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WE DANCE ROUND IN A RING AND SUPPOSE,
BUT THE SECRET SITS IN THE MIDDLE AND KNOWS.
ROBERT FROST

METALLOSIS: METAL ION RELEASE FROM METAL-ON-METAL JOINT
SURFACE REPLACEMENT ≠ CURRENT CONCERNS AND FUTURE
PROBLEMS

Stephen R. Manning
Medical Education Centre, Sandwell General Hospital, Lyndon, West Bromwich, UK

Since its innovation, joint replacement surgery has offered relief from the pain and functional limitation of destructive or degenerate joint disease. The search for the ideal material continues over 120 years later. Recently, using metal-on-metal bearings for
younger patients has become the trend to avoid excess wear in high demand patients in the hope of reducing the need to revision
surgery. Initial evidence suggested these prostheses offered a durable, functional safe joint that was less likely to be revised than the
standard metal and polyethylene joint. A body of evidence is growing rapidly to suggest that metal-on-metal joints are associated
with local tissue reactions – metallosis – cellular toxicity, increased serum metal ion concentrations, organ deposition of metal
ions, higher rather than lower rates of revision surgery and no functional advantage over any other type of joint replacement.
We will consider the reasons for metal ion release; the cellular, local tissue and systemic effects of metal ions and the patient risk
and presentation. From the evidence reviewed, serious consideration should be given to the future use of metal-on-metal joint
bearings and a suggested follow up plan for patients with such joints is identified and reproduced. Biomed Rev 2011; 22: 57-64.
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Introduction
Joint replacement surgery is commonly performed by orthopaedic surgeons for patients with painful, destructive joint
disease limiting their function and quality of life. It is little
appreciated that joint replacement surgery was first described
some 120 years ago. The Romanian born German surgical
pioneer, Thermistocles Gluck (1853-1942) antedated the

