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BACKGROUND
Controversy exists over the use of bone cement in hip fractures treated with hemi-
arthroplasty. Only limited data on quality of life after cemented as compared with 
modern uncemented hemiarthroplasties are available.

METHODS
We conducted a multicenter, randomized, controlled trial comparing cemented 
with uncemented hemiarthroplasty in patients 60 years of age or older with an 
intracapsular hip fracture. The primary outcome was health-related quality of life 
measured with the use of utility scores on the EuroQol Group 5-Dimension (EQ-5D) 
questionnaire at 4 months after randomization (range of scores, −0.594 to 1, with 
higher scores indicating better quality of life; range for minimal clinically impor-
tant difference, 0.050 to 0.075).

RESULTS
A total of 610 patients were assigned to undergo cemented hemiarthroplasty and 
615 to undergo modern uncemented hemiarthroplasty; follow-up data were avail-
able for 71.6% of the patients at 4 months. The mean EQ-5D utility score was 0.371 
in patients assigned to the cemented group and 0.315 in those assigned to the 
uncemented group (adjusted difference, 0.055; 95% confidence interval [CI], 0.009 
to 0.101; P = 0.02). The between-group difference at 1 month was similar to that at 
4 months, but the difference at 12 months was smaller than that at 4 months. 
Mortality at 12 months was 23.9% in the cemented group and 27.8% in the unce-
mented group (odds ratio for death, 0.80; 95% CI, 0.62 to 1.05). Periprosthetic 
fractures occurred in 0.5% and 2.1% of the patients in the respective groups (odds 
ratio [uncemented vs. cemented], 4.37; 95% CI, 1.19 to 24.00). The incidences of 
other complications were similar in the two groups.

CONCLUSIONS
Among patients 60 years of age or older with an intracapsular hip fracture, ce-
mented hemiarthroplasty resulted in a modestly but significantly better quality of 
life and a lower risk of periprosthetic fracture than uncemented hemiarthroplasty. 
(Funded by the National Institute for Health Research; WHiTE 5 ISRCTN number, 
ISRCTN18393176.)
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Hip fracture in older people is a 
global problem that impairs health-
related quality of life1 and places a sub-

stantial socioeconomic burden on health care 
systems.2 Globally, the incidence of hip fractures 
is projected to reach 6.26 million per year by 2050.3

Approximately half of hip fractures occur at 
the neck of the femur, and the majority of these 
fractures are treated with a partial hip replace-
ment in which the head of the femur is replaced 
with a metal implant (hemiarthroplasty).4 There 
is controversy about how best to fix the hemi-
arthroplasty implant to the bone of the femur. If 
the implant is not securely bonded to the pa-
tient’s bone, it can loosen, causing pain and re-
stricting activities of daily living. A meta-analysis 
of randomized, controlled trials showed that 
implants fixed with bone cement were associated 
with less postoperative pain and better mobility 
than the first generation of “press-fit” uncement-
ed implants (e.g., Austin Moore prosthesis).5 
However, injection of bone cement during sur-
gery has been associated with a drop in patients’ 
blood pressure and, in rare cases, cardiovascular 
collapse and death.6

More recent uncemented implants have been 
designed to provide better integration with the 
bone.7 Proponents of these newer hydroxyapatite-
coated uncemented implants suggest that they 
provide reliable fixation, which promotes early 
return to normal activities, while avoiding the 
potential risks of using bone cement. We con-
ducted the World Hip Trauma Evaluation 
(WHiTE) 5 trial to compare health-related qual-
ity of life in adults 60 years of age or older with 
a displaced intracapsular hip fracture who were 
randomly assigned to undergo either cemented 
hemiarthroplasty or modern uncemented hemi-
arthroplasty.

