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SUMMARY

Background: Total  knee  arthroplasty  (TKA)  is  a  standard  intervention  for  end-stage  degenerative  and

inflammatory joint diseases. However, the use of metallic alloys, including cobalt-chromium and titanium,

is  associated  with  the  release  of  metallic  ions  and  debris  into  the  periprosthetic  environment.  This

phenomenon,  driven  by  mechanical  wear  and  electrochemical  corrosion,  presents  significant  clinical

challenges regarding implant longevity and systemic biocompatibility.

Objective: This review examines the multifactorial mechanisms of metallic degradation in knee prostheses,

the subsequent biological  responses to particulate and ionic debris,  and the diagnostic  and therapeutic

strategies for managing associated complications.

Key Points: Implant  degradation occurs through mechanical  wear—including abrasion and third-body

interactions—and various forms of  corrosion,  such as galvanic,  fretting,  and stress-induced processes.

These mechanisms are exacerbated by modularity and increased constraint in revision systems. Released

debris,  ranging  from  nanometric  particles  to  soluble  ions,  triggers  a  complex  biological  cascade.

Macrophage activation and pro-inflammatory cytokine secretion stimulate osteoclastogenesis, leading to

periprosthetic osteolysis and aseptic loosening. Local complications include metallosis, pseudotumors, and

Type  IV  hypersensitivity  reactions,  while  systemic  distribution  may  affect  neurological,  renal,  and

hematopoietic functions. Diagnostic protocols involve joint aspiration for ion quantification and specialized

immunological  testing,  although  definitive  blood  level  thresholds  remain  unestablished.  Surgical

management typically requires synovectomy and revision using hypoallergenic materials, such as ceramic-

coated components or zirconium alloys, when hypersensitivity is confirmed.

Conclusion: Metallic ion release is an inherent consequence of knee arthroplasty, particularly in complex

revision scenarios. Given the non-specific clinical presentation, diagnosis requires the systematic exclusion

of periprosthetic joint infection. Management must be individualized, prioritizing conservative monitoring

in asymptomatic patients while utilizing specialized implants for those with proven metal intolerance.
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Knee replacements are widely used in orthopaedic surgery, primarily to treat osteoarthritis but also in cases of

conditions  that  promote  rapid  joint  degradation  (e.g.,  inflammatory  diseases,  haemophilia).  They  are  also

important in revision arthroplasty, where the question of the level of constraint arises to relieve the patient’s

symptoms  whilst  also  ensuring  rapid  and  stable  mobilisation  over  time.  Knee  and  hip  prostheses  are

predominantly composed of cobalt-chromium alloys, but also titanium and molybdenum. Despite their routine

clinical  use,  they  can  present  certain  drawbacks,  such  as  the  release  of  metallic  ions  into  the  body.  This

phenomenon results from the wear and corrosion of the metallic materials composing these prostheses. Metal ion

release can have various local, regional, and systemic biological consequences, ranging from local inflammatory

reactions  to  more  severe  complications  such  as  hypersensitivity  reactions  to  one  or  more  metals,  systemic

toxicity, or even implant loosening. This issue of metal ion release therefore presents both clinical and scientific

challenges for surgeons and manufacturers involved in the patient care pathway.

Total Knee Replacements (TKRs) are subjected to very significant mechanical and chemical stresses. In revision

surgery,  the  level  of  constraint  and  the  modularity  of  the  system  implemented  to  address  bone  defects,

ligamentous instability, etc., add to these stresses. The extensive use of orthopaedic cement, which has limited

mechanical strength, will add significant mechanical stress to the implants, increasing their degree of wear. The

human biological environment plays an important role in the corrosion of implants, particularly in the presence

of inflammation.

Implant wear corresponds to the progressive degradation of the prosthesis’s contact surfaces, at the metal-on-

polyethylene bearing, sometimes at metal-on-metal interfaces in modular components, or at a potential hinge

mechanism.  Corrosion,  on  the  other  hand,  is  an  electrochemical  reaction  inherent  to  fluids  –  in  this  case,

biological  fluids  –  occurring  between the  implant  alloys  and the  ions  and proteins  present  in  the  biological

environment.

