
lever arm length, thereby yielding a lesser level of stability
compared to those with the inferior trajectory.

The addition of an extra screw demonstrated that
it could create a favorable mechanical environment for
fracture healing at the fracture site. The increased area
ratio of compressive force in models with the additional
screw indicates enhanced stability at the fracture site. This
improvement in compressive force distribution is crucial
for promoting fracture healing as it helps maintain bone
contact and reduces the likelihood of fragment separa-
tion. Additionally, while the peak compressive forces were
slightly lower in the screw-added models, the distribu-
tion of forces was more uniform, reducing localized stress
concentrations. These findings suggest that the addition
of a screw disperses compressive forces across a wider area
of the fracture surface in femur neck fractures fixed with
ENS, creating a more favorable mechanical environment
for bone healing under both normal walking and stair-
climbing conditions. Considering that cyclic compressive
loads are beneficial for fracture healing, the wider distribu-
tion of compressive loads under weight-bearing conditions
further supports improved conditions for fracture union.*”

While our comparative analysis provided interesting
results, it is important to acknowledge the limitations of
the present study. Finite element analysis relies on simpli-
tying assumptions, which may raise concerns about the

clinical applicability of the results. The femur models were
generated from CT images of an elderly patient, and the
material properties were assigned based on the grey values
of the corresponding voxels, while assuming isotropic and
elastic properties for the bone. Assigning material proper-
ties based on CT values may help bridge the gap between
simulations and real-world scenarios. It is important to
recognize that numerous factors, including patient-, sur-
geon-, and fracture-related factors, are known to influence
fracture treatment outcomes. In this analysis, our focus
was specifically on evaluating the performance of the FNS
and an additional screw. We assumed that all other surgi-
cal objectives, such as fracture reduction, were successfully
achieved, thus, there was no gap at the fracture interface
before loading. We believe that the qualitative insights
gained from this comparative analysis will enhance our
understanding of the FNS.

In conclusion, the present finite element analysis
investigated the effects of adding a screw to the FNS for
Pauwel type IIT femoral neck fractures. The addition of a
screw resulted in a reduction of the fracture gap, sliding
distance, and peak interfragmentary compression and an
increase in the area ratio of interfragmentary compression
under both walking and stair-climbing loads, regardless of
whether the FNS bolt trajectory passed through the cen-
tral or inferior path. This suggests that the extra screw may
provide a better mechanical environment for fracture heal-
ing. These findings need to be further validated through
additional biomechanical and clinical investigations.
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