Me thods

Trial Design and Oversight

WHiTE 5 was a multicenter, randomized, con-
trolled superiority trial. The protocol has been 
published previously8 and is available with the 
full text of this article at NEJM.org. The trial 
was conducted as an initial feasibility phase in 
4 centers followed by a main phase in 14 cen-
ters. Recruiting centers took part in the WHiTE 
cohort study,9 which involves patients with a hip 
fracture admitted to participating centers and 

provides a framework for identifying participants 
for embedded randomized trials.

The trial was coordinated by the University of 
Oxford, United Kingdom. A steering committee 
and independent data and safety monitoring 
committee oversaw trial conduct and patient 
safety. The Wales Research Ethics Committee 5 
approved the trial.

Patients

Patients 60 years of age or older with a displaced 
intracapsular hip fracture whose planned treat-
ment was a hemiarthroplasty were eligible to 
enter the trial. Patients who were unable to pro-
vide consent owing to a lack of capacity were 
included under a process of consultee agreement 
in accordance with the Mental Capacity Act in 
England and Wales.10

Trial Procedures

After consent had been obtained, Web-based 
randomization software managed by the Univer-
sity of Oxford was used to assign patients in a 
1:1 ratio to undergo either cemented hemi-
arthroplasty (cemented group) or modern hy-
droxyapatite-coated uncemented hemiarthroplasty 
(uncemented group). The randomization sequence 
was generated with the use of variable block 
sizes, stratified according to center. Patients 
were unaware of the trial-group assignments. 
Operating surgeons had to be aware of the trial-
group assignments but were not involved in pa-
tient follow-up or assessment.

Preoperative investigations, perioperative anti-
biotic treatment, the choice between regional 
and general anesthetic technique, analgesia, and 
venous thromboembolic prophylaxis were guided 
by local policy. The surgical steps of canal prepa-
ration, implant trialing, cementation (where ap-
plicable), and insertion of the definitive implant 
were inherent to the trial-group assignments, 
but the surgical approach and method of wound 
closure were left to the discretion of the operat-
ing surgeon. In the postoperative period, pa-
tients in both groups underwent assessments for 
physiotherapy or occupational therapy aimed at 
mobilization on the day of or day after surgery.

Outcomes

Outcome data were obtained through telephone 
interviews with the patient (or, for those lacking 
capacity, the main caregiver) and from routine 

A Quick Take 
is available at 

NEJM.org
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medical records. The primary outcome was death-
adjusted health-related quality of life (with death 
imputed as a score of 0 on the EuroQol Group 
5-Dimension [EQ-5D] questionnaire) measured 
with the use of the EQ-5D utility score11 at 
4 months after randomization (range of scores, 
−0.594 to 1, with higher scores indicating better 
quality of life).

The EQ-5D questionnaire is a validated, patient-
rated instrument comprising a visual analogue 
scale (VAS) that measures health from 0 (worst 
imaginable state of health) to 100 (best imagin-
able state of health) and a health-status instru-
ment that consists of a five-level response from 
“no problems” to “unable” for five domains re-
lated to daily activities: mobility, self-care, usual 
activities, pain or discomfort, and anxiety or 
depression.11 The EQ-5D score has been shown 
to be responsive to changes in health-related 
quality of life, including when reported by proxy 
for persons with cognitive impairment.12,13 The 
minimal clinically important difference (MCID) 
in the EQ-5D utility score is estimated to be 
between 0.050 and 0.075.14 The responses on 
the EuroQol 5-Dimension 5-Level (EQ-5D-5L) in-
strument for each of the five domains of health 
were converted into a single utility score with 
the use of the Crosswalk Index Value Calculator 
of the 3-Level (3L) instrument and its established 
time trade-off utility algorithm for the U.K. 
population.15

Secondary outcomes were health-related qual-
ity of life (EQ-5D utility score) at 1 month and 
12 months; mortality at 12 months; complica-
tions; mobility status at 1 month, 4 months, and 
12 months on an ordinal scale from “freely 
mobile without aids” to “no functional mobility 
(using lower limbs)”; and residential status at 
hospital discharge on an ordinal scale from 
“own home or sheltered housing” to “acute care 
hospital.” We also performed a prespecified 
analysis of the EQ-5D-5L domain scores, EQ-5D 
VAS scores, and EQ-5D scores without adjust-
ment for death (i.e., with EQ-5D scores excluded 
rather than set to 0 for those who died). Cost 
effectiveness is being analyzed separately.

