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ABSTRACT

Oxidized zirconium (Oxinium™) prostheses, made up of a metallic alloy of zirconium with a ceramic surface formed by oxidizing the
outer layer, were developed as an alternative bearing surface to reduce polyethylene wear and decrease failure of total knee arthro-
plasty (TKA). We report a unique catastrophic failure of an Oxinium TKA with consequent accelerated wear and severe metallosis.
Intraoperatively, we observed extensive wear grooving of the femoral component with exposure of the underlying silver layers and the
complete wear of polyethylene on the medial side. Metallic debris had a peculiar arthrogram appearance, noted within the cut surface
of the femur and tibia, indicative of the osteolysis that occurred, leading up to the failure of the implants. The histopathologic examina-
tion revealed a collection of macrophages with foreign-body reactions and black-pigmented metal-induced wear particles. Oxinium has
clear benefits regarding superior wear properties; however, surgeons need to be aware that there is a risk of exposure to the underlying
layers that may precede accelerated wear, deformation, and metallosis. Uncovering the deeper layers could result in the appearance of
an arthrogram on plain radiographs. Early identification of polyethylene wear and prompt revision is crucial to avoid the rapid progres-
sion of subsequent metallosis and catastrophic implant failure, specifically when using oxidized zirconium components for TKA. To the
best of our knowledge, this is the first report presenting a detailed histologic analysis to provide insight into the mechanisms of the failed

Oxinium components.

Introduction

Total knee arthroplasty (TKA) is an established treat-
ment option for end-stage knee osteoarthritis and has
a survivorship exceeding 90% in the second decade.**
The demand for arthroplasty is also increasing in the
more active and relatively younger population, which
calls for a better-performing prosthesis to cater to the
higher levels of activity in younger patients. Thus,
alternative bearing surfaces that show improved wear
resistance are an area of extensive research because
of the necessity for increased implant longevity.

Oxidized zirconium (Oxinium) comprises an outer
ceramic layer produced from a wrought zirconium
alloy (Zr-2.5Nb) that is oxidized by thermal diffusion
in heated air to create a 5-um-thick zirconia surface.’
The oxide is a transformation of the original metal
surface into zirconium-oxide ceramic.* Oxinium was
developed to provide improvements to reduce wear
when articulating against ultra-high-molecular-weig
ht polyethylene (UHMWPE) and aseptic loosening
in TKA due to its proposed benefits of resistance to
roughening, frictional behavior, and biocompatibility
over cobalt-chromium alloy.** It has also been used
for patients with metal hypersensitivity and revision
after metallosis.®® The Genesis II Oxinium prosthesis
(Smith & Nephew, Memphis [TN], USA) has shown
satisfactory survival rates comparable to those of
more traditional implants.”®

However, there are some concerns about progres-
sive wear and severe metallosis in oxidized zirco-
nium implants.®*® Here, we present a unique case of
catastrophic failure of oxidized zirconium TKA with
resultant synovial deposits of oxidized zirconium and
metallosis as a late complication. To our knowledge,
this is the first reported case of clinical and histologic
analyses of the mechanism of wear of failed Oxinium
components.

Case presentation

A 76-yearold female with comorbidities, including
hypertension and diabetes mellitus, had a TKA with a
cemented Genesis II"™ (Smith & Nephew) for her right
knee osteoarthritis at another institution in March
2008. The femoral component was a cruciate-retaining
Oxinium prosthesis, the tibial component was composed
of titanium, and the insert was made from UHMWPE.
She had an uneventful recovery and had no postopera-
tive complications until 5 years after the primary TKA.
At 10 years after the index surgery, she presented to the
initial facility complaining of mild knee instability and
received conservative treatment (Figure 1). Two years
later, however, she presented to our institution with pro-
gressive pain and worsening instability. She also com-
plained of difficulty in ambulating and knee swelling.

