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 Large-diameter metal-on-metal (MOM) bearing surfaces evolved directly from the 
success of hip surface replacement using MOM bearing surfaces. In cases of failed 
femoral components with well- fi xed acetabular components, large-diameter bearing 
surfaces served well as revision implants compatible with standard stems to avoid 
cup revision. Reduced dislocation rates with large-diameter bearings and poten-
tially reduced wear (Lombardi et al.  2011  )  due to increased  fl uid- fi lm lubrication 
prompted their use in primary THA. However, unacceptably high revision rates, 
early aseptic loosening, adverse tissue reactions and pseudotumour formation and 
increased metal ion release have been observed in large-diameter MOM THAs 
(Smith et al.  2012 ; Bolland et al.  2011 ; Langton et al.  2010 ; Barrett et al.  2012 ; 
Hasegawa et al.  2012 ; Bosker et al.  2012 ; Berton et al.  2010 ; Matthies et al.  2011  ) . 
The possible reasons for this phenomenon are failure to achieve optimum  fl uid- fi lm 
lubrication, edge loading and impingement, increased torque from the large head as 
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well as corrosion and wear at the cone-taper interface leading to deposition of large 
amounts of metal wear debris in the periprosthetic tissues. 

    13.1   Evolution of Large-Diameter Metal-on-Metal 
Bearing Surfaces 

 The use of metal-on-metal (MOM) bearing surfaces in total hip arthroplasty (THA) is 
not a new phenomenon. The McKee-Farrar (Brown et al.  2002 ; Howie et al.  2005  )  and 
Ring (Bryant et al.  1991  )  implants had MOM bearing surfaces in the 1960s. The sub-
sequent advent of the Charnley hip (Jacobsson et al.  1996  )  in the 1970s led to a frame-
shift in clinical practice, with early promising results leading to most surgeons 
abandoning MOM bearing surfaces for metal-on-polyethylene (MOP). Advances in 
the understanding of osteolysis secondary to polyethylene wear particles coupled with 
the phenomenon of younger patients with higher activity demands undergoing THA 
surgery led to a quest for hard-on-hard bearing surfaces and the reintroduction of MOM 
hips in the late 1980s. Second-generation MOM with high-carbon cobalt-chrome alloy 
bearing surfaces were developed and the  fi rst of these was introduced into clinical 
practice by Weber in 1988 (Weber  1992  ) . These were thought to have low-wear pro fi les 
and therefore increased implant longevity especially in the young patient. Large-
diameter MOM heads (36-mm diameter or larger) evolved directly from the success of 
hip surface replacement as salvage implants which were compatible with standard 
stems in cases of failed femoral components with well- fi xed acetabular components, in 
an attempt to avoid cup revision. Large-diameter bearings then gained popularity in an 
attempt to reduce the dislocation risk in revision as well as primary THA. They were 
also shown to increase the stability and reduce the risk of dislocation of THA (Lombardi 
et al.  2011  )  by increasing the distance the prosthetic head has to travel to dislocate. The 
risk of impingement was also thought to be reduced with large heads, thus theoretically 
reducing metallic wear debris in MOM hips (Fig   .  13.1 ).  