Statistical Analysis

A minimum sample of 1128 patients was selected 
to detect a between-group difference in the EQ-5D 
utility score (primary outcome measure) of 0.075 
at 4 months with 90% power, a type I error rate 

of 5% (significance level), and the assumption of 
40% loss to follow-up.8 High loss to follow-up 
was anticipated owing to the fact that the pa-
tients represent a frail, older population with 
multiple coexisting conditions and care needs 
who may have difficulty completing patient-
reported questionnaires. Patients’ baseline char-
acteristics and outcome data were summarized 
with the use of means and standard deviations 
for symmetrically distributed continuous (i.e., 
approximately normally distributed) variables, as 
medians and interquartile ranges for nonsym-
metrically distributed continuous variables, and 
as frequencies and percentages for binary and 
categorical variables.

We performed an initial analysis testing for 
differences between the trial groups using linear 
regression analysis. In addition to this unadjusted 
analysis, we performed regression analyses to 
adjust for age and sex without inclusion of the 
baseline EQ-5D utility score. Inclusion of the 
baseline EQ-5D utility score in the model was 
found to reduce the data available for analysis, 
owing to missingness of the baseline EQ-5D 
utility score; therefore, as prespecified in the 
statistical analysis plan, it was not included in 
the model.8 (The statistical analysis plan is avail-
able with the protocol at NEJM.org.) The pri-
mary analysis was therefore a mixed-effects 
model of the death-adjusted EQ-5D utility score 
at 4 months (i.e., with death imputed as a score 
of 0),16 with adjustment for age and sex, with 
recruiting center as a random effect and treat-
ment included in the model on an intention-to-
treat (as randomly assigned) basis. In addition, a 
per-protocol analysis was undertaken, in which 
patients who did not receive their assigned inter-
vention were excluded to assess the effect of the 
actual treatment (cemented or uncemented) that 
was received. Analysis of EQ-5D utility scores at 
1 month and 12 months was performed with the 
use of the strategy defined above for the pri-
mary analysis.

A longitudinal mixed-effects model was also 
fitted to the totality of EQ-5D data (from 1 month, 
4 months, and 12 months), with the same fixed-
effects structure as the primary model (i.e., with 
adjustment for age and sex) but with a three-
level random-effects structure in which observa-
tions (time points) were nested within patients 
and patients were nested within recruitment 
centers. In the protocol, we refer to this model 
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as the area-under-the-curve analysis,8 which pro-
vides an estimate of the average treatment effect 
throughout the follow-up period. To test the 
sensitivity of the main analysis to missing data, 
data were imputed in the R package mice (Mul-
tivariate Imputation by Chained Equations)17 
with the use of predictive mean matching (using 
100 imputations with age, sex, recruitment cen-
ter, baseline EQ-5D utility score and EQ-5D VAS 
score, alcohol consumption, status with respect 
to diabetes, smoking status, status with respect 
to chronic renal failure, residential status, and 
treatment as predictors), to provide pooled esti-
mates (using Rubin’s rules) of treatment effects.

Dichotomous secondary outcome variables 
(e.g., complications) were analyzed with the use 
of a mixed-effects logistic-regression analysis. 
Time-to-event analysis (Kaplan–Meier) was used 
to assess the risk of death, and Cox proportional-
hazards regression was used to test for differ-
ences in mortality between the trial groups after 
adjustment for age and sex. Odds ratios for 
mobility outcomes were estimated with the use 
of proportional-odds (cumulative) logistic-regres-
sion models.