famous 20th Century pioneers such as Harboush (1), Wiltse
(2) and Charnley (3) by more than 50 years. He was ahead
of Küntsher (4) by some 50 years with the concept of intramedullary fracture fixation. His interest in bone defects was
encouraged by his work in the Balkans as a wartime surgeon
between 1877 and 1885. In his 1891 Treatise, Gluck, describes
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his observation of a rudimentary external fixator. This was
made by a mechanic, and used on a femoral fracture, due to
a gunshot in Bulgaria in 1885-1886 (5). Gluck sought to determine suitable material to replace diseased joints with. He
describes implants made of aluminium, wood, glass, celluloid
and nickel plated steel as being cheap and allowing healing
without reaction. However, his favourite material was ivory.
He described his experiments with cement “in particular the
almost instantaneously congealing stone filler” which can be
used as a filler or to provide security to his ivory implants.
Even in 1891, with his excitement of pioneering a surgical
advance Gluck urged caution. He foretold that wear and tear
on the artificial joint could not be anticipated and loss of joint
movements and ivory strength could result (5).
Wear of prosthetic joints remains a problem today. As
we have passed through the 20th and into the 21st Century,
joint replacements have evolved and become more common.
Younger patients who expect higher levels of function and,
naturally, have long life expectancies are being considered for
hip surgery. A good functional result has been achieved based
on the innovations of Sir John Charnley using polyethylene
lined cups and metal femoral heads. However, high demand
produces high levels of wear on the polyethylene cup liners
and the potential need for revision surgery.
To withstand wear and provide a durable functional prosthetic joint metal-on-metal joints have evolved and procedures
such as hip resurfacing offer a durable, functional, pain free
joint whilst avoiding total hip replacement in the younger
patient. Alternatively, total hip arthroplasty using metal components with a large femoral head to cup size ratio can be offered
to the younger patient. Some studies show good functional
results are achieved (6). Rates of wear with metal-on-metal
prostheses have been shown to be 20-100 times lower than
metal on polyethylene (7) and revision rates specifically due
to loosening or femoral fracture are low over a 5 year period
(2-3.6%) (8,9). These studies provide an argument in favour
of the use of metal-on-metal bearings but evidence to the
contrary may outweigh this.
The choice of metal implanted into the human body is
governed by several factors. It must resist corrosion in the
hostile environment of human tissue. It must be durable for
its purpose. It must be inert or bio-compatible. It must be
compatible with other components implanted with it. Metal
alloys have been found to be most suitable. Stainless steel is
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the least corrosion resistant of the currently used metals and
is used more for temporary purposes. Titanium and cobaltchromium alloys do not corrode in the body however metal
ions can diffuse out of the metals and into the body (10).
In this review we will consider the problem of metal ion
release from implanted material; consider what, if any, risk it
may pose for patients, and consider whether there is sufficient
advantage of metal-on-metal bearings to justify any risks.
Wear of prosthetic joints
The articular surfaces of prosthetic joints are subjected to
repetitive motion as part of their normal function. During
their manufacture, joint surfaces are highly polished to ensure
a smooth gliding surface. Any micro-imperfections may be
eroded after implantation by localised friction, especially if
the joint surfaces are not well lubricated by synovial fluid.
Correct placement of the joint components is vital, the
geometry of the prosthetic joint place will influence its function and stability. It has been shown that a steeply inclined
acetabular component or a small femoral head size can lead
to an abnormal pattern of “edge loading.” Edge loading is associated with increased rates of localised wear and in the case
of metal-on-metal joints, higher serum metal ion concentrations (11-14). Small femoral head size is also associated with
impingement of the femoral neck on the edge of the acetabular
cup, resulting in restricted movement of the joint and, again,
edge loading and excessive wear of the components (14).
Titanium alloy (Ti-6Al-4V) has been found to be susceptible
to abrasive wear and it has been seen that one year after implantation the articular surfaces become covered in a “scratch
and gouge” pattern. This is especially seen if any loosening
of the components occurs, allowing loose acrylic debris from
cement or wear debris from a polyethylene acetabulum liner
to interpose between the articular surfaces. This pattern of
damage is associated with localised release of metal (15,16).
Coupling of the components used in joint replacement is
usually relatively straight forward – manufacturers provide
both components as part of a set and the components are
compatible with each other. Should any mis-pairing result then
the outcome depends upon the metals involved. A reported
case exists of an incompatible paring of cobalt-chromium and
stainless steel leading to severe wear, local metal deposition
and serum metal ion concentrations increased by a factor of
20 (17). Cases of excessive wear are in the minority, a 10 year
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follow up study of 100 metal-on-metal hip arthoplasties has
found survivorship rates for the femoral component of 98%
and the acetabular component 96% at 10 years, that is not
requiring revision surgery (18).
Cellular effects of metals
Chromium is a trace element, present in the human body. In its
hexavelent form (Chromuim VI) it is readily absorbed by the
lungs, skin and mucous membranes and is toxic. Cobalt is also
a trace element and forms an integral part of vitamin B12. The
effects of metal particles upon cell culture have been studied in
vitro. Cell cultures have been exposed to cobalt and chromium
separately and as an alloy. Particles have been generated to be
representative of those seen with wear upon a prosthetic joint.
