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Abstract
The theoretical advantages of metal-on-metal (MOM) 
bearing couples in total hip arthroplasty (THA) have 
been recently balanced by concerns regarding adverse 
local and systemic effects. Higher than anticipated 
early revision rates have been reported by several 
joint registries. Failed MOM hips present with a spec-
trum of symptoms and findings and traditional meth-
ods of failure must be considered in addition to the 
failure modes that appear to be unique to the MOM 
bearing couple. Metal hypersensitivity and soft tissue 
immune reactions remain incompletely understood 
and require careful ongoing study. The tools available 
to evaluate MOM THAs and the indications for revision 
surgery remain to be defined. Outcomes following re-
vision of MOM hips appear to depend on appropriate 
evaluation, early identification, and appropriate surgi-
cal management.
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INTRODUCTION
Total hip replacement has been one of  the most per-
formed and predictable surgeries available in the United 
States for the past decade. In an effort to reduce wear 
debris and failure related to osteolysis, improved metal-
on-metal (MOM) articulations were reintroduced in the 
1990s and remain the only option for surface replace-
ment arthroplasty[1]. Following this rebirth, a variety 
of  soft-tissue reactions and periprosthetic lesions were 
described in patients with MOM arthroplasty[2,3]. This led 
to concerns regarding potential metal hypersensitivity 
or immunogenicity and its potential role in catastrophic 
failure of  MOM implants. In addition, increased early 
rates of  revision are being reported by national joint reg-
istries. Despite these concerns, outcomes of  MOM hip 
replacements related to performance have been favor-
able in some studies[4,5].

At the present time, methods to evaluate the patient 
with a MOM bearing are poorly defined and indications 
for revision are unclear. Additionally, negative public 
press regarding MOM bearings has led patients to seek 
out diagnostic testing in the absence of  symptoms[6]. The 
purpose of  this paper is to describe current concepts re-
lated to the evaluation and management of  MOM total 
hip arthroplasty (THA).

HISTORY
The first generation of  total hip implant with a metal-
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on-metal articulation is attributed to George McKee of  
Norwich, England in 1953. The design was primitive but 
many lasted for more than 7 years. However, a high num-
ber of  early failures discredited this bearing couple. Con-
cerns regarding “polyethylene disease” with the metal-on-
polyethylene articulation advocated by Charnley led to the 
development of  a second generation of  MOM implant 
designs in the early 1980s. Intrigued by the good results of  
certain metal-on-metal configurations, many thought that 
this bearing could be an improvement on polyethylene 
and deserved further evaluation. From the beginning of  
this second generation of  implants, however, serious con-
cerns were raised regarding the risks associated with an 
increased level of  circulating metal ions, and this concern 
slowed down further development of  this bearing couple. 
The third generation of  MOM design encompassed an 
uncemented version of  the second generation implant, 
which provided a significant number of  lessons as it was 
used in relatively high numbers in clinical practice. The 
failures associated with these implants appeared to be 
both mechanical and biological in nature.

The fourth and current generation of  MOM design 
is the result of  continued work on the tribology of  
metal-on-metal. Larger diameters of  these implants ap-
peared to improve the lubrication and wear properties 
of  the bearing couple. In addition, the promise of  bet-
ter stability and increased range of  motion led to wide-
spread enthusiasm and early clinical adoption of  this 
technology[7].

EVALUATION OF THE PAINFUL MOM THA
The diagnostic evaluation of  MOM THAs has not 
been standardized and varies by surgeon experience and 
patient presentation. A detailed history and physical 
examination remains a critical first step in developing a 
differential diagnosis of  the painful MOM hip. Failures 
seem to occur more in females. Initial clinical evaluation 
should focus on patient symptoms, which commonly 
include groin pain[8]. Other common symptoms include 
difficulty with stair climbing, clunking, catching and 
limited strength[9]. Many patients report never having re-
covered from the initial operation. Ilipsoas irritation may 
be present due to the large femoral head size. Symptoms 
that suggest infection and loosening should also be not-
ed. Physical examination may reveal common problems 
such as trochanteric bursitis or radiating back pain and 
exclude the hip itself  as the cause of  symptoms.