Treatment effects were summarized with the 
use of 95% confidence intervals. A two-sided 
P value of less than 0.05 for the primary out-
come was considered to indicate statistical sig-
nificance. The statistical analysis plan did not 
include a provision for correcting for multiplicity 
when tests were conducted for secondary out-
comes. Because the widths of the confidence 
intervals have not been adjusted for multiplicity, 
these intervals should not be used to infer de-
finitive treatment effects for secondary out-
comes. Analyses were conducted with the use of 
the R software packages lme4 and lmerTest.18-20

R esult s

Patients

From March 2017 through December 2019, a total 
of 1225 patients were randomly assigned to un-
dergo either cemented hemiarthroplasty (610 pa-
tients) or modern uncemented hemiarthroplasty 
(615 patients). Final follow-up was completed in 
January 2021 (Fig. 1). Baseline demographic data 
were similar in the two trial groups (Table 1). 
The number of patients who enrolled at each 
trial center and details regarding the use of bone-
protection medication, venous thromboprophy-

laxis, physiotherapy, and discharge destination 
are provided in Tables S1 through S4 in the 
Supplementary Appendix, available at NEJM.org.

Adherence to Assigned Intervention

A total of 91.1% of the patients received their 
assigned intervention (Fig. 1); 50 patients (8.2%) 
assigned to the cemented group underwent un-
cemented hemiarthroplasty, and 43 patients 
(7.0%) assigned to the uncemented group under-
went cemented hemiarthroplasty. Seven patients 
received treatments not described in the proto-
col, and 9 patients did not undergo surgery be-
cause they died.

Primary Outcome

Primary outcome data (EQ-5D utility score at 
4 months) were available for 877 of 1225 pa-
tients (71.6%). The primary adjusted intention-
to-treat analysis of health-related quality of life 
showed higher utility scores in the cemented 
group than in the uncemented group at 4 months 
after randomization, with a mean difference of 
0.055 (95% confidence interval [CI], 0.009 to 
0.101; P = 0.02) (Table 2). Results of a per-proto-
col analysis were similar (Table S5).

There was no evidence that the patients who 
did not provide EQ-5D data at 4 months (348 
patients [28.4%]) differed materially in their base-
line characteristics (e.g., age, sex, and EQ-5D 
utility score) from those who did provide such 
data (Table S6). An analysis that used multiple 
imputation for missing data yielded results 
similar to those of the primary analysis (mean 
difference in the EQ-5D utility score at 4 months, 
0.041 [95% CI, 0.003 to 0.079], favoring cement-
ed hemiarthroplasty).

Secondary Outcomes

EQ-5D data were available for 927 of 1225 pa-
tients (75.7%) at 1 month and 876 of 1225 patients 
(71.5%) at 12 months after randomization. The 
between-group difference in mean scores from 
the mixed-effects regression analysis was 0.049 
(95% CI, 0.009 to 0.089; favoring cemented 
hemiarthroplasty) at 1 month and 0.034 (95% 
CI, −0.012 to 0.079) at 12 months. Estimated 
differences for the per-protocol analysis are 
shown in Table S5. The unadjusted analysis 
yielded similar results (Table S7). A breakdown 
of the EQ-5D-5L domain scores, EQ-5D VAS 
scores, and EQ-5D scores without adjustment for 
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Figure 1. Randomization and Follow-up.

Details on the provision of consent for routinely collected data to be harvested and consent to be contacted to pro-
vide patient-reported outcomes are available in the protocol. Proxy consent was provided by a personal consultee 
(relative or caregiver) or a nominated consultee (a person independent of the trial). EQ-5D denotes the EuroQol 
Group 5-Dimension questionnaire, and THR total hip replacement.

