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Abstract
Background Young patients with osteonecrosis (ON)
treated with THA often have suboptimal function and
radiographic failure with eventual revision. Resurfacing
may be an option because of potentially increased functionality and decreased radiographic failure, although
neither has been confirmed in the literature.
Questions/purposes We therefore compared the clinical
scores and radiographic failures of resurfacing patients
25 years or younger with osteonecrosis with those for
patients with ON treated with THA.
Methods We identified 17 patients (20 resurfaced hips)
who were 25 years or younger and treated by resurfacing for ON. Mean followup was 62 months (range,
32–103 months). This group was matched by gender, age,
BMI, and followup to 16 patients (20 hips) treated with THA
with a mean 61 month followup (range, 34–88 months).
Additionally, the group was compared to 78 patients
(87 hips) with ON over age 25 who underwent resurfacing

during the same time with a mean followup of 61 months
(range, 27–112 months).
Results The mean Harris score improved from 48 points
preoperatively to 93 points with a 100% 7.5 year survivorship in the young resurfacing group. In the THA cohort,
the mean score improved from 44 points preoperatively to
94 points postoperatively, with a 93.3% 7.5 year survivorship; similar to the results for all resurfacing patients.
Radiographs did not reveal malalignment or progressive
radiolucencies in any cohort.
Conclusion At approximately 5 year followup, young
resurfacing patients were similar to other resurfacing
patients and standard THA patients regarding clinical ratings and radiographic failures.
Level of Evidence
Level III, therapeutic study. See
Instructions to Authors for a complete description of levels
of evidence.
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Young patients with end-stage hip osteonecrosis (ON)
requiring treatment with arthroplasty represent a difficult to
treat population, secondary to their medical comorbidities
and young age, which often necessitates eventual revision.
Primary THA as a treatment for this incapacitating disease
accounts for 5% to 10% of all THAs performed in several
countries [1, 12, 17]. Several studies suggest THA in
patients with ON have revision or clinical and radiographic
failure rates ranging from 3% to 48% at a mean followup of
7 to 10 years [20, 24, 36, 38]. High failure rates might be
due to patients’ underlying conditions (e.g. sickle cell
disease, systemic lupus erythematosus, renal transplantation, or excessive alcohol consumption) [2, 21, 26, 33].
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However, in recent studies with modern prosthetic designs
and surgical techniques, the survival of patients in their late
30’s and older range from 93% to 98% at 3 to 10 year
mean followup [3, 5, 8, 31].
Patients with end-stage ON tend to be younger and more
active than the typical THA population [8, 10, 11, 14, 25].
The durability of conventional THA may not be as good in
younger, active patients with hip ON and they may be more
difficult to revise [20, 24]. With recent advancements in
metal-on-mental (MOM) bearing designs, there have been
several reports documenting 93% and greater clinical and
radiographic survivorship of resurfacing arthroplasty for
the treatment of this disease in patients in their 40’s [4, 5, 7,
30, 35], which are comparable to standard THA [17, 29].
Hip resurfacing may be a reasonable treatment option for
these younger patients due to its potential low wear rate
with preservation of bone stock [30]. Two studies suggest
the revision rates of resurfacings are comparable to primary
THA [6, 27], from 2% to 5% at a mean of 4 years. Several
studies report that gait characteristics more closely
resemble those of a normal hip, which may be appealing to
younger patients [32, 34, 37].
To determine whether resurfacing is appropriate in
patients younger than 25 years suffering from ON, we
asked the following: (1) do Harris hip scores of these
patients treated with resurfacing compare to those treated
with standard THA and those over 25 years with ON
treated with resurfacing; (2) is implant survivorship in
patients younger than 25 years treated with resurfacing
comparable to all patients treated for ON with hip resurfacing arthroplasty; and (3) what percentage of patients
younger than 25 years demonstrate radiographic evidence
of radiolucencies, penciling, or component malposition?

