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Abstract Background: Saving bone by resurfacing the
femoral head is not a new concept and the appeal for this
type of hip replacement has remained despite the difficulties
to find a bearing material suitable for this procedure. Pur-
pose: In this article, the unique experience of a surgeon who
has been performing hip resurfacing since its early develop-
ment is presented, along with a comparative analysis of the
performance of successive designs. Results: The overall 10-
year Kaplan—Meier survivorship of the early designs with
polyethylene bearings did not exceed 62% while that of the
current Conserve®Plus metal-on-metal hybrid design
implanted with second generation surgical technique is in
excess of 92%. Further exceptional, in the 10-year survivor-
ship, 99.7% has been achieved with femoral size of 46 mm
and good bone quality. Cementless acetabular components
provide better enduring fixation than cemented designs.
Discussion: Metal-on-metal is currently and fortunately the
only highly successful bearing material that can combine
low wear rates and the manufacturing of a thin acetabular
component to preserve bone and still accommodate the large
femoral head of a hip resurfacing. The adverse local tissue
reactions (ALTR) associated with metal-on-metal devices
are not a bearing material issue per se but one of the device
design and surgical technique. Almost all of ALTR and the
rare events of systemic toxicity are due to abnormal wear
patterns which can be prevented by proper acetabular com-
ponent design and precise socket orientation in both the
coronal and sagittal planes. Further improvements of the
long-term durability with hip resurfacing can be anticipated
with the use of recently developed trabecular bone-like
tantalum or titanium porous coatings and with proper train-
ing of the surgeons interested in performing hip resurfacing
arthroplasty.
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Introduction

Today, younger and more active patients seek hip replace-
ment in an attempt to restore a lifestyle lost to the debilitat-
ing effect of hip arthritis. With this change in patient
population, the likelihood of revision and replacement sur-
gery increases even though the advent of better performing
devices has enhanced the durability and reduced the com-
plication rates of total hip replacement (THR). The need to
develop a more conservative hip replacement procedure,
improve component fixation and bearing couple perfor-
mance and to design physiologic components with biocom-
patible materials stimulated our interest 40 years ago in the
development of surface arthroplasty. By being less invasive,
a revision from resurfacing when necessary could be carried
out more simply with potentially improved results. The
origin of hip resurfacing is generally attributed to Smith-
Petersen and his interposition cup [42]. The early history of
hip resurfacing has been well chronicled in peer-reviewed
literature [2, 3, 10] and various book chapters [4, 6]. The
senior author's experience with resurfacing is unique as it
started in 1975, with an all cemented double cup arthroplasty
design and continued through the entire evolution of the
concept. The purposes of this article were to evaluate the
progresses made overtime, provide an overview of the les-
sons learned from each consecutive design after long-term
follow-up, and describe the current status of hip resurfacing
arthroplasty.

Prosthetic Designs and Patient Demographics

Our experience started with the total hip articular replace-
ment using internal eccentric shells (THARIES), which was
developed at the University of California-Los Angeles
(UCLA) Medical Center by Amstutz and Clarke and became
available in 1975 [9]. The femoral component was made of
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CoCr with a chamfered cylinder internal shape and articu-
lated with an all-polyethylene acetabular component. Both
components were cemented. Three hundred thirty-three
THARIES were implanted in 301 patients with a mean age
of 52.3 years (range 14 to 80 years), between 1975 and 1984
by the senior author (Table 1). All surgeries were performed
using a transtrochanteric approach.

In the early 1980s, the development of cementless fixa-
tion for resurfacing devices derived from the belief that
cement was the main cause of implant failure. The porous
surface replacement (PSR) succeeded to the THARIES and
featured a three-part prosthetic design. A porous-coated
metallic acetabular shell received a ultra-high-molecular-
weight polyethylene (UHMWPE) insert articulating with a
CoCr porous-coated femoral component. Two versions of
the PSR were used in our series: one using a chamfered
cylinder-shaped acetabular shell and a titanium mesh for
bone fixation (PSR, Zimmer, Warsaw, IN) and the other
using a low profile hemispherical acetabular component
and sintered CoCr beads for bone fixation (PSR, Depuy,
Warsaw, IN). On the femoral side, a gentle 3° taper was
introduced in 1990 to facilitate seating without tilting. A
total of 222 hips (197 patients) were implanted with these
designs by the senior author starting in 1983. The patients'
mean age at surgery was 51.0 (range, 15 to 79). The surger-
ies were also performed through a transtrochanteric
approach.

