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Birmingham Hip Resurfacing for osteoarthritis — 
a Canadian retrospective cohort study with a 
minimum 10-year follow-up

Background: Young men with osteoarthritis of the hip are a growing segment of the 
population requiring arthroplasty, and there is compelling evidence that the Birming-
ham Hip Resurfacing (BHR) system provides good functional outcomes and durabil-
ity in young, active men. We reviewed the survivorship and clinical outcomes of 
patients who underwent BHR with a minimum follow-up of 10 years. 
Methods: We analyzed survivorship using the Kaplan–Meier method. Functional 
scoring was performed using the Harris Hip Score (HHS), the University of California, 
Los Angeles (UCLA) Activity Score, and a visual analogue scale (VAS). 
Results: In total, 211 patients (243 hips) were included in the study. Of these, 107 
patients (127 hips) were available for long-term clinical follow-up, with a mean dura-
tion of 12.4 ± 1.4 years. The proportion of male participants with BHRs surviving 
past 13 years was 93.8% (95% confidence interval [CI] 87.9%–100%) compared with 
87% (95% CI 77.8%–97.3%) of female patients. Eleven patients (11 hips) underwent 
BHR revision. Upon final follow-up, the median HHS was 93.9 in males and 93.6 in 
females (p = 0.27); median UCLA Activity Score was 8.2 in males and 7.2 in females 
(p < 0.001), and the median VAS score was 81.9 in males and 81.3 in females (p = 
0.35). The median acetabular component inclination was 45.5° ± 6.0° (range 34.6°–
57.2°) in males and 44.6° ± 5.9° (range 29°–58.9°) in females. The most common fem-
oral head size was 50 mm with a 56 mm or 58 mm cup (36.3%). 
Conclusion: This study confirms that BHR provides good to excellent functional 
outcomes, lasting functional improvements, and acceptable durability beyond 10 years 
in men. Survivorship following BHR is inferior in women; however, HHS and VAS 
scores were similar in women and men.

Contexte : Les hommes jeunes aux prises avec une arthrose de la hanche constituent 
un segment croissant de la population appelé à subir une arthroplastie, et selon des 
preuves solides, les dispositifs de resurfaçage BHR (Birmingham Hip Resurfacing) don-
nent des résultats fonctionnels bons et durables chez les hommes jeunes actifs. Nous 
avons passé en revue la survie prothétique et l’issue clinique chez des patients qui ont 
reçu un dispositif de resurfaçage BHR et qui ont été suivis pendant au moins 10 ans. 
Méthodes  : Nous avons analysé la survie prothétique par la méthode de Kaplan–
Meier. Le calcul du score fonctionnel a été fait au moyen du score de Harris (HHS), 
du score d’activité UCLA (University of California, Los Angeles) et d’une échelle 
analogique visuelle (ÉAV). 
Résultats : En tout, 211 patients (243 hanches) ont été inclus dans l’étude. Parmi ces 
patients, 107 patients (127 hanches) étaient disponibles pour un suivi à long terme 
d’une durée moyenne de 12,4 ± 1,4 ans. La proportion de participants de sexe masculin 
ayant reçu un dispositif BHR dont la survie a dépassé 13 ans était de 93,8 % (intervalle 
de confiance [IC] à 95 % 87,9 %–100 %), contre 87 % (IC à 95 % 77,8 %–97,3 %) chez 
les femmes. Onze patients (11 hanches) ont fait l’objet d’une révision du dispositif 
BHR. Au suivi final, le score HHS médian était de 93,9 chez les hommes et de 93,6 
chez les femmes (p = 0,27); le score d’activité UCLA était de 8,2 chez les hommes et de 
7,2 chez les femmes (p < 0,001) et le score médian à l’ÉAV était de 81,9 chez les 
 hommes et de 81,3 chez les femmes (p = 0,35). L’inclinaison médiane du composant 
acétabulaire était de 45,5 ° ± 6,0 ° (éventail 34,6 °–57,2 °) chez les hommes et de 44,6 ° ± 
5,9 ° (éventail 29 °–58,9 °) chez les femmes. La taille la plus commune des têtes fémo-
rales était de 50 mm, avec des cupules de 56 mm ou 58 mm (36,3 %). 
Conclusion : Cette étude confirme que le dispositif BHR offre d’excellents résultats 
cliniques, des améliorations fonctionnelles à long terme et une durabilité acceptable 
au-delà de 10 ans chez les hommes. La survie prothétique est inférieure chez les 
femmes qui reçoivent un dispositif BHR; par contre les scores HHS et à l’ÉAV ont été 
similaires chez les femmes et les hommes.
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Y oung male patients with osteoarthritis of the hip 
are a growing and important segment of the popu-
lation requiring arthroplasty.1 The success of total 

