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Abstract Hip resurfacing is an attractive concept because
it preserves rather than removes the femoral head and neck.
Most early designs had high failure rates, but one unique
design had a femoral stem. Because that particular device
appeared to have better implant survival, this study asses-
sed the clinical outcome and long-term survivorship of a
hip resurfacing prosthesis. Four hundred forty-five patients
(561 hips) were retrospectively reviewed after a minimum
of 20 years’ followup or until death; 23 additional patients
were lost to followup. Patients received a metal femoral
prosthesis with a small curved stem. Three types of
acetabular reconstructions were used: (1) cemented poly-
urethane; (2) metal-on-metal; and (3) polyethylene secured
with cement or used as the liner of a two-piece porous-
coated implant. Long-term results were favorable with the
metal-on-metal combination only. The mean overall Harris
hip score was 92 at 2 years of followup. None of the 121
patients (133 hips) who received metal-on-metal articula-
tion experienced failure. The failure rate with polyurethane
was 100%, and the failure rate with cemented polyethylene
was 41%. Hip resurfacing with a curved-stem femoral
component had a durable clinical outcome when a metal-
on-metal articulation was used.
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Introduction

Hip resurfacing offers several functional benefits over
THA: the size of the femoral head and neck remains close
to normal, the resurfaced hip is stable [1, 2, 14, 40] and
capable of an excellent range of motion [2, 3, 14, 30], and
the joint retains a greater degree of normal biomechanical
function [25, 30, 33, 42, 43]. It also offers several
procedural benefits: it is more bone conserving than con-
ventional hip arthroplasty because it does not involve
decapitation of the femur, and it results in less blood loss
and rehabilitates more easily [25, 42, 43]. The disadvan-
tages of this procedure include the risk of femoral neck
fracture (0%—7%) [2, 3, 14, 29, 40] and collapse of the
femoral head resulting from osteonecrosis (0%—4%) [8,
26]. Additionally, it is a demanding procedure that requires
anterior and posterior dislocation of the joint [2, 14, 40].
The first total hip resurfacing arthroplasty was devel-
oped by Charnley [10] using a polytetrafluorethylene-on-
polytetrafluorethylene (Teflon™ or Fluon™) bearing. The
procedure failed because of osteonecrosis of the femoral
head. Townley and Walker [39] introduced a device (total
articular replacement arthroplasty, or TARA) with a small
and short curved femoral stem; none of the other sub-
sequent designs, including that of Charnley, used a femoral
stem. In the 1970s, hip resurfacing was popular in several
centers in Europe, Japan, England, and the United States.
However, initial promising results [15, 16, 17, 44] gave
way to unacceptable failure rates (22%—-76%) [21, 22, 41],
owing primarily to acetabular loosening from polyethylene
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wear (10%—-46%) [4, 28, 36]. Less commonly, femoral
neck fracture, osteonecrosis, or loosening of the femoral
component occurred [4, 21, 22, 36, 41, 44].

Resurfacing was largely abandoned again until the
1990s when it was resurrected for the same reasons that
made it attractive initially: many patients want an active
lifestyle that would include participation in sports or rec-
reation [33, 42, 43], they want to keep their bone, and some
patients have the perception that revisions, if necessary, are
easier than with a conventional stem-supported intramed-
ullary hip prosthesis [2, 5, 6]. Modifications were made to
the original design based on the presumed cause of failure,
one of which was the requirement for a very thin and
flexible polyethylene component when retaining a femoral
implant the size of the normal femoral head. However, as
noted earlier, none of the original devices that had high
failure rates had a femoral stem. The one device that did
have a femoral stem appeared to have better midterm
outcomes than the nonstemmed devices [31, 38].

Therefore the following questions were raised: what are
the functional results from curved-stem total hip resurfac-
ing and what is the survivorship of the prosthesis over
long-term followup?

Materials and Methods

Four hundred forty-five patients (561 hips) who underwent
total hip resurfacing (TARA) procedures from 1960 to
1987 were retrospectively reviewed. Conventional THAs
also were performed and it is estimated that approximately
20% of patients treated received a resurfacing prosthesis.
Patients were generally selected for resurfacing procedures
if they were younger than 60 years. Patients older than
60 years were offered the resurfacing procedure if they
were active and if they had excellent bone quality on
their radiographs. None of the patients had a prior implant
arthroplasty, although 18 had previous surgery for a dis-
located hip or fracture. The underlying diagnosis was
osteoarthritis in 334 patients (75%), osteonecrosis in 44
(10%), posttraumatic arthritis in 31 (7%), inflammatory
arthritis in 18 (4%), and developmental dysplasia in 18
(4%). The patient population consisted of 218 women and
227 men with a mean body weight of 71 and 82 kg,
respectively (range, 50-107 kg). The mean age was
52 years (range, 30—74 years) with 97 patients aged 30 to
40 years, 118 aged 40 to 50 years, 109 aged 50 to 60 years,
100 aged 60 to 70 years, and 21 aged 70 to 74 years.