By 1992, the role of polyethylene wear debris in the
formation of periprosthetic osteolysis and implant aseptic
failure had been established and both THR and hip resurfac-
ing benefited from the development of alternate bearing
materials to UHMWPE. However, one of the main criticisms
directed toward resurfacing was that the procedure did not
conserve bone on the acetabular side compared with a con-
ventional THA because of the need to accommodate for a
femoral head of a larger diameter.

Metal-on-metal became the material of choice for hip
resurfacing. From 1993 to 1996, a pilot study of 42 hips
(39 patients) was initiated at our institution using the
McMinn design. All femoral components were cemented
while 19 hips received a cemented acetabular component

Table 1 Demographics of the patient cohorts
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and 23 hips were reconstructed with cementless acetabular
fixation. The mean patient age was 47.5 years (range, 22 to
69). Thirteen procedures were performed through a trans-
trochanteric approach while the remaining 29 were done
with a posterior approach. The senior author also used the
all cementless M/M resurfacing developed in the early
1990s by Heinz Wagner [30] but this system had a very
complicated insertion technique including hemispherical
reaming for the femoral component and was only satisfac-
tory for patients with ideal bone quality. Only four were
implanted. Two survive at 18 years but the numbers are too
small to allow any valid comparison with the other larger
series.

The first Conserve®Plus (Wright Medical Technology,
Arlington, TN) was implanted in November of 1996. The
components were made of CoCr and the design was hybrid
(i.e., porous fixation with sintered beads on the acetabular
side and cemented on the femoral side). Progressive mod-
ifications to the bone preparation and cementing technique
of the femoral component were made throughout the first
300 hips implanted in 263 patients [5]. The mean patient age
was 48.4 years (range, 15 to 71). This series of surgeries is
referred to as the first generation. The procedures were
performed using a posterior approach [1] except in three
hips for which a transtrochanteric approach was used.

The second generation of Conserve®Plus featured the
use of dome and trochanteric suction during cementing, an
increased number of fixation holes in the dome and cham-
fered areas of the femoral head, and a careful removal of all
cystic material using a high speed burr. Three hundred and
seventy hips (324 patients) were implanted using this tech-
nique from March 2000 until April 2004. The mean patient
age was 49.6 years (range, 14 to 78). All surgeries were
performed through a posterior approach.

Results

Using the time to revision surgery for any reason as end
point, substantial differences in survivorship were observed
between the five consecutive series of hip resurfacing

MMRA THARIES PSR MCMINN Conserve Plus Conserve Plus
design 1st generation 2nd generation
Years of 1975 to 1984 1983 to 1992 1993 to 1996 1996 to 2000 2000 to 2004
implantation

Number of hips 333 (301) 222 (197) 42 (39) 300 (263) 370 (324)
(patients)

Male/Female (%) 55/45 63/37 57/43 75/25 70/30

Age (years)

52.3 (14 to 80)

51.0 (15 to 79)

Weight (kg) 75 (36 to 200) 77.5 (43 to 123)
Etiology (%)

OA 53 53

ON 15 16

DDH 10 13

Rheumatoid 6 4

Trauma 5 7

Other 11 7

47.5 (22 to 69)
82.2 (39 to 118)

48.4 (15 to 71)
85.4 (49 to 164)

67
9
10
3
7
4

49.6 (14 to 78)
82.4 (42 to 135)

66
6
11
2
8
7




HSSJ (2012) 8:275-282

100 4 e Conserve + -

2nd generation

-~
w
Il

McMinn

7

THARIES

Implant survival (%)