 MOM bearing surfaces were not without problems, the main concerns being 
elevated metal ions in blood, urine and solid organs, potential hypersensitivity 
including pseudotumour formation and aseptic lymphocyte-dominated vasculitis-
associated lesion (ALVAL) reactions, potential carcinogenesis, teratogenicity and 
early aseptic loosening (Smith et al.  2012 ; Bozic et al.  2012 ; Morrey et al.  2011 ; 
Catelas and Wimmer  2011 ; Delaunay et al.  2010 ; Browne et al.  2010 ; Mann et al. 
 2012 ; Haddad et al.  2011 ; Shetty and Villar  2006 ; MacDonald  2004 ; Amstutz and 
Grigoris  1996 ; Fabi et al.  2012 ; Gonzalez et al.  2011  ) . Large-diameter heads, which 
theoretically should increase  fl uid- fi lm lubrication and reduce wear in addition to 
increasing stability, had paradoxically higher revision rates and failed earlier in the 
context of MOM hips (Smith et al.  2012  ) . Smith et al.  (  2012  )  reported an analysis 
of 400,000 primary THA procedures (out of which 31,171, 8 %, had stemmed 
MOM hips) from the National Joint Registry of England and Wales, which showed 
that larger head sizes increased implant failure rates for MOM hips. Overall 5-year 
revision rate for MOM prostheses was 6.2 % and 5-year MOM revision rates for 
28-mm and 52-mm heads in men aged 60 years were 3.2 and 5.1 %, respectively. In 
contrast, they reported that ceramic-on-ceramic bearing surfaces with large heads 
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did better than conventional 28-mm head sizes. Potential reasons for this rather 
surprising observation include failure to achieve optimum  fl uid- fi lm lubrication, 
edge loading, increased torque from the large head or corrosion and wear at the 
cone-taper interface (head-neck junction). Perhaps these phenomena represent inev-
itable adverse consequences of modularity superimposed on a simple exchange of 
the conventional MOP bearing on a stem for a large MOM bearing. 

 Certain MOM designs such as the ASR hip (Bernthal et al.  2012  )  have had unaccept-
ably high revision rates and have been withdrawn from the market. This has perhaps led 
to the assumption among some that the failure of MOM hips is exclusively an implant-
speci fi c phenomenon. Alison Smith and colleagues  (  2012  )  reported that large-head 
MOM failure is a class effect and is not implant speci fi c. We believe that both phenom-
ena prevail-implant-speci fi c failures in addition to an overall class effect, as exempli fi ed 
by the ASR hip. Despite the data that has recently emerged, MOM bearing surfaces are 
still being used rather extensively. In 2009, 35 % of THA surgeries in the United States 
had MOM bearings. At present, there are more than 500,000 patients with implanted 
MOM hips in the USA and more than 40,000 in the UK (Smith et al.  2012  ) .  

  Fig. 13.1    Plain anteroposterior radiograph 
of a patient with large-diameter MOM THA 
with osteolysis at the greater trochanter       
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    13.2   Modularity in Large-Diameter MOM THA 

 In general, modular THA implant designs confer distinct advantages such as 
increased intraoperative  fl exibility, adjustment of leg length and offset via the head-
neck taper and femoral anteversion via the neck-stem taper. This potentially leads to 
optimal restoration of soft tissue tension and biomechanics of the replaced hip. 
Other advantages of modularity include decreased implant inventory and the ability 
to remove the femoral head at revision surgery to improve exposure or change head 
size without component removal (Srinivasan et al.  2012  ) . However, multiple modu-
lar junctions represent additional sites for implant failure through fretting and crev-
ice corrosion and release of metal particles. This may lead to instability and, in the 
worst-case scenario, dissociation at the modular interface (Jacobs et al.  1995  ) . 
Retrieval studies have demonstrated that even with modern taper designs and corro-
sion-resistant materials, fretting movement and corrosion may result at modular 
interfaces. This is especially so when mixed metals are used, i.e. acetabular cup and 
head components made from cobalt-chrome alloys coupled with titanium stems 
(Kop and Swarts  2009  ) . Malviya et al.  (  2011  )  reported an increase in whole blood 
metal ion levels in patients with large-diameter metal-on-metal hip arthroplasties 
and suggested that this phenomenon may be due to micromotion at the head-neck 
junction or excess stem micromotion (Malviya et al.  2011  ) . 

