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Intertrochanteric femoral fractures (ITFFs)
are among the most common fractures in the
elderly osteoporotic population.[1] The prevalence
of ITFFs has increased with the recent increase
in life expectancy.[2] Of these fractures, 35-40%
are unstable.[3,4] Hip fractures are associated with
increased mortality, particularly in elderly patients.
They are treated with a surgical approach other
than in rare cases where surgery has a very high
mortality risk.[5] Mortality and morbidity rates are
significantly higher in elderly patients that require
ITFF revision surgery. Therefore, precise reduction,
a properly executed fixation, and early mobilization
are vital.[6]
Intertrochanteric femoral fractures can be treated
with an intramedullary or extramedullary treatment
approach. Available studies report favorable results
for intramedullary nailing in the treatment of
intertrochanteric fractures.[7] The complications that
can be seen in patients that have undergone surgery
include varus collapse, shortening of the femoral
neck, implant failure, and cut-out.[8] Implant design
is crucial in reducing complication rates. Studies
have shown that the technical and biomechanical
properties of implants impact implant failure.[9] The

ABSTRACT
Objectives: This study aims to compare the mechanical features of
the existing proximal femoral nail antirotation (PFNA) system and
the new PFNA system that we designed using three-dimensional
(3D) finite element analysis.

Materials and methods: This experimental study was conducted
between 2019 and 2020. We constructed two femur models with
Arbeitsgemeinschaft für Osteosynthesefragen (AO) type A1
fractures using 3D computed tomography scans. The new and
standard PFNA designs were inserted into the femur models and
subsequently transferred to the program. We investigated the
distribution of stress on the tip of the lag screw, the calcar region,
lag screw-nail junction, and the additional screw inserted through
the greater trochanter (only present in the new PFNA design)
using 3D finite element analysis.
Results: When the von Mises stress distributions in our models
were examined, the maximum stress at the lag screw-nail junction
was 18 mpa in the new design PFNA, while it was 20 mpa in the
classic PFNA model. The maximum stress at the junction of the
additional screw that had greater trochanter inlet with the nail was
found as 42.5 mpa. The maximum stress on the calcar region was
found to be 10 mpa at the new design PFNA, while it was 13 mpa
with 30% increase in the classic PFNA. The stress on the tip of
the lag screw was found to be 49 mpa in the classic PFNA design,
while in the new design PFNA it was found as 28 mpa with a
decrease of more than 40%.
Conclusion: As per our findings, the new PFNA design leads to
reduced stress on the lag screw-nail junction, the calcar region, and
the tip of the lag screw.
Keywords: Intertrochanteric femoral fractures, new design
proximal femoral nail antirotation, three-dimensional finite
element analysis.
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helical neck blade has the advantages of fixation
stability, anti-rotation, and anti-varus collapse.
[10]
Biomechanical studies showed that the new
generation of Gamma nail appeared to be stronger
and to reduce the risk of lag screw cutting-out.[11]
Despite many studies, there is currently no
consensus on the ideal implant design that will
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screw-nail junction, in the additional screw that was
inserted through the greater trochanter, and in the
calcar region.

provide optimum stability.[12] In this study, we aimed
to compare the mechanical features of the existing
proximal femoral nail antirotation (PFNA) system and
the new PFNA system that we designed using threedimensional (3D) finite element analysis.

Linear elastic and isotropic material model was
assumed for all bone and other metal alloys. Material
properties E=16.8 GPa, υ=0.3; E=110 GPa, υ=0.33 were
used for simulations as cortical bone and titanium
parts such as PFNA and lag screw.[14]

MATERIALS AND METHODS
This experimental study was conducted at Yozgat
Bozok University Faculty of Medicine, between
2019 and 2020. We developed a femur model using
data obtained from 3D computed tomography
scans. We created an Arbeitsgemeinschaft für
Osteosynthesefragen (AO) type A1 fracture
extending from the greater to the lesser trochanter
on two femur models.[13] We used a PFNA implant
(implant length, 200 mm; implant diameter, 11 mm;
lag screw length, 85 mm). In the new PFNA design,
we included an additional screw that was inserted
through the greater trochanter making a 45-degree
angle with the nail and connected to the nail with a
thread system. The additional screw had a diameter
of 5 mm and a blunt end, and passed through the
nail and lag screw and rested on the inner surface
of the calcar (Figure 1a). The lag screw was designed
with an oblique 6-mm slot for the passage of the
additional screw so as to allow easy application
without causing mechanical weakness (Figure 1b).
The new and standard PFNA models were transferred
to the ANSYS Workbench program (Ansys Inc.,
Canonsburg, Pennsylvania, USA). The two models
were compared under mechanical loading using the
3D finite element method. We evaluated maximum
stress levels at the tip of the lag screws, at the lag

(a)

Bone to bone contact interface, such as fracture
interface, was considered as completely broken,
frictional sliding contact and 0.2 was taken as friction
coefficient.[14] Contact interface with PFNA and lag
screw was assumed as bonded without sliding in order
to better simulate real condition. Also, lag screw was
connected to femoral head as bonded without sliding.
The other contact interfaces of bone-to-titanium and
titanium-to-titanium parts were taken as frictional
and bonded according to real conditions. Friction
coefficient for bone-to-titanium interfaces was taken
as 0.46.[15] Every model was fixed at the bottom of the
femur model. Forces were applied as constraints and
static solutions were realized.
The femur models were subjected to forces from
three directions that are commonly used in the
literature.[14] The configurations of the simulated
forces were as follows: 2460 newtons from the
acetabular fossa to the femoral head (23 degrees in
the frontal plane, 68 degrees in the sagittal plane),
1700 newtons from the abductor muscles to the
greater trochanter (24 degrees in the frontal plane,
15 degrees in the sagittal plane), and 771 newtons
from the iliopsoas muscle to the lesser trochanter

(b)

FIGURE 1. (a) Insertion of additional screw through greater trochanter, nail, and lag screw. (b) New
proximal femoral nail antirotation design.
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(41 degrees in the frontal plane, 26 degrees in the
sagittal plane) (Figure 2).[14]

RESULTS

FIGURE 2. Demonstration of forces applied to models
(2460 newtons to femoral head, 1700 newtons to greater
trochanter, 771 newtons to lesser trochanter).

