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Abstract

Hip resurfacing arthroplasty (HRA) is a concept of hip
replacement that allows treating young active patients with
a femoral bone preserving procedure. The proposed
advantages of resuming an active lifestyle with increased
frequency and duration of sports activities have been shown
to be realistic. The 30-year cost-effectiveness in young male
patients has been shown to be higher in resurfacing
compared to conventional total hip replacement (THA).
However, prognosticators of an inferior outcome have also
been identified. The most important patient related factors
are secondary osteoarthritis as the indication for surgery
such as post-childhood hip disorders or AVN, female
gender, smaller component sizes and older age (>65 years
for males and >55 years for females). In addition, surgical
technique (approach and cementing technique) and
component design are also important determinant factors
for the risk of failure. Moreover, concerns have surfaced
with respect to high metal ion concentrations and metal
ion hypersensitivities. In addition, the presumed ease of
revising HRA has not reflected in improved or equal
survivorship in comparison to a primary THA. This
highlights the importance of identifying patient-, surgery-
, and implant-related prognosticators for success or failure
of HRA. Rather than vilifying the concept of hip
resurfacing, detailed in depth analysis should be used to
specify indications and improve implant design and surgical
techniques.
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Introduction

Hip resurfacing arthroplasty (HRA) is a technique of
prosthetic hip replacement attempting to treat
osteoarthritis (OA) of the hip with only partial resection
of the femoral head (Fig. 1). The concept has been favored
for young and active patients, particularly because of the
femoral bone preserving nature of the procedure.
Moreover, the construct is proposed to have an increased
stability due to the near-anatomical diameter of the
articulating surface compared with the 28- or 32-mm total
hip arthroplasty (THA) components (McMinn et al., 1996;
Amstutz et al., 1998). Therefore, HRA is presumed to
more closely restore the human anatomy and physiology
than conventional THA (Table 1).

However, the resurfacing concept is not new but is
still surrounded with debate and controversies. The first
two generations of HRA with stemless femoral
components have been abandoned during the 80s due to
high failure rates caused by the excessive wear of the large
diameter polyethylene bearing surface (Amstutz et al.,
1986; Howie et al., 1990; Schmalzried et al., 1994). The
development of metal-on-metal (MoM) bearings with
improved fluid film lubrication was the most important
factor in the reemergence of HRA as a concept. Metal-
on-metal HRA with a cementless, porous or hydroxy-
apatite coated, non-modular socket in combination with
a cemented, stemmed femoral component was
reintroduced into clinical practice since the 90s
(Schmalzried et al., 1994). Wear-induced osteolysis was
proposed to be eliminated by MoM bearings and several
other advantages of current generation HRA were
additionally mentioned by its proponents including a more
precise biomechanical restoration, physiologic femoral
loading and reduced stress-shielding, reduced dislocation
rates, and a decreased prevalence of thrombo-embolic
phenomena. The bone preserving principle at the femoral
side and the presumed easier revision surgery were
mentioned as the most important advantages at longer term
(Table 1).

Short-term clinical follow-up reports of MoM HRA
have been encouraging, (De Smet et al., 2002; Amstutz
et al., 2004b; Daniel et al., 2004; De Smet, 2005) with
femoral neck fractures (Amstutz et al., 2004b; Shimmin
and Back, 2005; Shimmin et al., 2005) and femoral
loosening (Amstutz et al., 2004a) being the most prevalent
causes of failure, up to 5.6% and 2.3% respectively.
However, these reports have been published mainly from
the designer centers (Amstutz et al., 2004a; Treacy et al.,
2005) (Table 2). The experiences of these high volume
arthroplasty surgeons have led to adaptations in the
techniques and, consequently, the results are still evolving
(Beaulé et al., 2004a; Beaulé et al., 2004b; Daniel et al.,
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2004; Schmalzried et al., 2005). Long-term data from non-
designer centers are still lacking and HRA has already a
widespread use with results being published from 3
National Joint Replacement Registries (NJRR) (Corten and
MacDonald, 2010; de Steiger et al., 2010; Web ref. 1; Web
ref. 2; Web ref. 3; Web ref. 4). Currently, concerns about
HRA and specific particular HRA designs have surfaced
leading to narrowing the indications and optimizing the
techniques for the procedure (Corten and MacDonald,
2010; de Steiger et al., 2010).

It was the aim of this report (1) to evaluate our current
knowledge of the functional results, the survivorship and
prognosticators for complications and failure of HRA and
(2) to identify the state-of-the-art of HRA with its current
weaknesses and possible improvements that could lead to
more reproducible techniques and results in the future.

Materials and Methods

We searched PubMed and Medline with the terms “hip
resurfacing”, “hip resurfacing arthroplasty” and “surface
replacement hip”. Reports documenting on surgical
technique, implant engineering and complications were

evaluated for their relevance in identifying problems and
improving the procedure to the current state-of-the art of
HRA. Clinical follow-up reports of HRA with the
following inclusion criteria were evaluated: (1)
survivorship analysis at a minimum of 5 years and (2) a
combination of primary and secondary osteoarthritis as
the indication for HRA. We excluded manuscripts reporting
only on secondary osteoarthritis, as the results from these
reports were – in general – also included by the same
authors in other reports where the overall results of their
HRA series were evaluated. This left twelve papers that
met the inclusion criteria (Table 2). The reports were
assessed for indication of surgery, follow-up, revision rates,
indication of revision, reoperations other than revision and
complication rate (with all reoperations included as
complications). The data from the Annual Reports of the
Australian (Web ref. 4), Swedish (Web ref. 2; Web ref. 3)
and English (and Welsh) National Joint Replacement
Registry (NJRR) (Web ref. 4), published in or prior to 2009
were included, as were manuscripts reporting on registry
data and being published in 2009 and 2010. Osteoarthritis
caused by femoroacetabular impingement is defined under
primary osteoarthritis in most reports and the NJRR.