1225 Underwent randomization

1235 Patients ≥60 yr of age were recruited and
gave consent or had consent

provided by a proxy

10 Were excluded owing to error
in recruitment or consent

610 Were assigned to undergo
cemented hemiarthroplasty

615 Were assigned to undergo
modern hydroxyapatite-coated uncemented

hemiarthroplasty

552 Underwent cemented hemiarthroplasty
50 Underwent uncemented hemiarthroplasty

37 Had surgeon who preferred uncemented
implant

8 Had change during the operation
4 Did not have kit available
1 Had error in communication

1 Received cannulated screws owing to
surgeon’s preference

4 Underwent THR owing to surgeon’s
preference

3 Died and did not undergo operation

564 Underwent uncemented hemiarthroplasty
43 Underwent cemented hemiarthroplasty

21 Had surgeon who preferred cemented
implant

15 Had change during the operation
5 Did not have kit available
2 Had error in communication

1 Received cannulated screws owing to
surgeon’s preference

1 Underwent THR owing to surgeon’s
preference

6 Died and did not undergo operation

610 Were included in the baseline follow-up
52 Were withdrawn immediately

485 (79.5%) Had EQ-5D data available
73 Had missing EQ-5D data

8 Died before follow-up

615 Were included in the baseline follow-up
49 Were withdrawn immediately

499 (81.1%) Had EQ-5D data available
67 Had missing EQ-5D data

10 Died before follow-up

558 Were included in the 1-mo follow-up
26 (78 total) Were withdrawn

469 (76.9%) Had EQ-5D data available
63 Had missing EQ-5D data

38 (46 total) Died

566 Were included in the 1-mo follow-up
31 (80 total) Were withdrawn

458 (74.5%) Had EQ-5D data available
77 Had missing EQ-5D data

29 (39 total) Died

532 Were included in the 4-mo follow-up
19 (97 total) Were withdrawn

436 (71.5%) Had EQ-5D data available
77 Had missing EQ-5D data

41 (87 total) Died

535 Were included in the 4-mo follow-up
17 (97 total) Were withdrawn

441 (71.7%) Had EQ-5D data available
77 Had missing EQ-5D data

64 (103 total) Died

513 Were included in the 12-mo follow-up
4 (101 total) Were withdrawn

438 (71.8%) Had EQ-5D data available
71 Had missing EQ-5D data

59 (146 total) Died

518 Were included in the 12-mo follow-up
6 (103 total) Were withdrawn

438 (71.2%) Had EQ-5D data available
74 Had missing EQ-5D data

68 (171 total) Died
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death is also provided in Tables S7 and S8 and 
Figure S1.

Death occurred in 146 of 610 patients (23.9%) 
in the cemented group and in 171 of 615 pa-
tients (27.8%) in the uncemented group at 12 
months (odds ratio, 0.80; 95% CI, 0.62 to 1.05). 
The survival analysis yielded a hazard ratio of 

0.83 (95% CI, 0.67 to 1.04) (Fig. 2). Results of 
the per-protocol analysis are shown in Table S9.

Periprosthetic fractures occurred more com-
monly in the uncemented group (2.1%) than in 
the cemented group (0.5%) (odds ratio [unce-
mented vs. cemented], 4.37; 95% CI, 1.19 to 
24.00). Other complications and revision surgery 
were uncommon and balanced between the trial 
groups (Table 3 and the Results section in the 
Supplementary Appendix).

Mobility assessments are shown in Table S10. 
There was no material between-group difference 
in the percentage of patients returning to their 
own home after hospital discharge. Of those 
patients admitted from their own home, 298 
of 425 (70.1%) in the cemented group and 279 
of 400 (69.8%) in the uncemented group were 
discharged back to their own home (Tables S2 
and S11).

Discussion

In adults 60 years of age or older with an intra-
capsular hip fracture, cemented hemiarthro-
plasty resulted in a modestly but significantly 
better health-related quality of life at 4 months 
after randomization than uncemented hemiarthro-
plasty. The mean between-group difference in 
the EQ-5D utility score (0.055) is within the 
range reported for the MCID (0.050 to 0.075) 
and is similar to the loss of utility that has been 
associated with asthma (0.05) and acute myocar-
dial infarction (0.06).21 These observations sug-
gest that the difference may be clinically impor-
tant for patients, although a slightly smaller 
estimate was suggested in an analysis that used 
multiple imputation to account for missing data. 
The results of mobility assessments at 1 month, 
but not later, were consistent with the results for 
health-related quality of life, favoring cemented 
hemiarthroplasty.