On physical examination, the incision was found to
be well healed, and there was no joint effusion or
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Figure 1. Serial postoperative anteroposterior radiographs (A) immediately, (B) at 5 years, and (C) 10 years following primary oxidized zirconium total knee arthroplasty.

erythema. Her range of motion was 0°-90° with palpable and audible
crepitus. Mechanical hip-knee-ankle axis showed 2° of varus, and
there was no significant laxity in the varus or valgus stress test. We
used the Musculoskeletal Infection Society criteria to exclude peri-
prosthetic joint infection after primary TKA." Blood samples and
joint aspirations were both assessed as within normal limits by our
clinical medicine and microbiology department. Furthermore, the
serum white blood cell count was in the normal range at 7.07K/uL
(reference range: 4.8-10.8K/uL), the C-reactive protein count was 0.27
mg/dL (reference range: 0.0-0.3 mg/dL), and erythrocyte sedimenta-
tion rate was 23 mm/h (reference range: 0-20 mm/h), causing little
concern for an infectious etiology.

Anteroposterior and lateral radiographs revealed a cemented TKA
with obliteration of the polyethylene (PE) space on the medial side.
There was also apparent grooving of the medial femoral condyle
(Figure 2). The radiographs also revealed lobulated, bubble-shaped
opacities following the outline of the joint capsule, extending from
the suprapatellar pouch to the popliteal area of the knee. Bone
scintigraphy and single-photon emission computed tomography/
computed tomography revealed focally increased methylene diphos-
phonate uptake in the right femoral condyle, possibly due to osteoly-
sis (Figure 3). This patient was diagnosed with wear of the PE and
subsequent catastrophic failure of the femoral component.

One-stage revision surgery was performed using a standard
medial parapatellar approach. Severe black metallosis was found

HIGHLIGHTS

Oxidized zirconium (Oxinium) has been shown to be an effective bearing sur-
face for total knee arthroplasty (TKA) and an alternative material for use in
patients with metal hypersensitivity.

This case report describes a patient who experienced catastrophic failure of
oxidized zirconium TKA with resulting accelerated wear and metallosis due
to the metallic wear particles, resulting in a peculiar arthrogram appearance
on the plain radiographs.

Early identification of polyethylene wear and prompt revision are crucial to
avoid the rapid progression of subsequent metallosis and catastrophic implant
failure, particularly when using oxidized zirconium components for TKA.
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intraoperatively within the lining of the joint, suggesting the release
of metallic debris from the prosthesis (Figure 4). The medial side
of the PE had completely worn off, resulting in the erosion of the
femoral component from contact with the tibial tray, as evidenced
by grooving with exposure of the underlying silver layers without
black appearance. Moreover, the tibial component showed black
staining from the metallic debris and groove along the posteromedial
aspect of the titanium tibial component and thinning of the periph-
eral locking mechanism (Figure 5). Metallic debris was also noted
within the cut surface of the femur and tibia, indicative of the oste-
olysis that had occurred, leading up to the failure of the implants.
All the components were removed, and synovectomy was done as
much as possible; however, complete resection of debris was impos-
sible due to the potential risk of neurovascular injury. Revision TKA
was performed using the semi-constrained Constrained condylar
Knee (CCK) (LCCK [Legacy Constrained Condylar Knee]; Zimmer,
Warsaw, Ind, USA) (Figure 6). Metal augmentation was used on the
distal and posterior condyles of the femur to fill the bone defect. She

Figure 2. Postoperative anteroposterior (A) and lateral (B) radiographs of a failed
oxidized zirconium total knee arthroplasty 12 years after index surgery with the
grooving of the medial femoral condyle and the large metal arthrogram.
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Figure 3. Bone scintigraphy and single-photon emission computerized tomography/computerized tomography A) coronal maximum intensity projection image; B)
transaxial image; C) sagittal image; D) coronal image] of a failed oxidized zirconium total knee arthroplasty showed focally methylene diphosphonate uptake in the right

femoral condyle, which was possibly due to osteolysis.

had no postoperative complications and demonstrated an improve-
ment in clinical outcomes with good alignment and no evidence of
osteolysis or loosening 2 years after the revision surgery.

