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The objective of this workshop was to provide 
a forum to discuss the reintroduction of metal 
on metal bearings for clinical use in total hip 
arthroplasty. Approximately 100 researchers 
clinicians, and industry representatives pre- 
sented the state of the art interpretation of the 
metal on metal total hip replacement’s past 
performance, and the clinical, tribologic, and 
biologic considerations of all metal bearings. 
Based on the scientific presentations at the 
symposium, the extant literature, the clinical 
experience of the panelists, and the current 
regulatory, legal, and economic environment, 
consensus statements were developed. 

WHAT WAS THE PAST 
PERFORMANCE OF METAL ON 
METAL TOTAL HIP 
ARTHROPLASTY? 

Clinical Performance 

Cause of Failure 
Clinical failure of the McKee-Farrar and 
other early metal on metal prostheses was a 
multifactorial process. In the older designs, 
the rate of failure in the first few years of 
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clinical use was higher than that of metal on 
polyethylene total hip replacements. A range 
of opinions was expressed by participants 
concerning the proximate cause of failure, 
however, most thought that it was not strictly 
due to the metal on metal bearing wear, but, 
more likely, due to mechanical loosening. It 
was noted that many metal on metal implants 
lasted more than 2 decades or are still func- 
tioning in patients who received the implant 
at a young age. However, the percentage of 
the total originally implanted that these rep- 
resent was not known. 

Osteolysis 
It was agreed that the incidence and degree 
of osteolysis around metal on polyethylene 
joints is a concern. Participants were not 
aware of reports of massive osteolysis 
around well fixed McKee-Farrar replace- 
ments but were concerned that there were 
too few studies to conclude that osteolysis 
was not a problem. Furthermore, because 
most McKee-Farrar replacements were fixed 
with polymethylmethacrylate, the tissue re- 
sponse was influenced by polymethyl- 
methacrylate particles. Similarly, partici- 
pants were not aware of reports of massive 
osteolysis in association with uncemented 
McBride and Ring components but, again, 
this is based on a limited amount of followup 
data. Furthermore, patient groups in McKee- 
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Farrar series may have differed in age and 
activity (which has been poorly assessed to 
date) compared with more recent metal on 
polyethylene and metal on metal series, and 
this will affect comparisons of wear and tis- 
sue responses, including the incidence of os- 
teolysis. 

involvement in early failures. Many other fac- 
tors, including suboptimal surgical technique, 
excessive or negative clearance, poor fixa- 
tion, necWsocket impingement, and femoral 
stem design, were likely to have been impor- 
tant. 

Histology 
It was agreed that, in cases of failure, the histo- 
logic appearance of the tissues from failed 
metal on metal components, differed from 
those around failed metal on polyethylene 
components, often on a gross level. With the 
latter, the capsule was often hyperplastic, vil- 
lous, and orange or tan. Where there is exces- 
sive metallic debris, the tissues may be stained 
gray or black. These changes seem to be re- 
lated to the volume of the particulate debris. 
Histologically, the tissues containing polyeth- 
ylene particles are characterized by sheets of 
macro-phages and, often, many giant cells. 
Mac- rophages containing metal particles are 
seen in tissues from failed metal on metal cases 
but, unless bone cement is present, giant cells 
are not common. With well functioning im- 
plants, the gross and histologic differences are 
less apparent. Both types will show small num- 
bers of macrophages in a predominantly orga- 
nized connective tissue, very similar in gross 
appearance to the native joint capsule. 

There is a need for additional samples of 
tissues from well functioning metal on metal 
cases, particularly from autopsies. 

