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Background: The aims of this study were to investigate the following questions: (I) what are the mortality 
rates in patients age 55 years and younger who underwent a hip resurfacing arthroplasty (HRA) versus a 
standard total hip arthroplasty (THA)? (II) is the type of operation independently associated with mortality?
Methods: The database of a single high-volume surgeon was reviewed for patient’s age 55 years and 
younger who underwent a hip arthroplasty between 2002 and 2010. This yielded 505 HRA patients and  
124 THA patients. Chi-square analysis was performed to identify a 5-year mortality rate difference between 
the two cohorts. Multivariable Cox-Regression analyses were used to determine whether the type of 
operation was independently associated with mortality.
Results: There were 8 mortalities (1.6%) in the HRA cohort and 11 (8.9%) in the THA cohort, 
a statistically significant difference (P<0.001) on univariate analysis. Low mortality rates produced 
underpowered multivariate models.
Conclusions: We have demonstrated that patients age 55 and younger who undergo HRA have a 
significantly lower mortality rate than those undergoing THA. This is consistent with multiple previously 
published large database studies.
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Introduction

Hip resurfacing arthroplasty (HRA) is an alternative to 
standard total hip arthroplasty (THA) in young, physically 
active patients (1). While both procedures are highly 
successful at relieving the pain of end-stage degenerative 
hip diseases, there are unique benefits to HRA in this 
population. It preserves their proximal femoral bone stock 
with better revision options if necessary in the future. It 
restores a more anatomic mechanical loading pattern to 
the hip, thereby reducing proximal stress shielding. It 

also reduces the risk of prosthetic dislocation and decreases 
the likelihood of leg length discrepancy. Very few of the 
currently performed hip arthroplasties are HRA’s due, in part, 
to concerns over the safety of the metal-on-metal bearing. 
While some metal-on-metal arthroplasty devices, particularly 
large diameter THA, demonstrated high early failure 
rates, certain HRA implants have shown excellent implant 
survivorship in carefully selected populations. Less is known 
about comparative mortality rates between THA and HRA.

Large longitudinal patient registries from countries with 
universal healthcare systems and national mortality databases 
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have reported statistically significant reductions in patient 
mortality with HRA compared to THA in multivariate 
analyses. This stimulated our interest in reviewing our own 
mortality rates. Specifically, the purpose of this study was to 
(I) evaluate the mortality rates in patients age 55 years and 
younger who underwent HRA versus THA and to (II) assess 
whether the type of operation was independently associated 
with mortality.

Methods

Patient population

After institutional review board (IRB) approval, a review 
of the senior author’s (PJB) arthroplasty database was 
performed to identify patients age 55 years and younger, 
who underwent a primary hip arthroplasty between 
January 01st, 2002 and December 31st, 2010. HRA began in 
September 2006. This review yielded 505 patients who had 
undergone HRA between 2006 and 2010, with a mean age 
of 48 years (range, 14.0 to 55.0 years), and 124 patients who 

had undergone THA with a mean age of 47 (range, 18.0 to  
55.0 years) (Table 1). Most of the THAs (114 of 124; 92%) 
were performed prior to the initiation of the HRA practice. 
The mean follow-up of the HRA group was 7 years (range, 
1 to 11 years), and the mean follow-up of the THA group 
was 6 years (range, 1 to 16 years). A total of 467 of 505 (92%) 
patients in the HRA cohort and 105 of 124 (85%) patients in 
the THA cohort had more than 60-month follow-up. 

Description of experiment, treatment, or surgery

All procedures performed by the senior author were done in 
the same hospital, with the same peri-operative care, using 
a transgluteal anterolateral approach. The implant utilized 
for HRA was the Birmingham Hip Resurfacing (Smith 
and Nephew, Memphis, TN, USA). The implant utilized 
for THA was a cementless Synergy stem, with Reflection 
socket, with either a ceramic on ceramic, or ceramicised 
metal-on cross-linked polyethylene bearing (Smith and 
Nephew, Memphis, TN, USA). Spinal anesthesia was used 
on all patients unless there was a contraindication. Pain 
control, mobilization, and anticoagulation protocols were 
standardized for all patients. 

A review of the electronic medical record was performed 
to collect the following demographic variables: age, gender, 
race, body mass index (BMI), Charlson Comorbidity 
Index (CCI), and preoperative diagnosis. Preoperative 
diagnoses were divided into five major categories: primary 
osteoarthritis, osteonecrosis, dysplasia, slipped capital 
femoral epiphysis (SCFE), and other. The primary 
postoperative outcome was mortality. Mortality was 
determined through a combination of electronic chart 
reviews, patient phone calls, and online obituary searches. 
Participation was voluntary and no financial compensation 
was provided. 

