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Abstract. This study was conducted to compare a biomechanical performance between
trochanteric gamma nail with single lag screw and double lag screw in the treatment of
femoral neck fracture and femoral neck fracture without lesser trochanter. A 3D model of
Thai femur was reconstructed from computed tomography spiral scanner whereas a
trochanteric gamma nail was reconstructed with the data obtained from 3D laser scanner. A
virtual insertion of the nail and femur was done by computer aided design (CAD) software
before imported to finite element analysis. The FE models were analysed in the early stage
of fracture. Von Mises stress of implant and elastic strain of fracture were observed for each
case. The results showed that a double lag screw provided a better biomechanical
performance in femoral neck fracture, especially in femoral neck fracture without lesser
trochanter. According to the results, a double lag screw had a lower von Mises stress value
on the implant compared to a single lag screw. The elastic strain showed a low value in all

double lag screw cases, indicated that a double lag screw produced higher fracture stability.
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1. Introduction

Hip fracture is commonly found in elderly patients
with osteoporosis. Due to the rising of aging population
wortldwide, the incidence of hip fracture is increasing
rapidly. The complications related to hip fracture are very
concerned in finding the proper implant to manage a
fracture. Hip fracture requires internal fixation treatment
method [1]. Extramedullary fixators, e.g., dynamic hip
screw, have a good clinical outcome for stable fracture,
however, they involve soft tissue invasive [2] and may
encounter clinical complications such as screw cut out [3].
Intramedullary fixators, e.g., gamma nail, proximal
femoral nail, have been proven to be more effective,
especially in their biomechanical performance, including a
reducing of bending moment stress, and better load
sharing [4], In addition, intramedullary fixators also
present good biological advantages such as less blood loss
and shorter operation time [5].

Currently, Trochanteric Gamma Nail (TGN) is widely
used as an intramedullary fixator for fracture in proximal
region. The implants are available with a single and dual
lag screw design [6]. Although a single lag screw
intramedullary nail has been widely used to treat unstable
femoral fracture, there are also some clinical
complications related to this type of implant including:
screw cut out, implant failure, femoral shaft fracture etc.
[7]. A double lag screw was designed to minimize these
complications. Several researches used double lag screw to
treat their cohort patients which resulted a good clinical
outcome [8, 9]. Comparing with single lag screw, a double
lag screw provides less complication rate and lower
incidence of screw cut out. However, there still have some
researches that found no differences in clinical outcomes
between both types of the implant [7]. In order to support
the clinical works and better understand an implant-
related complication, a biomechanical study by means of
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Finite Element (FE) analysis has been constructed. Wu et
al. [10] performed a comparative study of single lag screw
(PFNA 1II) and double lag (A2FN) for
subtrochanteric fracture. Hsu et al. [11] compared
dynamic hip screw, gamma nail and double lag screw nail
in three types of fracture. Helwig et al. [12] used finite
element analysis to study mechanical behavior of four
difference implants (three of single lag screw and one of
double lag screw) in trochanteric fracture. Brown etal. [13]
investigated a biomechanical performance of double lag
screw system under bending and torsion loading.
Nevertheless, there are few investigations that directly
compare a biomechanical performance of single and
double lag screw in the treatment of femoral neck fracture.

The aim of this study was to compare the
biomechanical behavior included stress on the implant
and stability of fracture between single lag screw and
double lag screw trochanteric gamma nail. Four cases of
FE models were designed for investigation, including two
types of fracture (neck fracture, and neck fracture without
lesser trochanter) and two type of lag screws (single, and
double)

SCrew

2. Method
FE models were developed from computed
tomography (CT) data using reverse engineering

technique. The FE analysis was performed by the FE
software package (MSC Marc Mentat, MSC Software, Inc.,
USA)

2.1. Finite Element Model

A left Thai femur obtained from corresponding
author anatomy data was scanned with a 64-slice spiral
computed tomography (CT) scanner. The scan was
performed with 0.625 mm slice thickness in all regions. CT
images were saved in DICOM file format and then was

©
Fig. 1. (a, b) Three-dimensional model of femur with neck fracture treated with single/double lag screw nail.
(c) Three-dimensional model of neck fracture with loss of lesser trochanter.
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imported to in-house development image processing
software. The final three-dimensional model of femur was
built using computer aided design (CAD) software (VISI,
Vero, UK). In this study, two types of fracture: femoral
neck fracture with 2 mm gap at the fracture site (type 1)
and femoral neck fracture without lesser trochanter (type
2) were model.