Periprosthetic fractures were more common 
in the uncemented group than in the cemented 
group (2.1% vs. 0.5%). However, the overall inci-
dence was lower than that reported in other 
randomized, controlled trials of modern unce-
mented implants, which have shown incidences 
of 5.5 to 15%.22-26 The reason for this lower inci-
dence is unclear and could represent increasing 
experience with modern uncemented techniques 
among surgeons.

This trial is larger than previous studies that 

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic

Cemented 
Hemiarthroplasty 

(N = 610)

Uncemented 
Hemiarthroplasty 

(N = 615)

Age — yr 84.5±7.6 84.3±7.4

EQ-5D utility score† 0.58±0.29 0.56±0.30

EQ-5D VAS score‡ 61.6±21.0 62.5±21.4

Proxy consent — no. (%)§ 324 (53.1) 337 (54.8)

Female sex — no. (%) 421 (69.0) 411 (66.8)

Current smoker — no. (%) 50 (8.2) 38 (6.2)

Chronic renal failure — no. (%) 52 (8.5) 53 (8.6)

Diabetes — no. (%) 100 (16.4) 95 (15.4)

Alcohol consumption — no. (%)¶

0–7 units/wk 494 (81.0) 515 (83.7)

8–14 units/wk 28 (4.6) 22 (3.6)

15–21 units/wk 10 (1.6) 9 (1.5)

>21 units/wk 13 (2.1) 9 (1.5)

Missing data 65 (10.7) 60 (9.8)

Residential status before injury — 
no. (%)

Own home or sheltered  
housing

425 (69.7) 400 (65.0)

Residential care 67 (11.0) 79 (12.8)

Nursing care 58 (9.5) 62 (10.1)

Acute care hospital 12 (2.0) 16 (2.6)

Rehabilitation unit 1 (0.2) 8 (1.3)

Other 3 (0.5) 4 (0.7)

Missing data 44 (7.2) 46 (7.5)

*  Plus–minus values are means ±SD. Percentages may not total 100 because of 
rounding.

†  Utility scores on the EuroQol Group 5-Dimension (EQ-5D) questionnaire 
range from −0.594 to 1, with higher scores indicating better quality of life. 
Data were available for 485 patients in the cemented group and 499 patients 
in the uncemented group. Scores were reported by a proxy for 286 of 485 pa-
tients (59.0%) in the cemented group and 311 of 499 patients (62.3%) in the 
uncemented group.

‡  Scores on the visual analogue scale (VAS) of the EQ-5D questionnaire range 
from 0 to 100, with higher scores indicating better quality of life. Data were 
available for 466 patients in the cemented group and 484 patients in the un-
cemented group.

§  Proxy consent was provided by a personal consultee (relative or caregiver) or 
a nominated consultee (a person independent of the trial).

¶  One unit equals 10 ml or 8 g of pure alcohol.
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have addressed this research question and provides 
more information on quality-of-life outcomes, 
which are considered important to patients and 
caregivers.27,28 Three smaller randomized, con-
trolled trials22,24,25 and one registry study29 that 
compared these procedures have yielded incon-
sistent findings with respect to quality of life. 
One trial that involved 220 patients 70 years of 
age or older showed little difference between 
groups in EQ-5D scores at 3 months and 12 
months,24 whereas two other trials showed sig-
nificantly better quality-of-life scores with ce-
mented hemiarthroplasty than with uncemented 
hemiarthroplasty. One of these trials, involving 
141 ambulatory and cognitively intact patients, 
showed higher EQ-5D index scores at 4 months 
and 12 months in favor of cemented hemi-
arthroplasty22; the other trial (201 patients)25

showed higher 12-Item Short-Form Health Sur-
vey physical component scores (indicating better 
function) at 6 and 12 weeks after surgery in the 
cemented group than in the uncemented group. 
Data from the Norwegian Hip Fracture Register 
(30,178 patients) showed no significant differ-
ence in EQ-5D-3L scores at 1 year after surgery 
between patients who underwent cemented hemi-
arthroplasty and those who underwent unce-
mented hemiarthroplasty.29 The inclusion of pa-
tients with cognitive impairment in the current 
trial is an important strength because this large 

subgroup is often excluded from research.30 The 
cohort in which this trial was nested has been 
shown to be representative of the national popu-
lation of adults with hip fracture (Table S12),31