Tribologic Performance 

Friction 
The role of tribology in the early failures was 
discussed. The high frictional torques associ- 
ated with the early (pre1967) McKee-Farrar 
implants and other metal on metal designs 
with nonpolar contact might have contributed 
to early loosening. In the first few years of 
clinical use, however, failure did not seem to 
involve osteolysis. Some of the older metal on 
metal designs, such as the SivasWSRN hip 
implants, did not seem to have any tribologic 

Wear 
When quantifying the wear of metal on metal 
hip implants, it was recommended that volu- 
metric wear, rather than linear wear, be used be- 
cause this is a measure of the biologic burden of 
wear debris. Retrieval analyses have indicated 
that, in the absence of specific design flaws 
such as excessive clearance, the long term wear 
rates of metal on metal hip prostheses typically 
ranged from 1 to 5 m3 per year (polyethylene 
wear is typically up to 20 time:; greater [50-100 
mm3/year]). 

Implants, such as the McKee-Farrar, Mul- 
ler, and Muller-Huggler, apparently had higher 
volumetric wear in the first few years, com- 
pared with the later years, due to a running in 
of the initial surface textures. This run in pe- 
riod may have included shedding of surface 
carbides, with resultant third body abrasive 
damage, and might have been aggravated by 
equatorial contact or suboptimal polar con- 
tact in some designs. Subsequently, the third 
body damage was substantially polished out 
of the main bearing contact zones. When a 
run in period did occur, the initial volumetric 
wear rate was typically 3 to 5 times greater 
than the long term rate. 

Bearing surfaces of Co based alloys are 
remarkably self healing of abrasive damage 
(third body scratches). In retrieval studies, 
the deep scratches, which would have been 
made by hard third body particles, had often 
been partially or entirely polished out of the 
main contact zones. In particular, metal on 
metal implants seemed to accommodate the 
abrasive damage caused by the shedding of 
the micron sized block carbides. Further- 
more, it was proposed that the resultant fine 
surface texturing might have played an ad- 
vantageous role in trapping and bringing lu- 
bricant between the bearing surfaces, while 
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providing escape channels for the fine debris 
particles produced during wear. 

Some of the retrieval analyses done to 
date suggest that, during periods where mi- 
cron sized third body particles were en- 
trained, the wear rates increased temporarily, 
but then returned to their normal, lower lev- 
els, provided no additional particles were en- 
trained. However, it was suggested that the 
entrapment of much larger hard particles 
(measuring hundreds of microns or more) 
may severely disrupt the bearing function 
and permanently increase the wear rates. 

Lubrication 
Metal on metal implants in vivo are likely to 
be lubricated by a mixed film process, that is, 
in which the load is supported by a combina- 
tion of fluid film pressure and asperity contact. 
The very low wear rates (5 mm3 per year or 
less) often observed in the long term retrievals 
support the hypothesis that fluid film lubrica- 
tion provides significant wear protection. 
However, some asperity contact must occur 
and, at these contact spots, boundary lubri- 
cants likely act to reduce local adhesive and 
abrasive wear. In vivo, metal on metal joints 
are likely exposed to some form of fluid con- 
taining biologic constituents that are active as 
boundary lubricants. The protein constituents 
(and, perhaps, others such as lipids and phos- 
phorous compounds) seem to be implicated in 
boundary lubrication. The progress in the un- 
derstanding of this aspect of metal on metal 
hip implant tribology is hampered by a lack of 
knowledge of the constituents and rheology of 
the joint fluid that forms after arthroplasty. 

WHAT ARE THE CLINICAL 
INDICATIONS FOR METAL ON 
METAL BEARINGS IN TOTAL HIP 
ARTHROPLASTY? 

Patient Selection 
A range of opinions was expressed, from the 
view that this was a new procedure requiring 
controlled introduction, to the view that all pa- 
tients can benefit from metal on metal technol- 

ogy. The majority opinion was that metal on 
metal articulations should be initially targeted 
toward the high demand patient. In setting up 
any trial, it would be important to have a clear 
definition of a high demand patient. This is a 
multifactorial determination, by the treating 
surgeon, based on such factors as age, activity 
level, bone stock, and comorbidities. 