Data analysis 

The characteristic distribution of the entire cohort was 
assessed utilizing a descriptive analysis stratified by type of 
surgery performed. The analysis of continuous variables 
was presented using means and ranges and categorical 
variables were presented using counts and percentages. 
A univariate analysis was performed to identify statistical 
difference between the two cohorts for each patient 
characteristic. Wilcoxon Sign Rank tests were performed 
for continuous variables and chi-square tests were used 
for categorical variables, unless there were not enough 

Table 1 Preoperative patient characteristics

Patient variable
Resurfacing 

(n=505)
Standard THA 

(n=124)
P value

Age in years 
(range)

48 (14.0–55.0) 47 (18.0–55.0) 0.007*

Gender 0.021*

Male 363 (72.0%) 76 (61.3%)

Female 142 (28.1%) 48 (38.7%)

Body mass 
index (range)

31.0 (18.4–63.3) 31.6 (18.7–60.5) 0.458

Tobacco smoker 58/480 (12.1%) 39/124 (31.5%) <0.001*

CCI (IQR) 0 [0–0] 0 [0–1] <0.001*

Diagnosis <0.001*

Primary 
osteoarthritis

316 (62.6%) 68 (54.8%)

Osteonecrosis 26 (5.1%) 27 (21.8%)

Dysplasia 59 (11.7%) 10 (8.1%)

SCFE 79 (15.6%) 2 (1.6%)

Other 25 (5.0%) 17 (13.7%)

*, significant (P<0.05). SCFE, slipped capital femoral epiphysis; 
IQR, interquartile range; CCI, Charleston Comorbidity Index; 
THA, total hip arthroplasty.
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occurrences in the categorical groups, in which case, 
Fisher’s exact tests were used. 

Multivariable Cox-Regression analyses were used to 
determine whether type of operation was independently 
associated with mortality. Patient demographics and 
preoperative characteristics that were either: (I) significantly 
different between the cohorts or (II) were considered 
clinically significant predictors of mortality were adjusted 
for in our multivariable logistic regression models, 
including: surgery type, CCI, gender, age, and diagnosis 
have all been implicated in mortality and were therefore 
included as clinically relevant co-variates in our statistical 
models. Only patients with a minimum of 60 months of 
follow-up or mortality at any time were included in the 
multivariate analysis. There were more smokers in the THA 
cohort than in the HR cohort (see Table 1). As a sensitivity 
analysis, the survival analyses were repeated by limiting 
patient selection to non-smoking patients. All analyses 
were carried out using SPSS 24.0 (International Business 
Machine Corporation, Armonk, NY, USA). All P values less 
than 0.05 were considered statistically significant.

Results 

Mortality rates

A total of 467 of 505 (92%) patients in the HRA cohort and 
105 of 124 (85%) patients in the THA cohort had more 
than 60 months of follow-up. There were 8 mortalities 
(1.6%) in the HRA and 11 mortalities (8.9%) in the THA 

cohort (P<0.001) (Figure 1). Limiting patient selection 
to a primary diagnosis of osteoarthritis (Table 1) did not 
significantly alter the difference in mortality rates (1.9% in 
HRA and 6.0% in THA cohorts). When patient selection 
was limited to non-smokers in both cohorts, this also did 
not alter the difference in mortality rates (1.1% in the HRA 
and 12.7% in THA cohorts, P<0.001). 

Multivariate analysis

The small number of mortality events limited the statistical 
power. On multivariate regression analysis, we did not 
detect a mortality risk difference between patients who 
underwent THA compared to those who underwent HRA 
(HR 2.05; 95% CI, 0.420 to 9.994, P=0.375) (Table 2). In 
addition, typical mortality-related patient risk factors such 
as CCI, smoking, gender, age, and diagnosis were also not 
associated with higher risk of mortality. 

When the survival analysis was repeated in non-smoking 
patients in both cohorts, the univariate cox regression 
analysis trended in favor of HRA (Beta =0.331, 95% CI, 
0.075–1.467; P=0.146. In multivariate cox regression, 
increasing BMI was significantly associated with mortality 
(Beta =1.090, 95% CI, 1.028–1.156; P=0.004). 

Discussion

We chose to study patients age 55 years and younger 
because of the primary indication for hip resurfacing being in 
younger patients, as well as the severe social and economic 

Figure 1 Lower mortality rate in resurfacing cohort when compared to total hip arthroplasty.

M
or

ta
lit

y 
(%

)

15

10

5

0
Hip resurfacing                                         Total hip arthroplasty

N=505                                                              N=124

Group

Mortality rate in hip resurfacing vs. total hip arthroplasty

All patients 44 years and younger

P<0.001



Brooks et al. Mortality after resurfacing vs. THA

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(4):77atm.amegroups.com

Page 4 of 6

consequences of mortality in this population (2-9). We 
have demonstrated that patients age 55 and younger who 
undergo HRA have a significantly lower mortality rate than 
those undergoing THA (1.6% vs. 8.9%). This is consistent 
with previously published large database studies (2-4). Such 
studies analyze large heterogeneous populations of patients, 
surgeons, and devices. This increases the overall number 
of patients included to allow for multivariable analysis. Our 
study uniquely examined only patients age 55 or younger 
from a single high-volume surgeon using a single device. 
We achieved high rates of 5-year clinical follow-up with 
over 85% in each group.

