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�� Hip

Who, if anyone, may benefit from a 
total hip arthroplasty after a displaced 
femoral neck fracture?
a post hoc subgroup analysis of the HEALTH trial

Aims
The aim of this study was to explore the functional results in a fitter subgroup of participants 
in the Hip Fracture Evaluation with Alternatives of Total Hip Arthroplasty versus Hemiarthro-
plasty (HEALTH) trial to determine whether there was an advantage of total hip arthroplasty 
(THA) versus hemiarthroplasty (HA) in this population.

Methods
We performed a post hoc exploratory analysis of a fitter cohort of patients from the HEALTH 
trial. Participants were aged over 50 years and had sustained a low-energy displaced femoral 
neck fracture (FNF). The fittest participant cohort was defined as participants aged 70 years 
or younger, classified as American Society of Anesthesiologists grade I or II, independent 
walkers prior to fracture, and living at home prior to fracture. Multilevel models were used 
to estimate the effect of THA versus HA on functional outcomes. In addition, a sensitivity 
analysis of the definition of the fittest participant cohort was performed.

Results
There were 143 patients included in the fittest cohort. Mean age was 66 years (SD 4.5) and 
103 were female (72%). No clinically relevant differences were found between the treatment 
groups in the primary and sensitivity analyses.

Conclusion
This analysis found no differences in functional outcomes between HA and THA within two 
years of displaced low-energy FNF in a subgroup analysis of the fittest HEALTH patients. 
These findings suggest that very few patients above 50 years of age benefit in a clinically 
meaningful way from a THA versus a HA early after injury.

Cite this article: Bone Jt Open 2022;3-8:611–617.
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Introduction
A displaced femoral neck fracture (FNF) is a 
dramatic and potentially life-changing event. 
Despite reports of reduced incidence from 
several countries, the number of hip frac-
tures is expected to increase due to an ageing 
population.1 The treatment goal is to allow the 
patient to regain independence and function 
as quickly as possible, without the need for 
further surgeries. Influential guidelines by the 
National Institute for Health and Care Excellence 

(NICE) and American Academy of Orthopaedic 
Surgeons (AAOS) recommend arthroplasty as 
the surgical treatment of choice for displaced 
FNFs in the elderly.2,3 Arthroplasty offers a low 
risk of major complications and good func-
tional results.4 A total hip arthroplasty (THA) has 
been recommended over a hemiarthroplasty 
(HA) typically for a healthier subset of patients 
with longer life expectancy. According to the 
NICE guidelines from 2017, patients who are 
independent walkers, not cognitively impaired, 
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Table I. Patient characteristics.

Characteristic

Fittest cohort (n = 143) Other patients (n = 1,298)

THA (n = 73) HA (n = 70) THA (n = 645) HA (n = 653)

Mean age, yrs (SD) 65.7 (4.3) 65.8 (4.7) 80.6 (7.2) 79.9 (7.8)

Age, n (%)
50 to 70 yrs 73 (100.0) 70 (100.0) 63 (9.8) 248 (38.0)

71 to 80 yrs 0 (0.0) 0 (0.0) 249 (38.6) 324 (49.6)

≥ 81 yrs 0 (0.0) 0 (0.0) 333 (51.6) 449 (68.8)

Sex, n (%)
Male 20 (27.4) 19 (27.1) 188 (29.1) 204 (31.2)

Female 53 (72.6) 50 (71.4) 457 (70.9) 449 (68.8)

Ethnicity, n (%) (n = 69) (n = 643) (n = 652)
Indigenous 1 (1.4) 0 (0.0) 1 (0.2) 1 (0.2)

South Asian 1 (1.4) 0 (0.0) 2 (0.3) 6 (0.9)

East Asian 1 (1.4) 1 (1.5) 6 (0.9) 6 (0.9)

Hispanic/Latino 0 (0.0) 1 (1.5) 7 (1.1) 5 (0.8)

White 69 (94.5) 63 (91.2) 614 (95.2) 621 (95.2)

Black 1 (1.4) 3 (4.3) 11 (1.7) 12 (1.8)

Middle Eastern 0 (0.0) 1 (1.5) 2 (0.3) 1 (0.2)

BMI, n (%) (n = 72) (n = 69) (n = 625) (n = 636)
Underweight (< 18.5 kg/m2) 0 (0.0) 2 (2.9) 35 (5.6) 36 (5.7)

Normal weight (18.5 to 24.9 kg/m2) 41 (57.0) 32 (46.4) 316 (50.6) 304 (47.8)

Overweight (25 to 29.9 kg/m2) 24 (33.3) 24 (34.8) 193 (30.9) 219 (34.4)

Obese (30 to 39.9 kg/m2) 5 (6.9) 10 (14.5) 72 (11.5) 73 (11.5)

Morbidly obese (≥ 40 kg/m2) 2 (2.8) 1 (1.4) 9 (1.4) 4 (0.6)

Prefracture living status, n (%)
Institutionalized 0 (0.0) 0 (0.0) 30 (4.7) 27 (4.1)

