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Total hip arthroplasty has proved to be one of the most successful operations in terms of pain
relieve and improving patients’ quality of life [1]. The published data from specialised
centres have shown a high level of patient satisfaction and very low revision rate in 15-20
years follow up [2]. These excellent results in elderly population and even in young patients
with systemic illness or health problems [3], which limit their activities, does not reflect the
picture on the young active patients [4] especially with osteoarthritis OA as a primary
diagnosis [5].

The unsatisfactory results in the younger population have renewed the interest in hip
resurfacing with a new design and metal on metal bearing surface. This new design carries
the theoretical advantage of less critical size wear of the metal on metal bearing surfaces [6],
bone preserving and easier revision surgery if needed. It may also decrease the risk of
dislocation with a better range of hip motion. These theoretical advantages, however, have
not been supported by long-term clinical results yet although the early results presented by
the designers are encouraging [7]. We are presenting our early results from Liverpool as an
independent reviewer.

Material and Methods

Between June 1998 and September 2001 we have performed 137 Birmingham hip resurfacing
in 129 patients. We are reporting the results of the first 100 hips in 93 patients, 55 males and
38 females. The mean age of these 93 patients was 51.5 years (range 18 to 73 years). The
mean follow up period is 17 months (range 6 to 42 months). Those who completed a follow
up period of 12 months were 73, and 24 months were 22 hips. The primary aetiology for hip
arthritis varied in this group of patients between hip dysplasia 7 hips, inflammatory arthritis 2
hips, avascular necrosis (AVN) 3 hips, Haemophilia 1 hip and primary osteoarthritis (OA) 87
hips.

All cases were done by or under direct supervision of the senior author (SFJ) through the
posterior approach with the patient in the lateral position. Hybrid resurfacing with
Hydroxyapatite coated press fit cups and cemented femoral heads were implanted according
to the technique provided by the manufacturer Birmingham Medical Technologies MMT,
Birmingham, UK. We have used dysplasia cups with fixation bolts in 10% of cases because
of deficient acetabulum that led to incomplete cover of the cup or inadequate primary stability
by press fit alone.

All patients were assessed prospectively using the WOMAC osteoarthritis index [8] plus
pelvis x-rays post-operatively at 6 months, 1 year and then annually afterwards.

Post-operatively patients were subjected to a physiotherapy protocol developed in this unit
with the aim to restore normal range of movement, restore dynamic stability of the lumbar
Spine, pelvis and hip region and regain normal functional activity of the individual patients.



Results:

The results of the WOMAC score are summarised in figure 1 and shows statistically
significant reduction in the 3 different parameters of the score index P<0.00001 as recorded at
1 year (73 hips), and 2 years (22 hips). There was high degree of variability in the
preoperative score with coefficient of variation CV% for pain 28.8 1%, joint stiffness 32.54%
and difficulty 25.5 1%. Additionally high degree of variability in the postoperative results
was noted as many patients have scored 0 in many of the score’s parameters reflecting a
symptom free function.
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Figure 1. Mean pre and post operative WOMAC score and SE.

On the latest x-ray review of these patients all cases except 1 did not show any radiolucent
lines, which can be considered as loosening in any of the zones around the acetabulum. All
cases have shown good osteointegration of the cups, even cups which did not achieve direct
contact to the floor of the acetabulum but firm press firm in the immediate post operative x-
ray have shown filling up of these lucent lines with bone osteointegration.

There were variability in the femoral prosthesis orientation with different degrees of head
neck angles, but these did not seem to affect the outcome at this stage of analysis. No
notching of the neck was noted in any of our cases.

Considering revision as the endpoint for follow up, only one case was revised because of cup
failure. There is another case, which can be considered at risk for revision, because of
radiological loosening of the head. This patient has not been revised, as he is symptom free.



Complications:

One case of dislocation has been reported in our series that happened in extreme hip flexion
and adduction. Closed reduction was possible with no further instability recorded afterwards.
There was another case re-explored within an hour of surgery when postoperative x-ray
showed distraction of the joint surfaces. Exploration showed soft tissue interposition.

There was a case of femoral nerve palsy that recovered fully in a course of six weeks, and a
case of DVT, which needed further anticoagulation therapy.