Presumed advantages of HRA over THA 

Femoral bone conservation (Amstutz et al., 1984; Girard et al., 2006

et al., 2006) 

Improved function as a consequence of retention of the femoral head

Gore et al., 1985) 

More precise biomechanical restoration (Girard et al., 2006; Gore et

Decreased morbidity at the time of revision arthroplasty (Ball et al.,

Reduced dislocation rates (Amstutz et al., 1998; McMinn et al., 199

Normal femoral loading and reduced stress-shielding (Kishida et al.

Easier management with proximal femoral deformity (Amstutz et al

Improved outcome in the event of infection (Treacy et al., 2005) 

Easier first time revision with less co-morbidities (Ball et al., 2007; 

Reduced prevalence of thromboembolic phenomena (Treacy et al., 2

Table 1: Overview of the presumed advantages of HRA over THA.

Fig. 1. (a) Radiograph of a 52-year old male patient who suffered from bilateral osteoarthritis. (b) The patient was
treated by a two stage bilateral HRA using an open surgical dislocation technique with a step ostotomy of the
greater trochanter.

a b
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Therefore, in this report primary osteoarthritis was defined
as osteoarthritis not related to (1) childhood hip joint
degeneration such as hip dysplasia, Legg-Calve Perthes
disease, (2) post-traumatic osteoarthritis, (3) osteonecrosis
or other primary hip joint diseases.

Results

Failure of HRA
The outcome of HRA is determined by a complex interplay
of patient-, implant- and surgery-related parameters. All
these parameters can have different influences on the
different failure modes of HRA. Femoral neck fractures,
which have a prevalence of 1.0% to 5.6% (Beaulé et al.,
2004a; De Smet, 2005; Shimmin et al., 2005a; Marker et
al., 2007; Steffen et al., 2009b; Madhu et al., 2010), and
aseptic loosening, which has a prevalence of 1.0% to 2.0%
(Beaulé et al., 2004a), have been identified as the main
causes of failure accounting for 75% of all aseptic revisions
of HRA (Amstutz et al., 2004b; Web ref. 1; Web ref 3).
McBryde et al. (2010) found that the risk of revision was
the highest in the first post-operative year and that
periprosthetic fractures occurred in patients who were
significantly older. This might suggest that bone quality
plays an important role in HRA survival but there was no
increased risk for fractures in females (Amstutz et al., 2011;
McBryde et al., 2010). Refractive groin pain (6%) was
another presumptive aseptic indication for HRA revision
in Australia (de Steiger et al., 2010). HRA appears to be
associated with a higher prevalence of groin pain than
conventional THA (18% versus 0.4-7%, respectively) (Ala
Eddine et al., 2001; O’Sullivan et al., 2007; Bartelt et al.,
2010; Nasser et al., 2010). Potential factors leading to groin
pain include a proud anterior socket rim, neck-socket or
iliopsoas impingement, hypersensitivity to metal ions,
higher activity level and possibly higher expectations for
patients receiving MoM bearing surfaces that might make
those patients more likely to report postoperative pain
(Taher and Power, 2003; Willert et al., 2005; Korovessis
et al., 2006; O’Sullivan et al., 2007; Khanduja and Villar,
2008). More recently, MoM related issues such as
pseudotumors (Figs. 2 and 3), high blood ion levels and
allergy towards Co-Cr ions have raised additional concerns
against the use of HRA (Davies et al., 2005; Willert et al.,
2005; Siebel et al., 2006; De Haan et al., 2008). Ollivere
et al. (2009) reported a 1.9% incidence of metallosis as
the indication for the early failure in a consecutive series
of 493 Birmingham HRA. The prevalence of
pseudotumours has been associated with female gender
(Pandit et al., 2008; Glyn-Jones et al., 2009) but also
component size is important because Amstutz et al. (2011)
also found 4 cases all in patients with component sizes
<46mm.

Revision of HRA is associated with a major risk of 5-
year re-revision of 11%, which is much higher than the
2.8% revision risk of a primary THA (Web ref. 4). The
cumulative re-revision rate of HRA is 8.4% at 3 years (Web
ref. 4). This is comparable to the re-revision rate of
conventional THA of 8.2% at 3 years (Web ref. 4). Socket-
only revision is associated with a CRR of 20% at 5-years
in comparison to 7% of femoral-only and 5% of both

component revisions (de Steiger et al., 2010). Interestingly,
infection is an uncommon cause of primary revision (0.3%)
whereas 25% of re-revisions are conducted for infection
(de Steiger et al., 2010). Grammatopoulos et al. (2009)
evaluated 53 HRA revisions and concluded that
pseudotumors were associated with the highest risk of re-
revision (38%).

Because of the clinical importance, the correlation
between patient-, implant- and surgery-related parameters
with the different failure modes of HRA will be discussed.

Patient related parameters
Initial studies indicated low failure rates at 1-7 years of
follow-up. However, no comparison to age- and gender-
matched cohorts following THA was provided (Table 2).
This comparison was possible from the data provided in
the NJRR (Corten and MacDonald, 2010; McGrory et al.,
2010). After adjustment for age and gender, HRA had a
three- to fivefold increased risk for revision in comparison
to THA in England, Wales and Sweden at 1 to 3 years
(Web ref. 1; Web ref. 3). The overall 5-year cumulative
percentage revision rate (CRR) of HRA was 3.7% as
opposed to 2.7% for THA in Australia. This increased to
5.3% and 4%, respectively at 8 years and the lowest
estimate of the additional risk for revision of HRA was
1.4 times compared to THA for matched patients during
the first 7 years after surgery (McGrory et al., 2010; Prosser
et al., 2010; Web ref. 4).