Not institutionalized 73 (100.0) 70 (100.0) 615 (95.3) 626 (95.9)

Prefracture functional status, n (%)
Use of aid 0 (0.0) 0 (0.0) 187 (29.0) 182 (27.9)

Independent ambulator 73 (100.0) 70 (100.0) 458 (71.0) 471 (72.1)

ASA grade, n (%)
I/II 73 (100.0) 70 (100.0) 261 (40.5) 248 (38.0)

III-V 0 (0.0) 0 (0.0) 384 (59.5) 405 (62.0)

Major comorbidities, n (%) (n = 69) (n = 643)
Osteopenia 4 (5.5) 7 (10.0) 24 (3.7) 23 (3.5)

Osteoporosis 6 (8.2) 9 (12.9) 108 (16.8) 101 (15.5)

Lung disease 7 (9.6) 11 (15.7) 120 (18.7) 111 (17.0)

Diabetes 11 (15.1) 9 (12.9) 124 (19.3) 136 (20.8)

Ulcers or stomach disease 2 (2.7) 4 (5.7) 47 (7.3) 63 (9.6)

Kidney disease 1 (1.4) 3 (4.3) 70 (10.9) 64 (9.8)

Anaemia or other blood disease 2 (2.7) 2 (2.9) 46 (7.2) 53 (8.1)

Depression 4 (5.5) 6 (8.6) 66 (10.3) 78 (11.9)

Cancer 6 (8.2) 7 (10.0) 59 (9.2) 73 (11.2)

Osteoarthritis/degenerative arthritis 4 (5.5) 4 (5.7) 107 (16.6) 87 (13.3)

Back pain 3 (4.1) 5 (7.1) 61 (9.5) 66 (10.1)

Rheumatoid arthritis 3 (4.1) 3 (4.3) 10 (1.6) 18 (2.8)

Heart disease 9 (12.3) 4 (5.7) 238 (37.0) 245 (37.5)

High blood pressure 29 (39.7) 24 (34.3) 405 (63.0) 419 (64.2)

ASA, American Society of Anesthesiologists; HA, hemiarthroplasty; SD, standard deviation; THA, total hip arthroplasty.

and medically fit for the procedure should be considered 
for a THA.2 The AAOS guidelines from 2014 indicate that 
there is moderate evidence to use THA in “properly selected 
patients”, i.e. higher-functioning patients.3 Other reviews 
and meta-analyses also recommend a select group of the 
fittest patients for THA,5,6 based on a modest benefit of THA 

over HA in trials published in the past 30 years. Some trials 
have used HA implants that are no longer recommended, 
and some have not reported implant details.6,7

The Hip Fracture Evaluation with Alternatives of Total Hip 
Arthroplasty versus Hemiarthroplasty (HEALTH) trial, including 
1,495 patients, is the largest randomized controlled trial (RCT) 
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Table II. Functional outcome measures by cohort.

End point

Fittest cohort (n = 143) Other patients (n = 1,298)

Observations, n 
(patients)

Adjusted mean difference 
(99% CI)*

Observations, n 
(patients)

Adjusted mean difference 
(99% CI)*

WOMAC Total 517 (104) 3.96 (-3.59 to 11.51) 3,614 (839) -0.94 (-3.57 to 1.69)

WOMAC Pain 517 (104) 0.44 (-1.16 to 2.05) 3,614 (839) -0.08 (-0.59 to 0.43)

WOMAC Stiffness 517 (104) 0.47 (-0.23 to 1.17) 3,614 (839) 0.09 (-0.15 to 0.33)

WOMAC Function 517 (104) 2.93 (-2.43 to 8.29) 3,614 (839) -0.88 (-2.98 to 1.14)

EQ-5D Utility 651 (130) -0.05 (-0.12 to 0.01) 4,455 (977) 0.02 (-1.05 to 4.32)

EQ-5D VAS 651 (130) 2.35 (-3.50 to 8.21) 4,455 (977) 0.70 (-1.62 to 3.03)

SF-12 PCS 529 (105) -2.53 (-6.46 to 1.40) 4,112 (901) 0.56 (-0.86 to 1.99)

SF-12 MCS 529 (105) 1.90 (-2.42 to 6.22) 4,112 (901) 0.38 (-1.11 to 1.86)

End point
Observations, n 
(patients) OR (99% CI)

Observations, n 
(patients) OR (99% CI)

TUG† 466 (138) 0.98 (0.56 to 1.71) 3,594 (1,130) 0.87 (0.69 to 1.11)