PSR

[~ 3
o
L
T

T T T T
0 100 200 300

Time after surgery (months)

Fig. 1. Kaplan—-Meier survivorship of the five resurfacing designs
used by the senior author since 1975. Although the follow-up time of
the recent designs is limited, the improvement over time is substantial.
For the Conserve®Plus design, the effects of the second generation
surgical changes were essentially felt on hips with risk factors (femoral
component size <46 mm and/or femoral head defects >1 cm) because
the 10-year survivorship of hip without these risk factors has been
99.7%, even with the early surgical technique

(Fig. 1). These differences were significant (log rank test p=
0.0000) (Table 2). The modes of failure of the various
prostheses evolved over time, illustrating the effects of de-
sign and surgical technique modifications (Table 3).

Discussion
The Metal-on-Polyethylene Era

The comparative survivorship results between designs clear-
ly show areas of improvement over time as each series
benefited from the knowledge derived from the previous
experiences. These improvements can certainly be attributed
not only to the evolution of the prosthetic designs but also to
the modification of surgical technique as shown by the
superior results of the Conserve Plus devices implanted with
the second generation technique over those implanted with
the first generation technique.

Table 2 Survivorship results of the five series of resurfacing
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The primary mode of failure associated with the THA-
RIES design was aseptic loosening of the acetabular com-
ponent, with femoral or combined loosening next, but neck
fractures were rare. The failure rates of the all cemented
system were later explained by the effects of increased
polyethylene wear debris generated by large femoral heads
articulating with UHMWPE, sterilized in air. Acrylic frag-
mentation however, was initially thought to be the main
cause contributing to osteolysis. The hips of males patients
with OA had much higher survivorship at 10 years (76.4%;
95% CI, 62 to 86%) compared with the rest of the series
(55.1%; 95% CI, 46 to 63%). This was explained by a
greater area for fixation and usually better bone quality in
this category of patients. The procedure was largely aban-
doned after reports of poorer results from other centers [22,
25, 33].

The cementless PSR design showed greatly improved
initial femoral and socket fixation. The Zimmer CCD socket
design with titanium mesh contained the migration of poly-
ethylene (PE) debris to the acetabulum so that fixation
remained intact but the primary mode of failure became
femoral loosening or insufficiency fracture due to neck
osteolysis through a path of least resistance of the particulate
debris. However, a change from molded polyethylene to
machined polyethylene may have been an additional factor
decreasing the wear performance of the first generation
polyethylene sterilized in air. The highly improved socket
survival and the ability of revision requiring only a liner
change was a substantial advantage [14]. The Depuy low
profile socket with screw fixation facilitated the implanta-
tion but the debris for the first time in the cementless era
entered into the surrounding acetabulum through the screw
holes of the component. Although the acetabular durability
improved considerably, the overall survivorship perfor-
mance of these devices did not improve compared with the
THARIES because of the high wear rate of femoral failure
due to UHMWPE particulate debris-induced osteolysis.
When revision became necessary, the patients still benefited
from newer and more advanced implants which had become
available, including cementless acetabular components for

5 year survival 95% CI 10 year survival 95% CI 15 year survival 95% CI
THARIES 91.7% 87.8 to 61.5% 54.1 to 36.5% 27.7 to
94.4% 68.1% 45.2%
PSR 72.2% 65.6 to 30.5% 23.8 to 14.2% 8.5 to
77.8% 37.4% 21.2%
MCMINN 80.6% 64.9 to 59.4% 42.3 to 47.9% 313 to
89.6% 72.9% 62.7%
Conserve Plus 1st generation 94.0% 90.5 to 89.2% 84.8 to N/A N/A
96.2% 92.4%
Conserve Plus 2nd generation 97.9% 95.6 to 92.9% 88.3 to N/A N/A
99.0% 95.7%
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Table 3 Summary of the incidence of revision, presented by mode of failures and in association with each design