 Table 2. Results from Mixed-Effects Regression Analysis of EQ-5D Utility Scores (Intention-to-Treat Population).*

Outcome Cemented Hemiarthroplasty Uncemented Hemiarthroplasty Difference (95% CI)† P Value

No. of 
Patients Mean Score

No. of 
Patients Mean Score

Primary analysis: EQ-5D utility 
score at 4 mo

436 0.371±0.356 441 0.315±0.342 0.055 (0.009 to 0.101) 0.02

Baseline-adjusted analysis: 
EQ-5D utility score at 4 mo

397 0.395±0.354 403 0.332±0.343 0.047 (0.006 to 0.089) —

EQ-5D utility score at 1 mo 469 0.344±0.324 458 0.293±0.305 0.049 (0.009 to 0.089) —

EQ-5D utility score at 12 mo 438 0.329±0.349 438 0.293±0.343 0.034 (−0.012 to 0.079) —

Area-under-the-curve analysis: 
EQ-5D utility score‡

495 0.348±0.305 500 0.300±0.292 0.045 (0.020 to 0.071) —

*  Plus–minus values are means ±SD. The EQ-5D utility score at 4 months was reported by a proxy for 167 of 436 patients (38.3%) in the ce-
mented group and 175 of 441 patients (39.7%) in the uncemented group.

†  Between-group differences were obtained from a mixed-effects model, with recruiting center as a random effect and with adjustment for age 
and sex and where explicitly stated also adjusted for the baseline EQ-5D utility score. The widths of the confidence intervals for secondary 
outcomes have not been adjusted for multiplicity and cannot be used to infer treatment effects.

‡  Shown are the results of a longitudinal mixed-effects model of the average treatment effect across assessments at 1 month, 4 months, and 
12 months, with adjustment for age and sex. Patients included in the analysis provided one or more EQ-5D utility scores during follow-up, with 
means and standard deviations estimated from weighted measures based on the number of EQ-5D utility scores available for each patient.

Figure 2. Kaplan–Meier Survival Curves, According to Type of Hemiarthro-
plasty.

The inset shows the same data on an expanded y axis. Shaded areas indi-
cate 95% confidence intervals.

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

1.0

0.8

0.9

0.7

0.6

0.4

0.3

0.1

0.5

0.2

0.0
0 2 4 6 8 10 12

Months

0.9

0.8

0.6

1.0

0.7

0.0
0 2 4 6 8 10 12

Cemented
Uncemented

610
615

481
476

445
426

418
399

399
378

387
362

197
188

506
519

461
453

429
410

411
386

391
373

380
353

Uncemented

Cemented

No. at Risk

The New England Journal of Medicine 
Downloaded from nejm.org by Chrys PULLE on March 9, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 386;6 nejm.org February 10, 2022528

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

although no data were available on race or ethnic 
group. The outcomes measured are part of the 
core outcome set for hip fracture,32 a consensus-
derived set of outcomes that are important to pa-
tients, caregivers, and health care professionals.12

This trial has some limitations. The rate of 
attrition and missing baseline data in this older 
and often frail patient group was high (28.5% in 
the cemented group and 28.3% in the unce-
mented group at 4 months), although it was 
lower than the 40% loss to follow-up used in the 
sample-size calculation.8 The high frequency of 
missing data probably reflects the realities of 

accessing data from the frailest subgroup of 
patients with hip fracture and cognitive impair-
ment and without consultees, such as next of kin 
or main caregivers, and may introduce an attri-
tion bias toward a slightly fitter sample. The 
inclusion of patients with cognitive impairment 
means that more data within the trial were re-
ported by proxy rather than being obtained di-
rectly from the patients. However, including in-
formation to inform the care of this subgroup of 
patients is important, because approximately 
40% of all patients with hip fracture have some 
degree of cognitive impairment on admission to 

Table 3. Complications Reported during 12 Months of Follow-up.