hip arthroplasty (THA) is well documented; however, 
there continues to be compelling evidence that hip resur-
facing arthroplasty with the Birmingham Hip Resurfacing 
(BHR) system provides good functional outcomes and 
durability in young, active men. This is clinically relevant, 
as young men report decreased satisfaction following THA 
compared with BHR.2,3 There is growing evidence to sug-
gest an improved return to high-level activities and sports 
following hip arthroplasty with a hip resurfacing.3 Other 
added benefits of hip resurfacing include the preservation 
of femoral bone stock, more accurate biomechanical res-
toration of the hip anatomy, decreased proximal femoral 
stress shielding, lower rates of dislocation, and superior 
patient-reported outcomes.4–6

A number of studies have reported mid-term out-
comes5,7–11 and long-term (minimum follow-up of 10 years)
outcomes12–21 of patients following BHR. However, most of 
those studies included patients with varying diagnoses, with 
no exclusions. We sought to report the 10-year survivorship 
and functional and radiological outcomes of consecutive 
patients who underwent BHR for osteoarthritis, performed 
by a single surgeon at a Canadian university hospital.

Methods

Study design

We conducted a retrospective study on consecutive 
patients who received BHR (Smith & Nephew Orthopae-
dics Ltd.) for osteoarthritis and had a minimum follow-
up of 10 years. All operations were performed by a single 
nondesigner fellowship-trained arthroplasty surgeon 
(J.W.) at a Canadian university hospital between 2003 
and 2009.

Following institutional review board approval, a retro-
spective chart review of the senior surgeon’s electronic 
medical records (EMR) was performed to identify all eligi-
ble patients. For the purpose of this study, only patients 
with an underlying diagnosis of primary osteoarthritis were 
included for analysis. Any patient who received BHR in 
the context of posttraumatic arthritis, avascular necrosis, 
inflammatory arthritis, or other conditions was excluded.  
Patients who met the eligibility criteria were contacted by 
telephone and offered an in-person follow-up appoint-
ment. If the patient was either unwilling or unable to 
attend the clinical appointment, they were considered lost 
to follow-up from the time of their last documented in-
person appointment. Revision surgery was considered the 
end point of survivorship. We retrospectively collected 
data on patients’ baseline characteristics and, for those who 
underwent BHR revision, the date to failure and reasons 
for failure.

All patients’ follow-up appoinment in clinic occurred in 
June 2019, at which time we obtainded written informed 
consent from all participants. Patients underwent standard 
anteroposterior (AP) radiography (digitally recorded) 
before their follow-up in clinic in order for us to assess the 
implant position and identify any underlying osteolysis. 
Images were analyzed using IMPAX 6 software (AFGA 
Healthcare). Acetabular cup abduction angle (inclination) 
was recorded, as previously described by De Haan and col-
leagues22 (Figure 1). Osteolysis was defined as a radiolu-
cency extending more that 2 mm from the surface of the 
prosthesis into the acetabulum or around the femoral stem.

Functional scoring was performed using the Harris Hip 
Score (HHS) and the University of California, Los Ange-
les (UCLA) Activity Score. To improve the accuracy of 
our results, all patients were given the same instructions 
for completing the questionnaires. In addition, all patients 
were asked if there were any activities or sports that they 
ever avoided specifically because of their arthroplasty; we 
specified that avoidance could be for reasons including 
pain, instability, discomfort, or apprehension. Answers 
were recorded as a binary response (yes or no). Patients 
were also asked to grade their overall satisfaction with their 
BHR using a 100 mm visual analogue scale (VAS).

BHR technique

All operations involved a standard posterior surgical 
approach to obtain a 360° view of the acetabulum for 
optimal component positioning. Most patients received a 
spinal anesthetic at the time of the procedure; anesthetic 
type was left to the discretion of the anesthesiologist. 
Perioperative antibiotic prophylaxis consisted of a stan-
dard weight-based dose of cefazolin.