 In the context of large-diameter MOM hip arthroplasties, exchanging the bearing 
couple from MOP to MOM and subsequently increasing the head size results in an 
increased sliding distance of the bearing couple and moment arm from the cone-taper 
to the joint line. The behaviour of the stem may also be affected as there are docu-
mented differences in the frictional torque of MOM and MOP bearing surfaces, with 
MOM bearings having increased torque on the trunnion. Edge-loading, low clear-
ance and psoas impingement are other problems which have been described in the 
context of large diameter MoM hips (Underwood et al.  2012 , Brockett et al.  2008 , 
Browne et al.  2011 , Cobb et al.  2011 ). Superimposed on these complex alterations in 
biomechanics are the inherent problems of modular interfaces, as discussed above.  

    13.3   Corrosion at the Cone-Taper Interface 

 Modular mixed-metal THA designs allow combination of the wear resistance of 
cobalt-chrome femoral heads with the  fl exibility of titanium stems. Collier and col-
leagues  (  1992  )  studied the cone-taper interface of 139 retrieved modular hip arthro-
plasties sent by 87 surgeons and found that in mixed-metal systems there was 
evidence of time-dependent corrosion at the taper interface whereas there was no 
evidence of corrosion among the implants which had components made from the 
same alloy. In an earlier study, Collier et al.  (  1991  )  discussed that the crevice pro-
vided between the head and neck will function as a corrosion site if it is wide enough 
to allow aqueous intrusion but suf fi ciently narrow to maintain a stagnant zone. 
As corrosion progresses in this zone, oxygen is depleted, resulting in an excess of 
positively charged metal ions in the aqueous environment of the crevice. This is 
then balanced by the migration of negatively charged chloride ions resulting in the 
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production of hydrochloric acid which is capable of dissolving both the otherwise 
stable cobalt and titanium alloys (Collier et al.  1992 ; Collier et al.  1991  ) . 

 A mixed-alloy combination has been thought to be resistant to galvanically accel-
erated crevice corrosion in the context of hip arthroplasty. However, (Collier et al. 
 1992  )  reported that in a detailed examination of the results of some these studies, 
there were indications for the potential for corrosion. Although titanium and its 
alloys reportedly develop a protective layer by passivation, it is evident that a combi-
nation of different metals like iron and cobalt-chrome or titanium and cobalt-chrome 
produces an electrochemical potential. Willert et al.  (  2005  )  reported that the passiva-
tion layer of the alloy safely protects the release of ions and may inhibit electro-
chemical conduction. However, micromotion may damage and initiate electrochemical 
dissolution of the protective layer leading to galvanic corrosion in the context of 
mixed metals. Wear as well as corrosion debris may be released from the surface as 
a result of continued fretting corrosion and oscillating micromotion (Fig.  13.2 ).  

 It has been shown that corrosion occurs at the cone-taper interface but most of the 
studies in the literature are focussed on implants using conventional 28-mm heads 
(Gill et al.  2012 ; Cook et al.  1994 ; Huber et al.  2009  ) . The authors believe that 
 corrosion occurring at the cone-taper interfaces of large-diameter MOM THAs leads 
to instability at the cone-taper junction, deposition of metal wear and corrosion debris 
in the periprosthetic tissues and consequent early aseptic loosening and failure. In the 
authors’ series of 114 revisions of large-diameter MOM THAs with a mean duration 

  Fig. 13.2    Intraoperative photograph showing corrosion of the taper and necrotic periprosthetic 
tissue resembling thick pus in gross appearance. Cultures were sterile       
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of implantation of 46 months, 107 retrieved implants (94 %) had corrosion as well as 
gross instability at the cone-taper interface (the heads were loose on the taper). 
Electrochemical studies on the stem and head adapter showed an open circuit poten-
tial in normal saline suggesting galvanic corrosion. Periprosthetic tissues were pro-
cessed by routine histology and immunological responses to metal wear debris were 
examined. Periprosthetic tissue metal content was also analysed, and titanium as well 
as iron was detected at higher levels compared with cobalt and chromium. This is 
most likely due to abrasive wear at the failed cone-taper junction. Head size did not 
correlate with periprosthetic tissue metal content (Meyer et al.  2012  )  (Fig.  13.3 ).   