It has been seen that nano-particles of cobalt-chrome alloy are
more toxic to fibroblast culture that micron sized particles.
Nano-particles were more readily absorbed into fibroblasts.
They break down readily and form an electron dense cloud
within the cell, inducing aneuploidy and cytotoxicity. The
effects were greater than those seen with larger micron sized
particles (19). Cytotoxic effects upon fibroblasts have also
been seen to be greater with metals containing a high cobalt
concentration (20) and fibroblast viability can be reduced by up
to 95% with concentrations of clinically relevant sized particles
of 50 micromoles per cell (21). Following exposure to cobalt,
fibroblasts show morphological changes when examined under
the microscope. Nucleoli become darker staining, cytoplasmic
processes are withdrawn and chromatin condenses irreversibly (pyknosis). Within the cell culture, following exposure
to cobalt a significant rise in lactate dehydrogenase is seen,
suggestive of cellular injury (22).
When osteoblasts are exposed to cobalt or titanium particles,
the secretion of interleukin 8 (IL-8/CXCL8) and monocyte
chemotactic protein-1 [MCP-1/ chemokine (C-C motif) ligand
2 (CCL2)] is induced rapidly due to up-regulation of the corresponding chemokine genes. The effect of chemokine secretion
is to induce macrophages and neutrophils to migrate to the
area. Osteoblast synthetic function is reduced in the presence
of cobalt ions, as seen by reduced alkaline phosphatise activity and calcium deposition. The production of type I collagen,
the predominant form in bone, is inhibited and the production
of osteocalcin, a unique and abundant calcium binding bone
protein is inhibited by colbalt. Chromium also inhibits osteoblast alkaline phosphatase (23,24). Macrophages attracted to
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the area by the osteoblast secretions absorb metal particles and
secrete IL-1β, IL-8 and tumor necrosis factor-alpha (TNF-α), in
a particle dependant manner. These cytokines have been shown
to have a bone resorbing effect (25). In particular, high levels
of IL-1 producing cells have been found at the bone-implant
interface during revision surgery for implant loosening. The
role of TNF-α in bone resorption and implant loosening has
lead to its consideration as a therapeutic target in those who
present with aseptic implant loosening (26). Along with IL1β producing macrophages, CD4+ T cells, helper T cells, are
seen to be present in similar number but in excess of CD8+ T
cells (27). The effect of metal debris T cell viability and function show some variability in the literature. Unlike fibroblasts
viability has not been seen to be affected by metal debris in
some in vitro studies, but proliferation has been seen to be
inhibited by cobalt chromium molybedenum alloys, an effect
not seen with titanium alloys (28). An opposite conclusion
was reached by Hallab et al (29) who found in vitro that both
Co-Cr-Mo and Ti alloys incubated with serum solutions led to
a lymphocyte proliferative response, greatest when the metals
formed metal-protein complexes. To add to this controversy,
Akbar Brewer and Grant (30) found that at “clinically relevant”
concentrations Cr6+ ions significantly decreased cell viability,
proliferation and activation while increasing apoptosis. Co2+
also resulted in a decrease proliferation and cytokine response
but no apoptosis.
Local effect of metals
At the local tissue level the effects of failing metal-on-metal
bearings are well described. A frequent finding is blackening
or grey staining of the tissues adjacent to the implant. These
findings are described around the hip (31,32) the knee (33-35),
the shoulder (36) and the spine (37).
Soft tissue masses in the vicinity of metal-on-metal bearings
are not infrequently described. These masses histologically,
have been found to consist of macrophages, metal particles,
lymphocytes, fibrin and necrotic tissue (31,38). Microscopic
examination of macrophages found in these pseudo-tumours
has shown them to be laden with black metallic particles (39).
Lymphocytes within pseudo-tumours and surrounding tissues
may be found diffusely spread throughout or concentrated in
the peri-vascular areas. It has been seen that with higher grades
of diffuse inflammation around a failing metal-on-metal bearing is associated with an increasing extent of metal particles
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in the tissue (40). As with inflammation from other causes,
metallosis can lead to involvement of regional lymph nodes.
Chromium containing histiocytes have been demonstrated in
the enlarged pelvic lymph nodes of a patient 8 years after hip
arthroplasty (41).
The size of pseudo-tumours is variable, in some the tumour
mass itself is the reason for presentation (42) or in others the
effect of the mass on nearby structures giving rise to symptoms
may trigger presentation (43,44).
As we have already seen, the effect of metals upon macrophages and lymphocytes includes the secretion of bone
resorbing cytokines at the implant-bone interface. This can
lead to loosening of the implant and loss of optimum implant
position (45-48), erosion of both trabecular and cortical bone
(38,47,49,50) and trabecular micro-fractures of varying ages
(51).
Systemic effects of metals
Metals released into the local tissues are absorbed into the
blood stream. These metal ions are measurable in the serum
and it has been seen that patients with metal-on-metal joint
replacements have raised levels of cobalt and chromium in the
blood and the urine (52). Blood levels can be several times
the normal level but well within the limits of levels identified
as toxic in metal industry workers. Metal ions are removed
by the kidney and eliminated from the body in the urine (53).
Chromium III ions have been seen, in vitro when mixed with
human serum, to complex with albumin, transferin and immunoglobulins. The complexes formed were then more readily
absorbed by macrophages than uncomplexed metal ions (54).
Titanium ions are released from implants slowly and despite being associated with local tissue metallosis, systemic
diffusion levels are low. In sheep, following spinal fixation,
in has been seen that at 24 months post surgery little systemic
diffusion has taken place, at 36 months, titanium ions were
present in all tissues (55). Human post mortem studies also