Acetabular Femoral Femoral neck Sepsis Wear related Instability Other
Loosening Loosening Fracture or ALTR
THARIES? 86 (25.8%) 1 (0.3%) 0 (0%) N/A 0 (0%) 7 (2.1%)
PSR* 28 (12.6%) 23 (12.4%) 1 (0.5%) N/A 2 (0.9%) 28 (12.6%)
MCMINN 16 (38.1%) 3 (7.1%) 1(2.4%) 1 (2.4%) 1 (2.4%) 0 (0%) 0 (0%)
Conserve Plus 1st generation 2 (0.7%) 22 (7.3%) 4 (1.3%) 1 (0.3%) 3 (1%) 1(0.3%) 1 (0.3%)
Conserve Plus 2nd generation 5(1.4)% 4 (1.1%) 3 (0.8)% 0 (0%) 4 (1.1%) 0 (0%) 0 (0%)

“The information provided by the senior author's database did not allow to differentiate femoral from acetabular aseptic loosening. Also, the
values indicated for THARIES and PSR designs are underestimated as information on the mode of failure was missing for a number of hips

revised outside our institution

THARIES revisions (Fig. 2) and often just a liner exchange

for the PSR devices. Cementless femoral stem-type compo-

nents for revision of both systems became available in the

1980s. The stem-type device could then be implanted into a

virgin femoral canal and excellent functional outcomes were

generally achieved for these patients, most of whom were
still young and active [14, 41]. Indeed, for patients with
modest activity levels, some of those prostheses are still

functioning 25 years after index surgery (Fig. 3).

From these early resurfacing designs with PE bearings,
several lessons can be drawn:

1. Hip resurfacing preserves femoral bone stock.

2. The increased stability due to the large ball size was
associated with a markedly reduced prevalence of dislo-
cation compared with THA

3. The procedure did not cause femoral head necrosis [16].

4. There were very few short-term neck fracture failures,
but these appeared to be related to bone stock and
technique.

(-

Longer-term femoral neck fractures seen with the PSR de-
sign were explained by PE wear debris following the “path
of least resistance” to the femoral neck and the technical
difficulty to properly seat the femoral component (absence
of centralizing system), leaving gaps and access to particu-
late debris between the neck and the component [8].
Although acrylic fragmentation was a factor in the
cemented versions, the majority of the failures were
due to component loosening secondary to polyethylene
debris-induced osteolysis [7, 17, 24, 31].

Femoral fixation was critical due to a small fixation area, and
larger diameter components showed better survivorship [30].
Revision to a conventional stem-type device for the
femoral component was easy because the femoral canal
was left intact by the resurfacing procedure.

Although socket loosening was dramatically reduced
with cementless components, the device did not conserve
acetabular bone stock because of the thickness of the
two-component system (a metallic shell and a liner
insert).

Fig. 2. a Pre-revision radiograph of a THARIES resurfacing device taken 18 years after surgery. b The cemented design of the THARIES did not
allow a bone-conserving revision on the acetabular side and required extensive reaming to secure a large cementless acetabular shell. The patient is

doing well 12 years after conversion to THR
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Fig. 3. Antero-posterior radiograph of a PSR CCD design (Zimmer,
Warsaw, IN) 20 years after implantation. Polyethylene wear is suggested
by the asymmetric position of the femoral head with respect to the acetab-
ular component. However, there are no osteolytic lesions visible and the
component fixation is pristine. The patient UCLA activity score remained
moderate throughout the follow-up period with a maximum value of 7. The
reconstruction still has not been revised 25 years after surgery.