All acetabular components were uncemented, relying 
on the porous, hydroxyapatite-coated surface for long-
term stability. The acetabula were underreamed to allow 

Fig. 1. Anteroposterior radiograph showing the measurement of 
the abduction angle (inclination) of the cup.
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press-fit fixation. The acetabular components were then 
fully impacted with an intended 40°–45° of inclination and 
15°–20° of anteversion. The external diameter of the ace-
tabular components ranged from 48 mm to 62 mm. The 
diameter of the acetabular component was either 6 mm or 
8 mm larger than the corresponding femoral component. 
Osteophytes around the acetabulum were removed to 
avoid impingement.

Osteophytes on the femoral neck were removed to 
ensure an accurate measurement of the head:neck ratio. 
Implant sizing based on the femoral neck also ensured ade-
quate offset. The McMinn alignment jig was used for 
intraoperative femoral orientation. All BHR femoral com-
ponents were cemented using Simplex T bone cement 
(Stryker). The femoral components were placed in 5°–10° 
of valgus relative to the femoral neck.

All patients followed a standard postoperative hip 
arthroplasty care pathway. This included receiving low-
molecular-weight heparin (dalteparin) for 28 days postop-
eratively for venous thromboembolism prophylaxis and 
discharge from the acute care hospital within 24–48 hours 
postoperatively. Patients were encouraged to mobilize 
early, with immediate weight bearing as tolerated. All 
patients had clinical follow-up at 2 weeks, 6 weeks, 
3 months and 1 year following surgery. Outpatient physio-
therapy was instituted for all patients within 6 weeks post-
operatively. A graduated return to sport was allowed with-
out restrictions after 3 months.

Statistical analysis

All statistical analyses were performed with R software ver-
sion 3.6.123 and R Studio24 using different packages.25–32 We 
analyzed demographic and clinical characteristics using fre-
quencies and percentages for categorical data, and using 
mean and standard deviation or median and range for con-
tinuous data. Kaplan–Meier survival analysis was undertaken 
on the data sets, by gender, with 95% confidence intervals 
(CIs). Patients lost to follow-up were accounted for until 
their last documented clinic visit. The Shapiro–Wilk test of 
normality was applied to all unpaired (HHS and UCLA 
Activity Score) data. We used the  Wilcoxon signed-rank and 
rank-sum tests for HHS and UCLA Activity Score data. We 
considered results to be significant at p < 0.05.

Results

In total, 211 patients (243 hips) met the inclusion criteria. 
Nine patients (12 hips) died from causes unrelated to sur-
gery before this study. Eleven patients (11 hips) required a 
revision surgery. Forty-five patients were unable to be 
reached, and 33 patients declined to participate in the 
study. All these patients’ data were included for analysis 
up to the time of their last clinic visit and then considered 
lost to follow-up. Of the 113 patients scheduled for office 

follow-up, 6 did not show up to their appointment and 
were also considered lost to follow-up. Patient baseline 
demographic characteristics are presented in Table 1.

The mean age of the remaining cohort (107 patients; 
127 hips) at the time of surgery was 49.1 years (males: 50.3 
± 6.6 yr; females: 45.1 ± 8.1 yr). There were 39 bilateral 
procedures, 11 of which were performed simultaneously 
(7 males with a mean age of 46.9 ± 5.2 yr and 4 females 
with a mean age of 50.8 ± 2.3 yr). Of the 28 patients who 
underwent staged BHR, 19 had their second BHR per-
formed less than 10 years before the final follow-up, and 
therefore their clinical and functional assessments account 
for only their first hip resurfacing. The mean duration of 
follow-up was 12.37 ± 1.4 years. The average body mass 
index (BMI) of our cohort was 28.27 ± 5.2 kg/m2 (males: 
28.97 ± 5.0 kg/m2; females: 25.87 ± 5.2 kh/m2).

Survival analysis

Of the 211 patients available for study inclusion, 45 were 
unable to be reached via telephone. The EMRs of these 
patients were reviewed, and none underwent revision 
BHR surgery. The 33 patients who were contacted via 
telephone but declined to participate in the study did 
answer questions regarding failure of the procedure and 
whether they underwent BHR revision. Therefore, 
implant survivorship analysis was performed on all 
211 eligible patients (243 hips).