demonstrate widespread distribution of metal ions throughout the tissues. Within lymph nodes evidence of fibrosis and
necrosis associated with metal laden macrophages has been
seen. The presence of metal containing macrophages within
the liver and spleen has been shown and although the amounts
of metal are higher than is seen in the lymph nodes, dilution
in these larger organs makes the overall metal concentration
less. Up to ten years after arthroplasty, no evidence of necrosis
Biomed Rev 22, 2011
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or fibrosis was seen in the liver or spleen (56). The alteration
of T cell function and viability discussed previously when
combined with lymph node fibrosis and necrosis could lead
to local immune dysfunction. Small increases, compared to
control subjects, have been seen in levels of metal ions found
in the frontal cortex of patients with worn metal on metal
prostheses (56). The effects of cobalt and chromium ions on
nervous tissue described include 1 case of reversible polyneuropathy with histological evidence of axonopathy (57).
Two cases of femoral nerve neuropathy due to a pseudo-tumour
mass with histological evidence of complete nerve destruction
are also reported (58). Consideration has been given to metal
ions released following arthroplasty as potential carcinogens.
In has been postulated that chronic stimulation and alteration
of lymphocyte function could lead to an increased risk of
lymphoma or leukaemia (56,59).
It has been seen that concentrations of metal ions is higher
in patients whose prosthesis is worn or is loose. This leads
to the question, could serum levels of metal ions be used to
identify worn, failing or loose prostheses? It has been suggested that measurement of serum metal ions can be a useful
adjunct to assessing metal-on-metal joints and a study has
shown a good correlation between high levels of serum metal
and wear on the joint surfaces (60). This may prove to be a
sensitive indicator of wear if regular measurements are taken.
The Medicines and Healthcare Products Regulatory Agency
(MHRA) have recommended that patients with serum cobalt
or chromium ion concentrations greater than 7µg/L should be
further investigated. It was seen that 7 µg/L concentration of
either ion, had a 90% specificity but only a 50% sensitivity
for hip prosthesis failure (61).
How common are problems due to metalosis?
The true incidence of metallosis is unknown as early pathology
can be asymptomatic, diagnosis may be difficult, and reporting
inaccurate (62). In 2011, the National Joint Registry for England and Wales reported that all cause revision rates at seven
years for primary hip replacements regardless of implant type
were 4.7% (of a total of 285,600 primary operations) however,
metal-on-metal bearings had all causes revision rates of 11.8%
for resurfacing and 13.6% for replacement joints (63). It can
be seen therefore, that revision rates, within seven years of
surgery, for metal-on-metal bearings are higher than revision
rates in general, despite the previously quoted evidence of a
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lower revision rate when looking specifically at revisions for
loosening or fracture (8,9). The vast majority of joints have
not needed revision during this time, but this is not to say that
asymptomatic pathology has not developed.
How do patients present?
Initial symptoms may be vague and patients may present with
groin, buttock or lateral hip discomfort. They may present with
the sensation of a lump around the hip which may or may not
be visible. Sensations of “clicking,” “clunking,” instability
or dislocation are less common and may follow a period of
discomfort. The mean time of presentation has been seen to
be 17 months post primary surgery in one study (64). Rarely,
patients may present with serious local symptoms such as
nerve compression or vessel damage (43,44,65).
The natural course of metallosis appears to be progressive
once symptoms are present and revision surgery for deteriorating symptoms becomes necessary (66).
Conclusions and future considerations
At present we do not know how many patients will go on
to develop symptoms following their metal on metal joint
replacements or resurfacings, we may find that after several
more years patients who had been initially asymptomatic run
into difficulties. Long term effects of cobalt or chromium deposits in the liver are not well known. Although at 10 years,
no necrosis or fibrosis has been seen in livers containing
macrophages laden with cobalt or chromium (56) it is not
known if this will be the case at 20 or more years. It has been
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suggested that there may be a link between metal-on-metal
bearings and leukaemias or lymphomas (56,59) however, no
definitive evidence has, to date, been described.
Revision surgery performed for metallosis is more difficult
due to local tissue destruction and is associated with worse
outcomes and more complications than revision surgery for
other reasons including peri-prosthetic fractures (65,66).
Do the benefits of metal on metal bearings justify the potential complications and risks? Recent meta-analysis shows
that functional outcomes following metal-on-metal joint
replacements compared to metal on polyethylene or ceramicon-ceramic joints offer no advantage but potentially metal-onmetal bearings have a higher revision rate (67).
What about those patients who, with the best intentions,
have been given a metal-on-metal bearing? What should be
done for them? The MHRA (68) and British Orthopaedic Association have issued guidance summarised by Fary et al (66)
and shown in box 1.
When looking at general revision rates for metal-on-metal
bearings rather than rates specifically for loosening or fractures
we see that revision rates are higher than for traditional metal
on polyethylene joints and, as discussed the surgery is more
difficult with a higher incidence of complications and poorer
functional results. Potential disadvantages are described at the
cellular, tissue and systemic level. Taken with the unanswered
questions on long term metal toxicity for a joint which is offering no functional advantage over any other currently used
prosthesis we must seriously ask ourselves: should we be continuing to use metal on metal joint prostheses in our patients?