Surface Replacement 
It was agreed that there is a need in the highest 
demand patient population for a more bone 
conserving total hip replacement operation. 
Surface replacement potentially offers bone 
conservation, but more investigation is re- 
quired before surface replacement can be rec- 
ommended for general use. There was no con- 
sensus regarding the clinical indications for 
metal on metal surface replacement arthro- 
plasty. 

Cost Factors 
Cost considerations were discussed. The 
price of metal on metal bearings may exceed 
the price of some current polyethylene on 
metal bearing designs. However, providing 
that osteolysis and aseptic loosening rates 
are reduced with the use of metal on metal 
bearings, this is likely to be cost effective 
throughout a lifetime in younger patients, ac- 
cording to current economic models. It is de- 
sired that the scientific community advocate 
a cost analysis based on lifetime expendi- 
tures, rather than on short term costs. 

HOW SHOULD METAL ON METAL 
TOTAL HIP IMPLANTS BE 
ASSESSED FOR SAFETY AND 
EFFICACY? 

Clinical Studies 
Although valuable information has been 
gleaned from the clinical literature of the 
1960s and 1970s regarding the performance 
of McKee-Farrar, Ring, and other metal on 
metal articulations, the interpretation of the 
literature is hampered by the nonuniforrnity 
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of the evaluation methods, incomplete long 
term followup, and the variable nature of the 
bearing contact geometries. Comprehensive, 
well monitored clinical studies should be con- 
ducted that can adequately assess the perfor- 
mance of the metal on metal bearing couple 
while controlling for other design, material, 
manufacturing, and clinical variables. The 
key elements of this comprehensive evalua- 
tion may include: randomized clinical trials, 
prospective clinical trials, and implant re- 
trieval studies, particularly autopsy retrieval 
analysis. 

It was agreed that multicenter trials would 
be necessary to obtain sufficient numbers for 
statistical analysis. While this introduces 
variables related to the surgeon and the med- 
ical center, the analysis could be stratified. In 
all nonrandomized observational studies, the 
criteria for patient entry must be clearly 
specified. Regarding randomized clinical tri- 
als, a variety of opinions about their useful- 
ness were expressed, ranging from those 
who were fully in favor to those who saw lit- 
tle benefit because there are well docu- 
mented, long term (as many as 20 years) re- 
sults of metal on polyethylene total hip 
replacements in patient groups covering all 
etiologies, both genders, and varying age. 

Epidemiologic and claims based data may 
form a basis for the design of a trial. Addi- 
tional retrospective studies may also be of 
value. In randomized clinical trials or prospec- 
tive trials, the control or comparison group 
should involve implant technologies that re- 
flect the best current practice. Therefore, a 
stem and socket design with a known track 
record should be chosen. Another concern is 
the current lack of clinician confidence in ce- 
mented acetabulae in the United States. The 
surgeon is also an important variable but, in a 
multicenter randomized clinical trial, this 
could be dealt with by stratification. The target 
population is young, with relatively small 
numbers in any center. Because the failure 
rates may be small (except in high demand and 
bone stock deficient patients), low statistical 
significance may be obtained in the individual 

clinical studies. Thus, multicenter studies are 
recommended. 

WHAT IS SURGICAL SAFETY? 

The principal outcomes of randomized clinical 
trials would be time to component loosening 
and the incidence and severity of osteolysis. 
The short term (surgical) safety and efficacy of 
the device could be assessed after as little as 6 
to 12 months. However, with well designed 
components that were implanted with satisfac- 
tory technique, it is unlikely that short term re- 
sults would provide any meaningful data. 
Long term followup is necessary. Assessment 
of long term efficacy would continue through 
the lifetime of the implant; it is recommended 
that patients be observed at regular intervals 
throughout their lifetimes. It would be desir- 
able to have a Food and Drug Administration 
sanctioned period for clinical development or 
a pilot clinical study (to allow for a learning 
curve) before expanded clinical trials. 

