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Statement of Purpose: The metal-on-metal hip has 
shown greater wear reduction than the metal-on-poly hip 
system [1]. Lab simulation tests showed that most of the 
metal-on-metal wear occurred during the break-in period. 
Following the break-in wear, a lower wear rate was 
achieved due most likely to the establishment of fluid film 
lubrication [2]. The fluid film thickness, however, is 
affected by the sliding velocities at the bearings [3]. That 
is, a lower velocity will have thinner fluid film thickness 
which may result in changing lubrication regims and 
cause higher wear. The current accepted protocol is to test 
at 1 Hz (one gait cycle per second). This is relatively “fast 
walking” in comparison to our daily activities. Since most 
of the “daily walking” is slower than 1 Hz, the thinner 
thickness of fluid film is expected.  The purpose of this 
study was to evaluate the wear of metal-on-metal bearings 
tested at different sliding velocities. 
Methods: High-carbon CoCrMo (ASTM F1537) wrought 
femoral heads and acetabular inserts (28 mm ID) were 
tested on a hip simulator (AMTI, Watertown, MA), using 
the Paul-type physiological loading (3000 N max, 300 N 
min), synchronized with semi-physiological kinematic 
inputs (with the range of flexion and extension = ±23°, 
internal and external rotation = ±10°, but no abduction 
and adduction), and at an anatomic position (i.e., the 
insert on top of the head). The interface was lubricated 
with bovine serum (HyClone Lab, Logan, UT), which 
contained 0.2% sodium azide and 20mM EDTA. The 
final protein concentration was 17 mg/ml (approximately 
25% of original serum).  

The test specimens were arranged in two groups and 
tested simultaneously. Groups A and B were tested at 1 
Hz and at 0.5 Hz, for 4-million and 2-million cycles, 
respectively. Then, the testing velocities were switched 
between two groups. Wear was assessed by measuring the 
weight loss every half million cycles for the 1 Hz group 
and quarter million cycles for the 0.5 Hz group. The 
weight loss was converted to volumetric wear using a 
density of 8.28 g/cm3. To observe the early wear-in of the 
components, one additional weighing was performed at 
0.25-million cycles for the 1 Hz group, and at 0.125-
million cycles for the 0.5 Hz group, respectively. The 
total test cycles were 4.5-million for Group A, and, 3-
million for Group B, respectively. 
Results: Group A had a bi-phase wear curve, including a 
break-in period (0 to 0.5 MC) and a stabilized period 
(after 0.5 MC) when tested at 1 Hz (Figure 1 solid lines). 
In contrast, Group B had a near linear wear curve when 
tested at 0.5 Hz, suggesting the fluid film lubrication was 
not fully established in this time frame. The wear rates 
reversed between the two groups when the testing 
velocities were switched (Figure 1 dotted lines).  

For Group A (at 1 Hz), the wear rate of the break-in 
period was 3.1±0.6 mm3/MC, and of the stabilized period 
was 1.1±0.5 mm3/MC. The wear rates for Group B (at 0.5 

Hz) were 3.9±0.3 and 2.9±0.7 mm3/MC in the break-in 
and stabilized periods, respectively (Figure 2). The wear 
rate for the 0.5 Hz group reduced slightly near the end of 
the test (1.25 to 1.5 MC), suggesting the lubrication 
regime may be migrating to the fluid film lubrication 
(Figure 1).  
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Figure 1. Accumulation wear of both Groups A and B 
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Figure 2. Comparison of wear rates at various stages 

The wear rate for Group B decreased to 1.1 ±0.1 mm3/MC 
when switched to 1 Hz, suggesting the formation of 
thicker fluid film at the bearings. The effect of slowing 
down, however, was not significant in Group A, which 
may be due to the worn-in nature of the bearing surfaces 
after 4 million cycles of testing. 
Conclusions:  This study demonstrated a linear wear 
behavior of a metal-on-metal hip system when tested at 
0.5 Hz, a speed that was half of the widely accepted 
protocol. The results showed that varying velocities will 
alter the lubrication regimes of the metal-on-metal 
bearings. The results suggested that the actual time for the 
implants to reach stabilized wear may take longer when 
used in vivo. 
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