*HA versus THA; the mean difference was obtained from the multilevel model. For WOMAC, a negative value of the mean difference means that it favors 
THA. For EQ-5D and SF-12 data, a positive value favours THA.
†TUG was dichotomized as: a) > 12 seconds to complete the test, or unable to complete the test; b) ≤ 12 seconds to complete the test. The OR (HA vs THA) 
is for completing the test in more than 12 seconds or not being able to complete the test and was obtained from the multilevel model.
CI, confidence Interval; EQ-5D, EuroQol five-dimension health index; HA, hemiarthroplasty; MCS, mental component summary; OR, odds ratio; PCS, 
physical component summary; SF-12, 12-Item Short Form Survey; THA, total hip arthroplasty; TUG, Timed Up and Go test; VAS, visual analogue scale; 
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

to date comparing HA and THA in fragility fracture patients 
who were able to walk either with or without an assistive 
device pre-injury.8 The HEALTH trial found no difference in the 
primary endpoint (a secondary hip procedure) but there was 
a statistically significant benefit in function for THA measured 
by the Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC).9 However, the benefit in WOMAC 
was smaller than what was considered clinically meaningful.8 
The primary end point in HEALTH was also analyzed by age, 
prefracture living setting, prefracture functional status, and 
American Society of Anesthesiologists (ASA)10 grade without 
any differences between the treatment groups. Hence, the 
main conclusion from the HEALTH trial was that HA and THA 
are equally effective.8,11 An editorial accompanying the HEALTH 
trial in the New England Journal of Medicine raised the question 
that there may be patients who could benefit from THA.12 A 
separate cost-effectiveness analysis based on the HEALTH 
trial suggested that THA was cost-effective for the youngest 
patients included in the trial, based on lower cost and higher 
health-related quality of life (HRQoL) during the two years 
of follow-up for patients below 73  years of age.13 A meta-
analysis, including HEALTH and 15 other randomized trials, 
concluded that there are likely no clinically important differ-
ences between THA and HA, but discussed a modest benefit 
for THA in function and HRQoL.11 To address this controversy, 
we aimed to explore the functional results in a fitter subgroup 
of the participants in the HEALTH trial to determine whether 
there was an advantage to THA in this population.

Methods
HEALTH study overview.  The HEALTH trial included inde-
pendent ambulatory participants aged over 50 years with a 

displaced, low-energy FNF.14 The primary outcome was need 
for revision surgery, while functional outcomes and HRQoL 
were also evaluated. The inclusion period was from January 
2009 to May 2017, at 80 participating centres in ten coun-
tries. A total of 1,495 patients were randomized to either THA 
or HA. The participants were followed for two years. The 
HEALTH trial (​ClinicalTrials.​gov number NCT00556842) was 
approved by the McMaster University Research Ethics Board 
(#06-151) and by the research ethics boards/institutional re-
view boards of all participating clinical sites. Further trial data 
have been published previously.8

Hip function assessment.  Functional outcome and HRQoL 
were measured using the WOMAC questionnaire, 12-Item 
Short Form Survey (SF-12),15 EuroQol five-dimension health 
index (EQ-5D),16,17 and Timed Up and Go test (TUG).18 The 
WOMAC measures pain, stiffness and physical function, with 
a total ranging from 0 to 96, with higher scores indicating 
more pain, stiffness, and functional problems. The SF-12 
measures self-reported HRQoL through an eight-domain 
profile of functional health and wellbeing. Each domain was 
scored separately from 0 (lowest level of health) to 100 (high-
est level of health) using standardized scoring methods to 
calculate a norm-based physical component summary (PCS) 
and a mental component summary (MCS). From the five 
questions of the EQ-5D, we calculated the utility index score 
ranging from 0 (worst) to 1 (best health utility). We also used 
the EQ-5D visual analogue scale (VAS) ranging from 0 (worst 
possible health) to 100 (best possible health). The TUG test is 
a standardized, physical test to assess balance and mobility in 
participants by timing the length of time to complete simple 
physical movements, such as rising from an armchair, walk-
ing ten feet, walking back to the chair, and sitting down. A 
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Table III. Complications, mortality, and serious adverse events.

Endpoint

Fittest cohort (n = 143) Other patients (n = 1,298)

THA (n = 73) HA (n = 70) THA (n = 645) HA (n = 653)

Unplanned secondary procedure, n (%) 4 (5.5) 6 (8.6) 53 (8.2) 54 (8.3)

Components of primary end point, n (%)
Closed reduction of hip dislocation 2 (2.7) 1 (1.4) 27 (4.2) 11 (1.7)

Open reduction of hip dislocation 0 (0.0) 0 (0.0) 4 (0.6) 2 (0.3)

Open reduction of fracture 1 (1.4) 2 (2.9) 4 (0.6) 6 (0.9)

Soft-tissue procedure 1 (1.4) 1 (1.4) 14 (2.2) 14 (2.1)

Insertion of antibiotic spacer 1 (1.4) 2 (2.9) 2 (0.3) 1 (0.2)

Full implant exchange 1 (1.4) 2 (2.9) 6 (0.9) 16 (2.5)

Partial implant exchange 2 (2.7) 3 (4.3) 17 (2.6) 15 (2.3)

Reorientation of femoral component 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3)

Reorientation of acetabular component 0 (0.0) 0 (0.0) 2 (0.3) 0 (0.0)

Implant removal with no arthroplasty 0 (0.0) 1 (1.4) 3 (0.5) 2 (0.3)

Excision heterotopic ossification 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Supplementary fixation 1 (1.4) 0 (0.0) 2 (0.3) 1 (0.2)

Other 0 (0.0) 2 (2.9) 1 (0.2) 1 (0.2)