The Metal-on-Metal Hip Resurfacing Era

The combination of a need for a more bone-conserving
acetabular component and low wear bearing material leads
the development of hip resurfacing towards the use of metal-
on-metal devices. Currently, only metallic devices can pro-
vide sufficient strength for a thin, one-piece shell that will
accommodate a large femoral head without reaming the

Fig. 4. Fifteen-year radiographic follow-up of a McMinn resurfacing
prosthesis with a “double socket” construct on the acetabular side.
Fixation is secure. A small “divot sign” (arrow) on the lateral femoral
neck indicates a possible repetitive impingement of the neck with the
acetabular component [21]. The patient is asymptomatic
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Fig. 5. Fourteen-year radiographic follow-up of a Conserve®Plus hip
resurfacing. The patient was an “ideal” candidate for the procedure,
with no femoral defects (inserf) and treated with a large femoral
component (52 mm)

acetabulum beyond what would be needed for a convention-
al THA [44, 47].

Our pilot study using the McMinn device clearly showed
the superiority of a cementless fixation over a cemented fixa-
tion on the acetabular side [15] (Fig. 4). It also demonstrated
the usefulness of a short metaphyseal stem to control the
orientation of the femoral component as well as the potential
for durability of hybrid designs using a chamfered cylinder-
shaped femoral reaming (similar to that of the THARIES).

The comparative results between our first and second
generation of Conserve + resurfacings show the efficacy of
a series of technical changes made in the preparation of the
femoral head (use of dome and trochanteric suction, increase
in number of drilled holes, and use of burr in removal of
bone defects) [5]. However, these improvements essentially
had an effect on the durability of the device implanted in
hips with risk factors because the survivorship results of hips
with no femoral defect implanted with femoral components
48 mm or larger have been excellent from the beginning of
the series (Fig. 5) and arguably the best ever of any joint
replacement with a 10-year Kaplan—-Meier survivorship of
99.7% (95%C.1., 98.1-99.9%) [11]. There have been only
two revisions in 468 hips, one 13.1 months post-op (sepsis)
and the other 11.6 years post-op (femoral loosening). Ten-
year minimum results of hip resurfacing are few in the
published literature, but Treacy et al. reported 98% survi-
vorship in male patients operated with the Birmingham hip
resurfacing (Smith and Nephew, Warwick, UK) [46].
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What has perhaps been even more impressive has been
the virtual elimination of neck fractures and femoral loosen-
ing despite continuing to resurface hips in young patients
with serious cystic defects. This has been achieved by im-
proving our technique of femoral head preparation and
cementing in the metaphyseal stem. Although we anticipate
further improvement in results with third generation techni-
ques in these difficult cases, they are unlikely to match those
of patients with good bone quality. However, older men and
women with good bone quality are performing as well in the
younger patients and still retain the benefits of resurfacing.

Adverse Local Tissue Reactions

While the results of hip resurfacing have dramatically
improved, a new mode of failure has emerged and has
become the main focus of patients and surgeons today
[40]. In the past 3 years, the report of numerous adverse
local tissue reactions (ALTR) has raised serious doubts
in the orthopedic community over the benefits of metal-
on-metal implants, in particular when used with stem-
type devices. Failure rates as high as 48.8% at 6 years
were reported for the articular surface replacement
(ASR) Excel (a stem-type device with large femoral
head manufactured by Depuy, Warsaw, IN) [27], even
higher than those of the ASR hip resurfacing. Higher
blood metal ion concentrations were also reported, prob-
ably associated with corrosion products from the stem
and generated at the ball-stem-tapered interface [20].
Even though other large head metal-on-metal systems
have performed better, THR with other bearing materials
can now increase ball size sufficiently to minimize the
risk of dislocation, except in very small hips.

The recall of poorly performing ASR devices has pre-
cipitated an unprecedented rash of unbalanced media articles
questioning the rationale of the metal-on-metal bearing itself
which, along with improved fixation, is the reason for the
dramatic improvement of hip resurfacing results.

At the moment, there is a lack of understanding among
surgeons, patients, and especially the media about the real
cause of ALTR in resurfaced hips. The literature clearly
shows that the primary cause of increased wear is insuffi-
cient coverage of the ball by the socket, coming from poorly
positioned or poorly designed components or both [18]. The
acetabular components with the largest femoral head cover-
age have been associated with lower production of metal
ions and ALTR [28]. However, the failure of reports in the
literature to include all the possible risk factors for increased
wear (socket anteversion, abduction, and component size
and design) as well as their synergistic influence has led
the lay audience to draw simplistic conclusions about the
problem and to an overall condemnation of the bearing
material itself despite the fact that the vast majority of
resurfacing devices other than the ASR and the withdrawn
Durom (Zimmer, Warsaw, IN) are functioning well with up
to 15 years of follow-up.