TGN set were acquired the geometry by 3D laser
scanner (Sense, 3D System, UK). The nail had a proximal
diameter of 16 mm and a distal diameter of 9 mm. The lag
screw diameter was 10 mm whereas distal screw diameter
was 5 mm. The length of nail was 180 mm. Both implants
were virtually inserted into the intramedullary canal by
aligning the nail axis to the femoral shaft axis. In addition,
the lag screw was aligned to femoral neck axis. Figure 1
shows example of model employed in this study.

Three-dimensional model of the femur and implant
were built up from four-node tetrahedral element using
automatic mesh generation technique (MSC Patran 2018,
MSC Software, Inc., USA). The mesh generation around
the hole and screw are denser than other regions. In
addition, the element contact surfaces of hole and screw
are well aligned.

In order to determine the number of element and
node employed in FE analyzes, the convergence test was
performed. Four different number of elements between
47,828 to 174,412 were set. In convergence analysis,
Equivalent von Mises stress was used for determining
optimal number of elements. The least element that does
not affect the change in results was applied to all FE cases.

2.2. Material Properties

All materials were assumed to be linear elastic,
isotropic and homogeneous. The material at the fracture
site in the eatly stage of fracture was initial connective
tissue. Both implants in this study made of stainless steel.
Material properties of implant and bone were given in

Table 1.

Table 1. Material properties.
Resion Elastic Modulus Poisson’s
g (MPa) ratio
Cortical 17,000 0.28
Cancellous 1,000 0.30
Fracture 3 0.40
Stainless steel 200,000 0.30
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2.3. Boundary Condition

In this study, A single leg stance loading conditions
were from the previous work of Chantarapanich et al. [14]
Table 2 shows the physiological load values applied to the
FE model. The FE model was fully constrained at the
distal end of the femur. Figure 2 shows FE model and
boundary condition. The contact condition between
bone-bone and implant-bone was set to be a non-relative
displacement while implant-implant was set to be a relative
displacement. Frictionless model was applied to simplify
the computation.

Fig. 2. Finite element model and act point of loading.

3. Result
3.1. Mesh Convergence Test

Figure 3 and Table 3 show the convergence test
results. The number of elements over 84,467 shows less

Table 2. Loading condition (N) from previous work of Chantarapanich et al [14].

Force x y z Force location
Hip contact 230.2 115.1 -921.1 A
Abductor -468 0 694 B
Tensor fasciae latae 117 158.8 -75.2 B
Vastus medialis 8.4 -33.4 -167 C
Vastus lateralis 8.4 -108 -543 D
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Fig. 3. Convergence test in term of maximum von Mises stress.

different in maximum von Mises stress level. In all
convergence tests, the maximum von Mises stress level
exhibited on contact between lag screw and TGN.
Therefore, the number of elements over 84,467 was used
in this study, as shown in Fig. 3.

Table 3. Convergence test result.

Element Maximum von Mises stress (MPa)
47,828 223.2
84,467 403.2
136,186 380.1
174,412 447.4

3.2. Von Mises Stress on the Implants

3.2.1. Neck fracture Type 1

During the early stage of fracture, the high von Mises
stress concentration regions were the lag screw and nail
contact surface, tip of lag screw, distal screw and nail
contact surface, as shown in Fig. 4. According to Table 4,
it shows that the TGN with single lag screw presents a
stress level close to double lag screw.

