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ANALYSIS OF THE MANUFACTURE PERTURBATIONS
OF THE TOTAL HIP REPLACEMENT

M. Koukal”

Abstract: One type of total hip replacement function loss is acetabular cup loosening from the pelvic bone.
This article examines manufacture deviations as one of the possible reasons for this kind of failure. Both
dimensions and geometry manufacturing deviations of ceramic head and polyethylene cup were analyzed.
We find that deviations in the variables analysed here affect considered values of contact pressure and
frictional moment. Furthermore, contact pressure and frictional moment are quantities affecting replacement
success and durability.
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1. Introduction

This article examines a number of the biomechanical problems associated with total hip replacements
(THR). The manufacture perturbations (fabrication tolerances) and impacts of femoral head and
acetabular cup upon the failure of function of THR. THR failure is typically accompanied with severe
pain and necessitates reoperation and prolonged convalescence (Fuis et al., 2001 — 2010).

THR function loss is associated with a combination of several risk factors — use of inappropriate
prosthesis materials, geometry, surface finish treatment, ... A recent clinical study of 600 THR’s with
ceramic-ceramic contact between femoral head and acetabular cups showed there was 20 % failure in
period 1977 — 1989 (Gualtieri et al., 2001). One type of THR functionality loss is loosening of the
acetabular cup from pelvic bone (Fig. 1).

Fig. 1: Continuity of acetabular cup loosening from pelvic bone (Krbec et al., 2001).

The Faculty Hospital Brno (FHB) has an ongoing project examining the clinical impact of manufacture
perturbations in hip prostheses (Krbec et al., 2001). During a five year period, a failure rate of 26 %
(Walter Motorlet Co. — Fig. 2) in THR due to loosening was at the FBH.

Loosening of the cups is thought to be caused by the deterioration of the polyethylene, worn particles
dislodged from the prosthesis then damage the tissue around the cup (Charnley et al., 1969). Amount of
polyethylene wear is influenced by contact pressure and frictional moment between head and cup (Mak et
al., 2002) and (Saiko and Calonius, 2003). Maximal value of the contact pressure is thought to be
influenced by contact surfaces inaccuracies created during the fabrication process.
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Fig. 2: Acetabular cup made by Walter-Motorlet Co. (Krbec, et al., 2001).

2. Computational modelling

The parametric geometry model of the system was created due to the possibility to study influences of
perturbations of the shape deviations. Model consists of the following parts: 1 — pelvis bone with cortical
and cancellous part, 2 — acetabular shell (titanium), 3 — acetabular cup (UHMW polyethylene) and

4 — femoral head (ceramic) (Fig. 3).
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Fig. 3: Components of the analysed system.

The variable geometry parameter was inner cup’s diameter — from 31.7 mm to 32.4 mm (from
interference fit (overlap) 0.3 mm to clearance fit (gap) 0.4 mm - nominal diameter is 32 mm). The
variable material parameter was modulus of elesticicty of the acetabular cup — Tab. 1. Linear isotropic
material models were used for all components with characteristics summarized in Tab. 1.

Tab. 1: Material characteristics.

Model part - material

Modulus of elasticity E [MPa]

Poisson's ratio p [-]

et al., 2005; Boyce et al. 1996; Jiahau, 2006;
Rho et al., 1998)

Femoral head - ceramics Al,O, 3.9 x 10° 0.3
(Fuis et al., 2009, 2011)
Acetabular cup - UHMWPE 600 — 1200 (analysed interval) 0.40
Acetabular shell - titanium 1.0 x 10° 0.30
Pelvis - cancellous / cortical bone (Dunham

2.0x 10°- 1.4 x 10 0.25-0.30

The first contact pair was modelled by creating contact elements between femoral head and acetabular
cup, with coefficient of friction f = 0.1. The second contact pair was created between acetabular cup and
shell. The loading and boundary condition of the analysed system is shown in Fig. 5 and is realized by the
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force F = 2500 N which is applied in the centre of femoral ball head (o = 13.5°). This loading
corresponds to the physiological loading of the pelvic (weight of a human is 80 kg).

Plane of symmery

Ifig. 5: Loading of the head.

3. Results

In order to model the dimension perturbations the inner diameter of the acetabular cup was varied. This
resulted in change of the fit between the femoral head and the acetabular cup (from interference fit to
clearance fit). We found that by increasing the clearance starting from 0.0 mm (fine fit) the value of
contact pressure raised linearly within the investigated interval (Fig. 6 for E = 1000 MPa). Increasing the
clearance between the head and the cup by 0.1 mm the contact pressure raised by ~10 %. Reducing the
clearance below 0.0 mm (fine fit), we found that the value of contact pressure raised with approximately
double speed than for the positive clearance values.

To study the influence of the elasticity modulus of the polyethylene cup the modulus of elasticity value
varied from 600 MPa to 1200 MPa. Results shows that if the value of elasticity modulus of cup decrease,
than the values of contact pressure decrease due to increase of contact area for all types of fit.
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Fig. 6: Acetabular cup modulus of elasticity vs. contact pressure and different clearance.

4, Conclusion

We discovered, that if the value of deviations increase, the contact conditions deteriorate. We also found,
that the best type of fit was fine fit, it means without clearence and interference. As this type of fit is hard
to fabricate we recommend to fit head and cup together with clearance value ranging 0 mm to 0.05 mm.
In this clearance interval the values of considered quantities varied in less than ten percents. We do not
recommend using interference type of fit because of strong deterioration of the contact conditions.
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Value of the contact pressure affects the success and durability of the replacement, therefore it is
recommended to minimize their values. The relationship between contact pressure and wear is analyzed at
(Teoh et al., 2001; Ipavec et al., 1999 and Genda et al., 2001).
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