Box 1: Follow up of post metal on metal joint implants
•

Annual follow up for at least 5 years and more frequently if symptomatic

•

Investigate any painful metal on metal joint. Measure serum cobalt and chromium, image the joint with
MRI or ultrasound

•

If there are concerns about component position or patients in cohorts with higher than expected failure
then measure serum metals and image with MRI or ultrasound

•

If serum metal ions are greater than 7µg/L then repeat at 3 months and image.

•

If imaging shows soft tissue reaction, fluid collections or tissue masses then consider revision surgery.

Biomed Rev 22, 2011

Manning

62
References
1. Harboush EJ, An operation for arthroplasty of the hip
based on biomechanics, photelasticity, fast setting dental
acrylic and other considerations. Bull Hosp Joint Dis 1953;
14: 242-277.
2. Wiltse LL, Hall RH, Stenehjem JC. Experimental studies regarding the possible use of self-curing acrylic in
orthopaedic surgery. J Bone Joint Surg Am 1957; 39A:
961-972.
3. Charnley J. The bonding of prosthesis to bone by cement.
J Bone Joint Surg Br 1964 46: 518-529
4. Küntscher G. Die Marknagelung von Knochenbruchen.
Archf Klin Chir 1940: 200: 443-455
5. luck T. Referat über die durch das moderne chirurgische
Experiment gewinnenen positiven Resultate, betreffend
die Naht und den Ersatz von Defecten höherer Gewebe,
sowie über die Verwethung resorbirbarer und lebendiger
Tampons in der Chirurgie. Arch Klin Chir 1891; 41: 187239.
6. Garbuz DS, Tanzer M, Greidanus NV, Masri BA, Duncan
CP. Metal-on-metal hip resurfacing versus large diameter
head metal-on-metal total hip arthroplasty. Clin Orthop
Relat Res 2010 468:318-325.
7. Learmonth ID, Gheduzzi S, Vail TP. Clinical Experience
with metal-on-metal total joint replacements: indications
and results. Proc Inst Mech Eng H 2006, 220: 229-237.
8. Carrothers AD, Gilbert RE, Jaiswal A, Richardson JB.
Birmingham hip resurfacing. The prevalence of failure.
J Bone Joint Surg Br 2010; 92-B: 1344-1350.
9. Engh CA Jnr, Ho, H and Engh CA. Metal-on-metal hip arthroplasty. Does early clinical outcome justify the chance
of an adverse local tissue reaction? Clin Orthop Relat Res
2010; 468:406-412.
10. Gotman I. Characteristics of metals used in implants. J
Endourol 1997; 11: 383-389.
11. Campbell P, Beaulé PE, Ebramzadeh E, Le Duff, M, De
Smet, K, Lu Z, Amstutz MC. A study of implant failure in
metal-on-metal surface arthroplasties. Clin Orthop 2006;
453: 35-46.
12. De Haan R, Pattun C, Gill HS, Murray DW, Campbell
PA, De Smet K. Correlation between inclination of the
acetabular component and metal ion levels in metal-onmetal hip resurfacing replacement. J Bone Joint Surg Br
2008; 90-B: 1291-1297.
13. Onda K, Nagoya S, Kaya M, Yamashita T. Cup-neck
impingement due to the malposition of the implant as a
Biomed Rev 22, 2011

