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Abstract In May 2006, the US Food and Drug Admin-

istration approved the first metal-on-metal total hip

resurfacing. Surgeons wanting to implant this device were

required to undergo formal industry-sponsored training

before performing their first case and a technical specialist

attended their initial 10 cases. Safety surveys were com-

pleted on the first 537 cases performed and included

patient age, gender, diagnosis, and occurrence of any

unexpected events perioperatively or postoperatively.

Intraoperative data were available for all 537 cases (100%),

hospital discharge and six-week data were available for

524 cases (97.6%), three-month data were available for 523

cases (97.4%), six-month data were available for 509 cases

(94.3%) and one-year data were available for 449 cases

(83.6%); the mean followup was 10.4 months. We docu-

mented adverse events in 40 (32 major, 8 minor) of the 537

cases including nine nerve injuries and eight dislocations.

There were 14 component revisions (7.4%) within the first

year, including 10 for femoral neck fracture, two for dis-

locations, and two for acetabular component loosening.

Complications were frequently seen among patients older

than 55 years of age and in women, emphasizing the

importance of appropriate patient selection for the

procedure.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Modern metal-on-metal total hip resurfacing has been

performed extensively outside of the United States for

more than 10 years [8, 19]. Experience within the United

States has previously been limited to experienced hip sur-

geons performing the procedure as part of Food and Drug

Administration (FDA) Investigational Device Exemption

studies or on a so-called ‘‘off-label’’ basis [1, 18]. In May

2006, the Birmingham Hip Resurfacing (BHR; Smith and

Nephew, Memphis, TN) was the first FDA-approved hip

resurfacing device with the proviso that surgeons

implanting the device would have to undergo mandatory

training before their first case.

Hip resurfacing is generally viewed as being more

technically challenging than standard THA, because

retention of the femoral head makes visualization of the

acetabulum more difficult [7, 16]. Furthermore, accurate

femoral component placement can be tricky. Consequences

of inaccurate femoral head preparation include an

increased risk of femoral neck fracture [3, 5, 21] and the

sacrifice of additional acetabular bone stock if an overly

large component size is selected to avoid a femoral neck

notch [15].
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We sought to identify: (1) the adverse events and

complications encountered, (2) their outcomes, and (3) any

patient demographic features associated with these adverse

events.

Materials and Methods

The first 537 BHRs (the total number of patients is

unknown given the data on the hips was deidentified)

performed in the United States were performed by 89

surgeons between June and October 2006. Each surgeon

was asked to complete an adverse event reporting form for

each case at the completion of the operative procedure, at

the time of discharge from the hospital, at six weeks, three

months, six months and one year postoperatively. The

adverse event reporting forms were then returned either to

the implant manufacturer or to the first author (CDV) who

collected, collated and analyzed the data. If data forms

were initially not provided, the authors contacted the sur-

geon and asked them to send the forms, or recorded

patients as lost to followup if this was the disposition

reported by the operating surgeon.

Demographic data were provided by the surgeons for

471 of the 537 cases (87.7%). The known cohort demo-

graphics included 334 men (70.9%) and 137 women

(29.1%) with a mean age of 52 years (range, 16–82 years)

at the time of surgery. Diagnosis data were provided for

460 hips and included osteoarthritis in 88.7% (414 hips),

osteonecrosis in 5.9% (27 hips), developmental dysplasia

of the hip in 3% (14 hips), and posttraumatic arthritis in

1.7% (eight hips); the diagnosis was listed as ‘‘other’’ in

three hips (0.7%) without further information provided.

Intraoperative data were available for all 537 cases (100%),

hospital discharge and six-week data were available for 524

cases (97.6%), three-month data were available for 523 cases

(97.4%), six-month data were available for 509 cases (94.3%)

and one-year data were available for 449 cases (83.6%). The

unreported data points were either from patients who were lost

to followup by the treating surgeon or for whom the treating

surgeons did not provide further data. Mean followup was

10.4 months (range, immediate postoperative to 12 months).