In the present study, there was a significantly higher 
number of patients in THA cohorts that were smokers, 
a factor that may have potentially contributed to the 
higher mortality rates in these patients. However, in our 
sensitivity sub-analysis in which we included only non-
smoking patients in both cohorts, mortality continued to 
be significantly higher in the THA cohort. We also re-
conducted the survival analysis in this subset of patients. 

There are some important limitations to the study. This 
is a retrospective study with the potential for selection bias. 
Prospective, randomized controlled studies of HRA vs. 
THA are difficult to conduct due to patient preferences for 
one procedure over the other. However, 92% of the THAs 
in this study were completed in the four study years prior 
to the availability of HRA. This ameliorates the potential 

concern that only healthier patients were resurfaced as 
evidenced by the low comorbidity burden in each group. 
There were a small number of mortality events and 
many potential contributors to mortality. This presented 
statistical challenges for multivariate analysis. Despite these 
limitations, this study represents the first single-surgeon 
comparison of mortality after HRA and THA.

Several other studies have also reported lower mortality 
rates in patients who undergo HRA compared to THA 
(2,4). In perhaps the most compelling report on mortality 
following HRA vs. THA, Kendal et al. (3) compared all-
cause mortality between approximately 8,000 patients who 
underwent HRA, 22,000 patients who underwent cemented 
THA, and 24,000 patients who underwent cementless THA. 
Multivariate analysis considered not only age, gender, and 
co-morbidities, but also an Index of Multiple Deprivation 
that looked at social variables such as income, employment, 
disability, education, crime, and housing. The authors 
applied a Rosenbaum bounds sensitivity analysis to their 
data and believed that residual confounding was unlikely (3).  
They concluded that patients undergoing HRA had an 
increased odds of survival when compared to cemented 
[hazard ratio (HR) 0.51] and cementless (HR 0.55) THA. 
The Australian Joint Registry Mortality Supplement has 
consistently reported decreased mortality among resurfaced 
patients compared to those receiving THA, after age 
and gender adjustment, from 2014–2018 (5-9). McMinn, 

Table 2 Univariate and Multivariate Cox Regression models measuring the association between study group and mortality

Patient variable

Unadjusted hazard ratio Adjusted hazard ratio

Best 
Estimate

Lower 
95% CI

Upper 
95% CI

P value
Best 

Estimate
Lower 

95% CI
Upper 

95% CI
P value

THA (vs. resurfacing) 1.292 0.366 4.569 0.690 2.048 0.420 9.994 0.375

CCI 1.130 0.738 1.730 0.575 1.078 0.617 1.884 0.793

Tobacco smoker 0.237 0.031 1.818 0.166 0.175 0.022 1.410 0.102

Gender (female/male) 0.835 0.501 1.394 0.491

Age 1.003 0.936 1.075 0.931 1.046 0.957 1.144 0.321

Diagnosis  
(reference = primary osteoarthritis)

0.734 0.446

Osteonecrosis 2.229 0.688 7.223 0.182 3.578 0.922 13.890 0.065

Dysplasia 1.317 0.285 6.081 0.724 2.567 0.458 14.374 0.283

SCFE – – – 0.973 – – – 0.980

Other 1.703 0.453 6.395 0.431 1.875 0.350 10.036 0.463

SCFE, slipped capital femoral epiphysis; CI, confidence interval; CCI, Charleston Comorbidity Index.
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reviewing data from the National Joint Registry of England 
and Wales reported similar results (4).

On the contrary, some studies have demonstrated 
increased mortality in HRA when compared to THA. 
In a Finnish Arthroplasty Register study, the overall 
patient survivorship was higher in THA when compared 
to all HRA devices. However, when stratified by the 
type of implant used in this study, they showed a slightly 
higher survivorship with HRA when compared to THA  
(93% vs. 92%) (10).

Inevitably, questions arise as to the possible reasons for 
the reduced mortality with HRA. Some benefits of HRA 
over THA have been demonstrated that might conceivably 
affect mortality rates. Gait analysis studies of patients who 
underwent a HRA vs. a THA have demonstrated that HRA 
patients had a higher walking speed, accepted more weight 
at top walking speeds, pushed off with greater force, and 
overall had a gait more closely resemble a normal control 
group (11,12). Gait speed has been identified as a predictor 
of human longevity (13). Stride length is also related to 
the development of type 2 diabetes (14). Haddad et al. has 
demonstrated embolization of fat and/or marrow elements 
during THA that may be reduced or eliminated with HRA, 
where the recommended technique includes a suction vent 
during femoral component preparation and implantation (15).  
These could be potential reasons for the difference in the 
mortality rates found in this study. Alternatively, HRA 
patients may intangibly be more concerned with their 
health, maintain higher activity levels, or apt to visit health-
related internet websites where they discover surgical 
options to which other patients are never exposed.

Conclusions

We have demonstrated that patients age 55 and under who 
undergo HRA have a significantly lower mortality rate than 
those undergoing THA. This is consistent with previously 
published large database studies. Such findings suggest 
that hip resurfacing should be considered in young, active 
patients.
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