Patients and Methods
A review of the databases of two surgeons was performed
and identified 17 patients (20 hips) 25 years of age or
younger with ON who had resurfacing arthroplasty
between 2001 and 2007. We compared this cohort to two
others: one with 16 patients 25 years old or younger with
ON treated with conventional THA performed during the
same time, and one with 78 patients aged 26 years and over
with ON treated with resurfacing arthroplasty. The indications for both procedures were painful ON with Ficat
stage III or higher femoral head lesions of size 30% or
greater. We excluded patients who were pregnant, and/or
had active human immunodeficiency virus, hepatitis
infection, documented allergy to cobalt, chromium, or
molybdenum, or a neurologic deficit that might adversely
affect gait or weight bearing. Patients who underwent
resurfacing came to our institution requesting the
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procedure and were assessed for femoral and acetabular
bone quality. If they had no preoperative contraindications
for resurfacing and there were no large intraoperative
femoral neck cysts (greater than 1 cm) or insufficient
femoral head remaining, they underwent the procedure.
Patients who underwent THA chose that procedure due to
personal preference or because their insurance required it.
In the young resurfacing cohort there were nine males
and eight females with a mean age of 20 years (range,
11–25 years) and a mean body mass index of 23.2 kg/m2
(range, 18.8–36 kg/m2). They were followed for a mean of
62 months (range, 32–103 months). The resurfacing population was matched to the same number of hips in a cohort
of patients who underwent standard THA for ON during
the same time period. We matched for gender, age, body
mass index, and followup (Table 1). For the matched group
of 16 patients (20 hips), there were ten males and six
females with a mean age of 20 years (range, 13–25 years)
and a mean body mass index of 24.4 kg/m2 (range,
15.5–40.3 kg/m2). The mean followup was 61 months
(range, 34–88 months) (Table 1). The 95% confidence
intervals for the demographic factors of both patient
cohorts were similar (Table 1). The third cohort consisted
of all 78 patients (87 hips) who were treated for ON but
over age 25 with MOM hip resurfacing arthroplasty during
the same time period. There were 57 men and 21 women
with a mean age of 42 years (range, 34–66 years).
Their mean body mass index was 27 kg/m2 (range,
18–44 kg/m2), and the mean followup was 61 months
(range, 27–112 months). In all three patient cohorts, failure was defined as any revision for aseptic purposes. No
patients were lost to followup. No patients were recalled
specifically for this study. Clinical and demographic data,
including but not limited to age, gender, BMI, diagnosis,
and Harris hip score were obtained from medical records
and radiographs. Institutional review board approval was
obtained for the study of these patients from both
institutions.
Hip resurfacings were performed by the senior authors
using an anterolateral approach (MAM) or a posterior
approach (TPG). The Conserve Plus hip resurfacing system
(Wright Medical Technologies, Arlington, Virginia) was
used exclusively by one senior author (MAM) and the
Corin Cormet 2000 hip resurfacing implant system (Corin
Group, Cirencester, Gloucestershire, UK) was used by the
other senior (TPG). Standard instrumentation for both
systems was used for all patients in this study. Acetabular
cups (sizes, 44–56 mm) were inserted in a press-fit manner
after under-reaming by 1 mm, and all femoral components
(sizes, 38–50 mm) were cemented. For the Cormet 2000
hip, cement filled the metal prosthesis in a liquid state to
allow for a thin mantle and a more press-fit interposition.
For the Conserve Plus, cement was applied in a doughy
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Table 1. Demographic and clinical data
Data

MOM THR patients (hips)

Standard THA patients (hips)

Standard THA patients (hips)

Male (hips)

9 (10)

10 (11)

57 (64)

Female (hips)

8 (10)

6 (9)

21 (23)
N/A

Gender

Associated etiologic factors
Systemic lupus erythematosus

5 (6)

3 (5)

Sickle cell disease

0

5 (6)

Neoplasm/chemotherapy

4 (5)

2 (3)

Trauma

4 (4)

2 (2)

Legg-calve-perthes

1 (1)

0

High-dose corticosteroid use

0

2 (2)

Excessive alcohol consumption
Idiopathic

0
3 (4)

1 (1)
1 (1)

Mean age in years (range)

20 (11 to 25)
[95% CI: 18 to 21]

20 (13 to 25)
[95% CI: 18 to 21]

42 (18 to 66)
[95% CI: 40 to 44]