Kaplan–Meier survival curves are presented in Figure 2. 
The proportion of patients with a BHR surviving past 
13 years was 91.9% (95% CI 86.9%–97.2%). The propor-
tion of male participants with BHRs surviving past 
13 years was 93.8% (95% CI 87.9%–100%), whereas the 
proportion of female participants with BHRs surviving 
past 13 years was 87% (95% CI 77.8%–97.3%).

Details of all 11 patients who underwent revision sur-
gery, along with time to failure and reasons for failure, are 
presented in Table 2. Of this cohort, 11 patients (5 males 
and 6 females; 4.13%) underwent BHR revision. The 
 average time to revision surgery was 98.6 ± 47 months 

Table 1. Baseline patient characteristics, by gender

Characteristic
Male 
n = 83

Female 
n = 24

Total 
n = 107

Age, mean ± SD, yr 50.3 ± 6.6 45.1 ± 8.1 49.1 ± 7.3

BMI, mean ± SD, kg/m2 28.97 ± 5.0 25.87 ± 5.2 28.27 ± 5.2

Follow-up, mean, yr 12.23 12.81 12.37

Hips, n (%) 96 (75.6) 31 (24.4) 127 (100)

BHR procedure, n

    Unilateral 70 17 87

    Bilateral* 6 3 9

    Simultaneous 7 4 11

BHR = Birmingham hip resurfacing; SD = standard deviation.

*Twenty-eight patients had bilateral BHRs at the last follow-up in June 2019; however, 
19 of these patients (17 male, 2 female) had their second BHR performed < 10 years ago 
and, therefore, only their first BHR was included for data analysis.
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(8.2 yr; range 48–160 mo) in males and 92.8 ± 19 months 
(7.7 yr; range 62–110 mo) in females.

Two of the patients developed symptomatic aseptic 
lymphocyte-dominated vasculitis-associated lesions 
(ALVAL) or pseudotumours, 2 developed acetabular cup 

loosening, 2 developed aseptic femoral loosening, 1 had 
vague hip symptomatology with elevated whole-blood 
metal ion levels (cobalt 7.12 ng/mL; chromium 9.66 ng/mL), 
1 had a periprosthetic femur fracture, 1 developed femoral 
avascular necrosis with subsequent femoral implant 

Table 2. Characteristics of the 11 patients who underwent BHR revision

Patient Age, yr* Cup/head size, mm Cup inclination† Time to revision, mo Reason for revision

Male

    1 53 62/54 33.2° 160 Pseudotumour at 12 yr

    2 66 64/58 43.7° 56 Acetabular cup loosening

    3 60 64/58 41.1° 105 Femoral avascular necrosis with implant subsidence

    4 62 56/50 43.1° 124 Anterior acetabular impingement

    5 57 58/52 44.2° 48 Acetabular cup loosening

Female

    1 54 54/48 35.6° 110 ALVAL/pseudotumour at 2 yr

    2 67 52/46 37.5° 62 Elevated whole-blood metal-ions at 4 yr

    3 38 48/42 45.9° 78 Periprosthetic fracture

    4 59 50/44 34.8° 108 Aseptic femoral loosening

    5 41 48/42 37.1° 102 Aseptic femoral loosening

    6 33 54/46 53.8° 97 Ongoing symptomatology

ALVAL = aseptic lymphocyte-dominated vasculitis-associated lesion; BHR = Birmingham hip resurfacing.

*Age of the patient at the time of the index surgery.

†Measurement of the abduction angle on standard anteroposterior radiographs, as described previously by De Haan et al.22

Fig. 2. Survival curves following Birmingham hip resurfacing.
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 sub sidence, and 1 patient was symptomatic from anterior 
hip impingement. These 10 patients were ultimately 
revised to a THA.

One of the patients required their acetabular cup to be 
revised to a BHR dysplasia cup after the native BHR cup 
loosened (Figure 3). This patient agreed to follow-up with 
us in clinic as part of the study. The patient expressed 
their satisfaction with the revised prosthesis, and admitted 
to returning to a very active lifestyle involving regular par-
ticipation in moderate- to high-impact sports.

The average inclination angle for acetabular cups in 
these patients was 41.1° in males and 40.1° in females. 

Of the 10 patients who had their BHR revised to a THA, 
the average femoral head size of their original implant 
was 54 mm (range 50–58 mm) in males and 44 mm 
(range 42–48 mm) in females.