All patients were followed up until death or a minimum
of 20 years; 374 (84%) of the 445 patients had died by the
time of final followup. Twenty-three additional patients
underwent hip resurfacing but were lost to followup and
are not otherwise included in the results. The mean age at
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Table 1. Survivorship among original 445 patients treated with hip
resurfacing

Years since surgery Number (%) Mean age at death
or follow-up

(years; range)

Patients who had died 374 (84) 80 (58-99)
Less than 5 years 19 (5)
5-9 years 24 (6)
10-19 years 54 (14)
20-30 years 166 (45)
Longer than 30 years 111 (30)
Patients alive at followup 71 (16) 75 (53-94)
Survival periods
20-30 years 51 (72)
3040 years 18 (25)
40 years 2 (3)
Patients lost to followup 23

the time of death was 80 years (range, 58-99 years) and
the mean survival time from surgery until the time of death
was 22 years. The remaining 71 patients (16%) had been
followed a minimum of 20 years (average, 27 years; range,
2041 years) (Table 1). Prior Institutional Review Board
approval was obtained for this study.

Surgery was performed by one of two surgeons (JWP,
COT). Each surgical procedure was done through an
anterolateral approach without trochanteric osteotomy. The
hip was dislocated anteriorly and the femur prepared. The
femoral head was downsized when possible, trying not to
notch the femoral neck. The zenith of the femoral head was
removed at an approximate 140° angle to the femur
(measured by a goniometer), and all cystic or structurally
damaged at-risk bone was removed. The guide stem then is
placed into the femoral canal. Fitting this curved stem into
the femur creates slight valgus relative to the medial tra-
becular system of the femur. Cylinder and chamfer cutters
were made to complete the preparation of the femoral
head [38]. Prostheses were placed using an interference
fit, cemented, or porous-coated technique. The surgeon
attempted to place the femoral component in valgus.

The type of prosthesis varied with the time at which the
procedure was performed. In the earliest procedures from
1960 to 1962, the acetabular surface used was polyurethane
(24 patients). This polymer was prepared by mixing the
prepolymer with resin and the catalyst at the time of surgery
and shaping it in situ or on the back table to the femoral
prosthesis. Polyurethane therefore served as the anchoring
cement for the femoral side and as the articular replacement
and cement for the acetabulum. Although it is a plastic, it had
a fairly rough finish. The length of the femoral stem varied
from 127 to 165 mm, with longer stems used more com-
monly in the earlier cases. Metal-on-metal implants became
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Fig. 1 A photograph shows the curved-stem metal-on-metal hip
resurfacing prosthesis. The acetabular component has a small fin and
screw holes for adjunctive fixation.

available in 1962 and were used in 121 patients through the
mid 1970s; these were made of cobalt chromium (DePuy
Orthopaedics, Inc, Warsaw, IN; Howmedica, Rutherford,
NIJ; Zimmer, Inc, Warsaw, IN) (Fig. 1). They were implan-
ted without cement on the acetabular side and with or without
cement on the femoral side. Polyethylene components
(DePuy), which became available in the 1970s (222 pati-
ents), had an initial thickness of 4.5 mm. These components
were later increased to 6.0 mm and cemented in place using
polymethylmethacrylate (Simplex™; Howmedica, NJ). The
two-piece metal-polyethylene component (78 patients) was
porous-coated with a coxcomb fin for adjunctive fixation
(Fig. 2). Fifteen patients received a two-piece cementless
acetabular prosthesis in one hip and a cemented polyethylene
prosthesis in the other (Fig. 2).

Patients were followed prospectively and asked to return
at 1 year, 2 years, 5 years, and every 5 years thereafter.

Fig. 2 An anteroposterior radiograph shows a pelvis with a cemented
polyethylene cup on the left side and a cementless two-piece
acetabular prosthesis on the right side. The radiograph was taken
21 years after insertion of the prosthesis on the right and 29 years
after insertion of the prosthesis on the left.

