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Abstract — In this paper, finite element analysis for design of plate for fractured femur is presented. The plates with different
hole types are simulated. The types of hole are duo, flower and sloted forms and paired with a screw of 4.5 mm diameter. The
plate and screw is made of SUS316L. A maximum load of 550 N is applied for each variation of plate design. The results are
presented in terms of deformation and stress for both plate and screw. Numerical results show that the sloted plate is the best
among the considered designs, from which the produced stress is below the material yield stress for almost all configurations.
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1. Introduction

Medical treatment and rehabilitation in the form of surgery is commonly performed to connect fractured bone by
using plates and screws. It is important to rightly estimate the plate length and screws size in accordance with the
dimensions of the bones. Too long plates will damage the bones, while the strength of the plates will be affected
if they are too short. Hence, it is necessary to do simulation tasks in order to support the inquiry for optimum
design for the fixation plate. To this end, numerical simulation has been proven to be a reliable approach in
design and optimization tasks (Kaman et al., 2014; Hidayat et al., 2017), in particular finite element (FE) method
(Syahroni and Hidayat, 2011; Maharaj et al., 2013; Waas et al., 2019).

2. Finite Element Analysis for Structural Problem

The structural static finite element equations can be written as follows:

[KJu}={F} (1)
Here, {U} is the vector of nodal displacements, [K] is the stiffness matrix defined for an element by:

[k]=v~[8]'[D]B] (2)
[B] is the strain-displacement matrix, which is the matrix of derivatives of shape function, [D] is the matrix of
material property and V¢ is the volume of element.
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In addition, {F} is the vector of force values, which can be accumulative contribution from point, pressure and
body loads.

In the FE analysis, the vector of nodal displacements and stress values at every step of analysis are updated as
follows:

L™ =) +{au} ©)
o} =0} +{a0) (4)

from which deformation and stress of a structure can be acquired accordingly by using proper material
constitutive relationship. Further aspects of stress analysis on a bone structure may be also referred in Al-Jassir
et al. (2013) and Haase and Rouhi (2008).

3. Materials and Methods

Data of the femur bone used in this research is obtained from Oshkour et al. (2013). The data is used as a
reference geometry to draw the femur CAD and subsequently imported into into ANSYS software. In addition,
the input material is stainless steel 316L used for plate and screw. Elastic stress analysis is considered in this
study. The yield strength (ovs) of 316L is 170 MPa.

Three types of hole to be drilled in the plate are examined in this study, designed as duo holes, flower holes
and sloted holes, respectively. The hole types are in accordance with the standard instrument and implant by the
AO Foundation (Colton and Orson, 2020). In this research, the hole diameter is varied between 3 and 5 mm. The
number of holes is fixed to be eight holes, but the hole position filled by screw is varied, as shown in Fig. 1.
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Fig. 1. Holes position filled by a screw in a plate. Screw position in white color.

Static simulation is carried out by applying a unidirectional load for the configuration of combined plate,
screw and fractured bone. Fine mesh is used for each variation of the combined structures. The load is taken as
Fy = -550 N. It is assumed from a total body weight of 110 kg, distributed equally to the right and left pelvis.
Hence, this design can be used for a range of weights from 55 kg to 110 kg. The equivalent or von Misses stress
is used to determine corresponding critical areas in the structure according to a certain safety factor N, given by:

UeqZ\/%[(O'l_o-z)z"'(0'2_03)2"‘(01_03)2] (53)

Ooq < % (5b)

An FE model consisting of the combined plate, screw and fractured bone is shown in Fig. 2.
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Fig. 2. Combined structure of plate, screw and fractured bone under a vertical load
(weight load).

4. Results and Discussion

After many simulations, it has been observed that the screw diameter of 4.5 mm appears to be a suitable diameter
value for the holes giving less stress concentration in the plate. Hence, only the corresponding results related to
this diameter value are presented and discussed here.

Table 1 shows the produced stresses in each member of the integrated structure by referring to configurations
shown in Fig. 1, where the duo holes are employed. As expected, a plate without screws (just in contact with the
fractured bone) experienced less stress. The plate is only used for checking the consistency of simulation results
and has no practical application value. On the other hand, the integrated structure of configuration 6 produces
highest stress values at the plate, screw and bone, respectively. It is evident that as the holes in the plate are only
partially filled with the screws, stress concentrations may arise at the screw locations.