Histopathological examination demonstrated widespread deposition
of black-pigmented metal particles in periprosthetic synovial tissue
(Figure 7). The synovium was reactive and chronically inflamed,
apparently due to extensive deposits of fine black metal fragments.
Infiltration of histiocytes and the formation of giant cells, a response
to foreign substances, were observed in addition to phagocytosis of
the black-pigmented metal (Figure 8).

This retrospective chart review study involving human partici-
pants was in accordance with the ethical standards of the institu-
tional and national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical stan-
dards. The Human Investigation Committee (IRB) of Hwasun
Chonnam National University Hospital approved this study. Written

<z

Figure 4. (A-B) Intraoperative photographs with severe black metallosis within the
knee joint’s synovial lining suggest implant failure due to extensive wear.

informed consent was obtained from the patient to report this case
(CNUHH-2022-219).

Discussion

This case demonstrates a unique case of metallosis because of the
wear particles of a failed Oxinium femoral component based on the
clinical and histologic findings. Our findings suggest that the forma-
tion of the peculiar radiographic finding resembling an “arthrogram”
indicates the presence of oxidized zirconium debris in the synovium.
Therefore, early recognition is crucial to prevent subsequent cata-
strophic implant failure.

In the present case, there were no abnormal findings of implant
failure until 5 years after index surgery. However, at 10 years after
primary TKA, radiographs demonstrated a TKA with obliteration
of the PE space on the medial space with apparent grooving of the
medial femoral condyle. The resultant severe metallosis was caused
by friction between the femoral and tibial prosthetic metal surfaces
due to catastrophic wear of the tibial PE. Then, zirconium deposits in
the synovium gave an appearance similar to that of an arthrogram.
These were derived from the wear and grooving of the Oxinium
femoral component against the titanium tibial base plate. “Oxinium
Arthrogram” of the surrounding prosthetic joint tissue, which is a
sign of oxidized Zirconium implant failure, had grown and worsened
further at 12 years after TKA. Early identification of PE wear and
prompt revision could have avoided the rapid progression of the sub-
sequent metallosis and catastrophic implant failure.

Oxidized zirconium was introduced as an alternative bearing sur-
face with ceramic properties of lower coefficient of friction, fracture
resistance properties of metal, and higher resistance to scratching,
leading to decreased formation of wear particles. Despite this, there
has been evidence of wear and metallosis after oxidized zirconium
TKA.%*12 Frye et al® reported 1 TKA and 1 THA (total hip artho-
plasty) with Oxinium components, which failed with the subsequent
appearance of an arthrogram on the plain radiograph, consistent
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Figure 5. (A) Intraoperative photographs with extensive wear and significant grooving of the femoral component with exposure to the underlying zirconium substrate and
(B) the complete wear of the medial side of polyethylene. (C) Explanted total knee arthroplasty tibial component with black staining from the oxidized zirconium debris and

groove along the posteromedial aspect of the titanium tibial component.

with the findings of our case. They showed the femoral component
with visible wear and exposed the underlying zirconium substrate
of the underlying oxidized layer. Both cases of TKA (the PE was
completely worn through in the knee) and THA (hip PE liner had
dissociated from the cup) had “Mode 2” wear.” In comparison, Kore
et al'® have reported a similar oxidized zirconium TKA failure with
no radiographic signs of an arthrogram or hardware failure. They
showed identical findings of wear and scratches of the femoral com-
ponent, albeit much less abrasive than those of Frye et al,” which may
be the cause of the arthrogram appearance on radiographs.

