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a b s t r a c t

Oxinium is an alternative bearing surface designed to emulate the superior wear and scratch properties
of ceramic femoral heads in total hip arthroplasty while minimizing the risk for brittle fracturing.
However, recent studies have indicated that hip dislocation following total hip arthroplasty may be a risk
factor for catastrophic failure of the femoral head. Here, we report on a novel case of a catastrophic
Oxinium head and polyethylene liner failure in the absence of previous hip dislocation or trauma and
review the probable failure mechanism. This report underscores the need to be vigilant about proper
acetabular cup and liner seating, particularly in the setting of Oxinium femoral head use. In the event of
Oxinium head failure, metallosis may compromise stabilizing soft tissues including the abductors. Dual-
mobility articulation, which was successful in this case, is one option to consider when the risk for
chronic redislocation is elevated.
© 2018 Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Total hip arthroplasty (THA) has been identified as one of the
most impactful surgeries of this century [1]. Health-care econo-
mists have reported that the incremental cost-effectiveness ratio is
well below the cost-efficiency threshold outlined by the World
Health Organization, underscoring the value of THA [2-4]. With an
increasingly active population in the United States, THAs among
45- to 54-year-olds have doubled, with the proportion of patients
younger than 65 years projected to increase to 50% of all THAs by
2030 [5,6]. This demographic trend has diverted attention towards
the development of longer lasting implant materials.

With a higher demand, younger, and more active patient pop-
ulation, various innovations have been developed to reduce the rate
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of revision THA. In the 1970s, monolithic ceramic heads were
introduced as a superior femoral head bearing surface. They offered
exceptional lubrication surface hardness, and abrasive wear resis-
tance properties when compared against their stainless steel
counterparts, but were prone to brittle fracturing, resulting in more
challenging revision THAs as a result of ceramic debris contami-
nation [7-9].

The increasing prevalence of modular over monobloc designs
have allowed for finer correction of leg-length discrepancy and
control of hip offset, but at the expense of higher rates of
trunnionosis [10,11]. This has led to the dramatic rise in the
popularity of galvanic corrosion-resistant head and stem ma-
terials, namely ceramic and oxidized zirconium (Oxinium;
Smith and Nephew Corporation, Memphis, TN) [12]. Cross-
linked high-molecular weight polyethylene has also proven to
prolong implant longevity [13]. Coupled with the advent of
alumina matrix composite [14,15] (BIOLOX Delta; Ceramtec AG,
Plochingen, Germany) in 2000 and Oxinium technology in 2009,
a new era of THA technology appeared promising.

Oxinium femoral heads are created by heating zirconium alloy
(Zr-2.5% Nb) to 500�C, oxidizing the first 5 mm of the surface from
zirconium to zirconium oxide [16]. The combination of a fatigue-
resistant substrate underneath an oxidized, ceramicized surface
ip and Knee Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 1. Preoperative anteroposterior radiograph of the hips from June 2017
demonstrating a diffuse sclerotic reaction extending into the soft tissue along the
proximal aspect of the thigh, an aspherical femoral head likely due to chronic superior
erosion, a loose femoral component in valgus, and a loose acetabular cup.

Figure 2. Three-dimensional computed tomography showing lateral loss of the
normal spherical contour of the femoral head with eccentric positioning within the
acetabular cup, varus positioning of the femoral stem with global lucency at the
femoral prosthetic/bony interface, and extensive metallosis extending both superiorly
and inferiorly from the greater trochanter along the lateral soft tissues of the thigh.
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was designed to emulate superior wear and scratch properties of
ceramics while minimizing the risk for brittle fracturing [16,17].
This novel design has translated clinically to midterm in vivo
studies demonstrating reduced linear and volumetric wear of
polyethylene (PE) liners when compared with cobalt-chromium
(CoCr), ceramic, and steel femoral heads [18-20].

Although alternative bearings were developed to improve the
wear properties of CoCr femoral heads, there have been multiple
reports of catastrophic implant failure after dislocation [21-23].
Here, we report on a case of a failed Oxinium head and PE liner in a
patient with no known history of hip dislocation or trauma and
discuss the probable failure mechanism.

The patient was informed that data and images concerning the
case would be submitted for publication, and she provided consent.

