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Abstract Hip resurfacing arthroplasty (HRA) is an alterna-
tive to conventional, stemmed total hip arthroplasty (THA).
The best reported results are young, active patients with good
bone stock and a diagnosis of osteoarthritis. Since the 1990s,
metal-on-metal (MoM) HRA has achieved excellent out-
comes when used in the appropriate patient population.
Concerns regarding the metal-on-metal bearing surface
including adverse local tissue reaction (ALTR) to metal
debris have recently lead to a decline in the use of this
construct. The current paper aims to provide an updated re-
view on HRA, including a critical review of the most recent
literature on HRA.
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Introduction

Hip resurfacing arthroplasty (HRA) is an alternative to con-
ventional stemmed total hip arthroplasty (THA). HRA was
initially made popular in the 1960s, although early implants

demonstrated a high rate of wear and loosening secondary to a
multitude of factors including flaws in implant design, incon-
sistent manufacturing, technical errors, and poor initial fixa-
tion [1, 2]. Technological advancements resulting in increased
manufacturing reliability and the development of designs with
low surface roughness, low diametral clearance, and high car-
bon content have significantly decreased MoM bearing sur-
face wear and improved overall implant dependability [2–4].
As a result of these improvements, HRA regained interest and
popularity in the 2000s. The most commonly used contempo-
rary design, the Birmingham Hip Resurfacing (BHR; Smith
and Nephew, Memphis, TN USA), was first implanted in
1997 in England and was approved for use in the USA in
2006. The design includes a thin, cementless monoblock
acetabular component and a cemented, stemmed femoral
component (Fig. 1).

Commonly cited theoretical advantages of HRA over THA
include proximal femoral bone stock preservation, return to
impact activity, avoidance of stress shielding, a lower disloca-
tion rate, maintenance of normal anatomy, and easier revision
surgery [1, 2, 5–7, 8•, 9–26]. However, HRA does not come
without potential disadvantages, including early implant
failure with specific designs [27–37], femoral neck frac-
ture [30, 38–42], adverse local tissue reaction (ALTR)
to metal debris and systemic increase in metal ions [1,
2, 14, 27, 36, 37, 43–50, 51••, 52•, 53], the need for an
extended surgical exposure, and increased technical de-
mands for implantation. Recent literature continues to
investigate patient selection, improvements in surgical
technique, implant-specific outcomes, patient monitoring
for local and systemic effects of metal debris, and long-
term patient results. The current paper aims to provide
an updated critical review on recent literature pertaining to
HRA and provide the authors’ insight on current controversies
related to the use of HRA.
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Patient selection

Several recent investigations have highlighted the importance
of patient selection in HRA [2, 7, 9–14, 17–20, 22–24, 29, 38,
46, 54], with current indications limited to male sex, age less
than 60 years, and larger patient size. Numerous authors have
reported excellent short to mid-term outcomes in this patient
population, with similar survivorship to THA, ranging from
96 to 98 % at 5 years and 88 to 99 % at 10 years [7, 9–12, 14,
17–20, 22–24, 26, 29, 46, 55, 56••, 57••]. Alternatively, sev-
eral risk factors have been shown to contribute to increased
rate of HRAwear and failure, including increased acetabular
inclination angles, small femoral component sizes, implant
design factors, developmental dysplasia of the hip (DDH),
female sex, increased patient age, renal disease, and develop-
mental decreased bone mineral density. These recent reports
have helped better elucidate which of these factors may be
predictive of patient outcomes and are highlighted in the fol-
lowing sections below. In general, we also feel that it is im-
portant for patients to either regularly participate in moderate
athletic activities or work as a manual laborer to justify the
unique risks of the procedure.

Sex

Female sex, which has been reported as an independent risk
factor for failure in multiple studies, continues to be a topic of
interest in the current literature [9, 17, 19, 22–24, 29, 50, 54].
A systematic review by Haughom et al. demonstrated a higher
rate of complications (ALTR, dislocation, aseptic loosening,
and revision) in women following MoM HRA [54].