Table 1. Produced maximum stresses in the plate with duo holes, screw and fracture bone, respectively

Configuration Max. stress of plate Max. stress of screw Max. stress of bone

(MPa) (MPa) (MPa)
1 54.477 183.380 41.187
2 57.618 185.910 45.186
3 63.535 212.380 50.635
4 65.834 209.890 48.974
5 70.314 224.400 53.100
6 70.715 240.520 56.269
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In addition, body weight supposed to be supported by the plate and screw is not distributed evenly along the
plate. It may also happen the possibility that the screw head does not attach perfectly on the plate section with
hole so a high contact stress occurs (Chao et al., 2013).

For clarity of presentation, Fig. 3 shows the stress distribution in the plate with duo holes. It is clear that
while the plate is safe, the screw section is not safe for all configurations as the produced maximum stress is
above the yield strength of material. Clearly, the plate with duo holes is unlikely to be a preferred choice as it is
not an optimum design for the bone fixation.

Fig. 3. Stress distribution in the plate with duo holes. Letters a-f are related to
Configuration 1-6, respectively.

Subsequently, the plate with flower holes is examined as the next design. Table 2 presents the value of
maximum stresses in the integrated structure. Also, Fig. 4 depicts stress distribution in the plate with flower
holes. It is interesting to note that the simulation results are now in contrast to those of the plate with duo holes.
It can be seen that the plate and screw sections are not safe for all configurations as the produced maximum
stresses are all above the yield strength of material. Therefore, this design is also not an optimum design.
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Table 2. Produced maximum stresses in the plate with flower holes, screw and fracture bone, respectively

Configuration Max. stress of plate Max. stress of screw Max. stress of bone

(MPa) (MPa) (MPa)
1 544.20 163.870 39.119
2 570.54 160.950 45.025
3 547.64 166.670 44.855
4 667.63 185.290 54.132
5 730.13 209.530 52.418
6 796.54 214.740 63.998
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Fig. 4. Stress distribution in the plate with flower holes. Letters a-f are related to
Configuration 1-6, respectively.

It appears that the plate with flower holes produces sites of high stress concentrations to the plate and screw,
making it fails to be a suitable bone plate (Hohman et al., 2012).
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Lastly, the plate with sloted holes is examined and compared with the previous designs. Table 3 shows the
value of maximum stresses in the integrated structure. Further, Fig. 5 depicts stress distribution in the plate.

Table 3. Produced maximum stresses in the plate with sloted holes, screw and fracture bone, respectively

Configuration Max. stress of plate Max. stress of screw Max. stress of bone

(MPa) (MPa) (MPa)
1 124.870 126.360 45.374
2 129.150 131.890 48.308
3 146.050 156.120 54.189
4 141.970 145.790 53.748
5 153.020 165.220 58.551
6 155.350 184.890 63.603
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Fig. 5. Stress distribution in the plate with sloted holes. Letters a-f are related to
Configuration 1-6, respectively.
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It can be observed that the plate and screw sections are safe for all configurations with the produced
maximum stresses are all below the yield strength of material, unless for the screw of Configuration 6. The
results also show that the plate with sloted holes is best when used in an assembly with the screw and fractured
bone. From the geometrical aspect, it appears that the plate with sloted holes give less sites of stress
concentration as it has two sides with slightly enlarged section on one side. As the screw is placed at the smaller
section side, the design thus allows the screw head to shift to the larger section side. Such design also allows the
assembly to be well fitted/attached together, allowing the bone fractures or cracks to be better connected and
closed, thus producing better healing (Weinans et al., 1992).

5. Conclusions

Finite element analysis for design of plate for fractured femur has been presented in this study. To achieve better
assembly or integrated connection between the plate, screw and fractured bone without inducing high stress or
pain, various designs of holes are simulated and examined i.e. duo, flower and sloted holes. Numerical results
show that the plate with sloted holes is the best among considered designs in the present study, from which the
produced stress is below the material yield stress for almost all configurations. The static stress analysis is
therefore meaningful and helpful in designing plate, screw and types of hole for bone fixation of fractured femur.
Optimization between material selection, geometry/design and safety factor would be the next research subject.
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