Initial imaging should include high quality radio-
graphs to evaluate for obvious causes of  failure that are 
not unique to MOM THAs. Loosening and lysis may be 
observed. Iliopsoas impingement has been seen with ex-
cessively large femoral head implant size[10]. Component 
position and should be carefully assessed with antero-
posterior and lateral radiographs, acknowledging that 
many of  the modern acetabular components used in 
MOM THA measure less than a complete hemisphere. 
Increasing evidence suggests that high inclination angles 

and excessive anteversion of  the acetabular component, 
small head sizes, and individual prosthesis designs are all 
contributing factors in the failure of  MOM hips[11]. Desy 
et al[12] performed a retrospective review of  91 patients 
over 2 years evaluating radiographically the acetabular in-
clination, version and femoral component alignment of  
patents with MOM hip replacements and reported that a 
large acetabular inclination directly correlated with metal 
ion concentration. Hart et al[13]  conducted a prospective 
trial analyzing blood metal ion levels, computed tomog-
raphy (CT) scanning and clinical exam in one hundred 
patient with MOM hip replacements and found that 
cup inclination, version angles and gender influenced 
blood cobalt and chromium levels. Additionally, in this 
study the changes in inclination had the greatest effect 
on blood metal ion concentration[13]. While studies exist 
with conflicting results, the general consensus appears 
to be that poor component positioning appears to play a 
role in the failure of  MOM implants.

There is no generally accepted test for metal hyper-
sensitivity. Patch testing and lymphocyte tests have been 
used in an attempt to determine sensitivity[1]. Hallab et 
al[14] reported that the prevalence of  dermal sensitivity in 
patients with failed MOM implants was 50%, which was 
higher than the general population at 25%. However, 
based on the current evidence, we are unable to suggest 
that general patch testing or commercial testing is rec-
ommended during assessment the painful MOM hip[15]. 
Lymphocyte transformation tests as well have shown 
limited clinical utility in the evaluation of  MOM THA.

Routine laboratory data obtained in the evaluation of  
a painful MOM THA includes the erythrocyte sedimen-
tation rate and c-reactive protein. Ruling out infection 
as a cause of  the painful total hip remains paramount 
in MOM hip articulations. Infection remains a common 
cause of  early with MOM implants and is likely more 
common than hypersensitivity responses[9]. Aspiration 
should be performed in the presence of  abnormal in-
flammatory markers to further evaluation for infection.

Controversy exists regarding serum cobalt and chromi-
um ion levels and the impact of  elevated serum ion levels 
in not understood. Several methods of  measuring metal 
ion levels in the blood are available and variability between 
different laboratories exists. Elevated metal-ion levels fol-
lowing MOM has been known to exist for some time, 
although the biological effects of  these ions is uncertain. 
Several studies have suggested a higher rate of  revision in 
the presence of  elevated ion levels, although patients with 
asymptomatic MOM hips and elevated ion levels have 
been observed. It has been suggested that elevated metal-
ion levels correlate to increased wear and pseudotumor 
formation[16]. Metal-ion levels measuring less than 7 parts 
per billion appear to be predictive of  a well-functioning 
MOM THA after the initial run-in period[17].

Patients with a painful MOM THA are often evalu-
ated with cross sectional imaging or ultrasound. Standard 
indications for obtaining further imaging do not exist, 
although this should be considered in patients with com-
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ponent malpositioning, abductor dysfunction, or clinical 
concern for pseudotumor. Magnetic resonance imaging  
protocols to reduce the metal artifact (MARS) have been 
developed. Revision surgery should be considered in the 
event that this imaging reveals soft tissue reactions, fluid 
collections, or tissue masses.

UNIQUE FAILURE MODES IN MOM THA
Local adverse soft tissue reactions to MOM bearings 
have been given a variety of  names: aseptic lymphocytic-
vasculitis-associated lesions (ALVAL), pseudotumor, 
necrosis, adverse reaction to metal debris, and adverse 
local tissue response. The incidence of  these reactions 
appears to be rare with an incidence likely below 1%. 
Various mechanisms have been proposed to explain 
these reactions, including patient, technique, and implant 
factors. The common pathway for this failure mode ap-
pears to be increased wear or corrosion with excessive 
release of  metal ions and nanoparticles.

The relative surface area and biological activity usu-
ally increase as particle size diminishes. Metal particles 
are considerably smaller than debris from conventional 
metal-on-polyethylene bearings. This explains the in-
creased total number of  particles released from MOM 
hips, reported to be more than two orders of  magnitude 
higher than that found with conventional bearings[18,19]. 
The wear debris is phagocytosed by macrophages and 
once in the acidic intramedullary environment of  the ly-
sosomes, the cobalt-chrome particles are subject to cor-
rosion, producing high intracellular levels of  ions, which 
can cause cell death. It has been shown that, following 
phagocytosis of  metal particles, the osteoblastic activity 
of  the cell is impaired which may contribute to the cel-
lular events that occur during aseptic loosening and soft-
tissue destruction[18,20]. Metal wear debris may also cause 
DNA damage and genomic instability.

