
BACKGROUND

Metallosis is a term used to describe the infiltration of metallic wear debris into the periprosthetic struc-
tures, including soft and bony tissues. It represents an uncommon condition that can lead to osteolysis, 
tissue necrosis, and formation of pseudotumors, as well as cardiomyopathy or neuropathy1. Due to the 
variety of presenting and unspecific complaints, diagnostic and therapeutic management may represent 
a challenge for the orthopedic surgeon2. The first-line imaging modality is a simple radiography. Three 
typical signs on X-rays are usually found: the “cloud sign,” characterized by periprosthetic amorphous 
densities; the “metal line sign,” as a thin hyperdense suprasellar line; and the “bubble sign,” as curvilin-
ear radio intensities outlining the entire joint3,4. Narrowing or asymmetry of the joint space in compar-
ison to previous imaging may be a marker of polyethylene wear5. Other complementary tests include 
serum laboratory studies (white blood cell count, C-reactive protein, erythrocyte sedimentation rate) 
and synovial fluid analysis4. Intraoperative cultures are also needed to rule out periprosthetic infection. 
Common surgical treatments involve debridement, synovectomy, removal of the metallic debris, and 
one or two-stage revision arthroplasty1.
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ABSTRACT – Background: Metallosis is the infiltration of metallic wear debris into the periprosthetic struc-
tures. It is a rare complication following joint arthroplasty that may lead to osteolysis, tissue necrosis, pseudo-
tumor formation, cardiomyopathy, or neuropathy. It usually requires surgical treatment, which includes joint 
debridement and a one or two-stage revision arthroplasty.  

Case report: We report the case of a patient who developed severe metallosis of the knee joint resulting from 
the secondary friction wear of both the femoral and tibial components of a unicompartmental knee arthroplasty 
due to malposition and consequent severe wear of the polyethylene insert. The mechanical failure was diagnosed 
one year after implantation, and metallosis became evident six months later. The patient was treated with a mass 
excision, extensive debridement, and a single-stage revision with a constrained total knee arthroplasty.

Conclusions: This case showed the importance of relative prosthetic components position in unicompartmen-
tal knee arthroplasty: an incorrect alignment may lead to a severe liner wear and massive metallosis, requiring a 
prompt extensive joint debridement and prosthesis revision.   
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We report a case of massive wear of the polyethylene of a medial unicompartmental knee arthroplasty 
(UKA) that produced metal-on-metal abrasion between the femoral and metal-backed tibial components, 
leading to the formation of metallic debris extended in the periprosthetic soft and bone tissues.

CASE PRESENTATION

A 65-year-old man with osteoarthritis of the medial compartment of the right knee received a prima-
ry cemented UKA (Journey II Oxinium®, Smith&Nephew, Memphis, TN, USA) at a different hospital in 
February 2021 without any early complications. Pre-operatively, the patient reported pain localized on 
the medial compartment (Figure 1). At the physical examination, the knee was stable, and the range of 
movement (ROM) was 0°-120°; his body mass index (BMI) was 26.

Figure 1. Pre-operative radiograms: right knee osteoarthritis prominent to the medial compartment (2021).

The patient was never satisfied with the results of the surgery, and in April 2021, 6 weeks after the 
implantation of the UKA, he complained about persistent right knee pain, swelling, and disability. At the 
examination and blood tests, no signs of infection were found. Early postoperative radiographs showed 
malposition of the UKA, with a valgus and too lateral tibial component (Figure 2).

Figure 2. Post-operative radiograms after primary unicompartmental arthroplasty: the tibial component is placed 
in valgus and lateral (2021).
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The patient underwent one year of rehabilitation therapies with no improvement of his symptoms, 
and in May 2022, he presented to our hospital because of increasing pain and disability for the last 4 
months. The physical examination showed intact skin, a swollen joint with a range of motion of 10°-100°, 
and diffuse pain over the medial compartment; neither anteroposterior nor medial-lateral instability 
was found. There was no localized erythema, increased temperature, or wound discharge that could 
suggest a prosthetic infection or skin pigmentation. New radiographs demonstrated misplacement of 
the components with poly wear and some metal debris at the joint line that were not noticed in the 
beginning (Figure 3). A one-stage UKA to total knee arthroplasty (TKA) revision was then advised.

Figure 3. One year after primary unicompartmental arthroplasty radiograms: little metal debris between the 
prosthesis components was present (2022).

Ten months later, in March 2023, the patient underwent a pre-admission examination. His right knee 
was still swollen, with a massive popliteal Baker cyst; the ROM was limited to 10-90° and he complained 
of medial compartment pain. The patient presented no anesthesiologic contraindication to surgery. The 
results of blood tests were: C-reactive protein (CRP) 1.86 mg/dl, erythrocyte sedimentation rate (ESR) 
26 mm/h, white blood cells (WBC) 10. 56x103/μl, neutrophils 75%. The pre-surgery protocol included 
a standing long X-ray of lower limbs, standard anteroposterior (AP) and lateral right knee X-rays, and 
Patella Merchant view, which showed massive amorphous densities in the popliteal fossa and the supra-
patellar pouch, other than around the prosthesis (Figure 4).

