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KEYWORDS ABSTRACT

Many investigations for developing total hip arthroplasty
performance presented in previous literature show
focusing on implant users' external factors. Although this
is important, assessing loading based on implant user’s
weight also needs to be examined as it contributes to
overall performance of this prosthesis. Our study
attempted to evaluate Tresca stress in CoCrMo-on-
CoCrMo hip implant based on body mass index from
patient. 2D computational model in this paper has been
establishing to reach this objective. Loading variation is
also considered with different body mass index categories
from underweight, normal, overweight, obese class I,
obese class II, and obese class III under normal walking
condition. We found that Tresca stress rises with higher
body mass index category.
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1.0 INTRODUCTION

Hip joint replacement is one of the most successful orthopaedic surgery involving artificial hip
joint to replace problematic human hip joint. Because of daily human activity, hip prosthesis
obtains loads that change over period. However, anytime implants can fail caused by various
mechanical aspects that threatening to its users. Failure analysis is the right choice to maximize
performance of medical implants over a long period. There are two failure criteria as reference
theories, von Mises and Tresa. Although von Mises can be used as a failure criterion, it is
preferable to use Tresca because safety area from Tresca stress curve is smaller compared to von
Mises. So, we can conclude that failure criteria with adopting Tresca are safer than von Mises
(Usman and Huang, 2017). Also, several previous studies that evaluate the performance of
artificial joints with Tresca have been carried out by Kaymaz et al. (Kaymaz et al,, 2014), Usman
and Huang (Usman and Huang, 2017), and Abdullah et al. (Abdullah et al., 2010).

Several attempts have been shown in previous papers that reporting study of total hip
arthroplasty currently focus on patient’s external factors, such as textured surface (Aher et al,,
2020), replacement procedure (Ammarullah, 2019), material selection (Azhar et al, 2020),
coating application (Shankar et al.,, 2018), and geometrical parameter (Basri et al., 2019a). It is
important to know that user’s body weight as internal factor of its implant user has a significant
impact on hip implant performance. Some failure implants have reported a rising case as a more
significant user's body weight (Sayed-Noor et al., 2019). Unfortunately, scientific literature
presented from many researchers worldwide trending on medical perspective, but investigation
regarding mechanical side of hip prosthesis based on body mass index needs further studies.

Since polyethylene wear debris from conventional metal-on-plastic bearing has been reported
causing harmful effects on human body, a better option shows from using hip implant under hard-
on-hard bearings due to lack of metal-on-plastic drawbacks. Hard-on-hard metallic bearing on hip
prosthesis already used on hip joint replacement surgery for younger and active users, especially
in Indonesia to fulfilment the needs of medical devices (Maula et al., 2021; Jamari et al., 2021).
Other material, ceramic, have been several advantages compared with metal as the material
option for hip bearing prosthesis provided lower wear rate and smoother contact surface.
Unfortunately, there is weakness from its material's brittle properties, making some concerned
to choose ceramic-on-ceramics as bearing option (Ammarullah, 2019).

To avoid high-cost experimental that require long period for total hip arthroplasty studies,
computational analysis has been selected by many researchers using finite element concept
(Nasution et al, 2018; Ammarullah et al, 2018). 3D finite element contact model has been
conducted by Jamari et al. (Jamari et al., 2021) to study metal-on-metal hip implant, but using this
model requires more time and capable hardware compared with 2D model as simplification
without significantly affecting results, 2D model has been taken to solving many engineering
problems, especially in medical implant. The previous researcher also adopted 2D model for ease
of computation, such as Basri et al. (Basri et al.,, 20193, 2019b) and Shankar et al. (Shankar et al.,
2018).

This study aims to investigate Tresca stress in metal-on-metal hip implant. Finite element
analysis is taken to for 2D computational investigation using vertical load according to
psychological of human hip joint based on body mass index, there are underweight, normal,
overweight, obese class I, obese class I, and obese class III.

32



Jurnal Tribologi 33 (2022) 31-38

2.0 MATERIALS AND METHODS

2.1 Geometry and Material

Hip prosthesis model was created by geometric data commonly used from previous study
(Ammarullah et al., 2020), for femoral head diameter, radial clearance, and acetabular cup
thickness there are 28 mm, 50 pm, and 5 mm respectively. Metallic material on both femoral head
and acetabular cup using cobalt chromium molybdenum (CoCrMo) assumed homogeneous,
isotropic, and linear elastic. Also, property of material using, there are Young’s modulus of 0.3 and
friction coefficient of 0.2 (Jamari et al.,, 2021).

2.2 Convergence Study

To create an accurate finite element model, a convergence study was carried out using the H-
refinement method on the femoral head and acetabular cup components. This method is a
technique for making elements smaller than the initial element size. Coarse elements can produce
less accurate stress results, while fine elements will give more accurate stress distribution results.
Unfortunately, meshing that is too fine will make the computation time needed to be longer.
Therefore, the optimal number of elements is needed to match the time required and the accuracy
of the results. The optimum number of elements we used was 5500 with 2000 CAX4 for the
acetabular cup and 3500 CAX4 for the femoral head.