About 10% of the patients reported transient squeaking from their hips in the extremes of hip
movements about 6 months post-operatively but this has spontaneously disappeared in all
cases.

Discussion:

Hip resurfacing is an interesting idea that attracted many orthopaedic surgeons over the years
[9-1 1]. The Birmingham design with metal on metal bearing surfaces has many theoretical
advantages that are still to be proven in the long term.

Our early results with this resurfacing design are encouraging as a quick post-operative
recovery and return to a high level of activity were demonstrated by the WOMAC data. The
average age of our patients was 18 years younger than patients for THR in this unit, and this
may have helped in achieving good postoperative recovery.

The only reported case of cup revision was a case of difficult dysplasia. Technical error can
be the reason for early failure as the cup was supported by one bolt only with probable
inadequate primary stability. This case was revised to another dysplasia cup and continued to
perform well afterwards. No loosening of the prosthesis could be found apart from one case
of femoral loosening.

This system with the big head (38-58 mm) may have a less incidence of dislocation [12]. The
only case of dislocation was a fitness instructor with generalised ligament laxity. Closed
reduction was possible and this might have happened because of her generalised laxity. No
further dislocation occurred following a rehabilitation and re- education physiotherapy
course.

We have extended the indication for use of dysplasia cups to another group of patients in
whom we could not achieve a tight press fit, or were found with deficient acetabulum that
needed bone graft at time of surgery e.g. protrosio sockets. Modification of the physiotherapy
with partial weight bearing for 6 weeks was followed in this group of patients.

Patients who reported transient squeaking from their hips have had no further problems and
Continue to function well. We cannot explain this problem but it may represent a transient
failure of bearing surfaces lubrication.



Indicating the learning curve our mean operative time has dropped from 2 hours and 5
minutes in the first 10 cases to 1 hour and 40 minutes in the last 10 cases excluding dysplasia

cascs.

Conclusion:

Birmingham hip resurfacing has given early encouraging results in our hands that justify its
continued use. Further follow up will need to continue to record the mid and long term results
from other centres outside Birmingham.
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Hip resurfacing with replacement of the diseased acetabular and femoral articular surfaces is
the most conservative hip arthroplasty available.

Hip resurfacing was first performed by Professor Sir John Charnley in the early 1950°s with
numerous designs from other centres following. All of these designs over the subsequent
forty years met with universal failure. Surgeons generally have ascribed this failure to
ischaemic necrosis of the femoral head. Charnley' reported his polytetrafluoroethylene
(PTFE) resurfacing failures as due to ischaemic necrosis of the femoral head and made no
mention of the wear of the PTFE surfaces, mentioned no tissue reaction to the PTFE particles
and made no mention that some PTFE components wore completely through.

Engineers have often ascribed the failures of historical hip resurfacing to loss of bone
substance from the femoral head due to stress shielding caused by the femoral resurfacing
cap. Both the ischaemic necrosis theory and the stress shielding theory have been shown to be
incorrect with the passage of years. The major cause of failure of historical hip resurfacings
has been shown to be due to osteolysis, both in the acetabulum and in the femoral head
caused by particulate polymer debris >

Historical metal on metal THR bearings have been remarkably free from metal particle
induced osteolysis.

The author has performed 1,997 metal on metal hip resurfacings between Feb 1991 and Feb
2002. Two cases of failure due to ischaemic necrosis of the femoral head have occurred.
There have been no cases of failure due to stress shielding of the femoral head. In the first
three years several methods of fixation of the metal on metal bearings were tried and
optimum fixation proved to be uncemented hydroxyapatite cups and cemented femoral
components. Two dislocations have occurred in these 1,997 metal on metal hip resurfacings.

Failures due to wear of the metal on metal bearings have only occurred from implants
inserted during 1996. During 1996 double heat treatment of the bearings (hot isostatic
pressing & solution heat treatment) was performed. Revision of patients resurfacings
performed during 1996, have shown metallosis and osteolysis. Analysis of retrieved
components has shown that the double heat treatments have caused a variable amount of
carbide depletion of the metal microstructure and the wear of the retrieved components is
proportional to the amount of carbide depletion of the metal microstructure, with dramatic
wear in totally carbide depleted components. Failures from 1996 have been and will continue
to be reported to the Medical Device Authority, UK and to Corin Medical Ltd, the
manufacturers of this double heat-treated metal resurfacing.