Figure 4. Two years after prima-
ry surgery (pre-admission) ra-
diograms: massive metallosis of 
the right knee with radiographic 
“bubble sign” (March 2023).
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 In addition, a magnetic resonance (MRI) and computed tomography (CT) scan with and without 
contrast medium were performed with the aim of ruling out the diagnosis between metallosis, chon-
dromatosis and infection. From the radiological report emerged “Evidence of distension of the anterior 
capsular, the anterior recess and the gastrocnemius-semimembranosus bursa with atypical aberrant 
hyperplastic phenomena; poly wear and subluxation of the prosthesis with depression of the tibial com-
ponent.” (Figures 5 and 6). The patient reported previous atopic reactions to metal contact, so atopy 
patch tests for metals were performed, and they were negative.

Figure 5. Pre-admission CT scan 
and MRI: effusion, polyethylene 
wear, atypical aberrant hyper-
plastic phenomena compatible 
with metallosis (June 2023).

Figure 6. Pre-admission MRI: axial 
scan evidenced that metallosis pos-
terior mass was medial and far from 
the popliteal neuro-vascular bundle 
(May 2023).

Surgery was performed in June 2023. At the time of admission, new blood tests were obtained, 
revealing an improvement in the inflammatory markers compared to those taken three months earli-
er (CRP 0.89 mg/dl, ESR 7 mm/h, WBC 7.74x103/μl). The surgical planning included the removal of the 
popliteal mass and one or two-stage revision of the UKA with a hypoallergenic total knee arthroplasty 
based on the results of intra-operative synovial fluid tests. Firstly, the patient was positioned prone, 
and a tourniquet was applied to the thigh. A posterior approach to the knee was used to remove the 
posterior capsule and the pseudo-tumor in “one block” (Figure 7). The excised tissue appeared soft and 
elastic with some gelatinous portions. The mass was capsulated and localized medial to the neurovascu-
lar bundle, so no issues were found in approaching and excising it.
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Secondly, in the supine position, an anterior medial parapatellar approach was performed, and mul-
tiple samples of synovial fluid were collected for intraoperative spot tests (leukocyte esterase and WBC 
count) in order to rule out infection. A severe synovitis associated with massive metallosis was noticed, 
while the tibial and femoral components were well fixed (Figure 8).

Figure 7. Intra-operative pictures. The posterior approach reveals a popliteal capsuled mass (A) that was excised 
in “one block” (B). The mass section shows a black and amorphous content (C).

Figure 8. Intra-operative pictures. Anterior approach: massive metallosis around the prosthesis (A) and in the 
suprapatellar recess (B).

The polyethylene tibial insert showed severe wear that had caused secondary friction between the 
femoral and tibial metal surfaces, with subsequent macroscopically severe abrasion of the femoral com-
ponent (Figure 9). The implant and residual cement were removed, and the periprosthetic tissue af-
fected by the metallic debris was debrided. However, a complete removal of metallic particles was not 
possible. The removed material was sent for histological analysis, while multiple tissue samples were 
collected for culture.
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The results of the intraoperative spot tests for leukocyte esterase and WBC were negative, so a 
one-stage TKA conversion was carried out. The bone loss following the UKA removal procedure and the 
extensive debridement of both bone and soft tissues affected by metallosis lead to the need for a revi-
sion system instead of a primary total arthroplasty. Finally, a nickel-free cemented condylar-constrained 
total knee arthroplasty was implanted (Genus®, Adler Ortho, Cormano, Milan, Italy); the patella was also 
resurfaced, and the tibial bony defect was filled with cement (Figure 10). A drain was applied, and the 
wound was sutured with no tension.

Figure 9. Intra-operative view of the prosthesis components in situ (A) and after removal (B): no aseptic loosening 
was found, but there was severe polyethylene and femoral component wear.

Figure 10. Post-operative radiograms: the revision TKA is well placed but some residual postero-medial metallosis 
is present because of the complexity of displaying and removing it during surgical debridement (June 2023).
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Bacteriological cultures of the articular joint fluid did not show any growth. Histological examination 
confirmed the presence of a massive metallosis with necrotic areas.

Antibiotics (cefazolin 2 g iv, 3 times per day) were administered for 6 days until the results of cultures 
were available. The patient had a satisfactory recovery from the revision surgery: no early complications 
were reported, and he was able to walk with crutches from the first day post-operatively. He was dis-
missed one week later with no pain, slight effusion, and a ROM of 0-100°. At the last follow-up, 6 months 
after the revision surgery, the patient was satisfied with the treatment and could perform his daily activ-
ities free of symptoms, showing a good functional and clinical outcome (ROM 0-110°).

DISCUSSION

Metallosis is a rare complication in knee arthroplasty. Indeed, it has been mostly described6 as a cause 
of failure in hip replacement, especially in metal-on-metal implants, with a 5% estimated incidence. 
Different causes have been described in the development of metallosis after TKA and UKA. The fail-
ure of metal-backed patellar components, which nowadays have been abandoned for all-polyethylene 
systems, is considered the most common reason (40% of cases), followed by implant components and 
polyethylene (PE) failure (27-18%), including wear and dislocation1. Additional causes can be traumatic 
failures (5%), malalignment, or infections (2% of cases both). Occasionally, iron deposits from the saw 
blades used during surgery may induce metallosis7.