2.3 Finite Element Model

Computational studies in this research only consider femoral head and acetabular cup as main
component following 2D ball-in-socket model for faster simulation process (Ammarullah et al.,
2021b). Implementation of micro separation during contact did not consider, then contacts are
carried out at steady-state conditions using ABAQUS/CAE 6.14-1. 2D model for finite element
analysis is presented in Figure 1. For boundary conditions, outer acetabular cup surface is set to
fix constraint and contact assuming direct-dry contact without lubrication. This simulation also
considers surface roughness with coefficient friction.

Interaction surface

Y

.ot
Force

Figure 1: CoCrMo-on-CoCrMo bearing modelling using 2D finite element.

2.4 Loading Condition

Peak loading under normal walking condition has been considered as a loading scenario in
conducted research referred from the measurements by Bergmann et al. (Bergmann et al,, 2001).
The data is then simplified by being divided into 32 phases, as was done in the previous literature

33



Jurnal Tribologi 33 (2022) 31-38

(Jamari et al,, 2021; Ammarullah et al., 2021b), where the peak loading is in the 7th phase. Then,
we approached the body mass index equation by making peak loading under normal walking
condition into six different categories (Weisell, 2002). Mean data from patient of hip prosthesis
from Bergmann et al. was 85.3 kg for body weight and 171 cm for body height included in
overweight category. Approximation for getting peak loading data from other body mass index
categories has conducted by assuming all categories have same body height, and then we got peak
loading for all categories are 1,396 N for underweight, 1,861 N for normal, 2,326 N for overweight,
2,675 N for obese class I, 3,024 N for obese class I, and 3,373 for obese class III. Peak loading that
are used in conducted simulation under normal walking condition based on body mass index is
explained in Figure 2.
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Figure 2: Peak loading under normal walking condition based on body mass index.

3.0 RESULTS AND DISCUSSION

From our computational simulation, we got Tresca stress from all of body mass index
categories described in Figure 3. Peak loading at normal walking conditions is the condition when
full body weight supported by human hip joint. Tresca stress for reach category based on body
mass index is 45.16 MPa for underweight, 51.45 MPa for normal, 57.31 MPa for overweight, 61.54
MPa for obese class I, 65.5 MPa for obese class II, and 69.36 MPa for obese class III.

Furthermore, Figure 4 describes Tresca stress distribution at peak loading under normal
walking condition for each body mass index category. It can be seen that Tresca stress value will
be higher, and Tresca stress distribution will be wider in line with the greater body mass index.
The order of the tresca stress distribution from the narrowest to the widest is underweight,
normal, overweight, obese class I, obese class II, and obese class III.

Tresca is one of failure criteria that can be used to analyze the survival of medical implants for
long period. Based on Tresca failure theory, more significant Tresca stress magnitude will reduce
safety factor (Tamin and Shaffiar, 2014). Our result implies that obese users from classes I-111
based on body mass index have more risk of failure in future periods. Supported from medical
perspective report from Sayed-Noor et al. (Sayed-Noor et al., 2019) that explains implant patients
with more significant body mass index have a greater chance to face complications after hip
replacement.
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Figure 3: Highest Tresca stress of CoCrMo-on-CoCrMo bearing from various categories of body
mass index.
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Figure 4: Highest Tresca stress distribution of CoCrMo-on-CoCrMo bearing from various
categories of body mass index.

To improve the design of existing implants based on the Tresca stress values obtained,
especially for obese users that having higher Tresca stress magnitude compared to other body
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mass index categories to reduce implant failures, it can be done by examining the external aspect
from implant users. Some of these efforts. Including studying geometric parameters (Basri et al.,
2019a), material selection (Azhar et al., 2020), application of surface texturing (Aher et al., 2020),
and using coating in contacting surface (Shankar et al., 2018). Replacement procedures from
surgeon doctor also impacted hip joint prosthesis performance (Ammarullah, 2019), where the
development of surgical procedures for obese users can also be an option to reduce failure for
obese people who want to perform hip joint replacement surgery. In-depth studies regarding the
development of hip implants for obese patients need to be initiated.

This study has several limitations that may affect the results obtained. It is important to explain
the integrity of the studies carried out. First, this study only presents data from computational
simulations that need to be validated. Second, the model used is very simple in two dimensions
that can reduce the accuracy of the results compared to the three-dimension model (Cilingir et al.,
2007). Furthermore, the effect of the lubricating fluid is eliminated by only taking into account
the coefficient of static friction that in actual conditions the coefficient of friction has a varied
value over time (Necas et al., 2020). Last but not least, if we are looking at the material used in
this study, Cobalt Chromium Molybdenum (CoCrMo), which is brittle, the use of Tresca stress is
not appropriate because it is more suitable for ductile materials (Tamin and Shaffiar, 2014). It is
a deficiency in our research that will be improved in future studies.

CONCLUSIONS

Tresca stress study on body mass index loading effect under normal walking condition using
2D finite element representing CoCrMo-on-CoCrMo hip implant has been explained in our paper.
We found that Tresca stress value rose, and Tresca stress distribution widened by increasing body
mass index. Besides, Tresca stress value has relationship to implant breakdown in the future from
our result. Improving implant design is necessary to avoid future failures, especially for implant
users with a body mass index category of obesity (class I-11I). Several ways can be done, starting
from material selection, application of textured surfaces, use of coatings, the study of implant
geometry, to surgical procedures specifically designed for obese people.Carried out studies to
improve hip joint implant for obese user is vital to address.
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