Often misunderstood, the hypersensitivity or allergic
reactions to metal are a very rare occurrence and while cases
have been reported with other devices, we have not
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identified a histologically proven case with the Conserve®-
Plus design in USA.

Systemic toxicity after metal-on-metal arthroplasty is
rare and has been documented in only two reports of ex-
tremely rare cases of cobaltism in association with extremely
high wear of ASR metal-on-metal THR devices [32, 45]. It
must also be said that most cases of cobalt toxicity reported
in association with hip arthroplasty were observed in con-
ventional THR featuring bearing materials other than metal-
on-metal [23, 36-38, 43].

The debate around metal-on-metal bearings has so far
been about the wear properties of the material. However the
problems associated with these new devices, unlike those
observed in the resurfacing designs using polyethylene bear-
ings, are not a bearing material issue per se, but one of the
device design and surgical technique. Almost all of ALTR
and the rare events of systemic toxicity are due to abnormal
wear patterns which can be prevented by proper acetabular
component design and precise socket orientation in both the
coronal and sagittal planes. While the sensitivity of head
coverage by the socket was initially underappreciated, im-
proved understanding could lead to near elimination of
ALTR which has plagued all evolutionary devices, THR as
well as hip resurfacing.

Metal-on-metal hip resurfacing is not a new technology
anymore and the devices that have been approved by the
FDA after sufficient clinical trials have been available for
well over a decade. It is important to avoid making state-
ments about a procedure based on the poor results of subse-
quent designs which have been recalled or withdrawn while
they were still in their experimental phase.

Conclusion

The need for a bone-conserving procedure to treat the young
patient with end-stage osteoarthritis has been present since
the inception of hip resurfacing and will remain or continue
to grow. This is why hip resurfacing is a treatment option
that is worth pursuing and improving. When comes the time
for revision surgery, as should be expected for most young
and active patients, whether treated with a resurfacing or a
primary THR, the preserved bone stock with hip resurfacing
provides more favorable conditions for a successful surgery
and the technical difficulty of the conversion is comparable
to that of a primary THR [12, 19, 39, 48]. This enables
patients seeking to restore their previous lifestyle to be more
active than with a THR, and numerous authors have reported
high levels of physical activity in patients after hip resurfac-
ing [13, 29, 34, 35].

Tremendous progress has been made in a relatively short
time (less than 40 years) and this compares favorably with
the progress accomplished with conventional THR in a
much longer 70-year history. The current results of our
Conserve®Plus hip resurfacing series are already exceeding
our initial expectations. However several avenues can lead
to future improvements of the concept. Progress in the
precision of component placement can be achieved by using
systems where the instrumentation provides the surgeon
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with the tools to implant the socket with a 42°+£10° abduc-
tion angle and a 15°+10° anteversion angle. A case could
certainly be made for the use of navigation systems which
have shown efficacy in positioning accurately the acetabular
component in conventional THA [26]. This could be partic-
ularly useful for surgeons who have difficulty in achieving
satisfactory orientation.

The porous fixation of the acetabular components could
also be improved by the use of porous tantalum or titanium
material mimicking trabecular bone. FDA approval of such
technology for resurfacing has not been granted yet. Improv-
ing the socket designs of already existing devices to provide
larger femoral head coverage by the socket would give the
surgeon more flexibility of implantation orientation and
lessen the likelihood of abnormal wear. In addition, porous
femoral fixation may further improve long-term durability
but currently awaits FDA approval in USA.

We continue to believe that hip resurfacing ultimately
will be the primary replacement for most arthritic hips with
improved devices but this will require the mastery of im-
plantation techniques by more surgeons.
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