The Swedish National Hip Arthroplasty Register has identified young and active patients as
the most challenging group for conventional total hip replacement. In patients under the age
of 55yrs and with a diagnosis of osteoarthritis the failure rate of THR from the Swedish
Register is 19% at 10yrs and 67% at 16yrs *.

Hip resurfacing has its main applicability therefore in this younger and more active patient
population. During 1994, 1995, 1997, 1998, 1999, 2000 and 2001 the senior author has
performed 509 metal on metal hip resurfacings in patients under the age of 55yrs with a
diagnosis of osteoarthritis. Patients in this category from 1996 have been excluded due to the
unique failure pattern with high wear of the metal on metal bearings, metallosis and
osteolysis caused by double heat treatment of the metal.

Kaplan-Meier survival analyses have been performed on the THR’s from the Swedish
Register and the senior authors resurfacing patients. A comparison of the under 55yr patients
with osteoarthritis in both groups shows a significantly improved survival of the metal on
metal resurfacings compared to the THR’s at seven years post-op (fig.1).
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Fig 1. Comparison of survival of metal on metal hip resurfacing and the Swedish hip registry
data for patients < 55 years with O.A.



An RSA study has been performed on 19 Birmingham Hip Resurfacing patients (20 hips)
with Dr Lars Nistor and Dr Arne Lundberg (Sweden) and migration measurements have been
made up to 2-year’s. Very low migration has been observed up to the 1-year stage (fig.2). The
two-year migration data will soon be available.
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Fig. 2a- RSA migration on BHR femoral component. Up to 1-year. Fig. 2b- RSA migration
on BHR acetabular component. Up to 1-year.

Hip Resurfacing using metal on metal bearings with historically proven metallurgy,
combined with hybrid fixation offers a viable treatment alternative for the young and more
active patient with hip arthritis.
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Biological Aspects of Hip Resurfacing.
Derek McMinn, Joseph Daniel,
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The effects of hip resurfacing are local and general; and early and late. The most profound
early, local difference between resurfacing and conventional THR is the absence of femoral
medullary canal instrumentation and cementing in the hip resurfacing procedure.
Transoesophageal echocardiography has revealed very considerable fat and marrow
embolisation following conventional cemented THR whereas the embolisation following hip
resurfacing is minimal (fig.1).
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Fig.1a - Severe fat and marrow embolisation into right heart
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Fig.1b - Virtually no embolisation into right heart following Birmingham Hip Resurfacing.

This fat and marrow displacement from the femur into the general circulation has been
shown to be highly thrombogenic " 2. The relatively high incidence of thromboembolic



complications following conventional THR may be due in major part to this fat and marrow
embolisation. The relative paucity of thromboembolic problems following hip resurfacing
may be due in part to the relative absence of fat and marrow embolisation following this
procedure. The author has had three thromboembolic complications, all non-fatal in 1,570
consecutive Birmingham Hip Resurfacing’s.

Osteolysis has hitherto not been a problem in metal on metal hip resurfacings except with
implants inserted during 1996, a period during which the wear resistance of the material was
reduced by double heat treatment.

Loading of the upper femur is quite different in hip resurfacing compared to conventional
stemmed THR. In a comparative longitudinal study of stemmed THR against Birmingham
Hip Resurfacing, assessed by serial DEXA Scans, Zone 7 density on the femur had reduced
by 15% in the 2yrs following stemmed THR whereas Zone 7 density on the femur increased
by 12% in the 2yrs following Birmingham Hip Resurfacing’.

The possible general long-term effect that received most attention relates to the effect of
increased metal ion exposure on the body. The best information on this aspect comes from
Visuri et al, who has looked at the incidence of individual and total malignancies in a
population of patients over a thirty-year period who had received a McKee-Farrar metal on

metal THR and compared these to the malignancies in the normal Finnish population over
the same time period (ﬁg2) 4 (updated by Visuri at Resurfacing Arthroplasty Conference, Birmingham, Sept 11th 2001)
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Fig.2- Cumulative number of observed and expected cancer cases among patients with metal
on metal total hip arthroplasty, by time since THA.

This study indicates that there was no increase in the individual or total malignancies in the
metal on metal patients compared to the normal population.