Implant Wear:

Micro-movements: slight  displacements between prosthetic  components,  such as  in some hinged prostheses,

which can promote surface abrasion (Figures 1 to 3).

INTRODUCTION

WEAR AND CORROSION OF METALLIC PROSTHETIC MATERIALS
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Figure 1 : Abnormal contact between the femoral component and the tibial baseplate.
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Figures 2 & 3 : Destruction of the polyethylene insert and the tibial tray observed during revision arthroplasty.

Repeated mechanical stresses: related to the movement of implants during knee mobilisation, leading to surface

abrasion.

Third-body wear: inherent to the presence of particles or foreign bodies at  the articulating surfaces,  such as

polyethylene debris, bone fragments, or PMMA cement.

Corrosion of Metallic Materials

Uniform (passive) corrosion: linked to the oxidation of metal ions in the biological environment, which creates a

cathode and an anode on the implant, promoting ionic release. This corrosion is largely theoretical as it is very

minimal due to the use of metal alloys, accounting for less than 0.1 micrometres per year.

Galvanic  corrosion: secondary  to  the  combination  of  two  different  metals  within  a  conductive  environment

(synovial  fluid).  The more oxidisable  metal  becomes the  anode and the  less  oxidisable  becomes the  cathode,

promoting  electron  transfer  from  the  anode  to  the  cathode.  The  passivation  layer  on  the  implant  surface

theoretically  protects  them  from  oxidation.  If  this  passivation  layer  is  breached,  corrosion  of  the  implants

progresses more easily, thereby degrading the implants.

Stress  corrosion  cracking: linked  to  the  combination  of  mechanical  stress  and  a  corrosive  environment,

promoting material cracking.

Tribocorrosion (fretting corrosion): involving micromovements and friction between metallic surfaces, it causes

accelerated wear and the release of metal ions from the implant.

Crevice corrosion: linked to localised exposure of the implant to an aggressive environment
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The release of metallic debris is insidious as it is often asymptomatic. However, the associated complications are

very  real.  They  are  linked to  two types  of  particles  or  debris:  particles  ranging  in  size  from nanometres  to

millimetres,  and  soluble  (or  ionic)  debris  [1].  Small  particles  (less  than  150  nm)  can  be  incorporated  by

neighbouring cells (endocytosis) and then digested  [2],[3].  Larger debris (up to 10 µm) can be phagocytosed by

osteoblasts, fibroblasts, endothelial cells, and macrophages [1]. However, this elimination is only partial; the body

only manages to eliminate a fraction of the metallic debris. The rest accumulates around the joint to form larger

residues  that  are  difficult,  if  not  impossible,  to  eliminate.  Numerous  studies  report  high  concentrations  of

polyethylene debris, titanium/aluminium/vanadium alloy debris, and chromium/cobalt/molybdenum debris in

the peri-prosthetic environment during revision arthroplasty procedures  [4],[5].  This metallic  debris can also

cross vascular walls and concentrate in certain organs (liver, lungs, kidneys, bone marrow, brain) [6].

Beyond their direct impact on biomaterial wear, the release of debris, particularly cobalt ions, can lead to damage

to surrounding cells and their DNA, theoretically increasing the risk of cancer, although some published series

have not observed the appearance of malignant lesions after 19 years of follow-up [7]. Destruction of the vascular

walls of endothelial cells can also be observed, thereby disrupting vascular distribution and promoting long-term

tissue necrosis [8]. These alterations can, in the long term, lead to metallosis and pseudotumours [4], a prolonged

inflammatory response [9], hypersensitivity to metallic debris [10], not to mention the risk of infection, which is

promoted  by  the  presence  of  foreign  bodies.  Some  authors  have  observed  an  abnormal  increase  in  cellular

necrosis around nickel implants [11]. There was a positive correlation between the decrease in necrosis and the

increase in distance from the implant, as necrosis decreased proportionally when the distance from the implant

increased. According to Milosev,  the rate of prosthesis loosening would be directly linked to the rate of peri-

prosthetic necrosis [12]. Metallosis therefore corresponds to the process by which periprosthetic tissues acquire a

greyish/blackish discolouration due to prolonged and significant exposure to a foreign body (the implant itself or

its associated debris). This exposure generates a significant inflammatory response. This metallosis is primarily

linked to debris present in the prosthetic environment rather than that generated by the implants themselves [13]

(Figures 4 and 5).