Measurement of Metallic Ion Release 
The use of ion measurements as a potential 
means of monitoring metal on metal wear 
was discussed. There are many practical 
problems, including high cost and the need to 
adhere to strict protocols to prevent contami- 
nation. An optimal specimen collection pro- 
tocol would be prospective, would use an ex- 
tensive clinical data base including patient 
demographics and comorbidities, would in- 
volve quantitative activity assessment (pe- 
dometer) and would include appropriate con- 
trols (age, gender, health, activity, and 
implant matched) with a single variable 
(bearing couple; stem fixation type). The 
ideal sampling times would be preoperative; 
immediate postoperative (in hospital); and at 
1,3,6 months, and 1 year, 2 years. The sam- 
ples would ideally include serum, red blood 
cells, urine, joint fluid, and a synovial biopsy 
(desirable but difficult, and probably not 
practical). 

The collection procedure represents the 
greatest area of variability because neither a 



Number 3295 
August, 1996 Metal on Metal Workshop Consensus Document S301 

collection methodology nor analytic tech- 
nique have been standardized by those doing 
this research. There is a need to standardize 
to facilitate comparisons. The American 
Academy of Orthopaedic Surgeons at- 
tempted to coordinate the standardization of 
collection and analysis, but members of the 
group were unable to agree. 

Regarding a reference data base, against 
which metal ion levels in patients who have 
metal on metal implants could be compared, it 
was noted that there are several sources of data. 
For example, there is a prospective study ongo- 
ing in Europe funded by Sulzer. Unfortunately, 
available data are confounded by the variabil- 
ity of metal implants in the control patients. 
Also, because of the above mentioned lack of 
standardization of methods, comparison and/or 
pooling of the results is complicated. 

Ideally, having reference ion levels for 
serum, blood, urine, and joint fluid would al- 
low the clinician to monitor the function of 
an implant by periodically comparing the pa- 
tient’s ion levels to the reference levels. 
Much like the radiograph that can indicate 
wear, osteolysis, and early signs of loosening 
in asymptomatic patients, ion analysis could 
allow early detection of subclinical problems 
related to the removal of metal. This may be 
very important in evaluating the perfor- 
mance of metal on metal bearings because 
wear of these bearings cannot currently be 
measured on standard radiographs. 

Tribologic Studies 
Simulator Testing 
Accurate laboratory wear simulations are es- 
sential for evaluating candidate materials 
and designs for modern metal on metal pros- 
thetic joints, because it is neither practical 
nor justified to evaluate the numerous poten- 
tial design alternatives through clinical tri- 
als, particularly because of the multifactorial 
nature of implant failures in vivo. 

It was recognized that no set of specific de- 
sign parameters could or should be stipulated 
as being required for a joint simulator to pro- 
duce valid data. Rather, the criteria should be 

that, when used to evaluate a given design of 
prosthesis, the simulator should produce wear 
of the same type and amount that occurs in 
vivo with that prosthesis, and that this can best 
be established by direct comparison of worn 
surfaces and wear debris produced in vitro and 
in vivo with the previously used metal on 
metal prostheses. Nevertheless, there was gen- 
eral agreement regarding several principles for 
valid in vitro testing of metal on metal hip im- 
plants. The lubricant should contain proteins 
and; ideally, mimic the synovial fluid found 
after arthroplasty as closely as possible. Steps 
should be taken to minimize degradation of 
the lubricating properties of the lubricant 
throughout the test. The issue of whether to 
test hips in the upside down or right side up 
positions was not resolved. Rather, it was 
noted that the ball-cup orientation combines 
with the magnitude and orientation of the 
loading and the type of motion to determine 
the net wear conditions of a particular simula- 
tor, and the final choice may be apparatus spe- 
cific. As noted above, the criterion for judging 
the suitability of a particular combination of 
these features should be whether they produce 
wear morphology (surfaces and debris) com- 
parable with that produced in vivo. It was rec- 
ommended that volumetric wear, rather than 
linear wear, be used when comparing the wear 
of metal on metal hip implants. Although it is 
highly desirable to measure and record friction 
simultaneously with wear, it is not considered 
essential to instrument every test station of a 
multistation simulator for this purpose. 