    13.4   Tissue Responses in Failed Large-Diameter MOM THAs 

 Immune responses to particulate wear debris are the subject of much controversy and 
not fully understood. There appears to be a complex interplay of immunological 
processes which contribute to periprosthetic osteolysis, metal hypersensitivity and 
aseptic loosening of endoprostheses. Most of the current literature (Barrett et al.  2012 ; 
Goodman  2007 ; Lohmann et al.  2007 ; Ng et al.  2011  )  emphasises two key responses – 
a nonspeci fi c macrophage-mediated granulomatous response which lacks immuno-
logical memory and is also seen in foreign body granulomatous reactions (e.g. suture 
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  Fig. 13.3    Element analysis showing the relative proportions of different metals in the peripros-
thetic tissue samples       
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material) and a T-cell-mediated type IV hypersensitivity reaction which involves dif-
fuse and perivascular lymphocytic in fi ltrates. This latter type of response involves a 
speci fi c antigen, co-stimulatory molecules, an antigen presenting cell and T lympho-
cytes. The lymphocyte-dominated response is adaptive and has immunological 
memory and is also seen in several autoimmune disease processes (Goodman  2007 ; 
Lohmann et al.  2007  ) . Histologic  fi ndings common to both types of responses include 
vasculitis with perivascular and intramural lymphocytic in fi ltration of the postcapil-
lary vessels, swelling of the vascular endothelium, recurrent localised bleeding and 
necrosis. A host of in fl ammatory cytokines such as interleukin-6 (IL-6), prostaglan-
din E 

2
  (PGE 

2
 ) and tumour necrosis factor alpha (TNF a ) have been implicated in the 

pathways leading to periprosthetic osteolysis (Fig.  13.4 ).  
 Lymphocyte-dominated responses have been seen in failed 28-mm MOM hips. 

In our histological analysis of periprosthetic tissue specimens taken from 114 revi-
sion large-diameter MOM hips, there were only nine cases which displayed a lym-
phocyte-dominated type of response (Meyer et al.  2012  ) . All other cases had a 
predominantly foreign body type of response and areas of necrosis with mac-
rophages being the most numerous cell type. This may be attributed to the fact that 
in the studies with 28-mm heads, the cone-taper interfaces were more stable, result-
ing in a different pro fi le of released particulate wear debris (Fig.  13.5 ).  

 Immunological reactions to metal wear debris can result in early aseptic loosen-
ing and, if not recognised, may result in devastating necrosis of surrounding muscle 
and bone. Barrett et al.  (  2012  )  suggested that MOM THA with second-generation 

  Fig. 13.4    Histology slide of retrieval tissue demonstrating vasculitis and haemorrhage       
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a

b

  Fig. 13.5    Immunohistochemistry of retrieval tissue ( a ) CD20 antibody staining for B cells, 10 × 
magni fi cation, and ( b ) CD68 antibody staining for cells of the monocyte-macrophage lineage, 20 
× magni fi cation       
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modular designs is a reasonable choice for selected patients, but surgeons using 
these implants must be aware of the potential for adverse reaction to metallic debris 
(ARMED). This includes metallosis, pseudotumours and ALVAL. Further research 
is necessary to better characterise the immunological reactions to metal particles 
and wear debris. The authors are of the view that large-diameter MOM THA should 
not be used in primary THA, given the potential problems and high revision rates 
secondary to aseptic loosening.  

    13.5   Summary 

 In summary, large-diameter MOM bearing surfaces have a signi fi cantly higher revi-
sion rate and early failure due to aseptic loosening. The key mechanisms contributing 
to this are likely to be failure to achieve optimum  fl uid- fi lm lubrication, edge loading 
and impingement, increased torque forces and corrosion at the cone-taper interface 
leading to instability and loosening as well as deposition of large amounts of metal 
particulate debris in the periprosthetic tissues. Immunological responses to metal 
wear debris are still a subject of ongoing research, and at present, the authors do not 
recommend the use of large-diameter MOM bearing surfaces for primary THA.      
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