Secondary end points, n (%)
Mortality 2 (2.7) 1 (1.4) 101 (15.7) 94 (14.4)

Serious adverse events 11 (15.1) 12 (17.1) 289 (44.8) 253 (38.7)

Any hip-related complication 14 (19.2) 16 (22.9) 118 (18.3) 102 (15.6)

Complications, n (%)
Periprosthetic fracture 6 (8.2) 4 (5.7) 32 (5.0) 31 (4.7)

Hip instability or dislocation 2 (2.7) 0 (0.0) 32 (5.0) 17 (2.6)

Superficial SSI 1 (1.4) 0 (0.0) 8 (1.2) 6 (0.9)

Deep SSI 1 (1.4) 2 (2.9) 16 (2.5) 14 (2.1)

Another wound healing problem 0 (0.0) 0 (0.0) 6 (0.9) 5 (0.8)

Another soft-tissue procedure 2 (2.7) 2 (2.9) 9 (1.4) 9 (1.4)

Clinically important heterotopic ossification (Brooker 
grade III or higher)

0 (0.0) 0 (0.0) 29 (4.5) 24 (3.7)

Abductor failure 0 (0.0) 1 (1.4) 1 (0.2) 2 (0.3)

Implant failure (loosening or subsidence) 0 (0.0) 1 (1.4) 5 (0.8) 4 (0.6)

Implant failure (breakage) 0 (0.0) 0 (0.0) 1 (0.2) 0 (0.0)

Pain 3 (4.1) 2 (2.9) 3 (0.5) 10 (1.5)

Neurovascular injury (technical error) 0 (0.0) 0 (0.0) 2 (0.3) 1 (0.2)

Other 2 (2.7) 2 (2.9) 5 (0.8) 11 (1.7)

HA, hemiarthroplasty; SSI, surgical site infection; THA, total hip arthroplasty.

faster time indicates that the participant has greater function-
al performance, while a lower score may identify participants 
who are at risk for increased falls in the community.
Statistical analysis.  No subgroup analyses on functional 
outcomes were planned in the HEALTH trial. However, be-
cause of the statistically significant difference in WOMAC 
scores favoring THA in the primary HEALTH manuscript,8 
we believe that it was justified to explore the data further. 
Hence, the analyses presented here are post hoc explor-
atory analyses.

For the HEALTH trial, minimization was performed at 
randomization to achieve balanced groups. The minimi-
zation factors were age (50 to 80 years or > 80 years), 
prefracture living setting (living in an institution or not), 
prefracture functional status (able to walk without an 
assistive device or not), and ASA grade (I/II or III/IV). 
We used these minimization variables as a guide when 

defining our fittest participant cohort. The fittest patients 
in our analysis included those aged 70 years or younger, 
with an ASA grade of I or II, not using assistive devices 
for ambulation, and living independently preinjury. For 
consistency, we followed the same methods used in the 
primary HEALTH manuscript for our analyses in terms of 
the type of modelling, point estimates, and significance 
levels selected.8 Multilevel models were used to sepa-
rately estimate the effect of THA as compared with HA 
on function (WOMAC), HRQoL (SF-12 and EQ-5D), and 
mobility (TUG) in the fittest subgroup. Randomized treat-
ment and visit (entered as a categorical variable) were 
also included as independent variables, and we adjusted 
the analyses for baseline scores. A difference between the 
groups of more than seven points on the total WOMAC 
score, more than four points for the SF-12, ranging from 
eight to 12 points for the EQ-5D VAS, and more than 
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Table IV. Functional outcome measures by cohort (sensitivity analysis).

End point

Fittest subgroup (n = 328)* Other patients (n = 1,113)

Observations, n 
(patients)

Adjusted mean difference 
(99% CI)†

Observations, n 
(patients)

Adjusted mean difference 
(99% CI)†

WOMAC Total 1,206 (248) 4.48 (-0.29 to 9.25) 2,925 (695) -2.21 (-5.09, 0.68)

WOMAC Pain 1,206 (248) 0.41 (-0.56 to 1.38) 2,925 (695) -0.20 (-0.76 to 0.37)

WOMAC Stiffness 1,206 (248) 0.52 (0.07 to 0.97) 2,925 (695) 0.002 (-0.26 to 0.27)

WOMAC Function 1,206 (248) 3.31 (-0.16 to 6.78) 2,925 (695) -1.87 (-4.09 to 0.35)

EQ-5D Utility 1,489 (296) -0.03 (-0.06 to 0.01) 3,617 (811) 0.02 (-0.008 to 0.05)

EQ-5D VAS 1,489 (296) -0.43 (-4.38 to 3.53) 3,617 (811) 1.61 (-0.97 to 4.18)

SF-12 PCS 1,277 (254) -2.64 (-5.37 to 0.09) 3,364 (752) 1.32 (-0.21 to 2.84)

SF-12 MCS 1,277 (254) 0.88 (-1.76 to 3.51) 3,364 (752) 0.49 (-1.16 to 2.14)

Endpoint Observations, n 
(patients)

OR (99% CI) Observations, n 
(patients)