The indication for surgery, gender, component size and
age have all been identified as important patient related
prognosticators for HRA failure (Corten and MacDonald,
2010; McGrory et al., 2010). Post-childhood hip disorders
and avascular necrosis (AVN) were associated with a
significantly higher risk of HRA failure compared to
primary osteoarthritis (OA) and the 5-year revision risk of
HRA for hip dysplasia (DDH) and AVN were respectively
four and two times higher than that of THA (3%) (Web
ref. 3; Web ref. 4). In general, male patients treated for
primary OA had a 2.5 times lower risk of HRA failure
than females, irrespective of age (McGrory et al., 2010;
Web ref. 3; Web ref. 4). However, this difference
disappeared after adjustment for femoral component sizes
 50 mm, which was in accordance to large case series

Fig. 2. Resected soft tissue mass around the
posterolateral proximal femur (pseudotumor) in a 55-
year old patient with a neck fracture 5 years following
HRA.
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where the effect of gender was neutralized after stratifying
to component size (Amstutz et al., 2011; McBryde et al.,
2010). Moreover, within gender, the 5-year revision risk
of HRA with head sizes  50 mm was comparable to THA
(Prosser et al., 2010; Web ref. 4). In addition, the risk for
revision of components 44 mm and from 45 to 49 mm was
respectively more than five- and threefold the risk for
revision of components  55 mm in diameter (McGrory et
al., 2010). McBryde et al. (2010) found a 4.87-times
increased risk of revision per year with every 4 mm
decrease in femoral component size in a 5-year follow-up
series of 655 cases. Finally, age was another important
prognosticator with males < 65 years having slightly better
results at 5 years with HRA than with THA (Web ref. 1;
Web ref. 4). In females, however, a dramatic increase in
revision rate was seen in those between 55 and 64 years
indicating that females should be 55 years or younger at
time of surgery (Prosser et al., 2010; Web ref. 4). Probably
less important prognosticators for failure are BMI and
patient activity level as conflicting conclusions have been
reported (Siebel et al., 2006; Le Duff et al., 2007; Amstutz
et al., 2011; Banerjee et al., 2010). However, surgical bias
towards these parameters should be taken into account. A
higher sports activity level has not been found to be
associated with adverse effects (Banerjee et al., 2010)
although others suggest that a BMI <30 kg/m2 and an
increased activity level were interrelated which could
explain the detrimental effect of a low BMI on survivorship
(LeDuff et al., 2007; Amstutz et al., 2011). However, lower
body weight has also been found to be associated with
smaller component sizes (Beaulé et al., 2004a). Finally, a
more normal morphology of the proximal femur and the
absence of bone cysts >1cm have been associated with
better outcomes (Amstutz et al., 2004a; Beaulé et al.,
2004a; Schmalzried et al., 2005).

Implant related parameters
Metal-on-metal bearing surfaces have improved wear
properties in comparison to conventional metal-on-
polyethylene (MoPE) surfaces (MacDonald et al., 2003).
However, the size, the number and the chemical properties
of released ion particles are different from the polyethylene

particles (Sieber et al., 1999). As a consequence, the
biologic responses to metal ions are different from those
to MoPE (Davies et al., 2005). The utilized implant has
been identified as an important prognosticator for HRA
failure (McGrory et al., 2010; Web ref. 3; Web ref. 4). The
Birmingham Hip Resurfacing (BHR) (Smith & Nephew,
Memphis, TN, USA) was the most commonly used device
(70%) with the longest follow-up in the NJRR (Web ref.
1; Web ref. 3; Web ref. 4). The 3-year revision rate was
1.8% in England and Wales (Web ref. 1). The number of
revisions per 100 observed component years for the BHR
was 0.8 as opposed to 2.6 and 2.3 for the ASR (DePuy,
Warsaw, IN, USA) and Durom (Zimmer, Warsaw, IN,
USA), respectively (Web ref. 4). There are 2 important
features of an implant that determine the survivorship:
metallurgy and implant design. Both are interrelated and
determine the biological responses to implantation of a
HRA.

Metallurgy
The metallurgy of the bearing surface is implant specific
and is highly influenced by the manufacturing process.
Briefly, the processes can be divided into cast- or wrought
forged with hot isostatically pressed treatment or solution
heat-treatment. This will result in different carbide contents
that, in turn, determine the wear resistance and metal ion
releases (Catelas et al., 2003). A high carbon content
wrought forged HRA design has been associated with the
lowest metal ion releases (Vendittoli et al., 2007). The
biological responses to metal ion release can be divided
into cellular, local and systemic reactions. Direct binding
of Cr to cellular DNA is well documented (Wolf et al.,
1989) and will inhibit the repair processes of aberrant DNA
(Witkiewicz-Kucharczyk and Bal, 2006). In addition,
reactions with metal ions can lead to the generation of free
radicals which can react with DNA and induce damage to
purine and pyrimidine bases (Dizdaroglu et al., 2002).
They can also induce inter-strand crosslinks or DNA-
protein crosslinks (Bacon et al., 1983; Marnett, 1999).
Permanent modification of genetic material resulting from
this oxidative damage and the inhibition of the repair
processes induced by Cr-bindings can represent the first

Fig. 3. The histological evaluation of the resected periarticular mass revealed an extensive macrophage infiltration
of soft tissue (A) and bone (B) with accompaning sclorosis, fibrin depositis and focal necrosis (hematoxylin and
eosin staining; original magnification 100x).