Corroborating this finding, the Canadian Arthroplasty
Registry reported female sex as an independent risk factor
for early HRA failure [9]. However, Haughom et al. particu-
larly note that a causative relationship between female sex and
implant failure cannot be established secondary to various
confounding factors including smaller component sizing, gen-
der differences in ligamentous laxity, bone quality, and a
higher prevalence of DDH leading to higher combined
anteversion [54]. Recent studies have strongly linked smaller
femoral component size and cup malpositioning as two of the
most significant risk factors for HRAwear, edge loading, and
failure; these risk factors are more likely to occur in females
given their increased prevalence of DDH and smaller head
size [53, 56••, 57••, 58].

It is the authors’ belief that female sex alone is an unlikely
direct cause of HRA failure. This idea is supported by a study
from Liu and Gross [56••] who reported on a safe zone for
acetabular component positioning in hip resurfacing (RAIL:
Relative Acetabular Inclination Limit) based on implant size
and acetabular inclination angle (AIA). When the AIA fell
below the RAIL, there were no adverse wear failures or dis-
locations. Additionally, the risk of having elevated metal ion
levels above 10 μg/L being was <1 % when AIA fell below
the RAIL, regardless of sex. Female gender was reported to be
a risk for higher metal ion levels, along with increased AIA
and smaller femoral component sizes. These findings suggest
there is a subset of women who may benefit from HRAwith-
out elevated risk, consistent with our experience. High-level
evidence pertaining to this topic is scarce, and further investi-
gation is warranted.

Developmental dysplasia of the hip

Patients with arthritis secondary to DDH are more often young
and active females. This patient population is known to be at
higher risk for complications following THA [59], and simi-
larly, DDH has been identified as an independent risk factor
for failure following HRA [12, 54, 59, 60]. Gross et al. [59]
reviewed 1216 patients who underwent HRA and reported
DDH as the sole risk factor predictive of early failure in their
multivariate analysis. Interestingly, women with the primary
diagnosis of DDH had a survivorship rate of only 75 % com-
pared to 93 % for the entire group at 8-year follow-up. The
authors proposed that the higher incidence of DDH in women
is likely the primary contributing factor toward females hav-
ing an overall higher incidence of failure after undergoing
HRA.

During acetabular component positioning in HRA, the cup
is ideally placed near the recommended 40° of abduction.
However, the vertical, anteverted nature of the dysplastic hip
results in significant cup uncoverage at the anterosuperior
edge when the cup is placed in this position [57••, 59]. As a
result, many surgeons may elect to increase the cup version

Fig. 1 Hip resurfacing arthroplasty
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and abduction angle to obtain better bony coverage, despite
this being a known risk factor for increased edge loading,
wear, and early HRA failure. Additionally, patients with
DDH may have higher femoral anteversion, which is chal-
lenging to correct given the nature of femoral resurfacing.
This further increases the risk of edge loading and potential
failure. Thus, the presence of DDH is a relative contraindica-
tion for HRA. However, DDH occurs on a spectrum and each
patient should be treated as such. Currently, there do not ap-
pear to be evidence-based solutions to this problem, leaving
opportunity for new implant designs and techniques to
emerge.

Osteonecrosis

Osteonecrosis (ON) of the femoral head is usually progressive
and frequently results in collapse of the femoral head requiring
subsequent hip arthroplasty. Mixed results have been reported
regarding outcomes of HRA in this patient population [12,
61–64]. Proponents of the HRA in the setting of ON argue
that adequate removal of necrotic bone during femoral head
preparation will provide a strong, healthy scaffold for cemen-
tation and prosthesis support [62, 64]. Opponents argue ON
may result in aseptic loosening and femoral neck narrowing
secondary to ON progression [12, 54, 61, 64]. Additionally,
cases of extensive femoral head debridement present further
challenges because of reduced surface area for implant fixa-
tion and increased failure rates with small femoral compo-
nents [12, 54, 61, 64].

It is our opinion that youngmale patients with femoral head
ON may be offered HRA as an operative intervention if they
meet specific imaging criteria. Magnetic resonance imaging
(MRI) should be utilized during surgical planning to assess the
extent of signal enhancement encompassing the head and
neck. In our practice, patients with ON extending into the neck
are not considered suitable candidates for HRA. Patients with
limited peripheral ONwhich does not significantly extend into
the neck or areas of implant fixation are treated on a case-by-
case basis, extensively outlining the risks and benefits of the
HRA versus THA in this setting.