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

possible mechanism for metallosis in metal-on-metal total
hip arthoplasty. Orthopaedics 2008; 38: 396.
Grammatopoulos G, Pandit H, Murray DW, Gill HS. The
relationship between head-neck ratio and pseudotumour
formation in metal-on-metal resurfacing arthroplasty of
the hip. J Bone Joint Surg Br 2010; 92-B 1527-1534.
Nasser S, Campbell PA, Kilgus D, Kossovsky N, and Amstutz HC. Cementless total joint arthroplasty prostheses
with titanium-alloy articular surfaces. A human retrieval
analysis. Clin Orthop Relat Res 1990; 261: 171-185.
Cipriano CA, Issac PS, Beksac B, Della Valle AG, Sculco
TP, Salvati EA. Metallosis after metal-on-polyethylene
total hip arthroplasty. Am J Orthop (Belle Mead NJ) 2008;
37: E18-25.
Keel JB, and Kuster MS. Massive wear of an incompatible metal-on-metal articulation in total hip arthroplasty.
J Arthroplasty 2004; 19: 638-642.
Neumann DR, Thaler C, Hitzl W, Huber M, Hofstädter T,
Dorn U. Long term results of a contemporary metal-onmetal total hip arthroplasty: a 10 year follow up study. J
Arthroplasty 2010; 25: 700-708.
Papageorgiou I, Brown C, Schins R, Singh S, Newman,
R, Davis S, et al. The effect of nano- and micon- sized
particles of cobalt-chromium alloy on human fibroblasts
in vitro. Biomaterials 2007; 28: 2946-2958
Mostardi RA, Kovacik MW, Ramsier RD, Bender ET,
Finefrock JM, Bear TF, et al. A comparison of the effects
of prosthetic and commercially pure metals on retrieved
human fibroblasts: the role of surface elemental composition. Acta Biomater 2010; 6: 702-707.
Germain MA, Hatton A, Williams S, Matthews JB, Stone
MH, Fisher J, et al. Comparison of the cytotoxicity of
clinically relevant cobalt-chromium and alumina ceramic
wear particles in vitro. Biomaterials 2003; 24: 469-479
Rae T. The toxicity of metals used in orthopaedic prostheses. J Bone Joint Surg Br 1981; 63-B: 435-440.
Queally JM, Devitt BM, Butler JS, Malizia AP, Murray D,
Doran PP and O’Byrne JM. COblat ions induce chemokine
secretion in primary human osteoblasts. J Orthop Res
2009; 27: 855-864.
Allne MJ, Myer BJ, Millett PJ and Rushton N. The effects
of particulate cobalt, chromium and cobalt-chromium alloy on human osteoblast-like cells in vitro. J Bone Joint
Surg Br 1997; 79-B: 475-482.
Rolf O, Baumann B, Sterner T, Schütze N, Jakob F, Eulert
J and Rader CP. Characterization of mode II-wear particles

Metallosis

26.

27.

28.

29.

30.

31.

32.

33.

34.

35

36.

37.

and cytokine response in a human macrophage-like cell
culture. Biomed Tech (Berl) 2005; 50: 25-29.
Schwarz EM, Looney RJ, O’Keefe R. Anti-TNF-α therapy
as a clinical intervention for periprostheit osteolysis. Arthritis Res 2000; 2:165-168.
al Saffar N, and Revell PA. Interleuin-1 production by
activated macrophages surrounding loosened orthopaedic
implants: a potential role in osteolysis. Br J Rheumatol
1994 33: 309-316.
Falerio C, Godinho I, Reus U, de Sousa M. Cobaltchromium-molybdenum but not titanium-6-aluminium4-vanadium alloy discs inhibit human T cell activation
in vitro. Biometals 1996; 9: 321-326.
Hallab NJ, Miecz K, Vermes C, Skipor A, Jacobs, JJ.
Orthopaedic implant related metal toxicity in terms of
human lymphocytes reactivity to metal-protein complexes
produced from cobalt-base and titanium-base implant alloy degradation. Mol Cell Biochem 2001; 222: 127-136.
Akbar M, Brewer JM, Grant MH. Effect of chromium
and cobalt ions on primary human lymphocytes in vitro.
J Immunotoxicol 2011; 8:140-149
Campbell P, Ebramzadeh E, Nelson S, Takamura K, de
Smet, Amstutz HC. Histological features of pseudotumor
like tissues from metal on metal hips. Clin Orthop Relat
Res 2010; 468: 2321-2327.
Ollivere B, Darrah C, Barker T, Nolan J and Porteous MJ.
Early clinical failure of the Birmingham metal-on-metal
hip resurfacing is associated with metallosis and soft tissue
necrosis. J Bone Joint Surg BR 2009; 91-B: 1025-1030.
Breen DJ and Stoker DJ. Titanium lines: a manifestation of
metallosis and tissue response to titanium alloy megaprosthesis at the knee. Clin Radiol 1993; 47: 274-277.
Papagelopoulos PJ, Mavrogenis AF, Karamitros AE, Zahos A, Nomikos G, Soucacos PN. Distal leg wear debris
mass from a rotating hinged knee prosthesis. J Arthroplasty 2007; 22: 909-915.
Sanchis-Alfonso V. Severe Metalosis after unicompartmental knee arthroplasty. Knee Surg Sports Traumatol
Arthrosc 2007 15: 361-364.
Khan WS, Agarwal M, Malik AA, Cox AG, Denton J, Holt
EM. Chromium, cobalt and titanium metalosis involving
a Nottingham shoulder replacement. J Bone Joint Surg
BR 2007; 90: 502-505.
Guyer RD, Shellock J, MacLennan B, Hanscom D, Knight
RQ, McCombe P, et al., Early failure of metal on metal
artificial disc prostheses associated with lymphocytic re-