Metallic-wear debris is a well-known entity resulting from complica-
tions of arthroplasties. The complications of this debris range from
serum elevation of metal ion concentration to pseudotumor. Although
some metallosis cases have radiographic findings of prosthesis loos-
ening and soft tissue swelling, striking radio-opacities of the joint
synovium and capsule are not specific features. Polyethylene debris,

Figure 6. Postoperative anteroposterior radiograph (A) and lateral radiographs (B)
after synovectomy and revision total knee arthroplasty. Metal augmentation was
used on the distal and posterior condyles of the femur to fill the bone defect.
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polymethylmethacrylate, and metal debris are known to cause oste-
olysis*® due to the immune response to the metallic particles and
release of cytokines and inflammatory cells.'®

By comparison, the failure of the Oxinium component in our case and
the few others discussed previously demonstrate the prominent forma-
tion of an arthrogram.*® Kop et al'” proved that the underlying zirco-
nium alloy core is a softer metal than titanium and remains soft after
oxidation, lending itself to plastic deformation, progressive wear, and
metallosis if left exposed.'” Subluxation or dislocation of the replaced
joint can lead to friction between unintended articulating surfaces, and
damage to the thin oxidized surface may expose the deeper layers of
non-oxidized zirconium, which may lead to an adverse tissue reaction.

Metallosis is observed histologically as extensive fibrosis with char-
acteristic dark pigment deposition of wear-induced particles and

Figure 7. Representative photomicrograph of the histopathologic examination
showing periprosthetic metallosis and metal-induced synovitis. The synovium is
reactive and appears loaded with fine black metallic debris (hematoxylin and eosin,
x100).
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Figure 8. High-power magnification showed the presence of black metallic debris
within multinucleated giant cells in the synovial lining (Congo red, 200x).

the presence of histiocytes, including macrophages, dendritic cells,
Langerhans cells, and multinucleated giant cells. Once the inflamma-
tory cascade has been started, macrophages continue to indirectly
cause osteolysis by releasing chronic inflammatory mediators and
by the activation of the RANK/RANKL (receptor activator of nuclear
factor-kB/receptor activator of nuclear factor«B ligand) pathway,
which in turn manifests further failure of the implant.’® In the pres-
ent study, we used pathologic findings to prove that the metallosis
resulted from the wear of the failed oxidized zirconium implant and
tibial PE. However, histologically, oxidized zirconium metallosis is not
significantly different from metallosis caused by other factors, and
the differentiation between oxidized zirconium and other metallic
debris and/or corrosion products can be very difficult at conventional
microscopic examination, especially if mixed in the macrophagic
cytoplasm, and elemental composition analysis is required for defi-
nite characterization.” Due to the limited generalizability in the case
report, further larger studies are needed to elucidate the different his-
tologic findings seen in oxidized zirconium implants.

The present case of failed oxidized zirconium TKA has 3 significant
points. First, the distinct arthrogram appearance on radiographs can
be an alarming sign of rapidly worn, oxidized zirconium and failed
implant, necessitating revision surgery. Second, even if the compo-
nent is fixed with good alignment, close observation and diagnosis
of the PE wear with follow-up imaging are essential to prevent the
rapid progression of subsequent metallosis and osteolysis. Third,
surgeons must take care during the implantation of the component
and cementing not to violate the oxidized zirconium surfaces free of
their black oxidized layer in the femoral component. In retrospect,
serial radiographs could have revealed early clues of PE wear and
subsequent metallosis, especially when she first presented with knee
instability at 10 years after the index surgery, which was most likely
due to attenuation of the normal ligament tension of the knee due to
the loss of the PE height.

Conclusion

Despite the proposed benefits of oxidized zirconium, surgeons need
to be mindful of the possibility of catastrophic wear of the Oxinium,
which can lead to exposure of the underlying layer. This can generate
the risk of accelerated wear, deformation, and metallosis with the
resultant appearance of an arthrogram on plain radiographs; thus,
patients, especially with painful, malaligned implants, should be
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intently monitored clinically and radiographically. Early identifica-
tion of PE wear and prompt revision are crucial to avoid the rapid pro-
gression of subsequent metallosis and catastrophic implant failure,
particularly when using oxidized zirconium components for TKA.
Further study with a more extended follow-up period is needed to
ensure the safety and effectiveness of oxidized zirconium implants.
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