The Harris hip score was used (COT, JWP) to evaluate the
surgical results [20]. The hip score at 2 years was used to
grade the functional result. When this was not possible,
patients were sent a written questionnaire (Appendix 1) or
contacted by telephone and interviewed using the same
questionnaire. Clinical examinations to final followup were
available for 226 (51%) patients. Written questionnaires
were available for 88 (20%) patients and telephone ques-
tionnaires were available for 131 (29%) patients. Patients
were queried specifically about the need for additional
surgery on their hip. If surgery had been performed, the
patient was asked to provide information about that pro-
cedure. The date of death was obtained by direct
communication with the family. Information regarding the
patient’s hip function was obtained from the family for
patients who had died. Twenty seven patients (6%)
underwent a resurfacing procedure on one side and a
conventional THA on the other. They were asked which
was the better hip based on their perception of a more
natural feel and superior strength or function.

Immediate postoperative radiographs were assessed and
the abduction angle of the acetabular component and the
stem shaft angle of the femoral prosthesis were measured
[2, 7]. The femoral component was considered malposi-
tioned if it was 5° more horizontal (varus) than the medial
trabecular system of the proximal femur [12, 35]. The
acetabular component was considered malpositioned if
the abduction angle was greater than 65° or less than 30°.
The observers (JWP, COT) were not blinded to the results.

Survivorship was computed using Kaplan-Meier survi-
vorship estimates [24]. and the end points consisted of
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Fig. 3 A Kaplan-Meier survivorship curve for the cemented poly-
ethylene acetabular component is shown. The survivorship is 59% at
20 years after prosthesis insertion. Dashed lines indicate 95%
confidence intervals.

revision or removal (or recommendation for revision or
removal) of either component for any reason. Patients were
censored at death or at revision. A 95% confidence interval
was calculated. Survivorship analyses were calculated for
each type of acetabular reconstruction used (Figs. 3, 4).
Failure was defined by removal or revision of the pros-
thesis or consideration for revision based on reduction in
function of the hip with radiographic evidence of loosening
of the components, such as change in position of either the
femoral or acetabular component or extensive radiolucent
lines around the acetabular component and resorption of
bone [1].

Results

The mean peak Harris hip score improved from 57 (range,
8-79) to 92 (range, 63—100) at 2 years. Flexion improved
from a mean of 83° (range, 5°~118°) to a mean of 110°
(range, 65°-140°) between preoperative and postoperative
evaluations. Most patients experienced no pain and only
four (less than 1%) experienced severe pain. Of the 445
patients assessed for postsurgical activity, /5 participated
in strenuous athletics or work and only 22 (5%) did not
work or participate in activities. Ninety percent were not
limited in their activities (Table 2). Of the 27 patients who
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Fig. 4 A Kaplan-Meier survivorship curve for the curved-stem
femoral component is shown. The survivorship rate is 84% at
20 years. Dashed lines indicate 95% confidence intervals.

had a resurfacing procedure on one side and a conventional
THA on the other, all indicated the hip that had resurfacing
was the better hip.

Among living patients and those who died with their
implant in place, the survivorship for the femoral prosthesis
(including patients with all three acetabular implants) was
84% (Fig. 4). However, the metal-on-metal prostheses had
100% survivorship. Failure rates for the remaining ace-
tabular prostheses ranged from 34% to 100% (Table 3).
The highest failure rate (100%) was seen with polyure-
thane. This bearing surface disappeared radiographically
with time (Fig. 5); thereafter, this prosthesis seemed to
function as a hemiarthroplasty. Of the two patients with
polyurethane prostheses undergoing revision, one had
metal-on-metal resurfacing with a good outcome, and the
other underwent THA because of a femoral neck fracture.
The cemented polyethylene acetabular prosthesis (Fig. 2)
also resulted in high failure rates. The 15 patients who
received a two-piece cementless acetabular prosthesis in
one hip and a cemented polyethylene prosthesis in the other
also experienced high failure rates (Table 3). All but two
of the 141 revisions were in patients with metal-on-
polyethylene articulation and two involved a metal-on-
polyurethane prosthesis. None of the metal-on-metal
prostheses underwent revision (Table 3). We removed both
components and inserted an entirely new resurfacing
prosthesis in two patients. The acetabular prosthesis alone
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Table 2. Complications of hip resurfacing procedures

Outcome Number of patients (%) Comments
Complications
Deep infection 11 (2) Over lifetime of prosthesis
Dislocation 5(1)
Periprosthetic fracture (hips) 6(<1) Intertrochanteric and subtrochanteric
Femoral neck fractures 10 (1.7)
Intraoperative femoral neck fracture 1 Converted to THA
Femoral nerve palsy 2 Both patients recovered
Sciatic palsy 510D Recovery: 2 full; 2 partial; 1 limited
as a result of peroneal and tibial involvement
Table 3. Functional results of hip resurfacing
Pain Number (%) Assessed 2 years after procedure
No pain 459 (82)
Slight pain 86 (15)
Moderate pain 12 (2)
Severe pain 4(<1)
Function: postsurgical activity Assessed 2 years after procedure in 445 patients
Highly active 147 (33) Strenuous sports or job
Active and no limitations necessary 254 (57)
Moderately active 22 (5)
Inactive 22 (5)
Patient satisfaction
Satisfied with outcome 427 (96)
Dissatisfied with outcome 18 (4) Nine patients were dissatisfied because of a limp

or weakness Nine patients were dissatisfied because of pain

was revised in 22 hips. The femoral component was secure
in these cases. Revision surgery in the remaining patients
(117 hips) was conventional THA. Thirty-two of 44
patients (73%) with osteonecrosis experienced prosthesis
failure (mean time to failure, 7 years; range, 3—12 years).

Postoperative radiographs revealed technical errors in
approximately 13% of patients, most commonly a malpo-
sitioned femoral component (28 hips or 5%), and smaller
numbers of malpositioned acetabular components, malpo-
sitioned femoral and acetabular components in the same
patient, with notched femoral necks, and incompletely
seated femoral components in 36 instances (Table 4).
Twenty-one of these 64 patients (33%) had a body mass
index greater than 35. The most common complications
seen at any time during the followup included deep
infection, dislocation, and periprosthetic fracture. The
periprosthetic fractures occurred sporadically any time
after the surgical procedure from 6 months to 36 years
later. Less frequently, intraoperative fracture and nerve
palsy occurred (Table 5). Medical complications of various
types occurred in approximately 5% of patients.

Discussion

The curved-stem hip resurfacing prosthesis was the second
attempt (1960) at total hip resurfacing [15]. John Charnley
made the first attempt (1951) before his work on low-
friction arthroplasty [11]. The innovator (COT) continued
to use the curved-stem prosthesis for over 40 years and
long-term followup of the patients is available.

There are some limitations of this study. The investi-
gation is retrospective, but the primary outcome,
prosthesis, and survival are known on all but a few patients
who were lost to followup. Second, this study investigates
a prosthesis that was in evolution as it was being used.
Three different materials were used for the acetabular
resurfacing, although most were metal-on-metal and metal-
on-polyethylene a few were metal-on-polyurethane. Also
the femoral component was secured without or with
cement and varied in stem length adding variations for
which statistical analysis could not be done. Pathologic
specimens of failed cases or autopsy retrievals also are not
available to show the reasons for success or failure. The
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Fig. SA-C Anteroposterior radiographs show a metal-on-polyurethane curved-stem resurfacing prosthesis. (A) There is 9 mm of polyurethane
immediately after insertion. (B) Two years later, approximately Y2 of the polyurethane has worn away. (C) All the polyurethane has worn away

6 years after prosthesis insertion.

Table 4. Radiographic findings after hip resurfacing

Radiographic finding

Number of hips (%)

Comments

Femoral component malpositioned 28 (5)
Acetabular component malpositioned 17 (4)
Acetabular and femoral components malpositioned 6 (1)
Notched femoral neck 11 (2)
Femoral component incompletely seated 2(<D

Greater than 5° more varus postoperatively
measured versus medial trabecular system

Includes 11 with hip resurfacing failure
Includes three with hip resurfacing failure
Includes three with a femoral neck fracture

Includes one with hip resurfacing failure

two surgeons involved performed all of the clinical and
radiographic analyses. Complete followup data (particu-
larly radiographs) were not available on many patients so
questionnaires were relied on for some of the information.
There are no long-term functional outcomes reported in
this study and validated instruments were not available at
the time of surgery for the earlier patients. Finally, because
this is a single patient series, there are no patients or groups
available with other stemmed femoral devices for direct
comparison.

The data suggest a survivorship of 59% at 20 years
when using a polyethylene acetabular component. Mesko
et al. [31] reported a 75% survivorship with the curved-
stem TARA prosthesis at 10 years, but failure rates of 57%
and 76% were reported in two other studies [21, 41]. The
THARIES™ total resurfacing prosthesis had a failure rate
of 50% at 10 years and 80% at 15 years [4, 28]. The
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Indiana conservative hip had a failure rate of 66% at
9 years and the Wagner had a failure rate of 60% at 8 years
[22, 36].

Metal-on-metal hip resurfacing had a survival rate of
100% in this study and as a generic type is the most
commonly used resurfacing today. Success rates of 94% or
better are reported with as much as 9 (range, 2-9 years)
years of followup [2, 3, 14, 40].