Hip ID:___ ___-___ ___ Interval

Gender  Male  Female Age at Surgery ________ Operative Hip:  Left  Right Intraoperative

Diagnosis OA AVN Traumatic arthritis Dysplasia/DDH RA Other:___________________ Discharge

Case number in your series: _____ 6 wks 3 mos

Adverse
Event
Complete ONE adverse
event form per
complication of 
operative hip.  If no
adverse event 
occurred, indicate 
“None” under
“Event/Diagnosis”.

Post Op Day Event occurred (eg. POD #43) _______ Post Op Day of exam (e.g. 90 days): _______ 6 mos 1 Yr 

Hospital (Inpatient or Outpatient) Readmission Required?  No  Yes; Readmission  Post Op Day number (e.g. POD#43) ____________

Event/Diagnosis Additional Comments? Treatment
Outcome*

*Date required for death or 
revision

NONE (if this box is checked, no other information is required)

If an event occurred, it was (interval): 

Intraoperative Postoperative

Specify the event (check all that apply):

Femoral neck notching 

Femoral neck fracture

Femoral head collapse

Femoral head AVN (per x-ray) 

Dislocation

Leg length discrepancy > 0.5 inches (1.27 cm)

Nerve injury due to surgery procedure

Nerve injury due to intraoperative positioning 

Deep Infection 

DVT

PE

Cup Loosening

Head Loosening

Other: ____________________________

   _____________________________

 None

 Medication/Orthotics

 Procedure (not study hip 
related))

 Procedure (study hip)

Invasive or surgical
procedure

 Noninvasive procedure

 Resolved

 Ongoing/Unresolved

 Death 

*Post Op Day #_____

Removal or Revision of 

 component(s)

    *Post Op Day #_____

Components

removed/revised:

  Femoral head

  Acetabular cup 

Surgeon Name: ________________________________________________ Date: _____/_____/_____ (MM/DD/YY)

Fig. 1 The adverse event reporting form is shown.
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All procedures were performed by surgeons who atten-

ded a mandatory classroom session. This session focused

on the technical aspects of the procedure, including

familiarization with the instruments, practice using saw

bones, and preoperative planning. Appropriate patient

selection was also discussed, including the recommenda-

tion that optimal results are seen among men less than

65 years old, females less than 55 years old and patients

with degenerative joint disease or osteonecrosis with less

than 30% involvement of the femoral head. All surgeons

subsequently attended live surgery (a minimum of two

cases performed by a surgeon outside of the United States

who was experienced in performing the procedure). An

individual surgeon’s first 10 cases were attended by a

technical specialist from the implant vendor with extensive

prior experience with the procedure to further assist with

any technical issues encountered by the surgeon or the

operating room staff. All surgeons agreed to participate in

adverse event reporting (using deidentified patient data) for

the purposes of this study. Surgeons performed a mean of

six cases during the study period (range, 1–45 cases).

The adverse event reporting form (Fig. 1) included

patient demographics, preoperative diagnosis, the timing of

any adverse event (intraoperative and postoperative), a

description of the event and its treatment as well as asso-

ciated outcomes. None of the data collected included

personal identifiers.

Results

Thirty-two major adverse events were recorded (Table 1),

including 10 femoral neck fractures (2.0% of the 509

patients with 6-month followup) (Table 2). The mean age

of the patients with a femoral neck fracture was 59 years

(range, 42–82 years). Nine of the 10 femoral neck fractures

occurred in patients who were either female or older than

55 years at the time of surgery (Table 2). Eight of the 10

femoral neck fractures occurred within the surgeons’ first

10 cases with two being the surgeon’s first case. The

femoral neck fractures occurred at a mean of 62 days

postoperatively (range, 16–176 days); eight of the 10

occurred within 60 days of surgery.