A B
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steps in mutagenesis and carcinogenesis. Focal chromosal
aberrations have been detected clinically (Ladon et al.,
2004) and concerns regarding the risk of carcinogenesis
have raised (Gillespie et al., 1996; Shimmin et al., 2005b;
Willert et al., 2005; Keegan et al., 2007; Lidgren, 2008).
However, to date there is still no evidence that HRA would
be associated with an increased risk for carcinogesis.
Various local adverse reactions, such as extensive necrosis
(Boardman et al., 2006; Ollivere et al. 2009), periprosthetic
osteolysis (Amstutz et al., 2011; von Schewelov and
Sanzén, 2010) and soft tissue masses (pseudotumour
reactions) (Figs. 2 and 3) (Gruber et al., 2007; De Haan et
al., 2008; Hart et al., 2009) have been associated with MoM
devices. The underlying causes of these biological
responses remain unclear, but are probably induced by an
accumulation of abovementioned cellular responses to
metal ion releases (Willert et al., 2005; Davies et al., 2005;
Siebel et al., 2006; De Haan et al., 2008; Glyn-Jones et
al., 2009; Grammatopoulos et al., 2009; Amstutz et al.,
2011; Campbell et al., 2010). However, they have also been
associated with a delayed immune reaction to metal ions
(delayed hypersensitivity) (Pandit et al., 2008). Campbell
et al. (2010) demonstrated substantial differences in the
histological features of pseudotumor-like tissues from
patients with high wear compared with those tissues from
patients suspected to have metal hypersensitivity. There
was generally less disruption of the synovial surface, and
greater preservation of the normal tissue architecture in
the high wear group. In contrast, the most extensive damage
to the tissues and the highest density of lymphocyte
aggregates occurred in patients suspected to have a metal
hypersensitivity reaction. Finally, pseudotumor-like
reactions have also been reported in HRA without evidence
of high wear or metal hypersensitivity (Malviya and
Holland, 2009; Campbell et al., 2010). The lesions can
either be cystic or solid (Boardman et al., 2006; Gruber et
al., 2007; Pandit et al., 2008; Toms et al., 2008;
Grammatopoulos et al., 2009) and are generally
characterized by extensive necrosis in the presence of B-
cells, T-lymphocytes, and plasma cells (Pandit et al., 2008).
The inflammatory blood markers remain normal.
Periprosthetic osteolysis has also been associated with a
perivascular accumulation of activated macrophages and
T-lymphocytes producing bone-resorbing cytokines (Park
et al., 2005). In addition, Co and Cr are toxic to osteoblasts,
leading to markedly reduced alkaline phosphatase activity
(McKay et al., 1996; Fleury et al., 2006). The cells can
also release pro-inflammatory cytokines such as IL-6 and
TNF- (Hallab, 2001; Anissian et al., 2002; Hallab et al.,
2002). These cytokines can in turn activate the
differentiation of pre-osteoclasts into mature bone resorbing
cells (Kudo et al., 2003). Finally, Co and Cr inhibit the
release of osteocalcin into the bone matrix, thereby
contributing to a delayed mineralization of the
periprosthetic bone tissue (Morais et al., 1998; Fernandes,
1999). A higher rate of hypersensitivity reactions to cobalt
chloride skin testing was observed in patients with
osteolysis, which suggested to be indicative for a delayed-
type hypersensitivity to metal (Davies et al., 2005; Park et
al., 2005). A vicious circle of phagocytosis, lysis and release
of Co and Cr particles by the macrophages (Rae, 1986)

has been suggested to induce an acquired or antigen-
specific immune response, such as a type IV delayed
hypersensitivity reaction driven by T-lymphocytes (Hallab
et al., 2005; Willert et al., 2005; Witzleb et al., 2007). In
addition, metal-protein complexes produced from
degradation of metal alloys are immunologically active
through unknown proliferative responses (Hallab, 2001).
Unfortunately, there are currently no reliable standardized
predictive tests for metal allergy and hypersensitivity
(Shimmin et al., 2008). There are some concerns regarding
systemic release of the metal ions. Cobalt (Co) and chrome
(Cr) ions are soluble. As a result, they are detectable in
serum, erythrocytes and urine (MacDonald et al., 2003;
Back et al., 2005; Daniel et al., 2007; Daniel et al., 2010).
The peak serum levels of Co and Cr occurred at 6 and 9
months respectively, and reached a 10- and 16-fold
increase, compared to the preoperative levels. These peaks
were followed by a gradual decline over the next 15
months (Back et al., 2005; Daniel et al., 2007). There is
evidence, from an animal study, to suggest that Cr ions
can accumulate in the liver (Jakobsen et al., 2007). In
contrast, the renal Co clearance progressively increased
at higher levels of Co release, thereby indicating that
cumulative build-up of Co ions is not expected with normal
kidney function – not even in cases of increased ions
release (Daniel et al., 2010). Increased transplacental ion
levels have also been reported with concerns rising
regarding the risk for chromosomal fetal aberrations (Case
et al., 1996; Doherty et al., 2001; Ladon et al., 2004;
Brodner et al., 2004; Papageorgiou et al., 2007; Ziaee et
al., 2007). Finally, a combined Co and Cr whole blood
level of >5 g/L was found to be associated with a
reduction in the circulating levels of CD8+ lymphocytes.
The clinical relevance of this observation remains
unknown (Hart et al., 2006).

