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Abstract
Several studies have shown a tight connection between several ocular pathologies and 
an increased risk of hip fractures due to falling, especially among elderly patients. The 
total replacement of the hip joint is a major surgical intervention that aims to restore 
the function of the affected hip by various factors, such as arthritis, injures, and others. 
A corkscrew-like femoral stem was designed in order to preserve the bone stock and to 
prevent the occurrence of iatrogenic fractures during the hammering of the implant. In 
this paper, the finite element analysis for the proposed design was applied, considering 
different loads and three types of materials. A finite element analysis is a powerful tool to 
simulate, optimize, design, and select suitable materials for new medical implants.
The results showed that the best scenario was for Ti6Al4V alloy, although Ti and 316L 
stainless steel had a reasonable high safety factor.
Keywords: ocular pathologies, risk of hip fractures, medical implant, new design, finite 
element analysis, Ti, Ti6Al4V, 316L stainless steel

Introduction

Even if it is obvious that ophthalmology and 
orthopedics are two different medical specialties, 
a large number of studies conducted in the past 
35 years have shown a tight connection between 
several ocular pathologies and an increased risk 
of hip fractures due to falling, especially among 
elderly patients. If the orthopedist observes 
one or more ocular relating problems in an old 
patient, he has to suggest the patient to see an 
ophthalmologist, in order to prevent the fall-
related hip fractures [1].

  No matter the hip fractures are related 

or not to ocular pathologies, the orthopedist 
has to solve the problem. For a successful 
revision surgery, after the initial replacement 
intervention, the tissues should be affected as 
little as possible and the bone stock should be as 
high as possible. The current tendency is to use a 
minimally invasive approach and a short femoral 
stem. The short femoral stem is recommended 
for the total hip replacement in young patients 
of 20 to 40 years old. For patients over 60 years 
old, the intervention is often done on the bone 
tissue affected by osteoporosis. In this case, the 
hammering of the implant into the femoral neck 
has a high risk of fracturing the bone. The lifetime 
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of the prosthesis is of approximately 10 years, and 
since the prosthesis loosens beyond this period a 
replacement is needed.

The total replacement of the hip joint 
is a major surgical intervention that aims to 
restore the function of the damaged hip. The 
typical patient is aged between 60 and 80 years. 
This procedure is also appropriate and can be 
performed on patients over 100 years old, if their 
general health allows it. During the last decades, 
the increase in the average life expectancy has led 
to an increase of the age at which this procedure 
can be performed. It is also possible to undergo 
one or several hip revision surgeries. The total 
number of primary and revision hip replacement 
surgeries showed an increase from ~140,000 (in 
2000) to ~300,000 (in 2010) in USA [2] and from 
3316 (in 2001) to 8828 (in 2011) in Romania [3].

Our proposed solution, which presupposes 
preserving the bone stock and preventing the 
occurrence of iatrogenic fractures during the 
hammering, is to design the corkscrew-like 
femoral stem (Fig. 1). The short femoral stem hip 
replacement surgery can be applied to all patients, 
including those affected by osteoporosis. 

The design includes built-in distribution 
holes that ensure the cementing of the stem after 
it has been screwed in the bone. This leads to a 
better fixation in the osteoporotic bone of the 
femoral neck. 

Fig. 1 Corkscrew-like femoral stem design

The prosthesis’ stem is inserted without 
the use of a press-fit by a screwing motion. 
The disadvantage of the press-fit is that 
when hammering the prosthesis, the femoral 

neck can fracture. The technical solution we 
proposed consisted in designing a short femoral 
stem prosthesis. It implied a resection at the 
cervicocephalic junction level. This allowed the 
retaining of the coxofemoral joint anatomy and 
function. It also preserved a maximum bone stock 
in the implantation area.

The proposed prosthesis had a cylindrical 
metallic body, with an exterior thread, continued 
with a truncated sleeve, and ended with a junction 
neck (Fig. 1). There was a hexagonal hole for the 
insertion of a torque screwdriver (not shown) 
inside the implant, necessary for the assembling 
with the acetabular head.

The orthopedic cement was inserted 
with a syringe through the hexagonal axial hole 
and passed through the distribution holes in 
the femoral neck. Through this procedure, the 
prosthesis was fixed with a high stability. An 
accelerated rehabilitation was anticipated: when 
using this type of prosthesis, the patient recovery 
time was significantly reduced.  The surgical 
procedure was done by minimally invasive 
techniques, without muscle sacrifice and with a 
minimum bleeding.