A prominent histologic finding associated with 
MOM bearings is perivascular lymphocytic infiltration[21]. 
These findings have been termed ALVAL. A delayed-
type hypersensitivity response to metal debris has been 
suggested as a cause of  these symptoms, although the 
clinical significance and underlying cause of  this local 
tissue response remains unclear.

SURVIVORSHIP OF MOM THA
Registries and long-term clinical studies have provided 
outcomes relating to the survivorship of  metal bearing 
surfaces[22]. Several clinical series have reported good 
survivorship with certain implant designs. Neumann et 
al[5] recently provided 10 year follow up data from 100 
MOM hip replacements with a 93% overall survivor-
ship. Another 10 year radiographic survivorship study 
highlighted a 98.3% overall survivorship with pelvic os-
teolytic lesions in only 2.3% of  patients. Engh[23] recently 
reported 5 year follow up results from a retrospective 
cohort of  modular MOM with a 98% survivorship and a 

0.3% rate of  local reaction to the MOM bearing surface.
However, several recent studies and international 

total joint registries have documented increased early 
failure rates with certain MOM THA designs. Park et 
al[24] reported osteolysis in over 5% of  patients at short 
term follow-up with MOM hips. Korovossis et al[25] also 
reported a significant rate of  osteolysis with a high early 
revision rate. The DePuy ASR XL acebular system (War-
saw, Indiana, United States) was recalled in August 2010 
after UK joint registry data indicated a 13 percent revi-
sion rate within 5 years.

Patient gender may influence MOM implant survival. 
Amstutz et al[4] conducted a large comparison study of  
clinical survivorship in men vs women and found that 
the revision rate was higher in the women’s group; how-
ever, this effect did not hold up when component size 
and surgical technique were equal between groups. Fur-
ther investigation into this topic is ongoing.

TECHNIQUES AND OUTCOMES OF 
REVISED MOM THA
Revision of  the failed MOM hip must be individualized 
to each individual patient and the reason for failure. A 
common scenario involves revision of  the modular fem-
oral head and acetabular component in the presence of  a 
well-fixed femoral stem (Figure 1). An isolated head and 
liner exchange may be possible if  a well-fixed and well-
positioned acetabular component will accept a modular 
polyethylene or ceramic insert. Resection of  necrotic tis-
sue and metallosis is recommended. Extensive soft tissue 
damage can be a concern in the presence of  a pseudotu-
mor and a constrained liner should be considered in the 
event that the abductors are insufficient.

Most published data on outcomes after revision of  
modern MOM bearings is limited and the results are 
from small cohorts with limited duration of  follow-
up. Common preoperative symptoms of  groin pain and 
mechanical symptoms tend to resolve reliably following 
conversion to an alternative bearing surface[26]. However, 
revision of  MOM bearings has a reported complication 
of  7%-9% including dislocation[26]. Metal ion levels tend 
to fall within the first 3 mo after revision surgery but may 
not fully normalize at short term follow-up (Figure 2).

CONCLUSION
Metal on metal bearing couples offer the theoretical ben-
efit of  low wear rates and increased stability. However, 
unique failure modes of  these implants appear to exist 
with associated problems making them a poor choice for 
primary hip arthroplasty at this time. Clinical evaluation 
of  painful MOM bearing surfaces should include a care-
ful history and physical exam in addition to laboratory 
evaluation and radiographic studies. Outcomes follow-
ing revision surgery vary and depend on the amount of  
tissue destruction and bone loss from osteolysis. Early 
revision when problems are identified seems to offer the 
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best chance at a good outcome.
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Figure 1  Pelvis radiograph of 56 year old male with a painful right metal-
on-metal hip replacement (A). He complained of increasing groin pain and dif-
ficulty with ambulation. AP pelvis 6 mo after revision total hip replacement. The 
well-fixed femoral stem was left in place and the bearing revised to a metal-on-
polyethylene bearing couple (B). The patient’s preoperative symptoms resolved 
entirely.

Figure 2   Complex pseudotumor-like fluid collection (arrows) around a 
painful metal-on-metal total hip arthroplasty.
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