Biomed Rev 22, 2011

63

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

action: diagnosis and treatment experience in four cases.
Spine (Phila Pa) 2011; 36: E492-497.
Huber M, Reinisch G, Zenz P, Zweymüller K, Lintner F.
Postmortem study of femoral osteolysis associated with
metal on metal articulation in total hip replacement. J
Bone Joint Surg Am 2010; 92: 1720-1731.
Willis-Own CA< Keene CG, and Oakeshott RD. Early
metallosis-related failure after total knee replacement. J
Bone Joint Surg Br 2011; 93: 205-209.
Fujishiro T, Moojen DJF, Kobayashi N, Dhert WJA, Bauer
TW. Perivascular and diffuse lymphocytic inflammation
are not specific for failed metal on metal hip implants.
Clin Orthop Relat Res 2011; 469: 1127-1133.
Munichor M, Cohen H, Volpin G, Kerner H, and Iancu TC.
Chromium-induced lymph node histiocytic proliferation
after hip replacement. A case report. Acta Cytol 2003; 47:
270-274.
Mavrogenis AF, Nomikos GN, Sakellariou VI, Karaliotas
GI, Kontovazenitis P, Papagelopoulos PJ. Wear debris
pseudotumour following total knee arthroplasty: a case
report. Journal of Medical Case Reports 2009; 3: 9304.
Tezer M, Kuzgun U, Hamzaoglu A, Ozturk C, Kabukcuoglu F, Sirvanci M. Intraspinal metalloma resulting in
late paraparesis. Arch Orthop Trauma Surg 2005; 125:
417-421.
Degreef I, Sciot R, de Smet L. Metallosis in revision total
elbow arthoplasty. Complications and staging method.
Acta Orthop Belg 2008; 74: 753-760.
Miyanishi K, Trindade MC, Ma, T, Goodman SB, Schurmann DJ, Smith RL. Periprosthetic osteolysis: induction of
vascular endothelial growth factor from human monocyte/
macrophages by orthopaedic biomaterial particles. J Bone
Miner Res 2003; 18: 1573-1583.
Chang JD, Lee SS, Hur M, Seo EM, Chung Y, Lee CJ. Revision total hip arthroplasty in hip joints with metallosis:
a single centre experience with 31 cases. J Arthroplasty
2005; 20: 568-573.
Korovessius P, Petsinis G, Repanti M, Repantis T. Metallosis after contemporary metal on metal total hip arthroplasty. J Bone Joint Surg Am 2006; 88:1183-1191.
Sayed-Noor AS, Sjödén GO. Severe metallosis after total
elbow arthroplasty – a case report. Hand 2010; 5: 86-89.
von Schewelov T, Sanzén L. Catastrophic failure due to
aggressive metallosis 4 years after hip resurfacing in a
woman in her forties – a case report. Acta Orthopaedica
2010; 81:402-404.