3.2.2. Neck fracture Type 2

According to Table 4, the von Mises stress on the
single lag screw TGN for stabilization femoral neck
fracture with loss of lesser trochanter were higher than
fracture type 1. However, the von Mises stress on a double
lag screw TGN trochanter was reduced to lower value.

Table 4. The von Mises stress on each part of TGN.

3.3. Fracture Stabilization

Table 5 show the equivalent elastic strain at the
fracture site of each cases. The high equivalent elastic
strain was observed in a single lag screw TGN. The result
implied that a single lag screw model has lower fracture
stabilization.

3.4. Bone Stress

According to Table 6, it represents slight differences
in magnitude of stress for both femoral head and femoral
shaft regions. High bone stress regions are around nail
insertion hole, distal screw hole and proximal femoral
head, which the magnitude of stress around nail insertion
hole are highest. The nail insertion hole exhibits high level
of stress which ranged from 111.51 to 123.30 MPa.
However, the stress on the distal screw presents the lower
value which approximately 9.18-16.60 MPa.

3.5. Strain Energy Density on Cancellous Bone
Table 7 shows strain energy density (SED) on
cancellous bone. Figure 5 shows the high concentrate

Table 5. Equivalent elastic strain (ue) at the fracture site.

Equivalent elastic strain

Fracture Single Double
Fracture type 1 127.98 71.79
Fracture type 2 94.10 54.64

von Mises stress on the implant (MPa)

Part Fracture Type 1 Fracture Type2
Single Double Single Double
Lag screw 403.2 387.5 951.2 133.3
Distal screw 243.6 255.9 295.3 274.7
Nail shaft 382.1 331.0 336.0 265.6
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Equivalent von Mises stress (MPa)

Fig. 4. Stress distribution on the implant in all cases.

Table 6. Bone stress.

Von Mises stress (MPa)

Portion Fracture type 1 Fracture type 2
Single Double Single Double

Insertion hole  118.70  123.30  111.51  113.49

Distal screw 16.60 9.41 11.73 9.18

SED regions are around lag screw and nail. Especially in a
double lag screw TGN. The region between both lag
screw in femoral head present relatively high SED
magnitude which is 0.357 J/mm? and 0.280 J/mm?3 for
fracture type 1 and 2, respectively. SED absorbed by
cancellous bone in fracture type 2 reduce to a lower value
in both single and double lag screw, compared with
fracture typel.
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60
45
30
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Single screw - Fracture type 2
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Table 7. Strain energy density (SED) on cancellous cone.

SED (J/mm?)
Portion  Fracture type 1 Fracture type 2
Single Double Single Double
Superior  0.029 0.139 0.028 0.048
Inferior  0.156 0.357 0.060 0.280

4. Discussion

Intramedullary fixation is an effective choice to treat
proximal femoral fracture. From the previous studies [15-
17], the implant showed a good post-operative outcome.
However, some of these still reported an implant-related
complication especially a screw cut out and implant failure.
A double lag screw nail has been proposed to solve with
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Fig. 5. Strain energy density contour on superior and inferior cancellous bone.

these complications. It is believed to improve the stability
and reduce the risk of lag screw cut out.

The principal goal of this study was to compare the
biomechanical performance between a single and double
lag screw TGN when treated with femoral neck fracture.
Loading used in this study was one-legged stance including
influence of muscles forces which reflects the reality
physiological loading conditions.

According to the finding, it can be observed that the
stress concentrates highly in lag screws, especially in single
lag screw stabilization. This can be explained that the
effect of moment due to hip contact loading influences
the bending of lag screw. Contact surface between lag
screw and TGN is considered to be a pivot point of
bending moment. As a result, the Equivalent von Mises
stresses w high in these regions. In addition, a double lag
screw produces the lower stress level than single lag screw.
This can be explained that a double lag screw has the larger
area to withstand the hip contact (body weight) than single
lag screw. Stress in superior lag screw were higher than
inferior lag screw because the load transferred to superior
lag screw first before to inferior screw. Load is shared
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between both screws, therefore, the stress reduces to the
lower magnitude. In the same way, the contact between
lag screw and TGN acts as a pivot point, the stress then
concentrates around that area.