Surgical factors

There are several surgeon-related factors that may contribute
to improved long-term outcomes in patients undergoing HRA,
which will be reviewed here.

Acetabular component positioning

A growing body of recent evidence attributes higher metal ion
levels and wear rates to increased acetabular inclination and
higher degrees of combined anteversion [7, 10–12, 39, 43, 46,

49, 53, 54, 56••, 57••, 58, 60]. As previously highlighted, Liu
and Gross [56••] reported on RAIL, which outlines a safe zone
for acetabular component positioning in HRA based on im-
plant size and AIA. They found that there were no wear-
related failures (with the risk of metal ion levels above
10 μg/L being <1 %) when AIA falls below the RAIL. They
reported AIA to be an independent risk factor for elevated
metal ion levels outside of this acceptable limit.

Amstutz et al. [57••] substantiate the findings of Liu and
Gross, reporting 98 and 94.3% survivorship at 5 and 10 years,
respectively, with the only variable associated with revision
being lower contact patch to rim distance (CPRD). CPRD is
described as the distance between the center of the contact
patch (the contact area of the femoral articular surface with
the acetabular component during any and all functions) and
the acetabular rim, which had previously been used to deter-
mine susceptibility to edge loading [65]. Cups with higher
AIA result in shortened CPRD, which is thought to increase
edge loading, accelerate wear, and lead to elevated ion levels.
Using the Conserve Plus (Wright Medical Technology Inc,
Arlington, TN, USA) HRA, Amstutz concluded the preferred
cup orientation is an abduction angle of approximately
42°±10° and anteversion angle of approximately 15°±10°
[57••]. These results were substantiated by Matthies et al.
[58] who also reported CPRD as a predictor of wear edge
loading. Yoon et al. [53] subsequently reported on CPRD as
an indirect predictor for increased metal ion levels and abnor-
mal wear in HRA. Patients with CPRD less than or equal to
10 mm had a 37-fold increased risk of having elevated serum
cobalt levels and a 11-fold increased risk of having elevated
serum chromium levels.

These studies provide convincing evidence that acetabular
component orientation, specifically elevated AIA above 55°
and CPRD less than 10 mm, increase the risk of abnormal
component wear, elevated metal ion levels, and early compo-
nent failure. Although Liu and Gross provide an early model
for an acetabular safe zone in HRA, continued research is
needed to corroborate these findings. In our experience, ex-
cellent results in a young and highly active population have
been demonstrated when these parameters are followed, and
we believe further investigation is warranted in the form of
large, prospective studies.

Femoral preparation

Intra-operative notching of the femoral neck and varus com-
ponent positioning has been implicated in increasing femoral
neck fracture risk [2, 8•, 9, 30, 35, 54, 63]. Notching violates
the cortex, creating a stress riser, and thereby increasing the
risk of femoral neck fracture during the postoperative period.
Varus malposition of the component increases strain experi-
enced by the superior femoral neck, with a resultant increased
risk in fracture and loosening. Biomechanical analysis has
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shown notch depth of just 2 mm weakens the neck by 25 %,
with a larger 5-mm notch decreasing the neck strength by
nearly 50 % [66]. As even small cortical neck notches and
mild varus malpositioning may have potentially devastating
construct consequences, surgeons must take care when pre-
paring the femoral resurfacing component.

Smaller femoral head sizes have been shown to be associ-
ated with increased rates of wear, ALTR, and component fail-
ure in both clinical and biomechanical settings [3, 4, 9, 29, 36,
46, 49, 51••, 56••, 59]. However, these factors are largely
patient-dependent and are difficult to control intra-operatively.
An early biomechanical study assessing the role of head di-
ameter and clearance demonstrated that head diameters should
be as large as possible and diametral clearances as low as
practicable [4]. The authors explained that as the head diam-
eter increases, the articulation is more likely to promote fluid
film lubrication, subsequently improving wear characteristics.
More recently, patients with smaller femoral sizes (38–
44 mm) have been targeted in screening for high metal ion
concentrations, as this population has been found more likely
to have blood metal ion levels above 7 μg/L [49].