Mean body mass index
[kg/m2] (range)

23.2 (18.8 to 36)
[95% CI: 20.86 to 25.54]

24.4 (15.5 to 40.3)
[95% CI: 15.5 to 40.3]

27 (18 to 44)
[95% CI: 25.93 to 28.07]

Mean followup period
in months (range)

62 (32 to 103)
[95% CI: 52 to 72]

61 (34 to 88)
[95% CI: 53 to 69]

76 (32 to 118)
[95% CI: 70 to 82]

Bilateral hip resurfacing (%)

3 (18%)

4 (25%)

9 (12%)

Mean preoperative Harris
hip score (range)

48 (12 to 66)
[95% CI: 41 to 53]

44 (23 to 72)
[95% CI: 36 to 50]

57 (25 to 76)
[95% CI: 54 to 60]

Mean postoperative Harris
hip score (range)

93 (75 to 100)
[95% CI: 89 to 97]

94 (86 to 100)
[95% CI: 92 to 96]

88 (51 to 100)
[95% CI: 85 to 91]

CI = confidence interval.

state to achieve a 3 mm cement mantle. Standard THA
included an uncemented femoral component and acetabular
shell with a metal head (Accolade femoral stem with Trident cup, Stryker Orthopaedics, Mahwah, New Jersey) and
a cross-linked ultrahigh molecular weight polyethylene
liner. Attention was directed at removing superficial collapsed, fibrous bone, or cysts. However, any structurally
sound, but nonviable or questionably viable bone was left.
Multiple fixation drill holes (10–12 holes) were drilled into
all bone areas where cement was applied.
The postoperative rehabilitation regimen for patients
was similar. Patients were kept at 20% weight bearing for
the first 5 to 6 weeks using crutches or a walker, followed
by 50% weight bearing using a cane or crutch in the contralateral hand until 10 weeks, at which time full weight
bearing was allowed. Supervised physiotherapy was prescribed at the 5 to 6 week mark until the 10 week mark and
focused on gait training and generalized lower extremity
strengthening.
Patients returned for postoperative evaluations at
6 weeks, 6 months, 1 year, and annually thereafter. They
also returned as needed for any concerns or complications.
Further chart review was conducted for any clinical complications, including intraoperative fractures, deep vein
thrombosis, or pulmonary embolism during the acute

postoperative period, or any signs of wound irritation or
dehiscence. Preoperative and postoperative clinical evaluations for the treatment group and the matched patient
cohort were performed by three authors (MAM, QN, TPG)
using the Harris hip rating system [19]. The hospital
records for all patients were reviewed, including data from
preoperative studies, operative reports, and postoperative
office visits.
At each clinical visit, radiographic analysis was performed for all patients using standard anteroposterior (AP)
and cross table lateral radiographs. Because of the possible
variability in the radiographic measurements made by two
of the authors (SAS and AJJ), we assessed inter- and
intraobserver error in radiographic evaluation before initiating the study of the films of 20 patients. The
intraobserver reliability of the two physicians displayed
agreement in all of the cases. The interobserver agreement
was an exact match in 95% of the cases. To avoid the
problem of intra- and interobserver variability in assessing
the various demographic parameters, all radiographs were
evaluated independently by two authors not involved with
the surgery (SAS and AJJ). If there was disagreement, a
third author (MAM) interpreted the radiographs until a
unanimous decision could be made. Acetabular radiolucencies were evaluated and classified according to the
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zones of DeLee and Charnley [13]. The position of the
acetabular component was considered optimal if the
abduction angle was between 358 and 508 on AP views. For
patients with resurfacing arthroplasty, radiolucencies at the
bone interface of the femoral component were evaluated
using the method described previously [30]. For patients
with THA, radiolucencies at the bone interface of the
femoral component were evaluated using methods
described by Gruen et al. [18] and Engh et al. [15].
Ninety-five percent confidence intervals were calculated
for all data reported in this study. Kaplan-Meier survivorship curves [22] were used to evaluate time from surgery to
revision and the log-rank test was used to compare survival
probabilities between the two groups. The end point of
survival was defined as either revision (removal or
exchange of one or more components) for any reason or as
revision for aseptic loosening. Gender, body mass index,
and underlying risk factors leading to end-stage ON were
evaluated utilizing a multivariate Cox proportional hazards
model to determine their effects on survival outcomes of
both patient cohorts. The data was analyzed using GraphPad Prism software (version 5.0; GraphPad Software,
San Diego, California).