Case history

Presentation

A 54-year-old woman underwent a staged bilateral THA at an
outside institution in 2009. Although her right hip recovered un-
eventfully, she continued to experience groinpain and limited range
of motion in her left hip. Since 2012, she has had progressively
worseningpain anddeclining functional status, ultimately requiring
a walker. Plain anteroposterior pelvic radiographs in 2012 demon-
strated diffuse hyperdense findings, osteolysis with femoral head
flattening and evident superiormigration of the femoral component
on radiographic imaging, indicative of a dissociated acetabular liner.
Surgical interventionwas recommended and risks of postponement
were explained. However, as the pain was self-limited, the patient
declined surgery.

Over the next 5-years, the patient's pain and condition
continued to deteriorate, causing her to present to our clinic in June
2017. At this time, she reported left groin pain radiating down to her
leg, which prohibited her from ambulating without a walker and
attending activities of daily life such as putting on socks and
reciprocating stairs. Plain anteroposterior radiographs were similar
to images in 2012, demonstrating diffuse interosseous hyper-
densities extending into the soft tissue along the proximal aspect of
the thigh, an aspherical femoral head with superior erosion, a
dissociated acetabular liner, a loose acetabular cup and a loose
femoral component that collapsed into varus (Fig. 1). The patient's
infectious and metal ion workups were negative (erythrocyte
sedimentation rate: 23 mm/h, C-reactive protein<5 mg/L, white
blood cell count: 3.7� 103/mL, plasma Co < 1 ppb, serum Cr < 1 ppb)
and fluroscopic-guided joint aspiration were unremarkable (nega-
tive gram stain and no growth in cultures).

Further evaluation with 3D computed tomography was per-
formed to evaluate bone stock and metal ion soft tissue reaction
(Fig. 2). Three-dimensional computed tomography showed lateral
loss of the normal spherical contour of the femoral head with
eccentric positioning within the acetabular cup suggesting a
dissociated acetabular liner, varus positioning of the femoral stem,
global lucency at the femoral prosthetic/bone interface, and
extensive metallosis extending both superiorly and inferiorly from
the greater trochanter along the lateral soft tissues of the thigh.

Surgical intervention

The patient underwent revision THA of the left hip using a
posterolateral approach in September 2017. After dislocation of the
femoral head, the femoral stem was found to be loose and easily
removed. Intraoperative findings demonstrated flattening of the
femoral head caused by probable dissociation of the liner and
erosion of the femoral head on the metallic rim of the acetabular
component (Fig. 3). Joint fluid cultured and synovium was sent for
pathologic evaluation which later Demonstrated necrosis and
metallosis with no evidence of infection. The acetabular cup was
retroverted, loose and effortlessly removed. The abductors were
found to be completely avulsed, and there was abundant metallosis
requiring meticulous debridement (Fig. 4). A 66-mm fully porous
Redapt cup (Smith and Nephew Corporation) was impacted, and 6
acetabular screws were placed. A POLARCUP Dual-Mobility System
(Smith and Nephew Corporation, Memphis, TN) 53 mm outer shell
was subsequently cemented into the larger 66 mm porous metal
REDAPT cup.



Figure 3. (a) Intraoperative gross image demonstrating flattening of the femoral head caused by probable dissociation of the liner and erosion of the femoral head on the metallic
rim of the acetabular component. (b) Intraoperative comparison of retrieved implant alongside the preoperative anteroposterior pelvis radiograph.
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Attention was then diverted to the femur where a false cortex
was circumnavigated using a Midas Rex MR7 high-speed pneu-
matic surgical drill (Medtronic, Minneapolis, MN), and the
femoral canal was reamed over a guidewire under fluoroscopic
guidance. After further irrigation, a size 22 standard offset Redapt
stemwas impacted. A 28 mm -3 mm offset CoCr head was pressfit
into the dual-articulating polyethylene liner of the POLARCUP
Dual Mobility system. This construct was assembled onto the
femoral stem, and the hip was subsequently reduced. The wound
and soft tissues were again copiously irrigated. The posterior soft
tissue flap was repaired to the greater trochanter through drill
holes. The fascia was closed, and the skin was reapproximated
with skin staples.

Postoperative course

The patient's postoperative course was complicated by a fever
to 101.5�F on postoperative day 3. After further workup, no in-
fectious source was identified. The patient defervesced 6 hours
later with no acute intervention, and the patient was eventually
discharged on postoperative day 7 after achieving physical ther-
apy and occupational therapy goals as well as adequate pain
management.