Radiographic analysis

All pelvis radiographs were independently reviewed by 
2 senior orthopedic surgery residents (J.B.M. and J.L.) 
and the senior author (J.W.). There were no cases of 
osteolysis or changes in component position in any of 
the patients. One patient developed asymptomatic 
 heterotrophic ossification (Brooker classification 2; 
bone spurs with ≥ 1 cm between pelvis and proximal 
femur projections). The acetabular cup abduction angle 
(inclination) was on average 45.5° ± 6.0 (range 34.6°–
57.2°) in males and 44.6° ± 5.9 (range 29°–58.9°) in 
females (Table 3). The most common femoral head size 
was 50 mm with a 56 mm or 58 mm cup (36.3%). 
 Second to these was a femoral head size of 46 mm with 
an acetabular cup of 52 mm (18.6%). Of note, the 
46 mm femoral components (and smaller) in the BHR 
system are no longer available; the smallest femoral 
component now available is 48 mm. The complete 
implant size data are presented in Table 3.

Functional outcome

Functional scores as assessed by the HHS and UCLA 
Activity Score questionnaires are summarized in Table 4. 
The median HHS at final follow-up was 93.9 ± 9.3 (range 
40–100) for males and 93.6 ± 11.7 (range 40–100) for 
females; a difference that was not statistically significant 
(p = 0.27). The UCLA Activity Score was 8.2 ± 1.3 (range 
3–10) for males and 7.2 ± 1.6 (range 3–10) for females. 
The difference in UCLA score between men and women 
was statistically significant (p < 0.001). Lastly, patient sat-
isfaction as measured with a VAS showed a median 
VAS of 81.9 ± 11.1 (range 50–100) for males and 81.3 ± 
15.6 (range 25–100) for females (p = 0.35).

All but 2 patients (98.1%) admitted to returning to 
their preferred moderate- to high-level activities and 
sports (e.g., downhill skiing and mountain biking) and 
reported not feeling limited by their arthroplasty. The 
2 patients who refrained from participating in activities 

Table 3. Implant characteristics

Characteristic % of patients*

Acetabular cup inclination, mean ± SD (range)

Males 45.5° ± 6.0 (34.6°– 57.2°)

Females 44.6° ± 5.9 (29.0°– 58.9°)

BHR implant size

Head size, 42 mm

    Cup size, 48 mm 3.5

    Cup size, 50 mm 5.3

Head size, 46 mm

    Cup size, 52 mm 18.6

Head size, 50 mm

    Cup size, 56 mm 36.3

    Cup size, 58 mm 0.9

Head size, 52 mm

    Cup size, 58 mm 10.6

Head size, 54 mm

    Cup size, 60 mm 15.0

    Cup size, 62 mm 1.8

Head size, 58 mm

    Cup size, 62 mm 8.0

BHR = Birmingham hip resurfacing; SD = standard deviation.

*Unless indicated otherwise.

Table 4. Mean patient-reported outcome scores at final 
follow-up

Measure Males Females p value

HHS 93.9 93.6 0.27

UCLA 8.20 7.2 < 0.001

VAS 81.9 81.3 0.35

HHS = Harris Hip Score; UCLA = University of California, Los Angeles Activity Score; 
VAS = visual analogue scale.

Fig. 3. Radiograph showing a patient who required revision sur-
gery for a loose acetabular cup. The patient would be revised to 
a BHR dysplastic cup. BHR = Birmingham hip resurfacing.
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or sports admitted this was because of apprehension 
rather than from objective functional limitations or hip 
symptomatology. Two patients reported having inter-
mittent “squeaking” from the hip (1.6%), and 1 hip 
elicited a clicking sound (0.8%), yet these patients 
reported no pain or discomfort and had no objective 
signs at the time of the final follow-up.

discussion

The aim of this study was to report the long-term survivor-
ship and functional outcome of the BHR in a consecutive 
series of patients with osteoarthritis who had a minimum 
10-year follow-up. Our findings corroborate the long-term 
efficacy of BHR in young male patients by demonstrating 
good implant survivorship (with 93.8% of male patients’ 
BHR surviving past 13 years), improvements in patient-
reported outcomes, and sustained ability to participate in 
activities and sports beyond 10 years postoperatively. While 
many studies have reported long-term outcomes of the 
BHR,12–21 most had heterogeneous cohorts of patients who 
underwent hip resurfacing for different underlying diagno-
ses. Our study represents a large single-surgeon case series 
assessing 10-year survivorship, functional and radiological 
outcomes in consecutive BHRs performed for osteoarth-
ritis. This study therefore extends on the current literature 
by focusing on implant survival and functional outcomes in 
patients who received a BHR specifically for osteoarthritis.

The continued use of BHR depends in part on its 
comparability to THA. The foremost challenge in per-
forming THA in younger males has been to develop 
bearing surfaces that can withstand higher demands and 
expected greater longevity. Jonas and colleagues33 
recently compared the long-term clinical and radiological 
results of patients with metal-on-polyethylene hybrid 
THA to BHR. They found that after 18 years, patients 
with a BHR remained more active and had a lower mor-
tality rate than patients with hybrid THA. On the other 
hand, ceramic-on-ceramic THA provides excellent wear 
resistance owing to its hard-on-hard articulation resulting 
in minimal osteolysis and improved implant longevity.34–35 
Mahiques-Segura and colleagues36 compared outcomes of 
94 patients aged 20–40 years who received a cementless 
ceramic-on-ceramic THA (mean follow-up of 13.6 yr) to 
90 older patients (mean age 64.7 yr) with the same 
implant. They reported an implant survivorship of 94.7% 
at 14 years in the younger patients compared with a sur-
vivorship of 98.3% in the older patients. These findings 
show that THA with an enhanced bearing surface is less 
durable in younger, active patients. In comparison, 
 Scholes and colleagues37 reported on the survivorship of 
BHR in patients younger than 50 years with a minimum 
10-year follow-up. They found a cumulative rate of sur-
vival of 96.8% at 15 years (99.4% for men and 93.8% for 
women). These findings are in keeping with those of an 

earlier study that reported a cumulative survivorship of 
BHR of 96.3% in patients younger than 50 years.19

Our study design allowed us to have patients return to our 
clinic for a long-term follow-up appointment during which 
up-to-date patient reported outcome scores (PROMs) were 
collected. To improve the accuracy of our results, all patients 
were given the same instructions for completing the question-
naires. The results obtained from the HHS questionnaires 
show that, on average, patients report good to excellent hip 
function at a mean follow-up of 12.4 years. These findings are 
in accordance with those of a previous study.18 We also found 
that HHS and VAS scores did not differ between males and 
females. The mean UCLA Activity Score, on the other hand, 
was significantly inferior in females than males in our study 
(7.22 v. 8.2, p < 0.001). However, regardless of sex, these 
results indicate that most patients continue to engage in high-
level activities after surgery. Our results are consistent with 
those of other studies reporting long-term clinical outcomes 
following BHR.14,15 Treacy and colleagues14 showed a median 
UCLA Activity Score of 7.0 (interquartile range 5.0–8.0) in 
their series of 144 BHRs at a minimum of 10 years, whereas 
Holland and colleagues15 showed a median UCLA Activity 
Score of 7 at the 10-year review. Put together, our results are 
in line with the current literature supporting the intention of 
BHR, which is to relieve pain, restore hip function and permit 
an active lifestyle.

Limitations

While the present study has expanded on the current lit-
erature about the long-term sustained improvements fol-
lowing BHR for osteoarthritis, it should be interpreted in 
light of its limitations. The surgeries in this cohort were 
performed by a nondesigning surgeon and include some 
of the surgeon’s first BHRs completed in his independent 
practice, therefore accounting for the learning curve with 
this pro cedure. It is important to recognize the technical 
demands in performing a BHR. Though the results 
achieved in this study compare with those of other stud-
ies,13–15 they may not be achievable and reproducible 
when performed by other less technically familiar sur-
geons. In addition, another potential confounding vari-
able that could not be controlled for because of study 
design is the documented primary diagnosis at the time of 
surgery. While we carefully triaged patients from the 
senior surgeon’s EMR, there may be inherent misclassifi-
cations; for example, underlying de velopmental dysplasia 
of the hip. Second, we acknow ledge the lack of preopera-
tive PROM scores, which hindered us from examining 
any long-term changes in these parameters. Finally, pel-
vic radiographs were obtained and reviewed during the 
latest follow-up. This offered an opportunity to identify 
any asymptomatic patients with radiographic evidence of 
osteolysis or implant failure. This was a limitation identi-
fied in previous long-term studies.16,20
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conclusion

We report good survivorship and functional outcomes of 
BHR, more so in male than in female patients, at an aver-
age age at surgery of 49.1 ± 7.3 years and with a minimum 
of 10 years of follow-up. These findings support the current 
evidence regarding the benefits of BHR in active young 
males with osteoarthritis.2,3

Affiliation: From the University of Calgary, Cumming School of Medicine, 
Rockyview General Hospital & Alberta Hip and Knee Clinic, Calgary, Alta.

Competing interests: None declared.

Contributors: J. Bourget-Murray, S. Watt Kearns, J. Lukenchuk and 
J. Werle designed the study. J. Bourget-Murray, S. Watt Kearns, S. 
Piroozfar, J. Lukenchuk and J. Werle acquired and analyzed the data, 
which K. Johnston also analyzed. J. Bourget-Murray, S. Watt Kearns, J. 
Lukenchuk and J. Werle wrote the article, which all authors revised. All 
authors gave final approval of the article to be published. 

Content licence: This is an Open Access article distributed in accordance 
with the terms of the Creative Commons Attribution (CC BY-NC-ND 4.0) 
licence, which permits use, distribution and reproduction in any medium, 
provided that the original publication is properly cited, the use is noncom-
mercial (i.e., research or educational use), and no modifications or adapta-
tions are made. See: https://creativecommons.org/licenses/by-nc-nd/4.0/

References

 1. Kurtz S, Ong K, Lau E, et al. Projections of primary and revision hip and 
knee arthroplasty in the United States from 2005 to 2030. J Bone Joint 
Surg Am 2007;89:780-5.

 2. Lieberman JR, Polkowski GG, Della Valle CJ. Practice management 
strategies among current members of the American association of hip 
and knee surgeons. J Arthroplasty 2016;31(Suppl):3-6.

 3. Hellman MD, Ford MC, Barrack RL. Is there evidence to support an 
indication for surface replacement arthroplasty? A systematic review. 
Bone Joint J 2019;101-B(Suppl A):32-40.

 4. Pollard TC, Baker RP, Eastaugh-Waring SJ, et al. Treatment of the 
young active patient with osteoarthritis of the hip. A five- to seven-year 
comparison of hybrid total hip arthroplasty and metal-on-metal resurfac-
ing. J Bone Joint Surg Br 2006;88:592-600.

 5. Shimmin A, Beaulé PE, Campbell P. Metal-on-metal hip resurfacing 
arthroplasty. J Bone Joint Surg Am 2008;90:637-54.

 6. Silva M, Haeng Lee K, Heisel C, et al. The biomechanical results of total 
hip resurfacing arthroplasty. J Bone Joint Surg Am 2004;86:40-6.

 7. Heilpern GN, Shah NN, Fordyce MJ. Birmingham hip resurfacing 
arthroplasty: a series of 117 consecutive hips with a minimum 5 year 
 follow up. J Bone Joint Surg Br 2008;90:1137-42.

 8. Khan M, Kuiper JH, Edwards D, et al. Birmingham hip arthroplasty: five to 
eight years of prospective multicenter results. J Arthroplasty 2009;24:1044-50.

 9. Back DL, Dalziel R, Young D, et al. Early results of primary Birming-
ham hip resurfacings: an independent prospective study of the first 230 
hips. J Bone Joint Surg Br 2005;87:324-9.

10. Hing CB, Back DL, Bailey M, et al. The results of primary Birmingham 
hip resurfacings at a mean of five years: an independent prospective 
review of the first 230 hips. J Bone Joint Surg Br 2007;89:1431-8.

11. Steffen RT, Pandit HP, Palan J, et al. The five-year results of the Bir-
mingham hip resurfac-ing arthroplasty: an independent series. J Bone 
Joint Surg Br 2008;90:436-41.

12. Daniel J, Pradhan C, Ziaee H, et al. Results of the Birmingham hip resur-
facing at 12 to 15 years: a single surgeon series. Bone Joint J 2014;96-
B:1298-306.

13. Scholes CJ, Ebrahimi M, Farah SB, et al. The outcome and survival of 
metal-on-metal hip resurfacing in patients aged less than 50 years: a pro-

spective observational cohort study with minimum ten-year follow-up. 
Bone Joint J 2019;101-B:113-20.

14. Treacy RB, McBryde CW, Shears E, et al. Birmingham hip resurfacing: 
a minimum follow up of ten years. J Bone Joint Surg Br 2011;93:27-33.