Surgical approach

Similar to THA, there is an ongoing debate over the best sur-
gical approach for HRA. The posterior approach has been
criticized for compromising femoral head vascularity, as the
deep branch of the medial circumflex artery is often violated.
This theoretically increases the risk of osteonecrosis, collapse,
and subsequent failure [67] Regardless, the posterior approach
continues to be the most commonly utilized surgical approach
for hip resurfacing because it allows excellent visualization.
Modifications of preserving the soft tissue envelope around
the neck leading to better preservation of the blood supply have
been described, but the long-term benefits of such modifica-
tions have yet to be reported [67, 68]. In contrast to the poste-
rior approach, surgical dislocation (via the trochanteric slide)
and anterior surgical approaches better preserve the blood sup-
ply to the femoral head. Trochanteric nonunion and painful
hardware are reported risks of surgical dislocation, while
intra-operative fracture and lateral femoral cutaneous nerve
injury can occur during the direct anterior approach [68, 69].

A recent Canadian HRA study investigation of nearly 550
consecutive patients reported a 5-year survivorship of 94.5 %
with no statistical differences in patient outcomes or reoperation
rates between anterior, trochanteric slide, lateral, or posterior
approaches [67]. Lorenzen et al. [69] performed a prospective,
randomized trial investigating postoperative ischemia following
HRA and found the posterior approach resulted in increased
postoperative ischemia in the femoral head and neck.
However, they also found the anterolateral approach resulted
in considerable postoperative femoral head and neck ischemia.
The authors convey that other possible explanations, such as

intra-operative disruption of the retinacular vessels or altered
microcirculation secondary to heating from the cementation
process, need to be investigated [69].

Currently, there is no literature to convincingly suggest
superiority of one approach over another. The senior author
prefers the posterior approach for HRA, as it allows for better
visualization and is also the approach most commonly used
for his practice. It is our opinion that a surgeon performing
HRA use the most familiar surgical approach to that individ-
ual, as excellent results have been reported using various
approaches.

Implant-specific outcomes

The BHR and Conserve Plus are two of the most commonly
utilized and most studied FDA-approved HRA devices in the
USA. Both offer mid-long-term outcomes of approximately
88–99 % at 10 years [11, 12, 17–20, 24, 43, 46, 52•, 53, 64,
67, 70]. Concerns about asymptomatic pseudotumors and im-
plant longevity in HRA remain. However, a higher percentage
of implant failure in HRA as compared to THA remains to be
seen [6, 13, 43, 46, 67, 71].

Two devices have been recalled from the market. In 2010,
the Articular Surface Replacement (ASR; DePuy,Warsaw, IN,
USA) was recalled secondary to high rates of early failure [28,
29, 35, 36, 72]. These failures were attributed to the acetabular
design, which resulted in an unacceptably low clearance, cup
deflection, and increased wear [29]. The Durom Acetabular
Component (Zimmer Inc., Warsaw, IN, USA) was voluntarily
recalled because the company deemed the instructions for use
and surgical technique inadequate. In addition, multiple stud-
ies revealed higher early failure rates than other designs, with
no single design flaw indicated [27, 29, 31, 34].

These implant outcomes must be kept in mind when fol-
lowing a HRA patient, as higher rates of failure are seen with
certain implant designs and may provide the surgeon insight
on potential etiologies of implant failure.

Patient surveillance

Metal ion levels

Increased systemic levels of chromium (Cr) and cobalt (Co)
ions are thought to correlate with bearing surface wear and
metal ion levels in synovial fluid [37, 49, 51••, 52•, 58, 65,
70]. Recent attempts have been made to identify patient pop-
ulations at increased risk of wear and elevated system metal
ion levels. During the first 9 to 12 months following HRA,
serum metal ion levels appear to reach their peak, followed by
a leveling off or a slow decrease in concentrations thereafter
[51••, 52•]. Patients with persistently elevated serummetal ion
levels have been found to have substantial bearing surface
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wear with abnormal edge loading [29, 51••, 52•, 57••]
Therefore, systemic Cr and Co concentrations are considered
surrogate markers of in vivo wear and are routinely followed
clinically in patients who have undergone HRA.