At the patient's latest follow-up, her groin pain had resolved,
leg-length discrepancy corrected, range of motion improved, and
she was transitioned from a rolling-walker to a single-point cane.
Radiographic imaging demonstrated no evidence of hardware
complications; however, there was persistent metallosis involving
the surrounding soft tissue consistent with prior radiographs
(Fig. 5).
Figure 4. Intraoperative image showing abundant metallosis and a flattened femoral
head.
Discussion

Several investigators have reported that dislocated Oxinium
femoral heads may undergo rapid accelerated wear resulting in
catastrophic implant failure [22-24]. Although the Oxinium femoral
head surface is twice as hard as CoCr femoral heads [25], Kop et al.
[22] found that the substrate is softer, lending itself to plastic
deformity when left exposed and in contact with acetabular shell
materials that are twice as hard [26-29]. However, in our patient,
there was no known history of dislocation. We hypothesize that the
acetabular liner dissociated due to incomplete seating during the
index procedure.

Acetabular liner dissociation is a rare complication of THA, with
the current Pinnacle (DePuy, Warsaw, IN) [26-29] and historic
Galante-Harris (Zimmer, Warsaw, IN) [30-32] designs showing
greater risk. Yun et al. [33] described 23 Pinnacle acetabular liner
dissociations among 8 surgeons at 4 hospitals. Therewas no history
of trauma in any of the patients, and clinically, they experienced a
characteristic sudden-onset discomfort. Radiographs demonstrated
superior subluxation of the femoral, component similar to our
patient. In addition, Yun and colleagues found fractures of the 3
antirotation tabs at the PE rim, allowing for rotational liner
displacement and subsequent direct articulation of the femoral
head with the acetabular shell. Notably, one hip showed extensive
metallosis requiring revision THA 3 months after the index pro-
cedure. Liner dissociation is the likely etiology of our patient's
implant failure given our patient's continued pain after her index
procedure, radiographic evidence of a superiorly displaced and
aspherical femoral head with extensive metallosis at her 3-year
follow-up, and the intraoperative findings of liner dissociation
and aspherical femoral head wear.

Despite the overt metallosis present at the time of revision
THA, the patient had low levels of plasma Co and serum Cr as the
Oxinium femoral head is made from zirconium. Even when CoCr
alloy components fail, studies have shown that metal ion levels
are unreliable predictors of metallosis and should not be used as
primary indicator for revision THA [34-36]. Griffin et al. [34] re-
ported a sensitivity and specificity of 61% and 58% for Co and 31%
and 76% for Cr, respectively. Our findings confirm that metal ion
levels alone should not be used as a screening test for metallosis
and should only be used to supplement clinical and radiological
findings. Considering our patient had residual metallosis post-
operatively, surveillance should include annual clinical exami-
nations with a focus on cardiac, neurologic, and dermatologic
physical examinations. In addition, measurements of blood metal
ion levels and radiologic evaluations should be performed at
subsequent follow-up visits.



Figure 5. Anteroposterior radiograph of the pelvis at latest follow-up demonstrating
no evidence of hardware complication and diffuse metallosis involving the sur-
rounding soft tissue and bone.
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Other described etiologies of Oxinium femoral head failure
include third-body wear, ceramic liner pairing, and PE liner
compromise [37,38]. Tribe et al. [39] described a case of a cracked PE
liner, allowing direct articulation of an Oxinium head with the
acetabular cup, leading to accelerated femoral head wear.

Regarding management, we chose to revise the hip with a dual-
mobility cup to reduce the risk of future dislocation given extensive
soft tissue disruption in part due tometallosis [40]. We recommend
that surgeons take particular care to ensure that the liner is prop-
erly seated and engaged at the time of implantation, especially
when using Oxinium femoral heads.

Summary

This report presents a unique case highlighting failure of the
Oxinium femoral head in a patient with no known history of hip
dislocation or trauma. Improper seating of the liner leading to liner
dissociation was the most likely etiology leading to catastrophic
failure. Our findings stress the importance of ensuring proper liner
engagement when using Oxinium femoral heads, as failure to do so
may lead to catastrophic implant failure. In such cases, dual-mobility
or constrained liners should be highly considered to reduce the risk
of dislocation given the resultant extensive metallosis.
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