This information provides the strongest available evidence that metal on metal hip
arthroplasty devices are safe over a thirty-year period. However it is not possible to say at
this stage if they are safe for longer exposure times. In addition for any new metal on metal
device it needs to be demonstrated that the metal ion exposure is no higher than that of the
historical metal on metal THR devices, if the safety information on these historic metal on
metal devices is to be relied upon.

We have performed a comparative study on whole blood metal ion levels in patients with
historical metal on metal THR’s and compared these to two groups of patients who have had
Birmingham Hip Resurfacing’s (BHR). One group of resurfacing patients had a unilateral
BHR and had a high activity level with all patients participating in sport. The other
resurfacing group all had bilateral BHR procedures (fig.3).
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This study provides reassuring information that the patients fitted with a Birmingham Hip
Resurfacing are not exposed to a significantly higher metal ion level than those patients
having historical metal on metal THR’s.

It is now understood that the least satisfactory measurement of metal ion exposure is serum
concentration, the next best measurement is either whole blood or red cell assessment of
metal ion levels, but the best in vivo assessment of metal ion production both from corrosion
and wear of any implanted device is 24hr urine metal ion output measured by high resolution
induction coupled plasma mass spectrometry.

The only such in vivo assessment published as far as the authors are aware, is a study on low
carbon metal on metal THR °.

We have performed a four-year cross-sectional study on patients who had unilateral BHRs.
In order to standardize this study as much as possible we chose only men, Charnley grade A
with size 50mm or 54mm femoral components. Fig.4 shows the 24hr cobalt output at
different time periods following operation.



Fig.4
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We calculated the baseline production of metal ions from surface corrosion, expected from
these implants according to the method of Willert based on implant surface area *

One interpretation of these results is that the BHR metal on metal bearings undergo a
‘running-in’ period giving higher urinary output of cobalt at the one-year post-operative
stage. The cobalt output then stabilizes at the two, three and four year post-operative periods.
It can be seen that the two-year, three-year and four-year levels of cobalt output could be
explained by surface corrosion from the implant only, with no contribution from wear.
However this analysis may be proven incorrect with the passage of time if the calculated
level of corrosion is excessive. If, however, the first interpretation proves to be correct and
following a running in period these large diameter metal on metal bearings are only
producing metal ions by corrosion, then further attempts to reduce metal ion exposure to
patients fitted with the Birmingham Hip Resurfacing may not be achieved by attention
directed at reducing wear. Measures directed at reducing surface corrosion may instead have
a more beneficial effect.
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The lubrication regime in a metal-on-metal total hip replacement.
M. van Kampen, S.C. Scholes, A. Unsworth
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1. INTRODUCTION

Wear debris produced by the articulation of the femoral head against the polyethylene cup of a total
hip replacement has been implicated as one of the major causes of failure in these artificial joints (1,
2, 3). Hard bearing surfaces such as metal-on-metal or ceramic-on-ceramic have been introduced in
an attempt to try and reduce wear debris generation and subsequent failure of total hip replacements.
The amount of wear debris generated is lowest in joints with a fluid film lubrication regime as no
contacting of the surfaces occurs (4, 5). The aim of this study was to show which type of lubrication
took place in a particular metal on metal surface replacement joint.

2. MATERIALS AND METHODS

The lubrication regime of nine different metal on metal Birmingham Hip Replacements was
examined with different lubricants. All of the joints were supplied by Finsbury Instruments, Surrey,
UK. The two components of each joint were mounted in specially designed holders and friction
measurements were carried out on the Durham Hip Function Simulator. A low friction carriage held
the acetabular cup while the femoral head was fixed in a moving frame. A dynamic loading cycle
comparable with that of flexion extension loading in a walking subject in vivo was applied with a
hydraulic system controlled by a microprocessor via a PC (6). The loading cycle had a maximum
load of 2000N and a minimum load of I00N and was applied in an oscillatory fashion in the flexion
extension plane with an amplitude of 24° for a period of 1.2 seconds. Throughout each cycle the
angular displacement, the load and the frictional torque were measured 128 times. In order to obtain
accurate measurements, all joints were tested in a similar way with the rotational axes aligned. The
frictional torque found for each joint was then used to calculate the friction factor (f) as follows:

/I
RL

In this equation T is the frictional torque generated between the bearing surfaces, R is the radius of
the femoral head and L is the load applied.