15. Holland JP, Langton DJ, Hashmi M. Ten-year clinical, radiological, and 
metal ion analysis of the Birmingham hip resurfacing: from a single, 
non-designer surgeon. J Bone Joint Surg Br 2012;94:471-6.

16. Coulter G, Young DA, Dalziel RE, et al. Birmingham hip resurfacing a 
mean of ten years: results from an independent centre. J Bone Joint Surg 
Br 2012;94:315-21.

17. Mehra A, Berryman F, Matharu GS, et al. Birmingham hip resurfacing: a 
single surgeon series reported at a minimum 10 years of follow-up. J 
Arthroplasty 2015;30:1160-6.

18. Hunter TJ, Moores TS, Morley D, et al. 10-year results of Birmingham 
hip resurfacing: a non-designer case series. Hip Int 2018;28:50-2.

19. Matharu GS, McBryde CW, Pynsent WB, et al. The outcome of the Bir-
mingham hip resurfacing in patients aged < 50 years up to 14 years post-
operatively. Bone Joint J 2013;95-B:1172-7.

20. Murray DW, Grammatopoulos G, Pandit H, et al. The ten-year survival 
of the Birmingham hip resurfacing: an independent series. J Bone Joint 
Surg Br 2012;94:1180-6.

21. Azam MQ, McMahon S, Hawdon G, et al. Survivorship and clinical out-
come of Birmingham hip resurfacing: a minimum ten years’ follow-up. 
Int Orthop 2016;40:1-7.

22. De Haan R, Pattyn C, Gill HS, et al. Correlation between inclination of 
the acetabular component and metal ion levels in metal-on-metal hip 
resurfacing replacement. J Bone Joint Surg Br 2008;90:1291-7.

23. R Core Team. R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria; 2019. 

24. R Studio Team. RStudio: integrated development for R. RStudio, Inc., 
Boston; 2018.

25. Wickham H. ggplot2: Elegant Graphics for Data Analysis. New 
York:Springer-Verlag New York; 2016.

26. Therneau TM, Grambsch PM. Modeling Survival Data: Extending the 
Cox Model. New York: Springer; 2000.

27. Wright MN, Ziegler A. ranger: A fast implementation of random for-
ests for high dimensional data in C++ and R. J Stat Softw 2017;77:1-17.

28. Tang Y, Horikoshi M, Li W. ggfortify: unified interface to visualize 
statistical result of popular R Packages. R Journal 2016;8:478-89.

29.  Kassambara A, Kosinski M. survminer: Drawing survival curves using 
‘ggplot2’. R package version 0.4.4. rdrr.io; 2019.

30. Wickham H, François R, Henry L, et al. dplyr: A grammar of data 
manipulation. R package version 0.8.3. RStudio; 2019.

31. Marschner IC. glm2: Fitting generalized linear models with conver-
gence problems. R Journal 2011;3:12-5.

32. Schratz P. R package ‘oddsratio’: odds ratio calculation for GAM(M)s & 
GLM(M)s, version: 1.0.2. rdrr.io; 2017.

33. Jonas SC, Whitehouse MR, Bick S, et al. An 18-year comparison of 
hybrid total hip replacement and Birmingham hip resurfacing in 
active young patients. Hip Int 2019;29:630-7.

34. Kim YH, Park JW, Kim JS. Cementless metaphyseal fitting anatomic 
total hip arthroplasty with a ceramic-on-ceramic bearing in patients 
thirty years of age or younger. J Bone Joint Surg Am 2012;94:1570-5.

35. D’Antonio JA, Capello WN, Manley MT, et al. Ceramic bearings 
for total hip arthroplasty have high survivorship at 10 years. Clin 
Orthop Relat Res 2012;470:373-81.

36. Mahiques-Segura G, Lizaur-Utrilla A, Vizcaya-Moreno MF, et al. A 
comparison study of the outcomes of ceramic-on-ceramic total hip 
arthroplasty in young vs older patients: a minimum 10-year follow-
up prospective matched study. J Arthroplasty 2019;34:1731-5.

37. Scholes CJ, Ebrahimi M, Farah SB, et al. The outcome and survival 
of metal-on-metal hip resurfacing in patients aged less than 50 years: 
a prospective observational cohort study with minimum ten-year 
 follow-up. Bone Joint J 2019;101-B:113-20. 

https://pubmed.ncbi.nlm.nih.gov/30601056