The wear of metal on metal hip implants 
is influenced by many factors, such as 
macrogeometry (diameter and clearance), 
deviation from sphericity, initial microto- 
pography of the surfaces (including spacing 
and tip radius of asperities), and alloy com- 
position. Because wear tests are typically 
few in number, it was thought that reports of 
results include the wear plots and notes from 
the individual tests, along with averages and 
standard deviations. Appropriate analyses 
should be applied to assess the degree of statisti- 
cal significance of any observed differences in 
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wear performance among designs. However, the 
minimum number of tests required to make defin- 
itive judgments cannot be specified arbitrarily be- 
cause it depends on the magnitude of the differ- 
ence observed, the scatter in the wear data, and 
the level of statistical confidence deemed neces- 
sary to accept the outcome of the study. 

The wear of metal on metal hip replacements 
may conceivably be reduced by measures such 
as macrogeometric and microgeometric textur- 
ing to improve fluid film lubrication, chemical 
treatments to enhance the boundary lubrication, 
and surface treatments including ion implanta- 
tion, nitriding, and coatings to increase wear re- 
sistance. Other approaches may also yield bene- 
fit but, in all instances, adverse effects, such as 
accelerated third body wear by debris from hard 
coatings, must be considered fully. 

Particle Analysis 
Preliminary data suggest that wear particles 
generated in vivo by metal on metal hip im- 
plants are smaller than the polyethylene parti- 
cles generated by metal on polyethylene hip im- 
plants. Characterization of particle morphology 
may facilitate determination of the nature of the 
wear mechanisms that acted on the bearings, 
and comparison of particles generated by a sim- 
ulator to those generated in vivo is an important 
feature in determining appropriate simulator 
test conditions. Particles should be examined as 
present in the tissues and after isolation from 
the tissues and wear lubricants. When isolating 
the wear particles, use of corrosive chemicals 
(acids and bases) should be avoided. 

WHAT ARE THE 
BIOCOMPATIBILITY ISSUES 
RELATING TO METAL ON 
METAL JOINTS? 

Factors Affecting the Cellular 
Response 

Size 
The surface area, number, size, shape, and ma- 
terial of wear particles all affect the mac- 
rophage response to wear particles, but the rel- 
ative importance of these factors is disputed. 

Very small metal particles (less than '/z a mi- 
cron in diameter) have been reported around 
metal on metal bearings, but the information 
about the size, shape, and number of metallic 
particles generated in vivo is limited. It was 
agreed that the majority of metal and polyeth- 
ylene particles are less than 1 pm in diameter. It 
was also agreed that although small metal par- 
ticles (< 1 pm in diameter) are a cause for con- 
cern, larger particles may remain in the tissues 
and continue to provoke a local response. 

Material 
Because of the lack of comparative animal 
studies, there was no consensus regarding 
the role of material (polyethylene versus 
CoCr). The issues include the numbers and 
relative surface areas of the particles gener- 
ated by equivalent in vivo use. Assuming 
equivalent surface area, there is evidence 
from in vitro studies that Cp. titanium and Ti 
alloy metal particles may stimulate more cy- 
tokine release and cytotoxic effects than 
polyethylene particles. However, there is 
variation in cellular response to particulates 
related to the characteristics of the particles, 
the type of cell, and the test methods. The ef- 
fects in vitro should not be directly trans- 
posed to the human situation. Animal studies 
have shown that polyethylene causes a florid 
macrophage response, but there is a lack of 
quantitative data. In vitro studies suggest 
that polyethylene and CoCr particulates re- 
duce bone formation and have been associ- 
ated with bone loss. From clinical tissue 
samples, it was agreed that polyethylene and 
CoCr particles cause a histiocytic response. 
Pseudotumors have been reported in associa- 
tion with severe wear, but the presence of 
polyethylene and CoCr particles makes it 
difficult to determine which, if either, caused 
the response. 