Five joints were examined with solutions of non-biological carboxy methyl cellulose (CMC), each
with a different viscosity (0.183, 0.128, 0.102, 0.031, 0.009, and 0.003 Pa s). To prevent damage to
the joint, the highest three viscosities were tested first, after which they were also tested with
solutions of 50% bovine serum with the same viscosities as mentioned above. The measurements
with the lower range of CMC viscosities were then completed. The remaining four joints had similar
diametral clearances but were manufactured with a different surface finishing technique. These were
examined with solutions of 50% bovine serum only. The joints were tested with each viscosity three
times each and the joints were cleaned thoroughly between every test.



The surface roughness of each femoral head was measured with a non-contacting profilometer
(Zygo NewView 100) before and after testing each range of viscosities.

The mode of lubrication was determined through Stribeck analysis (Fig.1) in which the friction
factor found in the measurements was plotted against Sommerfeld number (z), defined as:

z=nuR
L

Here n is the viscosity of the lubricant, u is the entraining velocity of the bearing surfaces, R is the
radius of the femoral head and L represents the applied load. A decrease in friction factor with an
increase in Sommerfeld number indicates mixed lubrication with the load partly carried by the
asperities of the joint surfaces and partly by the pressure in the lubricant. A full fluid film regime is
indicated by a rising trend in the friction factor, which means that the bearing surfaces are kept
entirely apart by the layers of lubricant. In this case the shear within the lubricant generates the
frictional resistance (4).

For each joint the theoretical prediction of the lubrication regime for the physiological viscosity
(0.009 Pa s) was calculated and compared with the experimental results.

3. RESULTS

The theoretical calculations for the joints with the smaller radial clearances showed that the ratio of
the minimum film thickness to the combined surface roughness was larger than three (Table 1),

which meant that these joints should be operating in a full fluid film lubrication regime (8)

Table 1: The theoretically predicted lubrication regime for each joint.

Joint | Diametral clearance (um) | A value | Predicted regime
A 190 1.05 Mixed
B 60 3.06 Fluid film
C 120 1.44 Mixed
D 160 1.22 Mixed
E 35 3.34 Fluid film
F 120 3.31 Fluid film
G 35 5.53 Fluid film
H 190 1.28 Mixed
I 20 8.81 Fluid film

Contrary to the theoretical findings, the experimental results showed that with the CMC as well as
with the bovine serum lubricant at a viscosity close to physiological, all joints were operating within
the mixed lubrication regime. However, at higher viscosities some joints showed a rising trend in
friction factor as shown in Figure 1 where the results of the 60 um radial clearance joint (tested with
bovine serum) are displayed.
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Figure 1: Stribeck plot showing a rising trend in the friction factor with an increase in

Sommerfeld number.

