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a b s t r a c t

A new hip resurfacing prosthesis design was assessed and compared in terms of kinematics and contact
stress regarding to the conventional hip resurfacing prosthesis. For this purpose both designs were virtu-
ally implanted in a cadaveric computer-aided design model. Commercial software was employed to sim-
ulate the movements of flexion, abduction and internal rotation at 90� of flexion to determinate the
impingement between femoral neck and acetabular cup. On the other hand, the edge load effect as con-
sequence of different acetabular component inclinations and micro-separations were analyzed by finite
element analysis for both designs. In addition, this effect was validated in the hip joint simulator FIME II.
The results of the new design exhibited a significant motion increment before impingement of
12.8� ± 1.3� for flexion, 13.3� ± 3.1� for extension, 7.8� ± 1.9� for abduction and 13.1� ± 3.2� for internal
rotation. Moreover, the new design showed a reduction of the contact stress and stripe wear during
the running-in due to the micro-separation effect.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Hip resurfacing arthroplasty (HRA) has been strongly reissued
in the last two decades for young active patients as an alternative
to total hip replacement (THR) [1]. This is due to relevant advanta-
ges: it preserves proximal femoral bone stock, optimizes stress
transfer to the proximal femur because of the large diameter of
the articulation and offers inherent stability [2,3]. However, nowa-
days the success of HRA depends of correct patient selection, sur-
geon learning curve, and correct surgical technique [4,5].

Despite to these advantages, there has been reported a signifi-
cant reduction of the theoretical range of motion (ROM) of HRA
regarding to THR [6]. However, there is discussion because of the
contradictory results between theoretical and clinical ROM com-
pared between THR and HRA. Some of these contradictory results
are related to the effect of the soft tissue and dissimilar control
groups [7], influence of large diameter heads [8], and theoretical
advantages and disadvantages of HRA [9]. Other issue reported in
HRA has been abnormal femoral head-neck ratios. It has been re-
ported that decreased head-neck ratio is a factor that results in:
impingement, reduced ROM, rise dislocation and abnormal wear
patterns [10]. In addition to these complications, impingement of
the femoral neck on the acetabular component edge of HRA due
to mal-position of the cup has been related with femoral neck

fracture [11] and severe stripe wear on the femoral head due to
its impact with the cup rim occurred by the micro-separation at
heel-strike phase of the normal gait cycle [12,13]. This kind of wear
has been found using a hip simulator with micro-separation test
modes [14,15]. Moreover, such findings have been matched with
component revised due to presence of pseudotumors which has
been observed occur near the edge of the implant coinciding
edge-loading by stripe wear [16,17].

On the other hand, designs with large-diameter metal-on-metal
bearing inspired by better lubrication [18] have been re-introduced
few years ago; the preliminary results shows an increment of me-
tal ions [19]; the origin has not been explained. Some authors have
attributed it to: (a) larger metal area exposed to corrosion [20], (b)
cup inclination: edge-contact [21,22], (c) sex [23,24] and (d) mod-
ular designs resulting in a continuous taper fretting-corrosion sys-
tem [25,26]. Nevertheless, it remains unclear whether adverse
reactions are dependent and whether they are mediated by an im-
mune response or if they are a toxicological effect [27].

To gain more in depth in this matter, in this paper has been as-
sessed the kinematic behavior and contact stress of a new HRA aca-
demic design named MARMEL. In addition, it was discussed its
possible effect on edge-loading and stripe wear mechanism.

2. Materials and methods

In this work a new proposed HRA prosthesis named MARMEL was
designed with the purpose to achieve a better ROM before impinge-
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ment between femoral neck and the edge of the acetabular compo-
nent. On the other hand, a radius on the cup rim was incorporated in
order to decrease the stress contact produced by micro-separation
effect. In order to assess and compare the kinematic behavior of this
new proposal; the conventional HRA and MARMEL designs were vir-
tually implanted in the same cadaveric computer-aided design
(CAD) model. Subsequently a kinematic simulation was undertaken
using commercial software to compute the ROM behavior in both
designs. Furthermore, a three-dimensional finite element simula-
tion was carried out in order to study the edge load effect as conse-
quence of different acetabular component inclinations.

2.1. MARMEL prosthesis design

The design features of the conventional HRA femoral compo-
nent and the conventional HRA acetabulum are shown in Fig. 1a
and b. In Fig. 1c and d are shown the MARMEL design of the fem-
oral and the acetabulum component, respectively. The main differ-
ence of the MARMEL regarding to the conventional HRA design is a
material cut of 45� and 1 mm radius on the inner part of the ace-
tabular edge shown in Fig. 1d. This main geometry modification
was designed in order to improve the ROM before impingement
and improve the contact stress distribution. The coverage angle
of the MARMEL acetabular component is of 165�. The femoral com-
ponent can be adapted for sizes from 38 to 54 mm, resulting for all
cases head–neck ratios higher than 1.2. The outer diameter of the
acetabular component is 6 mm larger than its inner diameter,
resulting in a wall thickness of 3 mm.

Fig. 1. Design features of the hip resurfacing implants analyzed. (a) Conventional HRA femoral component, (b) conventional HRA acetabulum and (c) MARMEL design
acetabulum.
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Fig. 2. Neutral orientation of the reference coordinate system. Anterior superior
iliac spines (ASIS), Pubic tubercles (PT), Knee center (KC) and Femoral axis (FA).

Fig. 3. Lateral view of the CAD model. (a) Starting position, (b) maximum flexion with conventional HRA and (c) maximum flexion with MARMEL design.
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