EFFECT  OF  METAL  ION  RELEASE  ON  THE  PROSTHETIC
ENVIRONMENT 
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Figure 4 and 5 : Massive metallic infiltration of periprosthetic tissues (synovium, ligaments) observed during

revision arthroplasty. Metallosis corresponds to the prolonged exposure of tissues to metal ions.

The magnitude of the immune response depends on the nature of the debris,  their number, shape, size, and

duration  of  exposure  [14].  Numerous  cells  (osteoblasts,  endothelial  cells,  macrophages)  then  attempt  to

phagocytose the debris, which are recognised as undesirable foreign bodies [9]. Pioletti et al. indicate that particles

can inhibit collagen synthesis by inducing apoptosis of osteoblastic cells  [15]. Furthermore, when macrophages

are  activated,  they  promote  the  secretion  of  various  pro-inflammatory  cytokines  [16] which  stimulate  the

differentiation of osteoclast precursors into mature osteoclasts  [1]. This results in increased bone resorption in

the peri-prosthetic area, thereby increasing the risk of prosthetic loosening [9],[17]. The extent of this osteolysis

appears to be proportional to the quantity of debris released into the biological environment [18] (Figure 6).
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Figure 6 : Fine, black, granular deposits causing a mild macrophagic reaction. Source: UMVF

Well-documented in the literature, these can be subdivided into two categories: local and systemic. 

Local  manifestations  can  be  insidious  and  non-specific.  These  include  chronic  pain,  local  inflammatory

phenomena (oedema, warmth, redness), recurrent joint effusions, osteolysis, or pseudotumoural reactions, also

known as ALVAL (Aseptic  Lymphocyte-Dominated Vasculitis-Associated Lesions),  which are well-described in

metal-on-metal hip replacements [5].

Systemic manifestations, which are rarer, are linked to the tropism of metallic ions for certain organs [19]. Thus,

neurological symptoms are described, such as paraesthesia, memory disturbances, and headaches (cobalt). The

kidneys can also be a site of ion accumulation, and proteinuria is described. In rare cases, renal failure is possible

after prolonged exposure to ions (cobalt). Anaemia and/or leucopenia are also described in the literature, as is

cardiac involvement.

The Case of Hypersensitivity: These are delayed-type hypersensitivity reactions (type IV), characterised by the

activation,  by  an  antigen,  of  sensitised  T-lymphocytes  which  release  various  cytokines  that  can  activate

osteoclasts  and  lead  to  bone  resorption.  Some  studies  describe  that  approximately  17%  of  the  population  is

reportedly  hypersensitive  to  metals.  Approximately  1%  of  patients  with  TKRs  and/or  THRs  (Total  Hip

Replacements) are susceptible to this hypersensitivity. Over time, some patients who have undergone prosthesis

implantation develop hypersensitivity to metallic elements [20]. Consequently, the risk of allergy to metallic ions

is often investigated before total knee revision arthroplasty when there are unclear circumstances regarding the

CLINICAL MANIFESTATIONS OF METAL ION RELEASE
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reason for  primary  prosthesis  failure,  or  in  cases  of  a  known history  of  metal  intolerance  (e.g.,  to  costume

jewellery).

Total  knee  replacements,  much  like  hip  replacements,  represent  a  significant  vector  for  metal  ion  release.

Numerous  studies  show  a  change  in  chromium  and  cobalt  ion  levels  in  patients  undergoing  primary  knee

replacement surgery  [21],[22],  despite  the theoretical  absence of  contact  between the tibial  baseplate  and the

femoral component due to the polyethylene insert. This is more likely related to the large metallic surface area

exposed within the articular environment, promoting corrosive phenomena, which are amplified by implantation

abnormalities  that  can  cause  abnormal  contact  between  the  two  metallic  components  (e.g.,  rotational

malalignment,  pathological laxity,  abnormal functioning of a rotating platform/polyethylene dislocation) or in

cases of a metal-backed femoropatellar interface.