Few cases of metallosis following a unicompartmental knee arthroplasty were reported in litera-
ture8-15. Most of them were caused by PE dislocation or wear; one was a traumatic failure11, another one9 
was produced by the anterior cruciate ligament rupture, while one10 was found in a periprosthetic joint 
infection due to a methicillin-resistant Staphylococcus aureus (MRSA) endocarditis. This complication 
was mainly addressed with debridement and a one-stage conversion to total knee arthroplasty, except 
for the need for a 2-stage procedure when a chronic infection was detected. 

In this case, the progressive friction between the two metal prosthetic surfaces probably produced 
metal debris which was the cause of the massive metallosis development.

Similarly to the present case, Greco and Berend8 described a massive metallosis after a metal-on-met-
al articulation due to the insert dislocation in an oxinium medial UKA (Journey UNI, Smith&Nephew, 
Memphis, TN, USA). In that circumstance, though, a dysfunction of the liner locking mechanism was 
responsible for the failure, which is rare in fixed-bearing implants. In our patient, instead, the insert was 
found still locked into the tibial baseplate but extremely worn out despite only one year passed since 
the primary surgery. Polyethylene wear is usually seen on an average of 8.3 years after a fixed-bearing 
UKA implantation and is not one of the most common causes of failure, while dislocation of the mobile 
bearing is far more frequent16.

Indeed, according to a recent review17, the most common causes of medial UKA failure are aseptic 
loosening and osteoarthritis progression, followed by bearing dislocation, fracture and tibial subsid-
ence. In particular, mechanical failures may be related to changes in the forces acting on the medial and 
lateral compartments, which are strongly linked to component positioning and joint space differences 
after surgery.

Chatellard et al18 showed how changes in joint space height, tibial component obliquity, and a diver-
gence between the tibial and femoral components on the coronal plane, decreased medial UKA pros-
thesis survival, recognizing that the inclination of the prosthesis could play a role in failure.

In the present case, the tibial component appeared to be positioned in valgus and too lateral, leading to 
an incorrect alignment between the femoral and tibial implants. Due to the malalignment of the two com-
ponents, the point of contact was reduced to only a small area where the load was concentrated. There-
fore, the asymmetrical prosthetic joint space may have induced premature tibial component wear and, 
finally, poly breakage, which gradually led to both femoral and tibial metal wear and the spread of debris.

The time period between primary knee replacement and metallosis emergence is usually reported 
as several years1. At initial presentation, symptoms are not specific in most of the cases, including pain, 
swelling and restricted range of motion of the affected joint. The physical examination shows a joint 
effusion and sometimes crepitus or ligamentous instabilities; in our case, no specific signs such as skin 
discoloration, a fistula, or friction noises induced by metal-on-metal contact were present; therefore, 
a diagnosis of metallosis was difficult to think of in the beginning, and the revision surgery was planned 
with no urgency. Interestingly, one year before the huge mass was noticeable on radiographs, the pa-
tient presented only a few tiny signs of debris in the joint space that were not highlighted by either the 
radiologist or the orthopedic surgeon. The voluminous metallosis mass developed in the following few 
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months while waiting for the revision surgery. In addition, the severe wear of the fixed bearing was not 
appreciated in the beginning, maybe due to the lack of a metal marker within the polyethylene insert. 
For all these reasons, in the present case, diagnosis and treatment were delayed. As reported by Schia-
vone Panni et al13, metallic debris is not biologically inert, but it activates the inflammatory cells, which 
release cytokines leading to chronic synovitis, osteoclastic bone reabsorption, and osteolysis; moreover, 
because of the rich vascularization of the synovial membrane, metallic debris tend to deposit inside 
the vessels and consequently spread to lymph nodes and other organs, such as spleen, lungs and liver. 
Therefore, metallosis should be diagnosed in its early development, and it is advisable to perform a 
synovectomy with revision surgery as soon as possible.

Some studies8,9,19 analyzed the presence of metal-nickel and cobalt allergies in patients who present-
ed with metallosis after knee arthroplasty. One author19 supposed the patient’s allergy status contribut-
ed to the metallosis. This condition involves chronic inflammatory arthritis caused by metal hypersen-
sitivity, particle-induced synovitis, and the toxic effects of the metal particles. In our case, a nickel-free 
prosthesis was used for revision because of a positive history of metal atopic reaction despite the neg-
ative results of pre-operative patch tests. In fact, this kind of diagnostic procedure is known to produce 
false negative results in some patients, such as in cases of insufficient exposure time, a patient’s low 
sensitivity to certain allergens, or previous treatments and medications that interfere with the reaction.

CONCLUSIONS

The described case showed the importance of relative prosthetic components’ position in unicompart-
mental knee arthroplasty. An incorrect alignment may lead to severe liner wear and massive metallosis 
in a few months, requiring extensive joint debridement. A metallosis, though rare, should always be 
considered in case of implant failure, and in that case, an early revision surgery should be planned.
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