Results
We observed similar improvements in function for the
matched patient cohorts’ Harris hip scores, which were
similar. The mean preoperative hip score of 48 points
(range, 12–66 points) for resurfacing hip arthroplasty and
44 points (range, 23–72 points) for standard THA
improved to a mean of 93 points (range, 75–100 points)
and 94 points (range, 86–100 points), respectively. After
comparing these values, it is clear that there was no difference in the Harris hip scores at last followup between
the two groups (Table 1). The mean preoperative Harris
hip score in the cohort of all patients with ON treated with
MOM hip resurfacing arthroplasty improved from 57
points (range, 25–76 points) to 88 points (range, 51–100
points).
With revision for any reason as the end-point, the
Kaplan-Meier survival probability for the two groups under
25 years was similar (log rank statistic: 0.465) (Fig. 1).
The 7.5 year survival rate was 100% for the hip resurfacing
arthroplasty group and 93.3% for the standard THA cohort
(95% confidence interval, 61.3%–99.0%). There was one
failure in the standard THA group at 17 months postoperatively, because the patient developed a deep
periprosthetic infection. At 24 months after a two-stage
revision, the patient remains infection free. In the cohort of
all other patients who underwent hip resurfacing for ON,
five out of 87 hips (6%) required revision for aseptic
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Fig. 1 Kaplan-Meier survivorship curves illustrating similar rates of
survival for patients aged 25 years and under with resurfacing
compared to standard THA.

reasons. There was no difference (log rank statistic: 0.580)
between the 7.5 year survivorship in the under 25 years
group with resurfacing and all patients with resurfacing
group.
Evaluation of radiographs of the hip resurfacing group
did not reveal any component malalignment, radiolucencies, or progressive femoral neck penciling. Additionally,
no malalignment of the femoral stem or radiolucencies
around the femoral and acetabular components were noted
in the standard THA cohort. In the resurfacing and THA
groups, the abduction angle of the acetabular component
was considered within normal limits (between 358–508) in
19 hips (95%) and in 18 hips (90%), respectively. The cups
in the remaining resurfaced hip and two standard THA hips
were within 58 from this optimal position.
There were no dislocations, nerve palsies, deep vein
thromboses, wound complications, or broken hardware in
the hip resurfacing and THA cohorts. There were no major
discrepancies in leg length in the THA cohort and no
fractures of the femoral neck in the hip resurfacing cohort.

Discussion
End-stage ON is a debilitating disease associated with
several clinical risk factors. The reported incidence is
anywhere from 10,000 to 20,000 new cases per year in the
United States [25, 28]. The effects of this disease can be
severely debilitating in younger patients. Standard THA
may not do so well clinically or radiographically in
younger, active patients with hip ON and may be more
difficult to revise [20, 24]. With recent advancements in
MOM bearing designs, there have been several reports
documenting the 93% and greater clinical and radiographic
survivorship of resurfacing arthroplasty in patients in their
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40’s undergoing treatment for this disease [4, 5, 7, 30, 35],
which are comparable to standard THA arthroplasty [17,
29]. Hip resurfacing may be a treatment option for these
patients due to its potential low wear rate with preservation
of bone stock [30]. Therefore, we asked whether prosthetic
survival and radiographic failure of resurfacing in younger
patients with ON compared to an older group of osteonecrotic resurfacing patients, as well as a group of
osteonecrotic patients treated with a standard THA.
There were several limitations to our study. First, the
small number of patients may restrict full comparison of
the study groups. Although the study has the potential for
low power and sampling error, it addresses a very small
and specific patient population. The results of this study
should only be interpreted for the patient less than 25 years
old with hip ON requiring treatment with arthroplasty, and
should not be generalized to a more diverse population.
Second, it has short minimum followup times of 32, 34,
and 27 months in the three cohorts, although the mean
followup was approximately 5 years in each cohort. The
authors await long-term data on these cohorts to see if these
early outcomes are upheld. Third, there were differing
etiologies and underlying medical conditions leading to
the development of end-stage ON. Since the patient population was small and underlying medical conditions were
selective, it was not possible to mitigate this form of bias
with matching. Instead, patients receiving resurfacing
arthroplasty were compared to patients receiving standard
THA without controlling for ON etiology or risk factors.
Nevertheless, the 7.5 year clinical survival was similar in
all patient cohorts, which appears reliable at an approximately mean followup of 5 years. Even though we found
similar results between resurfacing arthroplasty and THA,
the effect of metal ions on the placenta during pregnancy is
still unclear [9, 39]. As such, caution must be taken when
counseling young female patients regarding treatment
options. Female patients in our study cohorts received both
resurfacing arthroplasty and THA. At the most recent followup, no female patients were pregnant or contemplating
having children.