Clearance of Wear Particles 
It was generally agreed that polyethylene 
particles are not appreciably degraded in the 
tissues and that larger particles are less likely 
to be cleared from the joint. In contrast, CoCr 
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particles are corroded intracellularly and the 
products have important biologic effects. There 
is variable corrosion and excretion of metallic 
corrosion products. 

Ion and Particle Toxicity 
There are important differences in the cellular 
effects of metal particles versus metal ions. Par- 
ticles cause a foreign body response and, when 
phagocytosed by macrophages or interacting 
with macrophages, are known to stimulate pro- 
duction of inflammatory mediators including 
prostaglandin E,, interleukin- 1, and tumor 
necrosis factor. Ions can stimulate lymphocytes, 
resulting in activation of the immune system 
with the production of various cytokines. The 
majority of participants agreed that CoCr in 
both particulate and ionic form (Cr, Co, and Ni) 
has a toxic effect on cells that is dose and cell 
type dependent. There was agreement that 
metal particles have potential systemic effects, 
due to their potential to corrode, but there was 
no consensus about the local effects. 

Hypersensitivity 
Skin sensitivity to metals is known to occur. 
However, data on sensitivity as a cause of fail- 
ure in total hip replacement are not convincing, 
and the correlation with patch tests is not con- 
sistent. There is a need for more information 
and better techniques of assessment. 

Carcinogenicity 
There are some data suggesting increased 
metal levels in serum and urine in patients 
with metal on metal hips, compared with pa- 
tients with metal polyethylene and the popula- 
tion without implants. The clinical signifi- 
cance of these increased levels is not known, 
however. It was generally agreed that current 
studies of carcinogenicity rates in patients 
who have total hip replacements are inade- 
quate; more studies are needed with longer 
followups relative to the latency period of the 
metallic carcinogens involved. If the latency 
period for tumor induction is approximately 
20 years, increased exposure to metal may not 
be a problem in older patients. However, 

younger patients can outlive the latency pe- 
riod and this is a concern. The potential bene- 
fits of improved wear properties, less 
periprosthetic bone resorption, and lower re- 
vision rates with metal on metal bearings 
must be weighed against a slight increase in 
risk of cancer. It is important to notify patients 
about possible long term risks of cancer due 
to metallic degradation products. This should 
be expressed as a range of both relative and 
absolute risk. Current evidence is compatible 
with a very small increase in relative risk, but 
uncertainty remains and these risks are cur- 
rently unknown. 

FUTURE DIRECTIONS 

Deficiencies in our knowledge of metal on 
metal total joint performance were identified 
and avenues of future research were proposed. 
From the design and tribologic aspects, it was 
noted that further work to optimize simulator 
and other preclinical testing of components 
should be undertaken and thorough analysis of 
retrieved implants should be continued. Clini- 
cally, these include: the need for better infor- 
mation on the causes of early failures, and on 
the incidence and severity of osteolysis in ce- 
mented and cementless all metal joints; more 
analysis of well functioning metal on metal to- 
tal hip replacements, particularly from autop- 
sies; more information and better techniques 
of assessment of hypersensitivity to metals; 
more studes of cancer in patients who have 
total hip replacements, including those with 
metal on metal, to account for the fact that 
some tumors have greater than 20-year latency 
periods; and standardized ion measurement 
protocols to facilitate comparisons between 
groups. Existing standards organizations such 
as the National Institute of Standards and 
Technology Committee should be encouraged 
to develop standardized methods for ion mea- 
surement and to establish a central data base 
for metal on metal and metal on polyethylene 
cases. Such a data base could ultimately de- 
velop into a clinical assay to assess implant 
function. 