All results for the friction factors measured at physiological viscosity are displayed in Figure 2 in
which each point represents the average of three measurements for each joint tested with CMC or
bovine serum lubricant. The joints manufactured with a different surface finishing technique are
represented by triangles (s-serum), the polished joints by squares (n-serum).
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	�
	Figure 1. Mean pre and post operative WOMAC score and SE.
	On the latest x-ray review of these patients all cases except 1 did not show any radiolucent lines, which can be considered as loosening in any of the zones around the acetabulum. All cases have shown good osteointegration of the cups, even cups which di
	There were variability in the femoral prosthesis orientation with different degrees of head neck angles, but these did not seem to affect the outcome at this stage of analysis. No notching of the neck was noted in any of our cases.
	Considering revision as the endpoint for follow up, only one case was revised because of cup failure. There is another case, which can be considered at risk for revision, because of radiological loosening of the head. This patient has not been revised, a
	Complications:
	One case of dislocation has been reported in our series that happened in extreme hip flexion and adduction. Closed reduction was possible with no further instability recorded afterwards. There was another case re-explored within an hour of surgery when p
	There was a case of femoral nerve palsy that recovered fully in a course of six weeks, and a case of DVT, which needed further anticoagulation therapy.
	About 10% of the patients reported transient squeaking from their hips in the extremes of hip movements about 6 months post-operatively but this has spontaneously disappeared in all cases.
	Discussion:
	Hip resurfacing is an interesting idea that attracted many orthopaedic surgeons over the years [9-1 1]. The Birmingham design with metal on metal bearing surfaces has many theoretical advantages that are still to be proven in the long term.
	Our early results with this resurfacing design are encouraging as a quick post-operative recovery and return to a high level of activity were demonstrated by the WOMAC data. The average age of our patients was 18 years younger than patients for THR in th
	The only reported case of cup revision was a case of difficult dysplasia. Technical error can be the reason for early failure as the cup was supported by one bolt only with probable inadequate primary stability. This case was revised to another dysplasia
	This system with the big head (38-58 mm) may have a less incidence of dislocation [12]. The only case of dislocation was a fitness instructor with generalised ligament laxity. Closed reduction was possible and this might have happened because of her ge
	We have extended the indication for use of dysplasia cups to another group of patients in whom we could not achieve a tight press fit, or were found with deficient acetabulum that needed bone graft at time of surgery e.g. protrosio sockets. Modification
	Patients who reported transient squeaking from their hips have had no further problems and Continue to function well. We cannot explain this problem but it may represent a transient failure of bearing surfaces lubrication.
	Indicating the learning curve our mean operative time has dropped from 2 hours and 5 minutes in the first 10 cases to 1 hour and 40 minutes in the last 10 cases excluding dysplasia cases.
	Conclusion:
	Birmingham hip resurfacing has given early encouraging results in our hands that justify its continued use. Further follow up will need to continue to record the mid and long term results from other centres outside Birmingham.
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	Hip resurfacing with replacement of the diseased acetabular and femoral articular surfaces is the most conservative hip arthroplasty available.
	Hip resurfacing was first performed by Professor 
	Engineers have often ascribed the failures of historical hip resurfacing to loss of bone substance from the femoral head due to stress shielding caused by the femoral resurfacing cap. Both the ischaemic necrosis theory and the stress shielding theory hav
	Historical metal on metal THR bearings have been remarkably free from metal particle induced osteolysis.
	The author has performed 1,997 metal on metal hip resurfacings between Feb 1991 and Feb 2002. Two cases of failure due to ischaemic necrosis of the femoral head have occurred. There have been no cases of failure due to stress shielding of the femoral hea
	Failures due to wear of the metal on metal bearings have only occurred from implants inserted during 1996. During 1996 double heat treatment of the bearings (hot isostatic pressing & solution heat treatment) was performed. Revision of patients resurfac
	The Swedish National Hip Arthroplasty Register has identified young and active patients as the most challenging group for conventional total hip replacement. In patients under the age of 55yrs and with a diagnosis of osteoarthritis the failure rate of TH
	Hip resurfacing has its main applicability therefore in this younger and more active patient population. During 1994, 1995, 1997, 1998, 1999, 2000 and 2001 the senior author has performed 509 metal on metal hip resurfacings in patients under the age of 5
	Kaplan-Meier survival analyses have been performe
	�
	Fig 1. Comparison of survival of metal on metal hip resurfacing and the Swedish hip registry data for patients < 55 years with O.A.
	An RSA study has been performed on 19 Birmingham 
	�
	Fig. 2a- RSA migration on BHR femoral component. Up to 1-year. Fig. 2b- RSA migration on BHR acetabular component. Up to 1-year.
	Hip Resurfacing using metal on metal bearings with historically proven metallurgy, combined with hybrid fixation offers a viable treatment alternative for the young and more active patient with hip arthritis.
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	The effects of hip resurfacing are local and general; and early and late. The most profound early, local difference between resurfacing and conventional THR is the absence of femoral medullary canal instrumentation and cementing in the hip resurfacing pr
	�
	Fig.1a - Severe fat and marrow embolisation into right heart
	following conventional THR.
	�
	Fig.1b - Virtually no embolisation into right heart following Birmingham Hip Resurfacing.
	This fat and marrow displacement from the femur into the general circulation has been shown to be highly thrombogenic 1, 2. The relatively high incidence of thromboembolic complications following conventional THR may be due in major part to this fat and
	Osteolysis has hitherto not been a problem in metal on metal hip resurfacings except with implants inserted during 1996, a period during which the wear resistance of the material was reduced by double heat treatment.
	Loading of the upper femur is quite different in hip resurfacing compared to conventional stemmed THR. In a comparative longitudinal study of stemmed THR against Birmingham Hip Resurfacing, assessed by serial DEXA Scans, Zone 7 density on the femur had r
	The possible general long-term effect that received most attention relates to the effect of increased metal ion exposure on the body. The best information on this aspect comes from Visuri et al, who has looked at the incidence of individual and total mal
	�
	Fig.2- Cumulative number of observed and expected cancer cases among patients with metal on metal total hip arthroplasty, by time since THA.
	This study indicates that there was no increase in the individual or total malignancies in the metal on metal patients compared to the normal population.
	This information provides the strongest available evidence that metal on metal hip arthroplasty devices are safe over a thirty-year period. However it is not possible to say at this stage if they are safe for longer exposure times. In addition for any ne
	We have performed a comparative study on whole bl
	�
	This study provides reassuring information that t
	It is now understood that the least satisfactory measurement of metal ion exposure is serum concentration, the next best measurement is either whole blood or red cell assessment of metal ion levels, but the best in vivo assessment of metal ion production
	The only such in vivo assessment published as far as the authors are aware, is a study on low carbon metal on metal THR 5.
	We have performed a four-year cross-sectional stu
	�
	We calculated the baseline production of metal ions from surface corrosion, expected from these implants according to the method of Willert based on implant surface area 6.
	One interpretation of these results is that the B
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	1. INTRODUCTION
	Wear debris produced by the articulation of the femoral head against the polyethylene cup of a total hip replacement has been implicated as one of the major causes of failure in these artificial joints (1, 2, 3). Hard bearing surfaces such as metal-on-
	2. MATERIALS AND METHODS
	The lubrication regime of nine different metal on metal Birmingham Hip Replacements was examined with different lubricants. All of the joints were supplied by Finsbury Instruments, Surrey, UK. The two components of each joint were mounted in specially de
	f= T
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	In this equation T is the frictional torque generated between the bearing surfaces, R is the radius of the femoral head and L is the load applied.
	Five joints were examined with solutions of non-biological carboxy methyl cellulose (CMC), each with a different viscosity (0.183, 0.128, 0.102, 0.031, 0.009, and 0.003 Pa s). To prevent damage to the joint, the highest three viscosities were tested 
	The surface roughness of each femoral head was measured with a non-contacting profilometer (Zygo NewView 100) before and after testing each range of viscosities.
	The mode of lubrication was determined through Stribeck analysis (Fig.1) in which the friction factor found in the measurements was plotted against Sommerfeld number (z), defined as:
	z = nuR
	