Success of lag screws stabilization in TGN depends
also on the quality of bone. The quality of bone
determines its ability to resist deformation and absorb
stress [18]. A deterioration of bone is one of factors that
related to bone fragility and loss of bone mass such as
osteoporosis can lead to secondary fracture [19]. With
lower bone density, although the double lag screw is used,
it may not be able to withstand the load. This may lead to
lag screw penetration through cortical bone layer [20].

Under single leg stance loading condition. It can be
noticed that there is a little difference in the maximum von
Mises stress between both implant in fracture type 1.
According to Table 4, a single lag screw TGN exhibit only
4% higher stress than double lag screw. In addition, the
maximum von Mises stress of both implants are not reach
beyond the yield of the stainless-steel material, which
ranges from 750-960 MPa [14]. This indicated that there is
a low risk in implant failure for both implants, so we can
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use either single or double lag screw TGN in the treatment
of a femoral neck fracture. This finding is relevant to a
previous work of Hsu et al. [11]. They found that there is
no significant difference between gamma nail and double
screw nail when used in stable fracture. They proposed
that any kind of the implant could be used to treat with
the neck fracture or subtrochanteric fracture.

In the fracture type 2, the result revealed that a stress
is much higher in a single lag screw TGN. The stress value
reach over the yield stress. This behaviour occurs because
the loss of lesser trochanter reduced the structural integrity
of bone and lose mechanical support [21], so the stress
mostly concentrates on the implant. It can be considered
that a single lag screw TGN has a very high implant failure
rate in this type of fracture. However, the double screw
model showed a favourable result. An additional screw
increase load sharing. The double screw TGN is highly
recommended in the treatment of fracture without lesser
trochanter.

According to the result, the distal screw is another
region where high stress occurs. A hole on the nail surface
causes a stress riser effect, high stress is concentrated near
the contact of distal screw and insertion hole. This
mechanical behaviour is considered as a risk of distal screw
breakage. However, the stress level in these areas are much
below the yield stress of material.

Elastic strain is an indicator to evaluate the stability of
fracture after implant stabilization. Many previous studies
used elastic strain to evaluate so [11, 14, 22]. Lower clastic
strain presents the better fracture stability. According to
Table 5, a double lag screw TGN showed lower elastic
strain value which provided a better neck fracture
stabilization. The result agreed to those the clinical studies,
which proposed that a double lag screw has an increased
rotational stability [23, 24].

For mechanical behaviour of bone, according to table
6, femoral head and distal screw hole present a slight
difference in magnitude of stress value. With these values,
it is considered as sufficient low to be not a risk of fracture
in this region. However, the nail insertion hole exhibited
much higher stress. The values are just below the yield
strength of the bone, which is around 100-170 MPa [25-
29] depend on gender, age and size of the bone. There is
a risk of a fracture in this region.

In order to analyse the cancellous bone, SED is used
for determining the amount of energy that bone absorb.
The results showed that a double lag screw TGN has a
higher SED value, especially in the inferior region. This
can be explained that a double lag screw TGN has to bore
greater bone amount than single lag screw TGN for two
lag screws insertion. The significant reduction of bone
mass causes the bone in double lag screw TGN case
absorb higher energy.

5. Conclusion

The study used a FE method to perform comparative
biomechanical analysis between single lag screw and
double lag screw TGN used to stabilize femoral neck
fracture and femoral neck fracture with loss of lesser

DOI:10.4186/¢j.2021.25.2.183

trochanter. According to the result, the double lag screw
TGN revealed a greater stability in both type of fracture.
In addition, the equivalent von Mises stress exhibited
much lower compare to a single lag screw in the femoral
neck fracture without lesser trochanter. However, both
implants have similar performance in the stable femoral
neck fracture. It is highly recommended to use a double
lag screw TGN to stabilize femoral neck fracture with loss
of lesser trochanter.
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