Femoral neck fracture is a rare complication after hip
resurfacing, occurring at reported rates of 0% to 7% [2, 3,
29, 37]. The rate of femoral fracture and femoral compo-
nent failure was low in this series. This was despite the
effort made to downsize the femoral head that resulted in
femoral neck notching in some cases. Placing the femoral
component in valgus reduces the stresses in the superior
aspect of the femoral head and neck [23, 27, 45]. Femoral
components placed in 5° valgus have a factor of 6.1
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Table 5. Revisions of hip resurfacing prostheses

Item

Type of prosthesis

Metal-on-polyurethane Metal-on-  Metal-on-cemented Metal on two-piece cementless
metal polyethylene with polyethylene
Revision needed 2 0 105 34
Patients/hips 24/26 121/133 222/282 78/120
Mean followup (years; range) 24 (20-31) 26 (2041) 25 (20-31) 21 (20-22)
Alive at followup 0 0 41 30
Lost to followup 0 2 15 6
Prosthesis failure rate 100% 0 % 41% 34%

Reason for failure

More than one reason
in some patients

Polyurethane wear (26) N/A

Femoral neck fracture (1)

Loosening of acetabulum (76) Polyethylene wear (27)

Polyethylene wear (30) Component loosening with

Loosening of femoral prosthesis (5) ~ migration (11)

Femoral neck fracture (6) Femoral neck fracture (3)

N/A = not applicable.

reduction in the relative risk of an adverse outcome [7].
Obese patients have a higher incidence of varus positioning
and femoral neck fracture.

Most early resurfacing implants involved hemispheric
preparation of the femoral head followed by placement of a
hemispheric femoral implant; unfortunately, shear often
resulted in loosening of these implants. These implants also
did not have a femoral stem [4, 16, 22, 36]. The presence of
a stem reduces the shear force on the prosthetic femoral
head-native femoral neck junction by 34% [13, 19]. A
curved femoral stem reduces the shear force on the femoral
neck by 17% compared with a straight stem [13, 19]. This
may be an additional explanation for the lower rate of
femoral neck fracture and femoral component loosening
observed in the current study with other implants [4, 22, 28,
36]. The preparation required to implant a curved stem
promotes valgus positioning of the femoral component [18,
38]. Although I report what appears to be the first attempt
to use a metal-on-metal resurfacing prosthesis, there were
other early innovators. Gerard [17] used a metal-on-metal
prosthesis but did not fix the acetabular component to the
pelvis; Mueller [32] also performed metal-on-metal resur-
facing procedures. In this series, a prosthesis originally
known as cup-stem arthroplasty was used [39], in which
the hemisphere was replaced by a flat-topped cylinder. The
technique used to place this implant excised at-risk bone in
the femoral head and this may have contributed to the low
failure rate. The head design provides compressive resis-
tance stability; and a short, curved stem on the prosthesis
adds stability without stress relieving the proximal femur
[13, 38]. Current designs use a straight femoral stem [3, 14,
40]. The results in this report and biomechanical

considerations suggest a curved femoral stem may be the
superior design for a resurfacing prosthesis.

The difficulties with hip resurfacing in this series were
primarily on the acetabular side. Well-performed femoral
resurfacing rarely fails with time; this was true when an
interference press-fit technique was used when neither
cement nor porous coating was yet available. Early pro-
cedures involved the use of materials that did not provide
an appropriate acetabular surface. Charnley [10, 11] used
polytetrafluorethylene in the first hip resurfacing procedure
and it failed. In this series, polyurethane failed every time.
However, polyurethane does not cause an osteolytic reac-
tion; as a result, patients functioned generally well as it
wore away. They had some pain and radiographs of the hip
looked as though hemiarthroplasty had been performed
(Fig. 5). The crude polyurethane used in the early days has
now been reformulated. Thus far, the wear characteristics
of the new formulation seem favorable [9]. Another con-
tributor to resurfacing arthroplasty failure in this series
(and in others) was the use of cemented polyethylene
acetabular components that loosened and wore through,
often resulting in osteolysis [1, 4, 16, 21, 22, 36]. Metal-
backed cemented polyethylene sockets were not used in
this series, but others have reported prosthesis failure when
they were used in such procedures [34, 41].

Exposing and positioning the acetabular component
with the femoral head in the way is technically difficult [2,
3, 37]. Exacting preparation of the femoral head is neces-
sary. Hip resurfacing using the curved femoral stem
performed well on the femoral side for more than 20 years.
Although polyethylene acetabular components failed reg-
ularly, metal acetabular components performed well. Hip
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resurfacing may be an attractive option for a young patient
fearing a potentially difficult future total hip replacement
revision.

Acknowledgments I thank Charles O. Townley, MD, for contrib-
uting his cases and knowledge. He died on December 22, 2006.
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