OR (99% CI)

TUG‡ 1,041 (310) 0.89 (0.61 to 1.29) 3,021 (960) 0.84 (0.63 to 1.11)

*The fit subgroup in the sensitivity analysis consisted of patients 80 years old or below, American Society of Anesthesiologists grade I/II, ambulatory 
without assistive device and living in their own home prefracture.
†HA vs THA; the mean difference was obtained from the multilevel model. For WOMAC, a negative value of the mean difference means that it favours THA. 
For EQ-5 D and SF-12 data, a positive value favors THA.
‡TUG was dichotomized as: a) > 12 seconds to complete the test, or unable to complete the test; b) ≤ 12 seconds to complete the test. The OR (THA vs HA) 
is for completing the test in more than 12 seconds or not being able to complete the test and was obtained from the multilevel model.
CI, confidence Interval; EQ-5D, EuroQol five-dimension health index; HA, hemiarthroplasty; MCS, mental component summary; OR, odds ratio; PCS, 
physical component summary; SF-12, 12-Item Short Form Survey; THA, total hip arthroplasty; TUG, Timed Up and Go test; VAS, visual analogue scale; 
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

0.074 for the EQ-5D index were considered clinically 
meaningful.19–22 The WOMAC, SF-12, and EQ-5D were 
summarized using adjusted mean differences (AMD) and 
99% confidence intervals (CIs). We analyzed the TUG as 
a dichotomous outcome with the following categories: 
patients who completed the test in  ≤ 12  seconds, and 
those who required  > 12  seconds to complete the test 
or were unable to complete the test. The timepoint of 
12 seconds was used as the cut-off because this was the 
threshold used by the Centres for Disease Control and 
Prevention.23 The TUG was summarized using odds ratios 
(ORs) and 99% CIs. We performed the same analysis on 
the remainder of participants who were not included as 
part of the fittest population. In addition, we performed 
a sensitivity analysis using the same minimization param-
eters for defining the fittest cohort, with exception of 
the age limit being changed to 80  years and younger. 
The sensitivity analysis was performed to avoid a lack 
of generalizability potentially arising from too narrow a 
patient selection in the main analysis. We were under-
powered to perform similar analyses for the primary 
HEALTH outcome of unplanned secondary procedures 
but presented the descriptive statistics as frequencies and 
percentages. All analyses were performed using R v. 4.0.2 
(R Foundation for Statistical Computing, Austria).

Results
Participants.  There were 143  patients who met the cri-
teria to be included in the fittest subgroup (Table  I). 
Of these participants, 73 were randomized to the THA 
group and 70 were randomized to the HA group in the 

original trial. In the HA group, there were 35 bipolar HA 
procedures completed, 26 unipolar procedures, and nine 
protocol deviations where the participant underwent 
surgical treatment with either internal fixation or crosso-
ver to THA. In the THA group, 70 participants underwent 
a THA procedure and three had a crossover to HA. The 
mean age of participants in the fittest subgroup was 66 
years (SD 4.5) and 103 were female (72%).
Original analysis.  The differences between the THA and 
HA treatment groups in the fittest cohort fell below the 
threshold for a minimal clinically important difference 
(MCID) for the overall WOMAC score and its subcompo-
nents, the SF-12, and EQ-5D scores.8 The TUG scores did 
not differ significantly between the THA and HA groups in 
the fittest cohort (Table II). Similarly, in participants who 
were not included in the fittest cohort, no clinically im-
portant differences were found in any of the functional 
outcomes. There was a similar number of unplanned sec-
ondary procedures between the THA and HA groups in 
the fittest cohort (Table III).
Sensitivity analysis.  The sensitivity analysis included 
328 patients in the fit cohort aged 80 years old or below 
(Table  IV). The results of the sensitivity analysis showed 
similar findings to the primary analysis. None of the dif-
ferences in the functional outcomes between the THA 
and HA groups of the fit cohort crossed the threshold for 
a MCID.

Discussion
Our analyses support the main results from the HEALTH trial: 
THA and HA produce similar clinical results, even in the fittest 
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patients. Hence, the results do not support previous findings 
of a potentially clinically relevant benefit from THA in fitter 
patients. This may be due to the methodological rigour of 
the HEALTH trial, including the expertise-based design. Addi-
tionally, the HEALTH protocol discouraged the use of non-
modular and non-canal-filling unipolar implants. A bipolar 
HA may be advantageous in more functionally demanding 
patients due to less acetabular erosion and a lower revision 
rate compared to unipolar HA.24–26 Subgroup analyses in 
the most recent meta-analysis published before the HEALTH 
trial showed that the advantage for THA in reoperations was 
driven by comparison with unipolar HA.6 This finding may 
be explained by the use of older, inferior HA implants. Several 
of the cited papers did not report adequate information on 
the HA used, and one relatively large (n = 180) quasirandom-
ized study used a non-modular, non-canal-filling unipolar 
uncemented HA.7