Design
Some HRA implants might be more prone to metal ion
release than others, because they have a specific design
with a lower arc angle that can lead to more edge loading.
This will jeopardize the lubrication and will lead to
increased metal wear debris (De Haan et al., 2008). There
is a decreased femoral head-neck offset in HRA in
comparison to THA. This leads to a higher risk for
impingement of the femoral bone against the socket.
Therefore, surgeons have to adjust the abduction or
anteversion angle of the socket in order to prevent this
impingent from occurring, but this adjustment might
induce edge loading especially in those designs with a
lower arc angle (De Haan et al., 2008). In other words,
when the arc angle (similar to the lateral center edge angle
in native hips) is lower, there is a decreased window of
opportunity to position the socket in an optimal position
that does not induce impingement but also prevents edge-
loading from occurring (Kluess et al., 2008). These designs
are thus more prone to increased metal debris and failure.
Implant size influences the tribological behavior of HRA:
higher ion levels have been found with smaller implants
(Langton et al., 2008). There might be several
explanations. First, the sliding velocity is higher in larger
implants and this enhances fluid-film lubrication (Smith
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et al., 2001; Dowson et al., 2004; Lin et al., 2006; Liu et
al., 2006). Second, there might be less resistance to cup
deformation in smaller implants. Third, the articular arc is
smaller (Jeffers et al., 2009) and therefore smaller cups
are associated with an increased vulnerability to component
malpositioning with undesirable socket abduction angles
over 50-55°, which increases the risk of edge-related wear.
Furthermore, smaller components are more likely to be
used in mild or moderate DDH-cases which might lead to
a steeper socket inclination as the shallower dysplastic
acetabulae are more difficult to reconstruct. These
situations will lead to less clearance and hence higher
friction and wear of the articulating surface (De Haan et
al, 2008; Glyn-Jones et al, 2009; Pandit et al, 2008). In
addition, smaller components may be more vulnerable to
less optimal component positioning in the sagittal plane,
as minor degrees of malalignment may lead to an increased
risk of impingement because of the relative decrease in
the head-neck ratio (Kluess et al., 2008). Neck-socket
impingement may lead to microseparation, rim damage
and groin pain, eventually leading to revision surgery
(Lavigne et al., 2008b; Nikolaou et al., 2009). Smaller
diameter components might predispose to periprosthetic
fractures because the femoral stem is often not
proportionally sized, with the result that it is relatively
thicker versus the femoral neck. This, in turn, leads to
relatively more bone loss, increased superior neck strains
and increased stress shielding due to a mismatch in the
modulus of elasticity of the stem and the bone (Shimmin
and Back, 2005; Shimmin et al., 2005; Taylor, 2006;
Radcliffe and Taylor, 2007; Appleyard et al., 2008; Ong
et al., 2008).

Finally, the incidence of aseptic loosening of the
socket seems to be implant-dependent with the BHR being
associated with the lowest incidence at the present time
(Table 2).

Surgery related parameters
Resurfacing is technically more difficult than conventional
THA and each step in the procedure is subjected to surgical
error starting from the surgical approach. Several case
series indicate that improvement in technique and increased
experience resulted in a decrease in revision rates and better
functional outcome scores (Siebel et al., 2006; Marker et
al., 2007; Mont et al., 2007; Amstutz et al., 2007; Amstutz
et al., 2011). However, this was not found in another large
series (McBryde et al., 2010). Surgery related parameters
play an important role in implant survival on the femoral
side. Zustin et al. (2010) analyzed a series of 107 femoral
head remnants following fracture at a mean of 5 months
after implantation. Three fracture morphologies with
different causative explanations were identified. Acute non-
necrotic fractures (9%) occurred outside the component
and were likely provoked by mechanical weakening of
the bone, induced by notching or uncovering of the bone,
which is proportionally more important in smaller sizes.
Acute post-necrotic fractures (52%) occurred at a mean
of 5 months. Chronic non-necrotic fractures (40%)
occurred at a mean of 6 months and might have been
induced by factors such as varus positioning of the
component or relative neck lengthening by abundant polar

cement (Zustin et al., 2010). The latter can also predispose
to aseptic loosening (Howie et al., 1993). The cement
mantle and depth of penetration vary widely, depending
on the viscosity of the cement, the bone density and the
design clearance between the reamed head and the femoral
component (Mjoberg et al., 1984; Chandler et al., 2006;
Morlock et al., 2008; Shimmin et al., 2010). The
combination of a small component size and a low BMD
could result in excessive penetration of cement thereby
possibly leading to thermal necrosis of the femoral head.
One study showed that loosening commonly occurred in
the absence of AVN, and proposed that it may be related
to local increase in pressure, abrasion by cement and
interference with the local blood supply (Howie et al.,
1993). The following relevant surgery-related parameters
of the HRA procedures will therefore be discussed: (1)
parameters leading to neurovascular injuries, (2) bone
conservation on the acetabular side, (3) femoral component
positioning and (4) cementing techniques. The importance
of accurate acetabular component positioning to prevent
edge loading and increased surface wear has been
discussed above.