A threshold of serum Co and Cr of 7 μg/L was established
by theMedicines and Healthcare products Regulatory Agency
for monitoring patients who have undergone MoM hip re-
placement. It is not clear if this threshold accurately identifies
a MoM device complication. In an effort to better elucidate a
serum metal ion threshold indicative of abnormal wear pat-
terns and possible ALTR, Van Der Straeten et al. [51••] ex-
plored whether asymptomatic HRA patients could be differ-
entiated from those with clinical and/or radiographic warning
signs based on metal ion levels and sought to determine a
threshold for serum metals predictive of the need for clinical
intervention. They reported the asymptomatic group’s levels
to be lower than the poorly functioning group, with acceptable
upper serum levels being Cr 4.6 μg/L and Co 4.0 μg/L for
unilateral HRA and Cr 7.4 μg/L, Co 5.0 μg/L for bilateral
HRA. The specificity of these levels in predicting poor func-
tion was high (95 %) and sensitivity was low (25 %). In an
ensuing study, the same author measured metal ion levels at
10 years and found that Co and Cr levels significantly de-
creased over time in well-functioning implants [52•]. In
asymptomatic patients, mean ion levels were Cr 1.95 μg/L
and Co 1.62 μg/L for unilateral resurfacings and Cr
3.46 μg/L and Co 2.66 μg/L for bilateral resurfacings. An
increase>2.5 μg/L from baseline measurements was associ-
ated with poor function [52•].

It is presently unclear if patients should undergo routine
monitoring with serummetal levels. Surveillance may be war-
ranted even in asymptomatic patients in at-risk patient popu-
lations, including those with a preoperative diagnosis of DDH,
suboptimal component positioning, smaller head size, or de-
creased CPRD. In asymptomatic HRA patients with elevated
metal ion levels, we also recommend close surveillance, as
evidence suggests elevated concentrations are associated with
early failure secondary to ALTR [72]. Specifically, Co greater
than 20 μg/L have been reported to be frequently associated
with metal staining of tissues and the development of
osteolysis [72]. Revision of asymptomatic patients with ele-
vated metal ions is controversial, as studies have been unable
to find a direct correlation between ion levels and the tissue
damage observed at the time of revision surgery [45, 73]. In
general, we utilize metal artifact reduction sequence (MARS)
MRI as an adjunct for monitoring in patients who are symp-
tomatic or who have elevated serum metal levels.

Adverse local tissue reaction

ALTR is defined as abnormal fluid collections, solid or semi-
solid pseudotumors, or muscle or bone damage secondary to
metal debris [44]. Early diagnosis of ALTR is essential, as

delayed diagnosis may result in irreparable soft tissue damage
and complicate reconstructive options. Warning signs for ear-
ly HRA failure include pain, weakness or limp and mechani-
cal symptoms, as well as those with a recalled implant [44].
Recently, imaging studies such as ultrasonography (US), met-
al artifact reduction sequence magnetic resonance imaging
(MARSMRI), and slice encoding for metal artifact correction
(SEMAC MRI) have also been advocated to identify patients
with ALTRs [44, 74•, 75, 76].

ALTRs have been reported in both symptomatic and
asymptomatic MoM patients, with a prevalence of 5–68 %
in asymptomatic individuals [44, 75–77]. Although little de-
bate exists on whether revision surgery may be indicated in
symptomatic MoM patients with evidence of ALTR, clinical
decisions regarding asymptomatic patients with ALTR are not
well established. Even selection of the correct imaging modal-
ity is debated, evidenced by a recent Level I investigation by
Garbuz et al. that prospectively compared US to SEMAC
MRI for pseudotumor detection in an asymptomatic cohort
of patients with MOM implants [74•]. The authors found an
overall pseudotumor incidence of 31 % with US having a
sensitivity of 100 % and specificity of 96 % while MRI
reporting a sensitivity of 92 % and specificity of 100 %. The
authors concluded a negative US reliably rules out
pseudotumor in asymptomatic patients, and given its lower
cost, they recommend ultrasound as the initial screening tool
for pseudotumors. Althoughmore cost effective, the availabil-
ity of a local ultrasound technician trained in detecting
pseudotumors is variable and ultrasonography does not pro-
vide as much information regarding the bone or soft tissue as
does MRI. Therefore, both US and MRI are highly sensitive
and specific tools that may be used for detection of ALTR in
HRA patients. Van der Weegan et al. recently proposed guide-
lines on treatment of ALTR following HRA, suggesting a
conservative approach for mild to moderate pseudotumors
that are asymptomatic and have normal metal ion levels while
recommending surgical intervention in those with severe
pseudotumors and elevated ion levels [77].