Limitations of the present analysis include a loss of statis-
tical power by selecting a relatively small subgroup and 
wide 99% CIs, including clinically relevant benefits for both 
treatment groups. Tables II and IV show missing data for all 
outcome measures, with 104 to 138  patients reported in 
the main analysis, and 248 to 310 patients in the sensitivity 
analysis. However, the number of patients is comparable to 
most previous trials comparing THA and HA.11 Moreover, 
while this subgroup was defined as fittest based on age, ASA 
grade, ambulation without aids, and living independently, 
this may not be the most optimal surrogate for fitness, and 
an even more in-depth knowledge about activity level and 
preferred activities would possibly have been useful. Another 
limitation is the follow-up of two years. Patients in the fittest 
subgroup have a long life expectancy. Some previous 
reports have indicated that the benefit of a THA versus a HA 
occurs after more than two years.6,27–29 In the HEALTH trial, 
there were more revision surgeries for HA in the second year 
of follow-up. However, Ekhtiari et al11 examined secondary 
surgeries up to five years in their meta-analysis, and found 
a similar revision rate between THA and HA (OR 0.89 (95% 
CI 0.66 to 1.20)).11 A recent study from the Australian Ortho-
paedic Association National Joint Replacement Registry did 
not find statistically significant differences in long-term revi-
sion risk between bipolar HA and THA in patients aged 50 to 
79 years after statistical adjustments.30

It may be argued that the HEALTH trial already consisted 
of a select group of patients. Most patients in the HEALTH 
trial would have been recommended for a THA according 
to the NICE guidelines.2 Mean age was below 80 years and 
only 4% were institutionalized prefracture. All were inde-
pendent ambulators, and three-quarters were able to walk 
without an assistive device. For the main analysis of the fittest 
patients, we selected 143 patients, about 10% of the HEALTH 
patients, and for the sensitivity analysis, we included 23% of 
the participants in the HEALTH trial.

One uncertainty that remains is if high-functioning 
patients who are expected to lead an active life beyond 

five years post-fracture will benefit from a THA in either 
function or reduced revision rate. A sufficiently large RCT 
studying this group with long-term follow-up will poten-
tially clarify this, but it will be difficult to perform. High-
quality registry nested trials comparing modern implants, 
preferably with knowledge on both implant use and 
surgeon experience, as well as functional results, will be 
of use. Other study designs, including instrumental vari-
able analysis, may find causal answers based on practice 
variation. Our results indicate, however, that very few, if 
any, patients aged over 50  years with a displaced low-
energy FNF benefit in a clinically meaningful way from a 
THA versus a HA the first two years after their injury.

Take home message
- - No relevant clinical advantage was found with total hip 

arthroplasty (THA) compared to hemiarthroplasty (HA) in fit 
patients aged 50 to 70 years with a displaced femoral neck 

fracture.
- - The trial was strengthened by a minimum surgical expertise for both 

implants which was defined in the protocol, and surgeons were required 
to use modern implants, excluding non-modular non-canal-filling HAs.
- - A possible advantage of THA may become apparent after more than 

two years.
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References
	1.	 Cooper C, Cole ZA, Holroyd CR, et al. Secular trends in the incidence of hip and 

other osteoporotic fractures. Osteoporos Int. 2011;22(5):1277–1288. 
	2.	 No authors listed. Hip fracture: management. National Institute for Health 

and Care Excellence. 2017. https://www.nice.org.uk/guidance/cg124/chapter/​
Recommendations#surgical-procedures (date last accessed 4 July 2022).

	3.	 No authors listed. Management of Hip Fractures in the Elderly: Evidence-Based 
Clinical Practice Guideline. American Academy of Orthopaedic Surgeons. 2014. 
https://www.aaos.org/globalassets/quality-and-practice-resources/hip-fractures-​
in-the-elderly/hip-fractures-elderly-clinical-practice-guideline-4-24-19.pdf (date last 
accessed 4 July 2022).

	4.	 Deng J, Wang G, Li J, et al. A systematic review and meta-analysis comparing 
arthroplasty and internal fixation in the treatment of elderly displaced femoral neck 
fractures. OTA Int. 2021;4(1):e087. 

	5.	 Rogmark C, Leonardsson O. Hip arthroplasty for the treatment of displaced 
fractures of the femoral neck in elderly patients. Bone Joint J. 2016;98-B(3):291–297. 

	6.	 Lewis DP, Wæver D, Thorninger R, Donnelly WJ. Hemiarthroplasty vs total hip 
arthroplasty for the management of displaced neck of femur fractures: a systematic 
review and meta-analysis. J Arthroplasty. 2019;34(8):1837–1843. 

	7.	 Ravikumar KJ, Marsh G. Internal fixation versus hemiarthroplasty versus total 
hip arthroplasty for displaced subcapital fractures of femur--13 year results of a 
prospective randomised study. Injury. 2000;31(10):793–797. 

	8.	 Bhandari M, Einhorn TA, Guyatt G, et al. Total hip arthroplasty or hemiarthroplasty 
for hip fracture. N Engl J Med. 2019;381(23):2199–2208. 

	9.	 McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC): a review of its utility and measurement 
properties. Arthritis Rheum. 2001;45(5):453–461. 