Neurovascular injuries
Post-operative avascular necrosis of the femoral head has
been suggested to be one of the reasons for a periprosthetic
fracture, neck narrowing or loosening following HRA
(Schimmin and Back, 2005a; Beaulé et al., 2006b; Zustin
et al., 2010). The understanding of the anatomy of the
extraosseous blood supply to the femoral head is of
particular interest when conducting HRA because of its
vulnerability during the procedure, especially with the most
commonly used extended posterolateral approach (Gautier
et al., 2000; Steffen et al., 2005; Beaulé et al., 2006a;
Beaulé et al., 2007a; Khan et al., 2007; Amarasekera et
al., 2008). Several approaches have been investigated or
modified in order to preserve an optimal oxygenation of
the femoral head during and after the procedure. The direct
lateral approach (Nork et al., 2005; Jacobs et al., 2008),
the trochanteric flip approach according to Ganz et al.
(Ganz et al., 2001; Steffen et al., 2009a), and the modified
posterolateral approach (Steffen et al., 2010) have all been
shown to lead to less disruption of the blood flow and
oxygenation of the femoral head in comparison to the
extended posterolateral approach which was associated
with a decrease of the blood flow, ranging from 40% to
70% (Beaulé et al., 2007a; Khan et al., 2007; Amarasekera
et al., 2008). However, the consequences of the disruption
of the medial femoral circumflex artery (Gautier et al.,
2000; Kalhor et al., 2009), with the development of
osteonecrosis, remains unproven (Freeman, 1978;
Hananouchi et al., 2010) – possibly because of the
variability in vascularization and/or the proposed presence
of an intraosseous blood supply, which can be increased
in osteoarthritic joints (Whiteside et al., 1983). The latter
has not been confirmed by recent studies (Schoeniger et
al., 2009a). Smaller femoral head sizes can be more
vulnerable to disruption of the extra- and intra-osseous
blood supply (Steffen et al., 2005), especially due to the
danger of notching and particularly when the stem sizes
are not proportional to the femoral neck diameter. The risk
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for other neurovascular injuries could be minimized. It
was shown, in a cadaver study, that the highest pressures
experienced by the sciatic nerve occurred during acetabular
exposure through the posterolateral approach when the
femur was retracted anteriorly. These pressures dropped
once the gluteal sling, which is the extension of the gluteal
maximus tendinous insertion, was released (Gay et al.,
2010). Another cadaver study demonstrated that the
anterior capsule should be released after dislocation and
with the hip flexed, as all 3 femoral neurovascular
structures move away from the anterior capsule in that
position (Davis et al., 2010).

Acetabular bone preservation
There is some concern that more acetabular bone is
removed with HRA (Loughead et al., 2006). This is the
reason why some surgeons try to downsize the femoral
component as much as possible thereby increasing the risk
of notching with disrupting the blood supply and neck/
socket impingement. However, other studies have shown
that the acetabular component size in HRA is comparable
to cementless THA (Venditolli et al., 2006; Moonot et al.,
2007; Brennan et al., 2009; Naal et al., 2009). There are
no data available whether the pelvic bone stock would be
compromised for revision surgery of HRA. Therefore, we
consider it to be advisable not to downsize the femoral
component and adjust the socket size to the femoral
component size.

Component positioning
Finite element analysis and biomechanical studies have
suggested that 10° of relative valgus can increase the failure
load and reduce the local bone strains and cement stresses
associated with early femoral component failure (Long and
Bartel, 2006; Anglin et al., 2007). On the other hand,
excessive valgus malpositioning may produce notching
of the femoral neck and consequently may increase the
risk of fracture (Beaulé et al., 2006b). Therefore, some
authors have suggested that the instrumentation should be
improved or to use computed navigation, which has been
shown to give a more accurate and less variable femoral
component placement (Davis et al., 2007).

Cementing technique
The cementing technique might be an important factor for
long-term survival, especially in smaller components. It
has been proposed that the reduced surface area for cement
fixation of smaller femoral components compromises long-
term femoral fixation (Amstutz et al., 2011). Therefore, it
was recommended that additional drill holes should be
made in the prepared femoral head to increase the fixation
area (McBryde et al., 2010). Despite that this was done in
all procedures, in a large series of 655 cases with more
than 5 years follow-up, smaller component sizes were still
associated with increased failure rates – leading the authors
to suggest that factors other than the cementing technique
might play a role in the higher failure rates of smaller
components (McBryde et al., 2010). Moreover, drilling
cement holes in smaller heads will be done with smaller
distances between the holes possibly leading to more
thermal necrosis. Cement penetration of 3 to 4 mm is

required to engage at least one level of transverse
trabeculae with sufficient filling of the vertical channels
(Walker et al., 1984). The insertion of a suction device
into the lesser trochanter, pulse lavage of the head,
debridement of the cysts and a dome hole suction have
been suggested not only to optimize cement penetration
(Amstutz et al., 2007), but also to decrease the risk of
thermal necrosis when early reduction is performed (Gill
et al., 2007). However, too deep cement penetration should
be avoided, in order to decrease the risk of thermal necrosis
(Campbell et al., 2006). Applying low viscosity cement to
the femoral component, with an indirect filling technique,
has been shown to lead to polar region cement
concentration with deep radial cement penetration and a
significant lack of cement at the head-neck junction site
(Scheerlinck et al., 2010). The most homogenous
distribution of cement around the femoral head with a
uniform penetration of maximum 4 mm could be achieved
with high viscosity cement applied directly onto the
femoral bone (Falez et al., 2010). In accordance,
Scheerlinck et al. (2010) found that the cement mantle
was more closely to the desired goal of 3 mm thickness
with direct cement packing. In addition, they found that
with direct cement packing and six anchoring holes, of
4.5 mm in diameter and 4 mm in depth, there was no major
effect on the amount of cement pressurized into the bone
– which would minimize local exothermic polymerization
reactions. However, cement packing caused a higher
prevalence of interfacial gaps in the proximal two-thirds
of the implant, a finding of which the consequences were
not clear to the authors (Scheerlinck et al., 2010).