 For a quick assessment of the design, 
the results of a simple static simulation under 
compression forces using the finite element 
analysis was presented in this paper.

Materials and Methods

CAD design and materials properties
The 3D geometry of the femur was 

visualized by computer tomography (CT). Based 
on the CT data, the implant was designed in 
SolidWorks. The finite element analysis was 
performed with Autodesk Simulation Mechanical 
2017 (educational license). The selected 
materials for simulations were annealed 316L 
stainless steel [4], titanium (Ti) and Ti6Al4V 
(usual materials used for metallic implants). All 
materials are considered isotropic and linearly 
elastic. Materials properties were selected from 
the materials library of Autodesk Simulation, and 
Autodesk Inventor Professional 2017 software 
(Table 1 [5,6]).
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Table 1. Mechanical properties of materials used in the simulation of the prosthesis

Material Density 
[g/cm3]

Young’s 
Modulus 

[GPa]

Poisson’s 
ratio

Shear 
Modulus 

[GPa]

Yield 
strength 

[MPa]

Ultimate 
strength 

[MPa]

Ti 4.5 116 0.34 44 140 220
Ti6Al4V 4.38 114 0.35 44 882 1034
AISI 316L 8.0 193 0.285 82 205 515

Mesh Settings
A tetrahedron type element was chosen for 

meshing. The element’s average size was set to 1 
mm, the transition rate of tetrahedral to 1.2, and 
its quality to 100. The total number of the resulted 
elements was 12,516.

Boundary and Loading Conditions
The implant was considered fixed on its 

stem, thread, and under the supporting disk. 
Two load magnitudes were analyzed: low (1000 
N, ~100 kgf), and high (6000 N, ~600 kgf). The 
bare implant scenario was studied, without 
taking into consideration the implant/ cement or 
implant/cement/bone interactions or the forces 
of muscles.

A static compression loading was applied on 
the implant and distributed on the upper surface 

of the disk. The simulation was considered a 
static one. The safety factor was checked against 
the yield strength.

Results and Discussion

The static simulation results are shown 
in Table 2 and Fig. 2-4 (for 6000 N, the extreme 
scenario). The highest safety factor was for 
Ti6Al4V, but the stainless steel was also in the 
acceptable range. Ti showed the lowest safety 
factor for high loads. A suitable combination 
between the optimized geometry and the 
biocompatible materials could assure the 
functionality of the implant. 

Table 2. Displacements, Von Mises Stress and the safety factor for two different loads

Materials Displacement

[max, µm]

Von Mises Stress [max, 
MPa]

Safety factor

[min, ul]
1 kN 6 kN 1 kN 6 kN 1 kN 6 kN

Ti 0.17 1.05 7.09 42.58 19.99 3.33
Ti6Al4V 0.17 1.06 7.03 42.19 127.13 21.18
AISI 316L 0.11 0.6 7.42 44.55 32.16 5.36

Fig. 2 (Ti, 6000 N) a. Displacement 
magnitude of the hip implant b. Von 
Mises Stress with high values in the 
conjunction area of the disk with stem 
c. Low local safety factor identified
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a                                                                 b                                                                     c
Fig. 3 (Ti6Al4V, 6000 N) a. Displacement magnitude of the hip implant b. Von Mises Stress with high values in the 
conjunction area of the disk with stem c. High overall safety factor identified

a                                                                 b                                                              c
Fig. 4 (AISI 316L, 6000 N) a. Displacement magnitude of the hip implant b. Von Mises Stress with high values in 
the conjunction area of the disk with stem c. Low local safety factor identified

The critical area (where the stress was 
maximal) was at the conjunction of the disk with 
the stem, and such a situation was the consequence 
of the geometrical aspects. In our simulation 
scenarios, the implant was exposed to a uniaxial 
force, normal to the disk upper surface, but in real 
life scenarios, the torsion and the fatigue must be 
taken into consideration as well. For the design 
with a Ti6Al4V alloy, the safety factor is excellent, 
but it is quite low, still acceptable, for titanium 
under a high load of 6000 N.

Conclusions

A new short hip implant was designed 
and a preliminary simple mechanical computer 
simulation based on finite element analysis 
was performed. The results showed that the 
design can be improved and a better balance 
between geometry and material should be found. 
Furthermore, considering that real situations 
are more complex, an implant+cement+bone 

combined with torsion or momentum should 
also be included in future simulations. Fatigue 
failure is another aspect that must be taken into 
consideration.
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