	10.	 Saklad M. Grading of patients for surgical procedures. Anesthesiol. 
1941;2(5):281–284. 

	11.	 Ekhtiari S, Gormley J, Axelrod DE, Devji T, Bhandari M, Guyatt GH. Total 
hip arthroplasty versus hemiarthroplasty for displaced femoral neck fracture: a 
systematic review and meta-analysis of randomized controlled trials. J Bone Joint 
Surg Am. 2020;102-A(18):1638–1645. 

https://www.nice.org.uk/guidance/cg124/chapter/Recommendations#surgical-procedures
https://www.nice.org.uk/guidance/cg124/chapter/Recommendations#surgical-procedures
https://www.aaos.org/globalassets/quality-and-practice-resources/hip-fractures-in-the-elderly/hip-fractures-elderly-clinical-practice-guideline-4-24-19.pdf
https://www.aaos.org/globalassets/quality-and-practice-resources/hip-fractures-in-the-elderly/hip-fractures-elderly-clinical-practice-guideline-4-24-19.pdf


VOL. 3, NO. 8, AUGUST 2022

WHO, IF ANYONE, MAY BENEFIT FROM A TOTAL HIP ARTHROPLASTY AFTER A DISPLACED FEMORAL NECK FRACTURE? 617

	12.	 Gjertsen JE. Should total hip arthroplasty be used for hip fracture? N Engl J Med. 
2019;381(23):2261–2262. 

	13.	 Axelrod D, Tarride J-É, Ekhtiari S, et al. Is Total hip arthroplasty a cost-effective 
option for management of displaced femoral neck fractures? A trial-based analysis of 
the HEALTH Study. J Orthop Trauma. 2020;34 Suppl 3:S37–S41. 

	14.	 Bhandari M, Devereaux PJ, Einhorn TA, et  al. Hip fracture evaluation with 
alternatives of total hip arthroplasty versus hemiarthroplasty (HEALTH): protocol for a 
multicentre randomised trial. BMJ Open. 2015;5(2):e006263. 

	15.	 Ware JE, Kosinski Jr M, Turner-Bowker DM, Gandek B. How to Score Version 2 
of the SF-12v2 Health Survey (With a Supplement Documenting SF-12 Health Survey). 
Johnston, Rhode Island, USA: QualityMetric, 2002.

	16.	 Van Reenen M, Janssen B, Oppe M, Kreimeier S, Greiner W. EQ-5D-Y User 
Guide Basic Information on How to Use the EQ-5D-Y Instrument. Rotterdam, The 
Netherlands: EuroQol, 2014.

	17.	 Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol Group. 
Ann Med. 2001;33(5):337–343. 

	18.	 Zasadzka E, Borowicz AM, Roszak M, Pawlaczyk M. Assessment of the risk 
of falling with the use of timed up and go test in the elderly with lower extremity 
osteoarthritis. Clin Interv Aging. 2015;10:1289–1298. 

	19.	 Tubach F, Ravaud P, Baron G, et  al. Evaluation of clinically relevant changes 
in patient reported outcomes in knee and hip osteoarthritis: the minimal clinically 
important improvement. Ann Rheum Dis. 2005;64(1):29–33. 

	20.	 Paulsen A, Roos EM, Pedersen AB, Overgaard S. Minimal clinically important 
improvement (MCII) and patient-acceptable symptom state (PASS) in total hip 
arthroplasty (THA) patients 1 year postoperatively. Acta Orthop. 2014;85(1):39–48. 

	21.	 Pickard AS, Neary MP, Cella D. Estimation of minimally important differences in 
EQ-5D utility and VAS scores in cancer. Health Qual Life Outcomes. 2007;5:70–78. 

	22.	 Walters SJ, Brazier JE. Comparison of the minimally important difference for two 
health state utility measures: EQ-5D and SF-6D. Qual Life Res. 2005;14(6):1523–1532. 

	23.	 No authors listed. Assessment: Timed Up & Go (TUG). Centers for Disease Control 
and Prevention. https://www.cdc.gov/steadi/pdf/steadi-assessment-tug-508.pdf 
(date last accessed 9 July 2022).

	24.	 Figved W, Svenøy S, Röhrl SM, Dahl J, Nordsletten L, Frihagen F. Higher 
cartilage wear in unipolar than bipolar hemiarthroplasties of the hip at 2 years: A 
randomized controlled radiostereometric study in 19 fit elderly patients with femoral 
neck fractures. Acta Orthop. 2018;89(5):503–508. 

	25.	 Farey JE, Cuthbert AR, Adie S, Harris IA. Revision risk after unipolar or bipolar 
hemiarthroplasty for femoral neck fractures: an instrumental variable analysis of 
62,875 procedures from the Australian Orthopaedic Association National Joint 
Replacement Registry. J Bone Joint Surg Am. 2021;103-A(3):195–204. 

	26.	 Imam MA, Shehata M, Abdallah AR, et al. Unipolar versus bipolar hemiarthroplasty 
for displaced femoral neck fractures: A pooled analysis of 30,250 participants data. 
Injury. 2019;50(10):1694–1708. 