Complication

Cemented 
Hemiarthroplasty 

(N = 610)

Uncemented 
Hemiarthroplasty 

(N = 615)
Odds Ratio, Uncemented  
vs. Cemented (95% CI)*

number (percent)

Routinely reported complications

Dislocation 5 (0.8) 5 (0.8) —

Neurologic injury 3 (0.5) 1 (0.2) —

Vascular injury 1 (0.2) 0 —

Tendon injury 0 2 (0.3) —

Deep-vein thrombosis 8 (1.3) 6 (1.0) 0.74 (0.21–2.45)

Erythema 30 (4.9) 20 (3.3) 0.65 (0.35–1.20)

Dehiscence 6 (1.0) 4 (0.7) 0.66 (0.14–2.80)

Other 92 (15.1) 102 (16.6) 1.12 (0.81–1.54)

Any 129 (21.1) 130 (21.1) 1.00 (0.75–1.33)

Additional complications

Wound infection 13 (2.1) 8 (1.3) 0.61 (0.22–1.59)

Venous thromboembolism 1 (0.2) 2 (0.3) —

Pneumonia 2 (0.3) 1 (0.2) —

Urinary tract infection 39 (6.4) 52 (8.5) 1.35 (0.86–2.14)

Stroke 6 (1.0) 5 (0.8) 0.83 (0.20–3.26)

Myocardial infarction 4 (0.7) 4 (0.7) 0.99 (0.18–5.35)

Blood transfusion 31 (5.1) 31 (5.0) 0.99 (0.58–1.71)

Chest infection 41 (6.7) 40 (6.5) 0.97 (0.60–1.56)

Acute kidney injury 28 (4.6) 22 (3.6) 0.77 (0.42–1.42)

Pulmonary embolism 5 (0.8) 2 (0.3) —

Periprosthetic fracture 3 (0.5) 13 (2.1) 4.37 (1.19–24.00)

Failure of fixation 1 (0.2) 1 (0.2) —

Additional hip surgery 10 (1.6) 12 (2.0) 1.19 (0.47–3.11)

Other 4 (0.7) 7 (1.1) 1.74 (0.44–8.16)

*  Odds ratios were calculated with Fisher’s exact test. The widths of the confidence intervals have not been adjusted for 
multiplicity and cannot be used to infer treatment effects.
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a hospital. Crossovers occurred in both trial 
groups, with similar frequency; these were pre-
dominantly explained by surgeon preference or 
surgical factors identified during the operation 
(8.2% in the cemented group and 7.0% in the 
uncemented group). Per-protocol analyses gener-
ally supported the intention-to-treat analyses but 
are subject to bias because they do not reflect 
the randomized patient groups.

Meta-analyses of studies of the first genera-
tion of uncemented implants showed outcomes 
that were inferior to those obtained with cement-
ed implants, in particular with respect to post-
operative pain (attributed to the lack of surface 
coating of early uncemented designs).5 Modern 
hydroxyapatite-coated uncemented hemiarthro-
plasty provides better integration with the pa-
tients’ bone, and meta-analyses have shown 
similar rates of death (although higher rates of 
periprosthetic fracture) as compared with con-
temporary cemented hemiarthroplasty.7,33 How-

ever, these meta-analyses focused on mortality 
and surgical complications and not on quality 
of life.

We found that cemented hemiarthroplasty 
resulted in modestly but significantly better 
quality of life and a lower risk of periprosthetic 
fracture than uncemented hemiarthroplasty 
among patients 60 years of age or older with a 
displaced intracapsular hip fracture.
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