Functional outcomes and quality of life following
HRA
Patients treated with HRA have been noted to have high
postoperative activity levels and quality of life scores
(Narvani et al., 2006; Naal et al., 2007), which are higher
than those of their THA counterparts (Pollard et al., 2006;
Vail et al., 2006; Lavigne et al., 2008a; Mont et al., 2009)
– even after adjustments for pre-operative activity levels
(Zywiel et al., 2009). One study reported that more HRA
patients returned to work (96%) and heavy to moderate
activities (72%) 1 year postoperatively than THA patients
(66% and 39%, resp.). However, both groups were not
completely comparable as the mean BMI of the HRA group
was significantly lower (Lilikakis et al., 2005). Gender
influences functional outcome scores as Amstutz et al.
found, in a case series of 923 patients, that women
improved more in walking, function, and the SF-12 mental
component, whereas males improved more in activity at
an average follow-up of 7 years (Amstutz et al., 2011).
Others found a high level of sports activities after HRA
surgery, with older patients being more active than younger
patients (Naal et al., 2007). More patients participated more
frequently in sports activities with a longer duration of
activities following HRA (Narvani et al., 2006; Banerjee
et al., 2010). However, there was a decrease in high-impact
activities with an increase in low-impact activities found
in another survey of 138 patients at a mean of 2 years
post-operatively (Banerjee et al., 2010). Several complaints
were reported, such as pain (5.9%), fear (4.6%), decreased
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strength and endurance (5.9%), and a limited range of
motion (5.3%) (Banerjee et al., 2010). Bozic et al. (2010)
used a Markov decision model to evaluate the clinical and
economic consequences of HRA compared to THA, in the
United States, and concluded that over a 30-year follow-
up period, HRA patients would experience modestly higher
lifetime gains in quality adjusted life years – with
moderately higher health care costs compared to THA
patients. However, the cost-effectiveness varied markedly
by age and gender with lower incremental cost-
effectiveness ratios in men compared to women and in
younger patients compared to older patients.

HRA can improve terminal flexion by 17° to 32° over
the preoperative values (Schmalzried et al., 2005; Vail et
al., 2006; Banerjee et al., 2010). However, Incavo et al.
(2010) have shown, in a cadaver study, that there were
significant deficiencies with 2 (25%) hips having deficits
in extension and 7 (88%) having deficits in flexion – which
were both normal with THA (Incavo et al., 2010).
Osteochondroplasty of the resurfaced neck was not
considered in these HRA procedures, whereas a decreased
head-neck offset has been associated with a lack of flexion
(Doherty et al., 2007; Kluess et al., 2008). With a typical
resurfacing component, a head-to-neck ratio of 1.4 should
be achieved and some surgeons even consider femora with
a head-neck ratio less than 1.2 to be unfavorable for
resurfacing (McCabe et al., 1999; Schmalzried et al.,
2005). Osteochondroplasty could be used to attempt to
create an ideal head-neck offset (Beaulé et al., 2007b),
but this can sometimes be difficult to achieve in HRA
(Malik et al., 2007) and then proper cup orientation
becomes more important to optimize the range flexion
(Herrlin et al., 1988; Barrack, 2003; Seki et al., 1998).
Malviya et al. (2010) found, in a series of 82 HRA, that
socket anteversion was more strongly associated with hip
flexion than cup abduction or head-neck offset. Little is
known about the lack of restoration of leg length
discrepancies in HRA. One study has shown that 42% of
patients had a limb-length discrepancy after surgery in
comparison to 23% pre-operatively (Banerjee et al., 2010).

Complications, not directly leading to revision surgery,
have been noted with the incidence of nerve palsies being
between 1.7% and 2.1%, which is higher than in THA (1%)
(Schmalzried et al., 1997; Hing et al., 2007; Della Valle et
al., 2009; Madhu et al., 2010). Injury to the femoral
neurovascular structures after hip resurfacing is rare
(0,25% to 1.3%), if proper instrumentation is being used
(Back et al., 2005). Squeaking has been reported in short-
term episodes with the incidence ranging from 3.4% to
10%. This could not be related to decreased patient
satisfaction (Ebied and Journeaux, 2002; Back et al., 2005;
Hing et al., 2007; Esposito et al., 2010). Clicking has been
reported with a prevalence of 1.6% (Madhu et al., 2010).

Discussion

Concerns regarding high rates of THA failure among
young, active patients and a desire to preserve bone for
future revision procedures, has led to the development of
hip resurfacing arthroplasty – which was first introduced

in the United States in the 1970s (Amstutz et al., 1986;
Schmalzried et al., 1994). However, early clinical
experience with HRA was unfavorable, as high failure rates
of aseptic loosening were reported (Head, 1981; Bell et
al., 1985; Mont et al., 1999). The procedure fell out of
favor among orthopedic surgeons in the late 1980s (Jolley
et al., 1982; Bell et al., 1985). The reemergence of the
resurfacing concept was caused by the development of
manufacturing processes that allowed the production of
more optimal metal bearing surfaces since the 1990s. The
initial single center reports supported favorable and
promising outcomes with HRA (Table 2), however there
is a lack of multicenter scrutiny of this procedure. It is the
merit of national joint replacement registries that large
cohorts of patients could be followed and prognosticators
for failure could be identified and compared to
conventional THA, which remains the gold standard for
hip replacement. Overall, this comparison is not in favor
of HRA. However, detailed evaluation of the results
showed that the results should be nuanced. Even more,
under stringent criteria HRA was associated with improved
outcome in comparison to THA.

Patients undergoing HRA are active in sports and would
like to take up sports again after the procedure (Wylde et
al., 2008). It appears realistic to allow patients to regain
their active lifestyle following HRA, although it can be
anticipated that not all strenuous sport activities will be
resumed. Moreover, HRA has been associated with
improved cost-effectiveness in the long term, especially
in young, male patients. These advantages are of
importance for this young patient population, but
prognosticators that are associated with early failure or
unfavorable functional outcome should be addressed.