The 7.5 year survivorship in this study cohort is comparable to studies reporting 96% to 98% survivorship at 2
to 11 years in the treatment of ON using THA [16, 23, 31].
One study, of 114 primary THAs (in 101 patients) performed for ON [23] with a mean age of 51 years, reported a
98% survival at a mean of 110 months (range, 84–
129 months). Our study compares favorably with the
cohort of patients who underwent THA at the senior
authors’ institutions, as well as the survival rates reported
in the literature regarding THA in the treatment of ON. In
addition, the difference in the postoperative Harris hip
scores in the cohort of patients under 25 years old treated
with hip resurfacing versus patients treated with THA were
similar (Table 1). Although functional outcomes, survivorship, and radiographic outcomes for hip resurfacing
arthroplasty and THA are similar when used for the treatment of ON, there are possible advantages offered by
resurfacing a younger patient, such as bone stock preservation. Due to the patients’ young age, they are
increasingly likely to outlive their prosthesis, and conversion of a well-placed hip resurfacing arthroplasty to a
standard THA may be a more attractive alternative than
revision of a standard THA.
The 7.5 year survivorship in our patient cohort compares favorably to other reports demonstrating 93% and
greater short- and mid-term survivorship of MOM hip
resurfacing arthroplasty for hip ON (Table 2). In the longest followup study to date (a mean of 96 months),
Amstutz et al. reviewed a series of 70 hips with ON treated
with MOM hip resurfacing arthroplasty [4]. The authors
reported overall survivorship of 94% at 8 years. Our study
supports the findings of MOM resurfacing arthroplasty as a
treatment for hip ON. Also, the clinical outcomes we
reported with MOM hip resurfacing arthroplasty are similar
to other reports demonstrating high clinical performance
scores (e.g. Harris hip scores) at short- to mid-term followup for functional improvements in older patients
undergoing resurfacing for hip ON [5, 30]. Aulakh et al. [5]
and Mont et al. [30] have reported a mean increase in
Harris hip scores in patients undergoing resurfacing

Table 2. Comparison of literature
Study
Amstutz et al. [3]

Number of hips

Mean followup (months)

Mean age (years)

Survivorship (%)

70

96

40

94

101
56

90
60

42
41

98
96

Mont et al. [28]

42

41

42

95

Revell et al. [35]

73

72

43

93

116

20

Not reported

20

62

20

Aulakh et al. [5]
Beaule and Dorey [8]

Stulberg et al. [38]
Sayeed et al. [current study]

96
100
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arthroplasty for ON of 34 and 39 points, respectively
[5, 30]; similar to our patient cohort’s mean increase of
45 points.
We found no radiolucencies, penciling, or component
malposition. Several previous studies [30, 35] reported
nonprogressive lucencies around the femoral and acetabular components that did not affect patient clinical outcomes
or survivorship.
In summary, we report an estimated 7.5 year KaplanMeier survivorship of 100%, with an average Harris hip
score of 93 points, for resurfacing in patients who had a
mean age of 20 years and a diagnosis of ON. While we
await long-term followup to see if these findings are
maintained, we continue to offer this bone-preserving
procedure as an alternative to THA for young patients with
ON.
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