Eight patients had a dislocation of the operative hip

(1.7% of the 465 patients with 1-year followup) (Table 3)

[8, 9, 19]. Four of the eight were dislocations noted on

recovery room films and were managed with a single

closed reduction without further recurrence. Two of the

dislocations occurred in the early postoperative period

(at 4 and 8 days postoperatively); in one, the hip resurfacing

was revised to a THA with revision of both components. In

the second, the acetabular component was believed too

vertical and was revised without further episodes of insta-

bility; the patient, however, had persistent pain and

underwent a second revision to a stemmed femoral com-

ponent. The remaining two dislocations occurred later (at

51 and 326 days postoperatively) in association with a

traumatic episode. The patient who dislocated at 51 days

sustained a second dislocation at 16 months postoperatively

while performing yoga and was treated with a second closed

Table 1. Major complications

Complication Number

Femoral neck fracture 10

Dislocation 8

Nerve injury 9

Subtrochanteric femur fracture 2

Acetabular component loosening 2

Deep infection 1

Total 32

Table 2. Femoral neck fractures

Gender Age (years) Case number

for surgeon

Postoperative day Diagnosis Treatment

Female 42 1 16 Osteoarthritis Femoral revision

Male 57 1 27 Osteoarthritis Femoral revision

Female 59 2 29 Osteoarthritis Revision both components

Female 59 3 77 Osteoarthritis Revision both components

Male 63 3 111 Osteoarthritis Femoral revision

Female 56 4 22 Osteoarthritis Revision both components

Male 63 6 186 Osteoarthritis Femoral revision

Male 49 6 57 Osteonecrosis Internal fixation (failed);

eventual femoral revision

Male 82 11 58 Osteoarthritis Femoral revision

Male 62 38 38 Osteoarthritis Femoral revision
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reduction, whereas the second patient has not had any

further episodes of instability. The mean age of these

eight patients with dislocations was 53 years (range,

33–65 years). Four of these eight cases were among the

surgeons’ first 10 cases.

Nine patients sustained a nerve injury (1.7% of the 524

patients with hospital discharge data) (Table 4). Four of the

nerve injuries involved the peroneal division of the sciatic

nerve, three were complete sciatic nerve palsies, and two

involved the femoral nerve. The mean age of these patients

was 53 years (range, 35–60 years). Six of these nine nerve

injuries occurred among the surgeons’ first 10 cases. At the

time of most recent followup, seven of the nine patients

were reported to have recovered from the nerve injury.

There was one postoperative infection in a 47-year-old

man treated with operative débridement on postoperative

Day 7. The patient underwent a second débridement

several days after the first and at 1 year has retained the

components without overt evidence of persistent infection.

There were two subtrochanteric femur fractures. The first

occurred in a 62-year-old woman who fell on postoperative

Day 7 and fractured through the site where the guide pin

had exited the lateral femoral cortex; the fracture was

successfully treated with open reduction and internal fixa-

tion (with retention of the components). The second

subtrochanteric fracture occurred 14 months postopera-

tively in a 56-year-old woman who fell on the operative

hip; the fracture was treated with open reduction and

internal fixation (with component retention) and healed.

Two patients underwent isolated acetabular revision (with

retention of the resurfacing femoral component and inser-

tion of a new BHR cup) for aseptic loosening, one at

6 months and the second at 17 months postoperatively.

No pulmonary emboli or deep vein thrombi were reported.

There were eight recorded minor adverse events

(Table 5). There were three femoral neck notches none of

which resulted in a femoral neck fracture; two occurred

within the first 10 patients in the surgeons’ series and the

third occurred at Case Number 25. Two were treated with

protected weightbearing for 6 weeks and have been seen at

1 year without any associated sequelae. The third femoral

neck notch was converted intraoperatively to a THA. There

were four cases in which the surgeon reported the aceta-

bular component was not fully seated on the postoperative

radiographs. All four cases were in males and these patients

Table 3. Dislocations

Gender Age (years) Case number for surgeon Postoperative day Diagnosis Treatment

Male 61 1 0 Osteoarthritis Closed reduction

Male 48 2 0 Osteoarthritis Closed reduction

Female 57 2 8 Osteoarthritis Revision both components

Female 54 7 4 Osteonecrosis Acetabular component revision

Male 33 11 0 Osteoarthritis Closed reduction

Female 65 19 326 Osteoarthritis Closed reduction

Female 41 21 0 Hip dysplasia Closed reduction

Female 62 36 51 Osteoarthritis Closed reduction x 2

Table 4. Nerve injuries

Gender Age (years) Case number for surgeon Involvement Diagnosis Outcome

Male 60 1 Femoral Posttraumatic Recovery

Male 58 2 Peroneal Osteoarthritis Unresolved

Female 56 3 Sciatic Osteoarthritis Recovery

Male 35 3 Femoral Osteoarthritis Recovery

Male 46 4 Peroneal Osteoarthritis Recovery

Female 46 7 Peroneal Osteoarthritis Recovery

Male 60 13 Sciatic Osteoarthritis Unresolved

Male 59 26 Peroneal Osteoarthritis Recovery

Female 54 26 Sciatic Osteoarthritis Recovery

Table 5. Minor adverse events

Complication Number

Femoral neck notching without fracture 3

Hematoma 1

Incomplete cup seating 4

Total 8
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had a mean age of 46 years (range, 40–49 years). Three of

these cases occurred in the surgeons’ first 10 cases and the

fourth was the surgeon’s 37th case. None of these cases

have resulted in the need for reoperation. One patient

developed a postoperative hematoma for which operative

débridement was performed on postoperative Day 4.

Discussion

Hip resurfacing can only be considered a viable alternative to

THA if it can be reasonably taught to surgeons and subse-

quently performed with an acceptable risk of complications.

Legitimate concern has been raised that given the more

technically demanding nature of hip resurfacing, the rate of

complications may be unacceptably high. The goal of this

report was to describe the early experience with metal-

on-metal hip resurfacing, following FDA approval of the

first device in the United States, with a focus on the risk of

early post-operative complications, associated treatment and

any demographic associations with these complications.

One of the limitations of this study is the inclusion of a

large number of surgeons with varying levels of experience

with hip surgery. However, the use of such a mixed pop-

ulation of surgeons may provide a better estimate of what

the ‘‘average’’ orthopaedic surgeon can expect [4]. Further,

no radiographs were reviewed as part of this study. How-

ever, the early complications that we sought to identify

should not have been hampered by the lack of a radio-

graphic review. Furthermore, because complete 1 year data

were not available for all 540 cases, the results reported

here represent the minimum and the actual rate may have

been higher if followup on all patients had been received.

What remains unknown is if the risk of hip resurfacing is

associated with a higher risk of complications than stan-

dard THA. Because this study was observational and not

randomized, this critical question remains unanswered.

The most commonly reported complication of hip

resurfacing is femoral neck fracture. Femoral neck fracture

has been associated with both technical error and patient-

related factors, including advanced age, female gender, and

decreased bone density (Table 6) [3, 5, 16, 18, 21, 22]. A

femoral neck fracture was seen in 2% of cases in this series

with 6 months followup, which is similar to the 1.46% rate

reported in the largest known series to date [21] and far

lower than the rate of 7.2% reported in one series focusing

on the learning curve associated with the procedure [18].

Consistent with prior literature, patient-related factors

(notably age and female gender) seem to have been

important in the occurrence of this complication with three

of the cases being in women who were older than 55 years

of age, five being in men older than 55 years of age, and

nine of the 10 occurring in patients who were either female

or older than 55 years of age. Both surgeons and patients

should be aware of the importance of patient selection

when deciding on hip resurfacing as opposed to conven-

tional THA. Although the seriousness of this complication

cannot be overemphasized, the popularity of cementless

femoral reconstruction in the United States has been

associated with an increased risk of periprosthetic femoral

fracture in association with conventional THA [6, 17].