Manning

64
50. Matsushita I, Morita Y, Gejo R, Kimura T. Severe bone
defects and reduced mineralization caused by massive
metallosis after total knee arthroplasty: histopathologic
and bone morphometric findings. Mod Rheumatol 2007;
17: 507-510.
51. Stogiannidis I, Puolaka T, Pajamäki J, Mooilanen T,
Konttinen YT. Whole mount specimens in the analysis of
en-bloc samples obtained from revisions of resurfacing
hip implants. Acta Orthopaedica 2010; 81:324-330
52. Schaffer AW, Pilger A, Engelhardt C, Zweymueller K,
Ruediger HW. Increased blood cobalt and chromium after
total hip replacement. J Toxicol Clin Toxicol 1999; 37:
839-844.
53. Cobb AG and Schmalzreid TP. The clinical significance of
metal ion release from cobalt-chromium metal on metal
hip joint arthroplasty. Proc Inst Mech Eng H 2006; 220:
385-398.
54. Tkaczyk C, Huk OL, Mwale F, Antoniou J, Zukor DJ,
Petit A, and Tabizian M. Investigation of the binding of
Cr(III) complexes to bovine and human serum proteins:
a proteomic approach. J Biomed Meter Res A 2010; 94:
214-222.
55. Brayda-Bruno M, Fini M, Pierini G, Giavaresi G, Rocca
M, Giardino R. Evaluation of systemic metal diffusion
after spinal pedicular fixation with titanium alloy and
stainless steel system: a 36-month experimental study in
sheep. Int J Artif Organs2001 24: 41-49.
56. Case CP, Langkamer VG, James, C, Palmer MR, Kemp
AJ et al., Widespread dissemination of metal debris from
implants. J Bone Joint Surg Br 1994 76-B 701-712.
57. Ikeda T, Taahashi , Kabata T, Sakagoshi D, Tomita K,
Yamada M. Polyneuropathy caused by cobalt chromium
metallosis after total hip replacement. Muscle Nerve 2010;
42: 140-143.
58. Harvie P, Giele H, Fang C, Ansorge O, Ostlere S, Gibbons
M, Whitwell D. The treatment of femoral neuropathy due
to pseudotumour casued by metal on metal resurfacing
arthroplasty. Hip Int 2008; 18: 313-320.
59. Gillespie WJ, Frampton CMA, Henderson RJ, Ryan PM.
The incidence of cancer following total hip replacement.

Biomed Rev 22, 2011

60.

61.

62.

63.

64.

65.

66.

67.

68.

J Bone Joint Surg Br 1988; 70-B: 539-542.
De Smet K, De Haan R, Calistri A, Campbek PA,
Ebramzadeh E, Pattyn C’ et al., Metal ion measurement
as a diagnostic tool to identify problems with metal on
metal resurfacing. J Bone Joint Surg AM 2008; 90 (Suppl
4): 202-208.
Hart AJ, Ilo K, Underwood R, Cann P, Henckel J, Lewis
A, et al., The relationship between the angle of version
and rate of wear of retrieved metal-on-metal resurfacings:
a prospective CT-based study. J Bone Joint Surg Br 2011:
93-B: 315-320.
Kwon YM, Ostlere SJ, McLardy-Smith P, Athanasou
NA, Gill HS, Murray DW. “Asymptomatic” pseudotumours after metal-on-metal hip resurfacing arthroplasty:
prevalence and metal ion study. J Arthroplasty 2011; 26:
511-518.
National Joint Registry for England and Wales. 8th Annual
report 2011. www.njrcentre.org.uk/Njrcentre/portals/0/
documents/njr%208th%20Annual%20Report%202011.
pdf
Glyn-Jones S, Pandit H, Kwon YM, Doll H, Gill HS,
Murray DW. Risk factors for inflammatory pseudotumour
formation following hip resurfacing. J Bone Joint Surg Br
2009; 91: 164-171.
Grammatopolous G, Pandit H, Kwon YM, Gundle R,
McLardy-Smith P, Beard DJ, et al. Hip resurfacings
revised for inflammatory pseudotumour have a poor outcome. J Bone Joint Surg 2009; 91-B: 1019-1024.
Fary C, Thomas GER, Taylor A, Beard D, Carr A, GlynJones S. Diagnosing and investigating adverse reactions
in metal on metal hip implants. Br Med J 2011; 343:
1218-1221.
Sedrakyan A, Normand SLT, Dabic S, Jacobs S, Graves S,
Marinac-Dabic D. Comparitive assessment of implantable
hip devices with different bearing surfaces: systematic
appraisal of evidence. Br Med J 2011; 343: 1189.
Medicine and Healthcare Products Regulatory Agency.
Medical device alert: all metal-on-metal hip replacements
(MDA/2010/033). 2010. http://www.mhra.gov.uk/publications/safetywarnings/MedicalDeviceAlerts/CON079157