Despite careful laboratory testing, certain implant
designs resulted in premature failure (McGrory et al., 2010;
Web ref. 3; Web ref. 4). When the orthopedic community
at large is considered, the results from highly specialized
centers may be misleading and perhaps overly optimistic
as indicated by the NJRR. Based on the registry data, HRA
is associated with less optimal results than THA at 5 to 8
years. The lowest estimate of the additional risk for revision
of HRA, compared to THA, was 1.4 times for matched
patients during the first 7 years after surgery (McGrory et
al., 2010; Web ref. 4). However, these findings should be
nuanced as the surgical techniques, implant designs and
results are still evolving. Moreover, in depth analysis of
the registry data and long-term case series allowed us to
isolate prognosticators for implant failure. Briefly, the most
important patient related factors are secondary
osteoarthritis as the indication for surgery such as post-
childhood hip disorders or AVN, female gender, smaller
component sizes and older age (>65 years for males and
>55 years for females). In addition, surgical technique
(approach and cementing technique) and component
design were also important determinant factors for the risk
of failure. Rather than vilifying the HRA concept, one
should use this knowledge to improve the techniques and
narrow the indications for HRA thereby probably
optimizing the intermediate and long-term results.

The concept of HRA as a bone conservative procedure
needs also to be applied to the soft tissues. Any
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conventional approach, whether it is posterolateral or direct
lateral, bears the risk of violating important soft tissues
such as muscles or neurovascular structures around the
hip. This is the reason why some surgeons utilize the
trochanteric flip technique, with the modification of
creating a step-osteotomy (Schoeniger et al., 2009b) of
the greater trochanter instead of a flat osteotomy (Beaulé
et al., 2009). This technique is well established and is
frequently used to treat young adults with femoro-
acetabular impingement (Ganz et al., 2001). It has been
shown to preserve the blood supply of the femoral head
and it minimizes any damage to the peri-articular muscles.
In addition, the technique allows for the obtaining of an
optimal visualization of the acetabulum, with a minimum
risk of neurovascular injuries with external instead of
internal rotation of the hip for femoral and acetabular
preparation, which might be beneficial to minimize the
risk of sciatic nerve injuries. The trochanter step osteotomy,
with a ridge of the anterior cortex and step cut provides
additional stability to the mobile trochanter fragment in
the cranio-caudal and antero-posterior directions. The
personal experience of one of the senior authors (M.
Leunig, personal communication), with this technique
using over 100 BHR resurfacing implants, showed that
there was no avascular necrosis, fractures or trochanter
non-unions at a follow-up of 1 to 4 years. There were few
trochanter refixations (< 5%) due to trochanter
displacements and trochanter screws had to be removed
in about 25% of cases. After insertion of the implants, we
routinely conduct an osteochondroplasty in case
impingement of the neck would occur on the acetabular
rim. Socket reorientation can be done in case the
osteochondroplasty, but would have to be too extensive to
optimize flexion. These measures will minimize the risk
for groin pain and optimize the ROM of the hip. Post-
operatively, the patients are held on crutches for 6 weeks
partial weight bearing which would allow for trochanter
healing and also neck healing following the
osteochondroplasty.

Component size as a prognosticator has been shown
to be more important than gender. There may be a threshold
proportion below which a THA should be considered.
Some authors feel it should be 48 mm or  42 mm (Amstutz
et al., 2011; McBryde et al., 2010), but based on the registry
data we feel a threshold of 50 mm seems more prudent,
certainly for less experienced surgeons. Female gender
does not seem to be a contra-indication for HRA (Amstutz
et al., 2011; McBryde et al., 2010; Prosser et al., 2010).
However, the outcomes of HRA in females are more
dependent and vulnerable to other prognosticators such
as age (<55 years), diagnosis (higher prevalence of DDH
in women) and smaller component sizes. The latter two
are more frequently found in female patients (83% size <
50mm). Also, the adaptations of surgical techniques have
been shown to more significantly improve the HRA
outcomes in females than in males (Amstutz et al., 2011).
The place of pre-operative DEXA scans as a diagnostic
tool in females remains to be clarified. Therefore, we feel
that the indications for HRA should be even more stringent
in females than in males.

Although the effect of component size on intermediate
to long-term survivorship is most likely multifactorial, it
remains uncertain what the most important patho-
physiological mechanism is leading towards these adverse
events. Analysis of the currently used cementing techniques
has shown that there are possibilities for improvement that
might optimize the survival of the implants. Direct cement
packing on the prepared bone leads to the most
reproducible and best cement mantle thickness and does
not increase cement penetration into the bone at the site of
the additional drill holes. Furthermore, it decreases the risk
for incomplete seating due to an oversized polar cement
mantle thickness. These features minimize the risk for
thermal necrosis. In addition, this risk might also be
minimized if design modifications with proportional stem
sizes in smaller components would be available. Finally,
computer navigation can be used and is advisable in less
experienced hands.

There is a broad choice of more than 10 resurfacing
prostheses currently available in Europe. These devices
have subtle differences in design, in terms of material
composition, dimensions of the stem, geometry and
fixation – all of which have a role in the performance of
the device. As a result, some devices have been associated
with significantly higher risks of failure than others.
Therefore, we believe that risk factors of these designs
should be carefully identified, evaluated and improved
upon. In addition, the design features of all currently
available designs should be optimized to decrease the risk
of edge loading, anterior over coverage of the rim and
fixation to the bone. This will allow hip resurfacing to be
used, with more reliable results, by the orthopedic
community at large. Also, advanced research of different
bearing surfaces should lead to surfaces that are not
associated with concerns regarding adverse events, such
as metal hypersensitivities or trans-placental increased
metal-ion levels. However, correct placement of the
components will remain a crucial prognosticator for the
success of the procedure, regardless of which bearing will
be used.

Interestingly, the presumed ease of femoral-only
revision cannot be extrapolated into a better outcome since
the 5-year CRR of femoral-only revision (7%) was over
twice the risk of revision of primary THA. In addition, the
risk for re-revision following HRA was much higher than
the risk for revision following conventional THA.
Therefore, it is of paramount importance that as many risk
factors as possible for failure of HRA are being neutralized
in order to optimize the outcomes of this attractive hip
replacement concept that can be used to treat young and
active patients.
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