Revision prostheses are more implicated in metal ion release phenomena. Several elements contribute to this: the

mechanical stresses applied to the implanted device, stresses which increase proportionally with the level of joint

destruction and the degree of capsuloligamentous damage which, if severe, can cause very significant stresses on

a hinge mechanism.  The increased exposure of  the prosthetic  surface to  the biological  environment and the

modularity required for knee reconstruction after implant removal [23] are factors promoting metal ion release.

This  modularity,  whether  in  the  form of  Morse  tapers,  impaction/screw fixation,  or  a  combination  of  these

different modalities, will promote metallic release in these sensitive zones.

Numerous studies in the literature find higher levels of metallic ions with hinge-type prostheses, with differences

depending on their fixation method [24], without, however, influencing clinical outcomes and postoperative pain

levels.

Some studies show no notable impact of titanium nitride coating on metal ion release compared to the type of

hinge employed  [24]. The latter, depending on the degree of freedom offered, could be vectors for more or less

significant  ionic  release  in  the  patient.  Unfortunately,  literature  series  are  not  numerous,  and  sample  sizes

remain modest, as does the duration of clinical follow-up.

Diagnosis

Due to the variety of non-specific symptoms presented, diagnostic and therapeutic management can represent a

challenge  for  the  orthopaedic  surgeon.  In  cases  of  chronic  pain,  recurrent  joint  effusions,  or  signs  of  rapid

loosening on imaging studies, a knee aspiration should be considered to avoid overlooking a periprosthetic joint

infection. This will also allow for joint fluid ion level measurement. A blood test can be performed to look for

systemic distribution of chromium and cobalt ions. However, there are currently no consensus threshold values

for blood cobalt and chromium levels to guide therapeutic management. Concerning allergy, the use of metal ion-

specific patch tests is a simple means of verifying this hypersensitivity and provides results within a few days.

However, the efficacy of these tests is debated by some teams [25], highlighting the need for a body of evidence

beyond these results alone. Histology, lymphocyte transformation tests, memory lymphocyte immunostimulation

ROLE OF IMPLANTS IN METAL ION RELEASE

MANAGEMENT
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(MELISA®) tests, leucocyte migration inhibition tests, and lymphocyte activation tests are more specific but have

limited or no availability in France, currently requiring samples to be sent to Germany or Switzerland, and are not

reimbursed (approximately €100). Organ complications should also be investigated through a thorough clinical

examination. Renal function should be assessed, even though literature data show a low impact of ions on it, even

in the long term [26].

Therapy

Common surgical treatments include debridement,  synovectomy, removal of metallic debris,  and single-stage

revision arthroplasty. Therapeutic management should be initiated on a case-by-case basis and should remain

cautious.  For  a  knee  with  no  significant  functional  abnormality  and  moderate  blood  ion  release,  simple

monitoring  will  precede  any  surgical  revision.  In  cases  of  significant  blood  ion  release  or  clinical  organ

manifestation,  prosthetic  replacement  should be  performed promptly.  Several  options exist  for  patients  with

proven or suspected metal hypersensitivity, including ceramic-based materials, titanium, Oxinium, or modified

surfaces. Management will be all the more delicate in cases of iterative revision due to the few hypoallergenic

reconstruction implants available on the market.

Metal ion release is currently a constant phenomenon in patients with knee arthroplasty, whether partial, total, or

reconstructive. The clinical presentation is often insidious and polymorphic. Periprosthetic joint infection must

be systematically investigated before other causes of prosthesis failure. The diagnosis of arthroplasty failure due

to significant metal ion release is delicate and must remain a diagnosis of exclusion. The lack of consensus on

tolerable limit values for metallic ions in the blood also calls for caution before any surgical revision. 

CONCLUSION
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