As we continue to investigate the natural history of ALTR
in MoM arthroplasty, it is our opinion that clinicians must
continue to treat their patients on a case-by-case basis, using
the available evidence-based literature to guide their decision-
making process. Surgeons should integrate findings from the
history and physical examination, plain radiographs, metal ion
levels, advanced imaging studies, implant design, and implant
positioning to direct their decision-making.

Return to activity

Debate exists over appropriate timing for return to high impact
activity following HRA. Studies reporting on proximal femur
bone mineral density (BMD) have shown return of normal
BMD as early as 6 months, with maintenance through 5 years
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[8•, 42, 78–80]. In our practice, HRA patients are allowed to
begin jogging and return to heavy labor at 6 months. This is
based off a prospective study by Bedigrew et al. [8•] that
reported no difference in proximal femoral BMD between
6 months and 1 year. Similarly, we discontinue posterior hip
precautions and allow full hip range of motion exercises at
6 weeks following HRA. No dislocations following HRA
have been reported in our practice in doing so.

Outcomes and modes of failure

Excellent short to mid-term outcomes have been reported in
HRA, with survivorship as high as 96–100 % at 5 years and
93–99 % at 10 years [7, 9–12, 14, 17–20, 22–24, 26, 29, 46,
55, 56••, 57••]. Major factors affecting long-term success have
been previously highlighted, including component size, im-
plant design, preoperative diagnosis, patient sex, age, and sur-
gical technique. In the following section, we concentrate on
the two most common modes of failure in FDA-approved
devices.

Femoral neck fracture

Femoral neck fracture is a common cause of early HRA fail-
ure, accounting for up to 35 % of revisions [9, 40, 41]. Poor
bone density, older age, and smaller femoral components have
been associated with increased risk [9, 40, 41]. A cadaveric
study reported that gender, low preoperative DEXA scan, and
neck width measurements were risk factors for femoral neck
fractures and should be used together to assess fracture risk in
patients being considered for HRA [40]. Varus positioning of
the femoral component and large regions of osteonecrosis
resulting in varus collapse of the implant have also been im-
plicated in femoral component loosening and femoral neck
fracture [63]. Femoral neck notching, as discussed above,
has also been implicated in increasing fracture risk [8•, 9,
30]. Patients who have experienced an intra-operative notch
should be followed closely and be given delayed clearance for
high impact activities [8•]. Immediate postoperative protected
weight bearing is controversial and should be treated on a
case-by-case basis.

Aseptic loosening

Aseptic loosening of either femoral or acetabular components
is another common cause of failure in HRA [54, 57••, 60].
Failure of the femoral component was previously reported as
the most common cause of aseptic loosening; however, new
literature suggests that malpositioning of the acetabular com-
ponent may result in a higher rate wear and acetabular failure
[53, 54, 57••, 60]. Furthermore, recent investigations on BMD
surrounding the femoral neck and shaft have reported BMD

preservation or improvement over time in patients who have
undergone HRA, making femoral neck fracture less likely
after 6 months [8•, 42, 78–80]. In light of these new reports,
acetabular aseptic loosening and wear may prove to be the
most common long-term causes of HRA failure.

Conclusion

Exceptional long-term outcomes following HRA may be
achieved with careful patient selection and meticulous surgi-
cal technique. HRA remains an excellent choice for surgical
intervention in young, active patients who desire return to
impact activities and may place a higher demand on their
hip reconstruction. Close clinical follow-up and patient sur-
veillance is necessary to quickly identify and address implant
failures. Further investigation is necessary to improve the
patient selection process, component positioning, component
design, and postoperative monitoring.
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