(a)

When the von Mises stress distributions of the two
designs we modeled at three different points (lag screw
tip, lag screw-nail junction and calcar region) were
examined, the maximum stress at the lag screw-nail
junction was 18 mpa at the new design PFNA and 20
mpa at the standard PFNA model. Only the maximum
stress at the junction of the additional screw that had
greater trochanter inlet in the new design with the
nail was found as 42.5 mpa. The maximum stress on
the calcar region was found to be 10 mpa at the new
design PFNA, while it was 13 mpa with 30% increase
in the standard PFNA (Figure 3a, b). The efficiency of
our additional screw was understood from this stress
value (Figure 3c). The stress on the tip of the lag screw
was found to be 49 mpa in the standard PFNA design,
while in the new design PFNA it was found as 28 mpa
with a decrease of more than 40% (Figure 4 and 5).

(c)

(b)

FIGURE 3. (a, b) Demonstration of stress on calcar region. (c) Demonstration of stress on screw
inserted through greater trochanter.
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(a)

(b)

FIGURE 4. (a) Distribution of stress on tip of lag screw in classical PFNA. (b) Distribution of stress
on tip of lag screw in new PFNA design.
PFNA: Proximal femoral nail antirotation.

DISCUSSION
Intramedullary nails and plate-screw systems
are commonly used in the treatment of ITFFs.[16]
Intramedullary fixation is favorable due to the
short operation time, minimal surgical bleeding,
better stability, and allowing early postoperative
loading.[17] We have demonstrated that modifying
the nail used for proximal femoral antirotation - an
intramedullary fixation method - leads to increased
fracture stabilization and implant resistance against
varus forces. Therefore, we believe complications such
as implant failure, varus collapse, and cut-out will
decrease.
The risk of cut-out and varus collapse in
intertrochanteric femur fractures has been reported
in recently performed studies to be possibly affected
by many factors such as fracture type, fracture
reduction, and placement of lag screw, osteoporosis,
cervical angle difference, fracture instability and
50
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FIGURE 5. Comparison of new and classical proximal
femoral nail antirotation designs in terms of stress on tip of
lag screw, lag screw-nail junction, and calcar region.
PFNA: Proximal femoral nail antirotation.

varus reduction.[17-20] Precise reduction reduces the
risk of implant failure in intertrochanteric fractures.
[21]
In their finite element analysis, Furui et al.[22] have
shown that varying degrees of varus and rotational
deforming forces lead to significantly increased
stress on the calcar region. In our study, the stress
at the junction of the nail and the additional screw
inserted through the greater trochanter was 42.5 mpa.
We believe that this stress is caused by the fact that
the additional screw inserted through the greater
trochanter sustains the femoral head against varus
malalignment. As a result, the stress on the calcar
region has decreased by 30% compared to the classic
nail design. This decrease will bring along significant
decreases in varus collapse, implant failure, and cutout rates. We believe that the decreased complication
rates will translate into decreased revision surgery
rates. This reduced stress on the calcar region by the
new PFNA design is even more significant in cases of
varus fixation where complete anatomical reduction
cannot be achieved.
Continuous microfracture of the bone in contact
with the lag screw is one of the important reasons that
cause the lag screw to change position in the femoral
head. In their study, Liang et al.[14] state that the varus
tendency of the femoral head causes microfractures
in the bone in contact with the tip of the lag screw.
They also indicate that this varus tendency and
increased microfractures lead the lag screw to pierce
the femoral head and subsequently cause cut-out. The
high stress on the tip of the lag screw increases the
risk of microfractures and cut-out.[14] In our study, we
found that maximum stress was 28 mpa on the tip of
the lag screw in the new PFNA design compared to
49 mpa in the classical design. This shows that the
new PFNA design reduces the stress on the tip of the
lag screw by approximately 50%. Also, the additional
screw will rest against the cortex from inside without
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penetrating the calcar and will thus prevent varus
malalignment. Herein, it can be said that our new
PFNA design is effective both in preventing varus
tendency and in reducing the stress on the tip of
the lag screw and the subsequent microfractures,
thus significantly decreasing the possibility of varus
collapse and cut-out.
The new PFNA is not significantly different in
production and cost when compared to classical
PFNA. Although additional screws can be adapted to
many existing PFNA designs, the use of this additional
screw may be optional depending on the surgeon's
preference. The new PFNA design is mechanically
superior and practical to apply while not increasing
treatment costs significantly. It increases stability and
reduces complications.
The limitation of our study is that although the
new PFNA design had favorable outcomes in the
computer simulation, we could not obtain clinical
results. Therefore, this design must first be subjected
to biomechanical tests. The subsequent outcomes can
shed light on the clinical feasibility of this model. In
our study, we also found that the stress in the calcar
region had decreased. Further clinical studies are
needed to determine whether this reduction will
cause non-union of the fracture. Another limitation
of the study is not having investigated any significant
weakness that the passage of the additional screw,
which is inserted through the greater trochanter,
through the lag screw may cause. Further studies are
needed to investigate the biomechanical properties of
the lag screw and the additional screw.
In conclusion, our new PFNA design is superior
to the classical PFNA in its mechanical properties.
However, there is a need for extensive clinical and
biomechanical studies on this new design.
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