	
	L



	Here n is the viscosity of the lubricant, u is the entraining velocity of the bearing surfaces, R is the radius of the femoral head and L represents the applied load. A decrease in friction factor with an increase in Sommerfeld number indicates mixed lub
	For each joint the theoretical prediction of the lubrication regime for the physiological viscosity (0.009 Pa s) was calculated and compared with the experimental results.
	3. RESULTS
	The theoretical calculations for the joints with the smaller radial clearances showed that the ratio of the minimum film thickness to the combined surface roughness was larger than three (Table 1), which meant that these joints should be operating in a
	Table 1: The theoretically predicted lubrication regime for each joint.
	Joint
	Diametral clearance (um)
	? value
	Predicted regime
	A
	190
	1.05
	Mixed
	B
	60
	3.06
	Fluid film
	C
	120
	1.44
	Mixed
	D
	160
	1.22
	Mixed
	E
	35
	3.34
	Fluid film
	F
	120
	3.31
	Fluid film
	G
	35
	5.53
	Fluid film
	H
	190
	1.28
	Mixed
	I
	20
	8.81
	Fluid film
	Contrary to the theoretical findings, the experimental results showed that with the CMC as well as with the bovine serum lubricant at a viscosity close to physiological, all joints were operating within the mixed lubrication regime. However, at higher vi
	�
	Figure 1: Stribeck plot showing a rising trend in the friction factor with an increase in
	Sommerfeld number.
	All results for the friction factors measured at physiological viscosity are displayed in Figure 2 in which each point represents the average of three measurements for each joint tested with CMC or bovine serum lubricant. The joints manufactured with a d