Nine nerve injuries were reported in this series, for a rate

of 1.7%, with six of the nine occurring among the sur-

geons’ first 10 cases. In one of the largest published series

to date, the risk of nerve palsy was 16 of 1000 (1.6%) [14],

which is similar to the risk noted in this report. In a report

of 230 BHRs followed for a mean of 5 years, five nerve

palsies were noted (2.2%; two sciatic, two femoral, one

common peroneal) with all recovering at the most recent

evaluation [12]. Schmalzried et al. [20] estimated the risk

of nerve palsy at approximately 1% after standard THA,

although other large series have estimated the risk is lower,

at approximately 0.2% [10]. Retention of the femoral head

in resurfacing arthroplasty complicates exposure, and the

Table 6. Reported femoral neck fracture rates following metal-on-metal hip resurfacing

Author Year # Hips Fracture

rate

Notes

Amstutz et al. [1] 2007 350 0.3% All patients \ 50 years old

Amstutz et al. [2] 2004 400 0.8% Mean age 48 years; 73% male

Back et al. [5] 2005 230 0.4% Single femoral neck fracture treated non-operatively; mean age 52 years, 65% male

Daniel et al. [8] 2004 446 0% All patients \ 55 years old and osteoarthritis

De Smet [9] 2005 252 0.4% Mean age 49.7 years old; 70% male

Le Duff et al. [14] 2007 770 0.9% Rate of femoral neck fracture similar between obese and non-obese

Marker et al. [16] 2007 550 2.5% 12 of 14 fractures within first 69 of series

Mont et al. [18] 2007 1016 2.7% Reduction in fracture rate from 7.2% to 0.8% with changes in indications and technique

Shimmin and Back [21] 2005 3497 1.5% Rate 1.91% for women and 0.98% for men; technical error identified in 85% of cases

Della Valle et al. 2008 509 2.0% 9 of 10 fractures in patients who were either female of [ 55 years old

76 Della Valle et al. Clinical Orthopaedics and Related Research

123



higher risk of nerve injury associated with hip resurfacing

may be attributable to difficulties in gaining adequate

exposure of the acetabulum. In addition, retraction of the

femoral head anteriorly may directly compress the femoral

nerve during exposure. Given the higher risk reported in

this study and other reports, it may be prudent to fully

release the hip capsule and gluteus maximus tendon

insertion to ease exposure and limit forceful retraction.

A purported benefit of resurfacing arthroplasty of the hip

is a decreased risk of dislocation; however, eight disloca-

tions were noted in this study (1.8%). Although this

number appears high, it is important to note four of the

dislocations were seen on the recovery room radiographs

and have not resulted in recurrent instability. Given the

complete capsulotomy recommended for hip resurfacing, it

is possible a dislocation might occur when neuraxial

anesthesia results in lower extremity paralysis. Several

other series have reported no dislocations after hip resur-

facing [2, 5, 8], although in one series of 1000 patients, the

risk of dislocation was 0.9% [14], which is the same rate

we found if the recovery room dislocations are excluded.

Two of the dislocations in the present report were managed

with early revision surgery, one for a vertically placed

acetabular component indicating the importance of appro-

priate acetabular component placement, even when a large-

sized femoral head is used. In one large series of 19,680

conventional THAs performed at a tertiary care center, the

incidence of dislocation was 1.8% at 1 year and 7% at

25 years [24] indicating the risk of dislocation may be

lower with hip resurfacing, even when performed by sur-

geons with minimal prior experience in the technique.

Several studies [11, 13, 23] demonstrate the risk of dislo-

cation after conventional THA is related to surgical

experience and thus with increased familiarity with the

technique, the risk of dislocation with hip resurfacing

would be expected to decrease as well.

Results from the Australian Hip Registry suggest that

although the overall rate of early revision is higher as a whole,

in target populations (males and patients younger than

55 years of age), the early revision rate is the same as con-

ventional THA [7]. There were 14 early revisions in this study

(3% of the hips with followup of at least 1 year), which is

similar to what has been reported in the Australian Registry [7]

for hip resurfacing (2.8%), albeit at a shorter time to followup.
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