	27.	 Avery PP, Baker RP, Walton MJ, et al. Total hip replacement and hemiarthroplasty 
in mobile, independent patients with a displaced intracapsular fracture of the femoral 
neck: a seven- to ten-year follow-up report of a prospective randomised controlled 
trial. J Bone Joint Surg Br. 2011;93-B(8):1045–1048. 

	28.	 Baker RP, Squires B, Gargan MF, Bannister GC. Total hip arthroplasty and 
hemiarthroplasty in mobile, independent patients with a displaced intracapsular 
fracture of the femoral neck. A randomized, controlled trial. J Bone Joint Surg Am. 
2006;88-A(12):2583–2589. 

	29.	 Hedbeck CJ, Enocson A, Lapidus G, et al. Comparison of bipolar hemiarthroplasty 
with total hip arthroplasty for displaced femoral neck fractures: a concise four-year 
follow-up of a randomized trial. J Bone Joint Surg Am. 2011;93-A(5):445–450. 

	30.	 Farey JE, Cuthbert AR, Adie S, Harris IA. Bipolar hemiarthroplasty does not 
result in a higher risk of revision compared with total hip arthroplasty for displaced 
femoral neck fractures: an instrumental variable analysis of 36,118 procedures from 
the Australian Orthopaedic Association National Joint Replacement Registry. J Bone 
Joint Surg Am. 2022;104-A(10):919–927. 

Author information:
�� F. Frihagen, MD, PhD, Orthopaedic Surgeon, Department of Orthopaedic Surgery, 
Østfold Hospital Trust, Grålum, Norway; Institute of Clinical Medicine, University of 
Oslo, Oslo, Norway.

�� M. Comeau-Gauthier, MD, MSc, Orthopaedic Surgeon
�� D. Axelrod, MD, MSc, Orthopaedic Surgeon
�� S. Bzovsky, MSc, Statistical Analyst
Division of Orthopaedic Surgery, Department of Surgery, McMaster University, 
Hamilton, Canada.

�� R. Poolman, MD, PhD, Orthopaedic Surgeon, Department of Orthopedic Surgery, 
OLVG, Leiden, the Netherlands.

�� D. Heels-Ansdell, MSc, Statistician, Department of Health Research Methods, 
Evidence, and Impact, McMaster University, Hamilton, Canada.

�� M. Bhandari, MD, PhD, FRCSC, Orthopaedic Surgeon
�� S. Sprague, PhD, Research Director
Division of Orthopaedic Surgery, Department of Surgery, McMaster University, 
Hamilton, Canada; Department of Health Research Methods, Evidence, and Impact, 
McMaster University, Hamilton, Canada.

�� E. Schemitsch, MD, FRCSC, Orthopaedic Surgeon, Department of Surgery, 
University of Western Ontario, London, Canada.

Author contributions:
�� F. Frihagen: Conceptualization, Methodology, Writing – original draft, Writing – 
review & editing. 

�� M. Comeau-Gauthier: Conceptualization, Writing – review & editing. 
�� D. Axelrod: Conceptualization, Writing – review & editing. 
�� S. Bzovsky: Conceptualization, Methodology, Data curation, Formal analysis, Writing 
– original draft, Writing – review & editing. 

�� R. Poolman: Methodology, Writing – review & editing. 
�� D. Heels-Ansdell: Data curation, Formal analysis, Writing – review & editing. 
�� M. Bhandari: Conceptualization, Funding acquisition, Supervision, Writing – review 
& editing. 

�� S. Sprague: Conceptualization, Methodology, Project administration, Supervision, 
Investigation, Writing – review & editing.

�� E. Schemitsch: Conceptualization, Methodology, Project administration, 
Investigation, Writing – original draft, Writing – review & editing.

Funding statement:
�� The authors disclose receipt of the following financial or material support for the 
research, authorship, and/or publication of this article: The HEALTH trial was sup-
ported by Canadian Institutes of Health Research (CIHR) (MCT-90168), National In-
stitutes of Health (NIH) (1UM1AR063386-01), ZorgOnderzoek Nederland-medische 
wetensehappen (ZonMw) (17088.2503), Sophies Minde Foundation for Orthopae-
dic Research, McMaster Surgical Associates and Stryker Orthopaedics.

Ethical review statement:
�� The HEALTH trial was approved by the McMaster University Research Ethics Board 
(#06-151) and by the research ethics boards/institutional review boards of all par-
ticipating clinical sites.

Open access funding
�� The open access fee was funded by Institute of Clinical Medicine, University of Oslo, 
Oslo, Norway.

© 2022 Author(s) et al. This is an open-access article distributed under the terms of 
the Creative Commons Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0) 
licence, which permits the copying and redistribution of the work only, and provided 
the original author and source are credited. See https://creativecommons.org/licenses/​
by-nc-nd/4.0/

https://www.cdc.gov/steadi/pdf/steadi-assessment-tug-508.pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Who, if anyone, may benefit from a total hip arthroplasty after a displaced femoral neck fracture?
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	References
	Funding statement:


