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Hip fractures in older adults are a worldwide healthcare problem. The global burden of 

hip fractures continues to rise, with an anticipated increase in disability from 4.5 million 

to 21 million individuals over the next 40 years (1). Although timely surgery is crucial, 

functional decline and reduced quality of life often remain challenges (2). Mortality rates 

within a year after surgery reach over 20% (3), with a signi�cant risk of disability for survi-

vors, even among previously independent individuals (4).

Falls are a signi�cant concern among older, frail adults (5). Each year, about one-third 

of people aged 65 and older experience a fall, with frequency rising alongside age and 

frailty (6). In Western Europe, falls account for roughly 70% of all hospital admissions 

related to injuries, with hip fractures being a major contributor to these admissions (7). 

A hip fracture has a signi�cant e�ect on the independence of older adults, their abil-

ity to remain living at home, and their overall quality of life. A hip fracture can lead to 

physical limitations, causing individuals to lose their independence. This can make them 

dependent on others, which may result in a feeling of loss of control and autonomy and 

can have negative e�ects on self-image and mental health. Maintaining mobility reduces 

the risk of further falls and supports participation in the community, helping to prevent 

loneliness (8). For frail older adults, preserving independence and quality of life after a 

hip fracture is essential, not only for their physical health but also for their emotional and 

social well-being (8).

The treatment options for active older patients facing displaced femoral neck fractures 

are hemiarthroplasty, or total hip arthroplasty (THA). In THA, both the femoral head and 

acetabulum are replaced by prostheses, while in hemiarthroplasty, only the femoral head 

is replaced by inserting a metal femoral prosthesis. Advantages of THA might be a better 

functional outcome, however it is associated with a higher dislocation rate which often 

leads to reduction or revision of the prosthesis (9). A recent large randomized study, the 

HEALTH trial, showed no di�erences in secondary procedures or quality of life between 

hemiarthroplasty of THA after 2 years follow-up (10). 

The hemiarthroplasty can be placed cemented or uncemented. The WHiTE trial demon-

strated a modest but signi�cant improvement in health-related quality of life (HRQoL) 

and a reduced risk of periprosthetic fractures in favor of cemented over uncemented 

hemiarthroplasty (11). Therefore, for frail older adults with displaced femoral neck frac-

tures, cemented hemiarthroplasty is the recommended treatment. However, high quality 

evidence is lacking regarding the optimal surgical approach.

The literature has described various surgical approaches for performing hemiarthroplas-

ty, with the posterolateral (PLA) and direct lateral approach (DLA) being the most used 

techniques. With the DLA, the �bers of the gluteus medius muscle and vastus lateralis 

muscle are split parallel to the �bers and during closure, the muscles are sutured(12). 
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This method can potentially lead to abductor insu�ciency, resulting in a positive Tren-

delenburg sign or post-surgery limping (13, 14). Nonetheless, with the DLA, preserving 

the posterior capsule helps to prevent dislocation. Contrarily, with a PLA, the surgeon 

performs a posterior capsulotomy, dividing the short external rotators (12). Using a PLA, 

the hip abductors are preserved to prevent limping. However, due to insu�cient support 

from the posterior capsule, there might be an increased risk of dislocations (15-17).

Traditionally, a randomized controlled trial (RCT) is considered the highest level of 

evidence for comparing the e�ectiveness of the aforementioned treatments or surgical 

techniques. However, in clinical practice, randomizing patients into treatment groups is 

not always possible. Additionally, a surgeon or a patient might strongly prefer a particular 

treatment. In orthopedic trauma care, it is also possible that the necessary expertise for a 

speci�c technique is unavailable at the time of admission, necessitating a deviation from 

the randomization outcome. When dealing with acute trauma scenarios, factors such as 

the patient’s location at the time of injury and the timing of the incident play a pivotal 

role in deciding the hospital they are transported to and, subsequently, which treatment 

or technique they get. This pseudo-random treatment allocation is beyond the research-

ers’ control and is regarded as a Natural Experiment. Compared to RCT a Natural Experi-

ment is less costly, faster, and the outcomes potentially exhibit greater generalizability. 

Therefore, Natural Experiments might be a solution for demonstrating causal treatment 

e�ects when randomization is not possible (18). The overarching aim of this thesis is to 

improve the management and research of femoral neck fractures in fragile older adults.

OUTLINE OF THE THESIS 

In the �rst part of the thesis, we will focus on the interpretation of proxy questionnaires. 

A signi�cant portion of the hip fracture population comprises frail older patients who 

frequently experience cognitive impairment. Proxy versions of questionnaires are de-

veloped for patients unable to complete the questionnaires themselves. The EQ-5D-5L 

questionnaire is a widely used patient-reported outcome measure for Health-Related 

Quality of Life (19), and has two di�erent proxy versions. Chapter 2 assesses which proxy 

perspective best represents the orthopedic patient’s quality of life. Chapter 3 explores 

the relevant barriers and facilitators for implementing the results of this thesis by con-

ducting a qualitative implementation study, providing insights into the perspectives of 

various stakeholders. 

For active older patients who su�ered a hip fracture, treatment options include a hemiar-

throplasty or a total hip arthroplasty (THA). Literature describes a higher rate of disloca-

tions for THA; however, proponents of THA suggest better patient function and quality of 

life (20). The HEALTH trial, a large randomized controlled trial (RCT), compared these two 
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treatments and found no di�erences in secondary procedures and no clinically signi�cant 

di�erence in function and quality of life (10). Nevertheless, due to the limited �nal follow-

up of only two years, long-term outcome di�erences were not recorded. Chapter 4 of 

this thesis presents the 12-year follow-up results of an RCT comparing hemiarthroplasty 

and THA in active older patients with a hip fracture.

Hemiarthroplasty is the recommended treatment for older, more fragile (i.e. less active) 

adults following a femoral neck fracture. Considerable variance exists in surgical ap-

proaches for hemiarthroplasty worldwide (21). Surgeons typically opt for an approach 

based on personal preference or hospital agreements. Based on LROI data, the postero-

lateral approach (PLA) and the direct lateral approach (DLA) are most used in the Neth-

erlands (22). Chapter 5 systematically reviews and summarizes the available evidence 

comparing the DLA and PLA for hemiarthroplasty after femoral neck fracture. Due to the 

lack of high-quality evidence, we initiated an RCT and Natural Experiment comparing 

the DLA and PLA for cemented hemiarthroplasty. Chapter 6 outlines the study protocol 

of our APOLLO trial, detailing the two study designs and an innovative method to fuse 

the data. Chapter 7 reports the RCT and Natural Experiment results concerning patient-

reported quality of life, function, (fear of ) falling, and complications such as dislocation, 

reoperation, and readmission. A hip fracture can have a signi�cant e�ect on mobility 

and balance of older adults. Chapter 8 compares the PLA and DLA of hemiarthroplasty 

in terms of physical performance post-treatment in a subgroup of the RCT participants. 

Chapter 9 outlines the cost-e�ectiveness of both hemiarthroplasty approaches.

In the �nal section, we will re�ect on the results and engage in a general discussion to 

direct future perspectives in Chapter 10. 
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ABSTRACT

Objectives: To determine the level of agreement between both proxy versions and the 

self-completed EQ-5D-5L. 

Design: A randomized agreement study 

Setting and Participants: We recruited 120 patients (compos mentis) and their proxies 

at the orthopaedic outpatient clinic. Patients completed the regular EQ-5D-5L and their 

proxy completed the proxy version of the EQ-5D-5L in and rated the patients’ health from 

their own (proxy-proxy) perspective (i.e. how do you rate the health of the patient), and 

from the patient’s (proxy-patient) perspective (i.e. how do you think the patient would 

rate their own health if they were able to). 

Measures: The primary outcome was the agreement between patients and their proxy, 

quanti�ed as the intra class correlation coe�cient for the EQ-5D-5L Utility score.

Results: Average Utility scores were 0.65 with the self completed EQ-5D-5L, versus 0.60 

with the proxy-patient version and 0.58 with the proxy-proxy version. The ICC was 0.66 

(95%CI:0.523, 0.753) for the proxy-patient perspective and 0.58 (95%CI:0.411, 0.697) for 

the proxy-proxy perspective. The mean gold standard score of the VAS-Health was 69.7 

whereas the proxy-proxy perspective was 66.5 and the proxy-patient perspective was 

66.3.

Conclusion and implications: The proxy-patient perspective yielded substantial agree-

ment with the self completed EQ-5D-5L, while the agreement with the proxy-proxy 

perspective was moderate. In this study population of patients without cognitive impair-

ment, proxies tended to underestimate the quality of life of their relative.
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INTRODUCTION

Due to the risen attention to value-driven care, studies to evaluate existing and new 

treatments are more common. The patient perspective is frequently at the center of focus 

during this healthcare evaluation. Health-Related Quality of Life (HRQoL) is an important 

patient reported outcome when comparing the e�ectiveness of health care interventions 

and the value of health care(1). 

Scientists widely use the EQ-5D, which is known for its validity, reliability and responsive-

ness, as a measurement instrument for the HRQoL (2-5). The EQ-5D is a descriptive system 

of health-related quality of life states consisting of �ve dimensions (mobility, self-care, 

usual activities, pain/discomfort and anxiety/depression) as well as a visual analogue 

scale (EQ VAS) on which patients rate their overall health.

The EQ-5D-5L is a questionnaire completed by the patient. Two by proxy versions were 

developed for patients who are not capable of completing the questionnaire by them-

selves due to i.e. cognitive impairment(6). The di�erence between both proxy versions is 

the perspective of the answers. The instruction, how to �ll in the questionnaire, is di�er-

ent: The �rst version is from the proxy’s perspective (how do you rate the patients health), 

the second version is from the patients’ perspective (how do you think the patient would 

rate their own health if they were able to do so). 

Both versions are used more often, not only due to a growing group of elderly who 

are incapable of completing their own questionnaires, but also as a result of increased 

attention to value based health care and cost-e�ciency research in which the patient 

perspective is often used(7-9). Assessing the quality and e�ectiveness of treatments is 

challenging when patients, for instance with dementia, are incapable of understanding 

questionnaires. These developments strengthen the need for outcome assessment by 

proxy. 

Never has it been investigated which by proxy version of the EQ-5D-5L is most likely to 

re�ect the patient’s quality of life best (10-12) We hypothesize that there might be a dif-

ference between by proxy versions. Hence, it is important to know which proxy version 

best re�ects quality of life in patients who can not complete the questionnaire them-

selves since it has a central role in healthcare evaluation research. Therefore, the aim of 

this study was to determine the agreement of both proxy versions with respect to the self 

reported quality of life using the EQ-5D-5L. This novel study will investigate the agree-

ment of mentally healthy patients with their proxy. 
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METHODS 

Participants and setting

The study protocol was approved by the medical ethics committee at OLVG (WO 18.059) 

and conducted according to the principles of the Declaration of Helsinki, as amended 

in Seoul and Fortaleza (64th WMA General Assembly, October 2013). The trial was regis-

tered at The Netherlands National Trial Register (TC 7526). To ensure that self-completed 

questionnaires could be used as gold standard, the study population consisted of men-

tally healthy patients. And to accurately re�ect a typical clinical setting, their relatives or 

friends that accompanied them to the outpatient visit were asked as proxy. We asked all 

consecutive patients of both sexes and all ethnicities who visited the orthopaedic out-

patient clinic accompanied with a proxy during the inclusion period, June 2018 – August 

2018, to participate in our study. Patients were eligible for study participation when the 

following inclusion criteria were met: 18 years or older at the time of visiting the outpa-

tient clinic (both patient and proxy giver), compos mentis, Dutch �uency and literacy. We 

excluded patients when they had signs of cognitive impairment or when they visited the 

outpatient clinic alone. Any signs of cognitive impairment were objecti�ed by a clinician. 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lost to follow-up  (n= 2) 
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Study procedures

The EQ-5D-5L descriptive system assesses health in �ve dimensions (mobility, personal 

care, usual activities, pain/discomfort, and anxiety/depression), each of which has �ve 

levels of response (no problems, slight problems, moderate problems, severe problems, 

extreme problems/unable to). This part of the EQ-5D questionnaire provides a descrip-

tive pro�le that can be used to generate a health state pro�le. Health state index scores 

generally range from less than 0 (where 0 is the value of a health state equivalent to dead; 

negative values representing values as worse than dead) to 1 (the value of full health), 

with higher scores indicating higher health utility. The second part of the questionnaire 

consists of a visual analogue scale (VAS) on which the patient rates his/her perceived 

health from 0 (the worst imaginable health) to 100 (the best imaginable health. 

There are two proxy perspectives of the EQ-5D-5L . The questionnaire and scoring are the 

same as the self completed EQ-5D-5L. The instruction, how to �ll in the questionnaire, is 

di�erent: The �rst version is the proxy-proxy perspective: (how do you rate the patients 

health) the proxy is asked to rate the patients’ health related quality of life in their (the 

proxy’s) opinion. The second version is the proxy-patients perspective (how do you think 

the patient would rate their own health if they were able to do so) the proxy is asked 

to rate how he/she (the proxy) thinks the patient would rate his/her own health-related 

quality of life if the patient were able to communicate it.

All patients received the self-complete version of the EQ-5D-5L, resulting in the gold 

standard, and all proxy givers completed both proxy versions. Dyads were 

randomly assigned to which order they the proxy had to complete the two di�erent 

questionnaires in a 1:1 allocation ratio, using variable block randomisation in CASTOR 

EDC (specs) (Figure 1). Prior to participation, the patients and their proxies were not 

aware of the existence of the di�erent perspectives of the proxy version and were blinded 

for the purpose and hypothesis of our study. Proxies were only given the second version 

upon completing the �rst. Patient and proxy were asked to complete the questionnaire 

separated from their proxy to assure they answered independently.

Statistical Analysis

We converted the scores on the �ve dimensions of the EQ-5D-5L into the Utility score, 

which is re�ecting the HRQoL. We used the Euroqol EQ-5D-5L Crosswalk Index Value 

Calculator for calculating Utility scores derived from the Dutch general population(13). 

A higher score indicates a higher rated quality of life. To quantify the level of agreement 

between the (continuous) Utility score of the Self-complete EQ-5D-5L and their proxy ver-

sions, we used the Intraclass Correlation Coe�cient (ICC), based on absolute agreement 

in a two-way mixed e�ects model. We repeated this analysis for the EQ-VAS score. In ad-

dition, we performed Weighted Kappa and absolute agreement analysis to quantify the 



22

C
h

a
p

te
r 

2

level of agreement for the (categorical) individual domain scores. For the interpretation of 

both ICC and Weighted Kappa we used the method of Landis and Koch, with scores >0.81 

indicating almost perfect agreement, 0.61-0.8 substantial, 0.41-0.60 moderate, 0.21 – 0.4 

fair and <0.20 slight agreement(14). The level of signi�cance was <0.05. To assess whether 

the health status in�uences the accuracy in which the proxy giver can assess the patient’s 

health status, we visualized the di�erence between the self-completed Utility scores and 

both proxy perspective Utility scores with respect to the self completed EQ-5D-5L Utility 

scores. We performed all analyses using IBM SPSS Statistics (Version 22.0). Since there was 

no e�ect size available to analyse an adequate sample size, the sample size was based on 

previous studies on this topic (11, 15). 

RESULTS

Population

We enrolled a total of 120 dyads, consisting of 120 patients and their proxies. Between 

May – July 2018 we received 115 complete and 5 incomplete datasets of the self-complet-

ed and their proxy perspectives for data analysis. There was one missing self-completed 

questionnaire, 1 missing proxy-proxy perspective, 2 missing proxy-patient perspective 

Table 1. Baseline characteristics of patients and proxy givers

Patient gender, n (%)

  Female 74 (61.7)

Proxy gender, n (%)

  Female 62 (51.7)

Patient age group, n (%)

  18 to 45 years 

  45 to 70 years 

  ≥70 years 

29 (24.2)

51 (42.5)

40 (33.3)

Proxy age group, n (%)

  18 to 45 years 

  45 to 70 years 

  ≥70 years 

23 (19.2)

75 (62.5)

22 (18.3)

Relationship to patient, n (%)

  Partner

  Sibling 

  Child 

  Parent

  Friend

  Neighbour

  Other 

71 (59)

5 (4.2)

15 (12.5)

15 (12.5)

9 (7.5)

1 (0.8)

4 (3.3)

Abbreviation: n = number of patients
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and 1 missing questionnaire of both perspectives. The baseline characteristics of the 

patients and proxy givers are depicted in Table 1. 

Absolute scores

The mean Utility score of the patients self completed EQ-5D-5L (gold standard) was 0.65 

(95%CI:0.614, 0.686), of the proxy-proxy perspective 0.58 (95%CI:0.538, 0.621) and of the 

proxy-patient perspective 0.60 (95%CI:0.562, 0.638). The mean gold standard score of the 

VAS-Health was 69.7 (95%CI:66.4, 73.1), whereas the proxy-proxy perspective was 66.5 

(95%CI:63.1, 69.8) and the proxy-patient perspective was 66.3 (95%CI:62.8, 69.8) (Table 2).

Agreement scores 

For the Utility score, the proxy-patient perspective had a substantial level of agreement 

with the gold standard: ICC 0.66 (95%CI:0.523, 0.753). The proxy-proxy perspective had 

a moderate level of agreement with the gold standard: ICC 0.58 (95%CI:0.411, 0.697)

(Table 3). For the overall health status based on the EQ-VAS, the level of agreement was 

substantial with the proxy-patient perspective: ICC = 0.64 (95%CI: 0.515, 0.737), versus a 

moderate level of agreement of proxy-proxy perspective: ICC = 0.53 (95%CI: 0.386, 0.65)

(Table 3). 

Table 3, Level of agreement Utility score and VAS-Health

Proxy – proxy perspective (n 

=115)

Proxy – patient 

perspective (n =115)

Utility score

  ICC (95% CI) 0.58 (0.411 – 0.697) 0.66 (0.523 – 0.753)

  Strength of agreement Moderate Substantial 

VAS-Health

 

  ICC (95% CI)
0.530 (0.386 – 0.650) 0.639 (0.515 – 0.737)

  Strength of agreement Moderate Substantial

Table 2, mean scores EQ-5D and VAS Health

Patients

(Gold Standard)

n = 119

Proxy – proxy

perspective 

n = 118 

Proxy – patient 

perspective 

n = 117 

Utility score EQ-5D-5L

  mean (95%CI)

0.65 (0.614 - 0.686) 0.58 (0.538 - 0.621) 0.60 (0.562 - 0.638)

 

n = 117 n = 118 n = 115

VAS Health 

  mean (95%CI) 69.74 (66.4 - 73.1) 66.48 (63.1 - 69.8) 66.33 (62.8 - 69.8)

Abbreviation: n = number of patients, SD = standard deviation
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The level of agreement, measured with the Weighted kappa, of the individual domain 

scores are listed in Table 4. No di�erences in level of agreement in all subdomains were 

observed between the two proxy versions compared with the gold standard. 

Absolute agreement for individual domain scores (Table 5) was equal between proxy 

versions for the domain Selfcare. Absolute agreement was higher for the proxy-patient 

perspective in Mobility (2.5%) and Anxiety/depression (7.5%). Absolute agreement was 

higher for the proxy-proxy perspective in ADL (1.7%) and Pain (1.7%). 

Figure 2 shows that the discrepancy between Utility scores between proxy givers and 

patients does not depend on the patient’s health status (expressed in Utility score).

Table 4, Level of agreement domain scores EQ-5D-5L

Proxy-proxy

perspective

n = 115

Proxy-Patient

perspective

n =115

Weighted Kappa (SE) 95 % CI Weighted Kappa (SE) 95% CI

Mobility 0.596 (0.053) moderate 0.492 – 0.699 0.599 (0.054) moderate 0.494 – 0.705

Selfcare 0.452 (0.065) moderate 0.324 – 0.579 0.417 (0.073) moderate 0.275 – 0.559

ADL 0.337 (0.061) fair 0.216 – 0.457 0.384 (0.061) fair 0.264 – 0.503

Pain 0.392 (0.070) fair 0.255 – 0.529 0.394 (0.068) fair 0.261 – 0.527

Anxiety 0.355 (0.066) fair 0.225 – 0.484 0.406 (0.073) fair 0.262 – 0.549

Abbreviation: n = number of patients, SE = standard error, CI = con�dence interval

Table 5, absolute agreement domain scores EQ-5D-5L

Domain Proxy-Proxy

(perspective A)

N=115

Proxy-patient

(Perspective B) 

n=120

Di�erence in 

Agreement be-

tween Perspectives

95% CI of di�er-

ence

Mobility 55.8% 58.3% A 2.5% < B -9.887, 14.780

Selfcare 60% 60% 0% -12.218, 12.218

ADL 39.2% 37.5% A 1.7% > B -10.466, 13.796

Pain 52.5% 50.8% A 1.7% > B -10.783, 14.108

Anxiety 51.7% 59.2% A 7.5% < B -5.012, 19.688
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DISCUSSION 

Our study showed substantial agreement between the patient gold standard and the 

proxy-patient perspective and moderate agreement between the patient gold standard 

and proxy-proxy perspective for both the Utility score and VAS Health of the EQ-5D-5L. 

The Utility score is the primary method to interpret health status using the EQ-5D-5L 

questionnaire. The mean Utility score was higher in the patient gold standard compared 

with both proxies. 

This is the �rst study which empirically compares the two proxy perspectives of the EQ-

5D-5L. Another strength of the study is that both proxy perspectives, given by one proxy, 

were compared with the same patient self-completed EQ-5D-5L questionnaire, resulting 

in adequate comparison. Moreover, the study design ruled out recall bias and participants 

were blinded to the study hypothesis. 

Figure 3, Evaluation of e�ect patients’ health status on proxies ability to accurately assess patient’s 

health status (continued)
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All participants were Orthopaedic patients, which could be a sub-selection of the popula-

tion and may be a limitation of the study. However, patient acquisition occurred in the 

waiting room at the outpatient clinic of all sub specializations of the Orthopaedic surgery 

where there is a high variance in the patient population. Due to this wide scatter we think 

the included patients and proxies can be a good representation of the population. The 

results of our study should however be evaluated in other disciplines. To ensure the self-

complete EQ-5D-5L could be used as gold standard, our study population only included 

mentally healthy patients. Caution should be used when extrapolating the results of this 

study to a population with cognitive impairments. 

We found one previous study that compared the two di�erent proxy perspectives com-

pleted by a clinician with the self-completed EQ-5D with three levels (3L)(15). That study 

reported substantially higher levels of agreement for all domains and utility score com-

pared with our results. They reported Kappa values > 0.7 on all individual domain scores, 

while our highest kappa was 0.6 (Mobility domain). This is likely explained by the fact that 

the EQ-5D-3L has only three answer categories per domain, opposed to �ve categories in 

Figure 3, Evaluation of e�ect patients’ health status on proxies ability to accurately assess patient’s 

health status
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the EQ-5D-5L. Therefore the potential for disagreement is higher for the EQ-5D-5L, result-

ing in lower levels of agreement for domain scores and eventually Utility score. 

All proxy questionnaires where completed by relatives of, or persons close to, the patients 

in this study. The observed agreement for individual domain scores supports previous 

�ndings on higher validity of questionnaires provided by relatives than clinicians for the 

less observable dimensions (‘Anxiety/depression’ and ‘Pain’)(11, 16). However, Bryan and 

co-investigators showed that data provided by clinicians had higher construct validity 

regarding more observable dimensions of the EQ-5D-3L instrument (e.g. ‘Mobility and 

Selfcare’)(11). Understandably, clinicians are more experienced than relatives at objec-

tively assessing patient functioning as part of routine clinical assessment and have a wide 

range of knowledge regarding loss of function. Relatives on the other hand are far better 

acquainted with the patient and therefore more able to empathize with their subjective 

reality. However, it is remarkable that proxies underestimate the self-related health status 

of the patient. This phenomenon is observed in more studies, but non of the authors 

has given an explanation for the observed e�ect(10-12). One explanation could be that 

the e�ect is in�uenced by the proxies own mood, personal beliefs or expectations(17). 

Another explanation why elderly overestimate their health status could be that they 

compare their own health status with peers su�ering from worse health, which give them 

a positive perception of their own function(18).

The e�ect of the underestimation of the health status by proxies is important for clini-

cians. This means that treatment decisions based on proxy perspectives could be based 

on a health status worse than the real health status. On the other hand if patients overes-

timate their health status, it could be associated with riskier health behavior(19).

Further research could be focused on optimizing the level of agreement between the 

proxy perspective and the gold standard. For example by completing the observable 

dimensions of proxy questionnaires through clinicians and the subjective dimensions 

through relatives. In addition, despite the barriers of cognitive limitations, further re-

search should be done in patients with mild to moderate stage dementia to validate the 

proxy version for this speci�c patient group. 
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CONCLUSION

This study showed a substantial agreement between the patient gold standard and the 

proxy-patient perspective and moderate agreement between the patient gold standard 

and proxy-proxy perspective for both the Utility score and VAS Health of the EQ-5D-5L. 

Therefore we recommend the proxy-patient version of the EQ-5D-5L. Regardless of their 

perspective, in this study population of patients without cognitive impairment, proxies 

tended to underestimate the quality of life of their relative.
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ABSTRACT

Introduction: The posterolateral approach (PLA) and direct lateral approach (DLA) are 

the most used approaches for inserting a hemiarthroplasty after a hip fracture. The deci-

sion for which approach is used during the procedure is now mainly based on the sur-

geon’s preference.. The perspectives on implementation of the surgical approaches from 

di�erent stakeholders are not yet known. The aim of this study is to gain more insight in 

these perspectives to facilitate the implementation beyond the trial.

Methods: Semi structured interviews were conducted. With the use of purposive and 

snowball sampling respondents were recruited and interviewed until data saturation. 

Data were analysed using thematic analysis in open, axial and selective coding.

Results: 12 respondents were interviewed. After analyses of the data, seven themes were 

identi�ed: 1) Magnitude of the problem, 2) Surgeons’ choice for approach and guidelines, 

3) Experience, training and attitude of the surgeon, 4) Di�erent roles of stakeholders 

regarding to implementation, 5) Personal situation of the patient is important, 6) Compli-

cations related to hemiarthroplasty, and 7) Strength of the evidence.

Conclusion: Previous experience and training of surgeons were important factors for 

the decision for which approach was applied. Furthermore, the surgeons emphasized 

that the robustness of the evidence from the APOLLO trial would signi�cantly in�uence 

their future decision-making regarding the approach they adopt. Other stakeholders 

expressed not to be involved in the decision for the approach but can play a role in the 

implementation and dissemination of the study results.
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INTRODUCTION

Hip fractures are common fractures in the older population and a leading cause of 

mortality and morbidity in the elderly.(1-4) Hip fractures do not only a�ect the patient 

physically but have a considerable impact on the mental and psychosocial aspects of a 

patient’s life(5). For displaced femoral neck fractures in the geriatric population, hemiar-

throplasty is a common treatment. There are multiple approaches for this procedure(6). 

In the Netherlands, the posterolateral (PLA) and the direct lateral approaches (DLA) are 

the two most frequently used surgical approaches(7). The PLA tends to be less painful, 

patients are more satis�ed, and have a better quality of life. (8, 9) However, some studies 

reported a higher risk of dislocation after a PLA due to the posterior capsulectomy.(8, 

10-13) On the contrary, the DLA preserve the posterior capsule but the hip abductors are 

split which can lead to loss of muscle strength and limping.(14, 15) Recently, the APOLLO 

trial, a multicenter randomized controlled trial (RCT) and Natural Experiment comparing 

DLA and PLA was published. The study showed similar outcomes in quality of life, mobil-

ity, and patient-reported outcomes, but there was a higher incidence of dislocation in 

the PLA group compared to DLA. Despite these results, surgeons are hesitant to change 

their surgical approach(16) Currently, the perspectives on implementation of both the 

DLA and PLA from di�erent stakeholders are not yet known. This limits the insight in the 

barriers and facilitators that could be relevant for implementing one of the surgical tech-

niques after the trial results are known. Therefore, the aim of this study is to determine 

important factors in�uencing the decision for the use of the DLA or PLA when inserting a 

hemiarthroplasty. 

METHODS 

Design

We conducted a qualitative study design with semi-structured interviews and used a 

positivistic epistemological approach to require multiple views from di�erent stakehold-

ers. The design was emergent, it was �exible for adjustments if this was bene�cial for the 

study(17). This study is embedded in the APOLLO trial, a RCT and Natural Experiment 

comparing the PLA and DLA of hemiarthroplasty after femoral neck fractures(18). At time 

of the interviews, the results of the trial were not yet published and known by the partici-

pants. When performing a DLA, the gluteus medius and vastus lateralis muscles are partly 

dissected from the trochanter mayor. Exposure of the hip joint is reached with an anterior 

capsulectomy (19). With the PLA the external rotator muscles and piriformis muscle are 

dissected. Exposure of the hip joint is created by an incision of the posterior capsule.(20)
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Theoretical framework

To create the topic list and codebook we used the model of Fleuren et al. as a theoretical 

framework(21). The model states that multiple levels: socio-political context, organization 

and innovation, contain di�erent characteristics that are important for implementation. 

All levels of the theoretical model of Fleuren and the most important determinants were 

covered in the topic-list (see Appenix)

Setting and participants

We recruited di�erent stakeholders see Table 1. Initially purposive sampling was used to 

recruit interview participants. All surgeons worked in hospitals that participated in the 

RCT. Next, snowball sampling techniques were used to recruit more stakeholders. This 

strategy was continued until data saturation was achieved.

Data collection

Semi-structured interviews were conducted by MT and CE. The interviews were or online 

conducted by video call (Zoom 2011). The purpose of the interview, rights, use of date 

and the guarantee of con�dentiality were made known to the participant before the 

interview. The interviews lasted between 15 to 45 minutes. 

Analysis

The transcripts were analysed according to a thematic analysis with the use of the quali-

tative analysis software ATLAS.ti version 8. Thematic analysis was chosen since this type 

of analysis is �exible and suits best for identifying and �nding patterns in the data (29). 

The codebook was made by three researchers (MT, FvN, CE). Coding took place �rst open, 

second axial and third selective. 

Ethical considerations 

Study information was provided to the participants, and an informed consent form was 

signed before the interviews started. All participants were asked for permission and 

agreed to have interviews recorded for transcription purposes. Withdrawal from the 

study could occur at any time without any explanation.

RESULTS

Between April 2019 and May 2021 all data were collected. Twelve stakeholders were 

interviewed. The respondents consisted of three orthopaedic surgeons, four trauma 

surgeons of which one was also co-author of Dutch national guidelines for hip fractures, 

two clinical geriatricians, one physiotherapist, one doctor in a nursing home facility, and 

a senior advisor from the Patients Federation. Five interviews were conducted in-person, 
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seven interviews took place by video call. Table 1 displays an overview of characteristics 

of the respondents.

Table 2. Overview of themes and subthemes

Themes Subthemes

1. Current extent of the problem Magnitude of the problem

2. Harmony on approach and guidelines Consensus

3. Experience, training and attitude of the surgeon Surgeons learn multiple approaches during their 

training

Experience of the surgeon with both the DLA and 

PLA

Attitude of the surgeon

4. Role di�erent stakeholders regarding implementa-

tion

Role di�erent stakeholders in the decision for the 

used approach

5. Personal situation of the patient is important Personal factors of the patient

Current way of working

Table 1. Respondents characteristics

Respondent 

number

Gender Profession Years in function

R1 Male Trauma surgeon 21

R2 Male Orthopaedic surgeon 12

R3 Male Trauma surgeon 15

R4 Male Orthopaedic surgeon 14

R5 Male Orthopaedic surgeon 17

R6 Female Clinical geriatrician 11

R7 Female Physiotherapist 35

R8 Female Doctor in a nursing home facility 1

R9 Male Trauma surgeon, author guidelines 20

R10 Male Trauma surgeon 23

R11 Male Clinical geriatrician 18

R12 Female Senior advisor patient federation 31

Seven themes were identi�ed in the coded interviews. 1) Current extent of the problem, 2) Sur-

geons’ choice for approach and guidelines, 3) Experience, training and attitude of the surgeon, 4) 

Di�erent roles of stakeholders regarding to implementation, 5) Personal situation of the patient is 

important, 6) Complications related to hemiarthroplasty, 7) Strength of the evidence. An overview 

of the themes is listed in Table 2. These themes and their corresponding subthemes and related bar-

riers and facilitators will be further described and interpreted below. 
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Theme 1: Magnitude of the problem

Respondents agreed that hemiarthroplasty is a treatment that frequently takes place in 

many hospitals and therefore it is useful for surgeons to learn a di�erent approach if this 

is needed according to evidence. If studies demonstrate stronger (cost)e�ects for one of 

the approaches, this will lead to a better quality of life, less complications and as a result 

less costs in healthcare. Considering the large number of these surgeries that take place, 

this will have positive �nancial consequences. Respondents mentioned that this can be 

seen as a factor that can in�uence the decision for the use of one of the approaches. 

‘If you think about the fact that most hospitals perform an average of at least 200 surgeries 

per year, that means they perform around four or �ve per surgeries per week. So given this 

fact, you could say that these surgeons should learn the other approach.’ (R6)

Theme 2: Surgeons’ choice for approach and guidelines

In hospitals throughout the Netherlands, surgeons have a di�erent preferences for which 

approach they prefer to use. Even within hospitals there is no consensus on which ap-

proach works best. One respondent told about the experience he had within di�erent 

hospitals regarding the approach applied.

 ‘Traditionally in that hospital we all did the total hip surgery with the PLA and the hemiar-

throplasty with the DLA. In the other hospital it was very di�erent, because everybody did 

what they would think was the approach they felt most comfortable with.’ (R5)

One other respondent wondered if consensus within hospital on the used approach was 

important to focus on. He said that the goal always should be the best outcomes for the 

patient. 

 ‘The question is, is it necessary that everybody does the same thing, or that you want to focus 

on the outcomes. What is important, is that patients are well functioning and do not have 

major complications post surgery.’ (R3)

Table 2. Overview of themes and subthemes (continued)

Themes Subthemes

6. Complications related to hemiarthroplasty Complications related to the DLA

Complications related to the PLA

Surgeon is not aware of complications post-surgery

7. Strengths and limitations APOLLO trial Strengths of the trial

Limitations of the trial
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Multiple respondents stated that when something is written down in guidelines, it does 

not necessarily mean that surgeons will always adhere to it. This is also expressed by a 

surgeon involved in guideline development: 

 ‘I think that everbody has the right to deviate from the clinical guidelines as long as you can 

defend it in the �rst place towards the patient, your colleagues and in the case there is a com-

plaint, against the judge.’ (R9)

One potential barrier to implementing the results could be the surgeon’s preference and 

their unwillingness to change the surgical technique because they are not convinced it 

would lead to better outcomes.

Theme 3: Experience, training and attitude of surgeon

Interviewees expressed that the attitude and opinion of surgeons towards both ap-

proaches is shaped by their training and experiences. The opinion of the surgeon about 

the approaches can both be a barrier or facilitator for the implementation of one of the 

approaches. This has resulted in the following three subthemes: a) experience as a resi-

dent, b) Experience of the surgeon with both the DLA and the PLA and c) Attitude of the 

surgeon.

A) Experience as a resident

There is a lot of variation in approaches among surgeons. Some surgical residents learn 

multiple approaches during their training, others only have exposure to one surgical 

approach. It depends in which hospital the surgeon has his or her surgical training. An 

orthopedic surgeon said the following: 

‘I think it is really good in this hospital that residences are trained with all approaches and that 

they can continue with the one they are comfortable with. This way you give the residences 

multiple options to choose from. Especially for the ones who would like to continue with hip 

surgeries, you give them “options out” for the future.’ (R2)

There were other variations; the position of the patient during the procedure di�ered for 

some surgeons during the surgical training. One respondent gave an overview of all the 

variations he saw during his training.

‘Before my training, we did DLA in supine position, including reoperations. During my train-

ing, we did the DLA in side position. Then I went to an academic hospital, where we did the 

PLA. After that it was the DLA in side position again. So yes, it was a broad training with all 

di�erent kinds of things.’ (R5)
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B) Experience of the surgeon with both the DLA and the PLA

All surgeons considered the surgeon’ exposure as an important factor in a succesfull 

surgery outcome. Respondents believed that performing many surgeries using the same 

approach will lead to less complications. 

‘I think you measure the volume outcome. Someone who performs many hip surgeries has 

relatively extensive experience and generally has little complications.’ (R3

‘Is it someone who performs a hemiarthroplasty weekly? Or is it someone who performs it 

once in every three to four months, just because it coincidentally occurs during his shift?’ (R10)

Surgeons who do not regularly perform a hemiarthroplasty could struggle more in learn-

ing a di�erent approach. This could be a barrier for implementation of one of the ap-

proaches. However, some surgeons who perform many surgeries and have had a broad 

training will not perceive these struggles, this could be a facilitator for implementation.

‘But I think there are also people who can switch and say, okay, I could do it this approach for 

a year or another approach for a year.’ (R3)

C) Attitude of the surgeon

In general, the surgeons were well disposed to implementation of the results of the trial. 

Participation in the APOLLO trial(16) comparing the DLA and PLA approach, was consid-

ered as a facilitator for implementation. Surgeons had the following to say about this: 

‘Yes, I do think that if you participate in the trial, that you also have to accept the results.’ (R2)

However, one of the respondents mentioned that the attitude of surgeons that did not 

want to participate in the APOLLO trial can be opposite. A clinical geriatrician expressed 

that surgeons in his hospital did not want to participate because they did not think the 

study was relevant. They placed their own experience above evidence which can be a 

considerable barrier for implementation of one of the two approaches.

‘I was a bit surprised when the orthopedic surgeons in this hospital said that they did not want 

to participate in the trial, because they already knew which approach was better. I wonder: 

How can you know for sure?’ (R11)

Theme 4: Di�erent roles of stakeholders regarding implementation

The clinical geriatrician, physiotherapist, doctor in a nursing home facility and the 

Patients Federation are all involved in hemiarthroplasty in a di�erent manner than the 

interviewed surgeons. These stakeholders have a more indirect role in the implementa-

tion process. However, their attitude and opinion are important and can be both a barrier 

or facilitator for implementation of one of the approaches in practice.
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Implementation of one of the surgical approaches in practice would not have a large 

impact on the working method of the doctor in a nursing home facility. She mentioned 

that regardless of the approach used, the method for rehabilitation remains the same. 

Both clinical geriatricians acknowledged that they are not involved in the decision for 

which approach is used during surgery. But they did feel like they can play a role in 

the implementation of one of the approaches. They do not want to tell surgeons what 

they have to do but they are willing to address relevancy of the problem or take part in 

spreading information. This can be seen as a facilitator for implementation of one of the 

approaches in practice.

‘I think that as a clinical geriatrician, I am not in a position where I can say to a surgeon ‘I think 

you have to use this approach on the patient.’ I think that is too much. I can tell them that 

there is an interesting discussion going on and I can address the topic, but that is as far as I 

can go.’ (R11)

The senior advisor from the Patients Federation mentioned that they do play a role in 

policy making regarding to clinical health care. She expressed that the Patient Federation 

tries to represent patients and propagate values that patients �nd important. According 

to her shared discussion making is an important factor and they try to spread this mes-

sage to other stakeholders.

‘I also see that things have changed, so we have really gained our place in the �eld and are 

considered serious discussion partners. Of course, we have a di�erent input compared to the 

hospital association, the medical specialists’ association, the nursing association, or the clin-

ics – those are the parties that all participate. But it’s not like we can only address the patient 

experience in the end of the process’ (R12)

Theme 5: Personal situation of the patient is important

According to all stakeholders the personal situation of the patient is an important factor. 

However di�erent stakeholders shared di�erent perspectives in how they cooperate the 

situation of the patient in their working method. This theme is further divided in the two 

subthemes personal factors of the patient and current way of working.

Personal factors of the patient

In general the patient population with hip fracture is old and fragile, according to all 

stakeholders. However there can be considerable di�erences between patients. Some 

are already dependent of a wheelchair and are institutionalized while others are more 

mobile and live independently. The most important values for patients were mobility and 

autonomy, according to both clinical geriatricians. Also multiple stakeholders con�rmed 
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that quality of life and preventing a next fall are also very important for this patient popu-

lation. 

‘These patients have a certain life expectancy. We know that 25 to 30% of them dies in the �rst 

year and 80% of them die in the �rst four years after surgery. So it is all about a way of giving 

the patients a certain level of comfort and in addition to that you don’t want them to fall and 

hurt themselves again.’ (R6)

Shared decision

Patients are currently not involved in the decision for the approach that is used. The main 

reason is that not all surgeons on call at the time of surgery can perform both approaches. 

‘It also depends on the surgeon. Is (s)he equally skilled in both approaches? Do you actually 

want to give the patients the option to choose? Because in some hospitals only one of the 

approaches is used, in that case there is nothing to choose. If you would ask for the other ap-

proach as a patient, that would be an issue, because the risk of complications is higher due to 

the fact that the surgeon is not used to the approach.’ (R6)

Another opinion is that it is perceived to be too complicated and technical for the patient 

or family, and there is also a short time between the fall and time of surgery. However, 

the senior advisor of the Patients Federation not completely agreed with this working 

method. She said: 

‘In general, patients are not stupid. You can really explain it to them, even if they are old. In 

general, when the patient is old, they often have a partner or family member who can think 

along. I think it is important that the patient is able to take the arguments into account to 

make a decision.’ (R12)

Theme 6: Complications related to hemiarthroplasty

Respondents described complications for both approaches. These complications are 

factors that play a role in the decision for the approach. These �ndings are described 

within the following subthemes: Complications related to the direct lateral approach 

(DLA), Complications related to the posterolateral approach (PLA), Surgeon is not aware 

of complications post-surgery and Strengths and limitations of the APOLLO trial.

Complications related to the posterolateral approach (PLA)

The most seen complications, according to interviewed surgeons, when this approach is 

used is a dislocation of the prosthesis which can lead to re-operation of the patient. One 

of the surgeons said the following about this: 
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‘What I noticed, was that we saw some dislocations. And yes, these can be a tragedy for those 

people, because re-operation of someone that is over eighty years old is of course not very 

easy for them.’ (R3)

Another orthopedic surgeon said the following about this: ‘Look, patients with a disloca-

tion after the posterolateral approach… you can at least o�er them something and they will 

eventually more or less walk normally after a re-operation.’ (R2)

Complications related to the direct lateral approach (DLA)

The most common complications that arise when the DLA is used according to the sur-

geons were abductor weakness, lateral hip pain and an irritating scar. 

‘There are few patients that we will always keep tracing. Those are the people that remain 

having problems from the used approach, such as lateral hip pain, not enough muscle 

strength and those sort of things. So those people, you remember, those that often come back 

to your outpatient clinic.’ (R4)

Multiple surgeons motivated their choice to use the PLA when executing a hemiarthro-

plasty as complications that can occur using the DLA are worse than complications that 

arise when using the PLA. The abductor weakness leading to a limping walking pattern 

was considered as one of the worst complications. One respondent said the following 

about this:

‘ The abductor weakness that you can �nd in the DLA group, I believe that to be a di�erent 

entity. So, I believe that it also needs a di�erent focus, because it is really mutilating for the 

patient because they will never be able to walk alright again.’ (R2)

Surgeon is not always aware of all postoperative consequences 

A clinical geriatrician mentioned that the approach that is used could have consequences 

in the recovery and quality of life of patients post-surgery. She suspected that one of the 

approaches has a higher risk of limping and as a consequence of that, a higher risk of fall-

ing. It was mentioned that the surgeon might not always be aware of these consequences 

for the patient. On the other hand certain movements could provoke a dislocation, move-

ments which can occur if patients having sex. 

“I think that at this moment there is a delay in knowledge and if you want to change the way 

of acting than you have to understand the ratio. You �rst need to feel the urgency, before you 

want to change it.” (R6) 
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However, it can be a barrier if the di�erent approaches have di�erent advantages. It gives 

a surgeon an exit if they not want to change their preference of approach. The clinical 

geriatrician continued: 

“I don’t know if there is motivation, it could be a barrier to change strategy if patients under a 

certain age who still are intimate are better o� with a DLA or a way out which can be impor-

tant for surgeons and use it so they do not have to change their surgical approach” (R6) 

Theme 7: Strength of the evidence 

Strengths of the APOLLO trial

Most of the respondents considered the strength of evidence of the trial as an important 

factor for implementation of the two approaches in practice. Yet, there needs to be a 

signi�cant di�erence in patient outcomes for an approach to change the way surgeons 

are used to work.

‘So, if there is a little di�erence then it doesn’t matter that much. In that case, you don’t have 

to put so much e�ort in implementing your trial results. So, it really depends on the results of 

the trial.’ (R4)

A facilitator was the generalizability of the study by including patients with dementia. 

A respondent said: ‘I truly believe that including people with dementia in this trial is a huge 

advantage.’ (R4)

Limitations of the APOLLO trial

On the other hand, surgeons addressed that there are more surgical approaches that can 

be used when executing a hemiarthroplasty. The antero(lateral) approach is one of these 

approaches that is often used. This approach has not been studied in the trial, this can be 

seen as a limitation on the study, hindering implementation.

‘If we compare the PLA against the DLA and we were to pick a winner out of those two, then 

it is important to compare that approach with the anterolateral approach as well. And after 

that you, really know which approach is better.’ (R4)

DISCUSSION

The most important factors for implementation seemed to be related to the experience, 

training and the willingness to change surgery techniques of the surgeon. After the 

results of the APOLLO trial are known, the strengths and limitations of this trial are an 

important factor for making a decision of which approach a surgeon will use. Guidelines 
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are not always considered as de�nitive, and they can be deviated from if there is a good 

explanation. Therefore, the trial’s conclusion as a recommendation in the guideline may 

not substantially improve implementation. Additional measures should be done to suc-

cessfully implement the study results. 

Respondents addressed that the personal situation of the patient was only sometimes 

taken into account during the decision-making process, but according to the patient 

federation this factor should play a bigger role in the decision process. Logistically, this 

would be very challenging because of the availability and experience of the surgeons. 

Other stakeholders than surgeons had no direct in�uence on the decision regarding 

which approach is used when a surgeon performs a hemiarthroplasty. However, they 

believed to have an indirect role in the decision making of the surgical approach. Clinical 

geriatricians will not instruct which approach the surgeon should perform, but they can 

address the relevancy of the outcomes or problems of the approaches and spread this 

information to increase awareness. At policy level, the Patients Federation can in�uence 

the policymaking regarding to clinical health care. For example, health insurers can stop 

reimbursing a procedure if it is not e�ective or causes many complications.

Important themes found in this study were in�uence of the experience, training and atti-

tude of the surgeon on the decision for the approach. Especially the broad training of the 

surgeon seemed to be important. Previous literature con�rmed that surgical education 

is based on a broad training with a range of technical skills and experts opinions which 

determine the practice of a young surgeon.(22, 23) Lin et al. emphasizes that successful 

mentoring in training of surgeons is important in the self-development of a resident(24). 

To overcome this barrier, the respondents speci�ed implementation strategies of di�er-

ent learning techniques such as cadaveric dissection for surgical training.

Complications related to the hemiarthroplasty are also an important factor when decid-

ing which surgical approach according to this study. One of the subthemes accompanying 

this theme is that the surgeon is not always aware of all the post-operative complications 

regarding independence and intimacy, which a�ects the quality of life. Existing literature 

emphasizes that the surgery can have great psychosocial consequences for patients.(5) 

However, in this study none of the surgeons addressed this. This knowledge gap might 

be a barrier for implementation of the study results of the APOLLO trial, and education of 

these possible complications is paramount. 

If, according to the APOLLO trial, one of the approaches is signi�cantly better and this will be 

implemented in practice, this also results in de-implementation of the other approach. The 

experience of the surgeon could be a barrier in this de-implementation process. Surgeons 

have been doing an approach for many years already and may not feel the need to change it. 

To add a recommendation in the hip fracture guideline, does not necessarily lead to changes 
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in clinical practice. To address this barrier, it is important to disseminate the new found evi-

dence by presenting the results at (international) meetings or by active learning from experts. 

One of the strengths of this study was its strong credibility, achieved by covering all levels 

involved in implementation through the use of Fleuren’s theoretical model(25). Addition-

ally, the study bene�ted from interviews conducted by two di�erent researchers, each 

having a distinct relationship with the respondents. The data analysis was performed 

by multiple researchers, ensuring a low risk for biased interpretation and enhancing 

the study’s dependability. The iterative process was another strength that contributed 

to the study’s dependability. Furthermore, the inclusion of a surgeon who mainly used 

the anterolateral approach, di�ering from the other participating surgeons’ working 

methods, added diversity to the study due to purposive sampling. Finally, the study’s 

transferability was enhanced by interviewing various stakeholders engaged in the hemi-

arthroplasty process, providing insights from di�erent perspectives. Most of the surgeons 

we interviewed were involved in the APOLLO trial. This means that these surgeons are 

more motivated to increase knowledge about potential di�erences in e�ectiveness both 

procedures . This may declines the generalizability of the results and could be seen as a 

limitation of this study. Another limitation is that the study results of the APOLLO trial 

were not yet known at the time of the interview. However, we believe it was bene�cial to 

determine the barriers and facilitators of implementation prior to the end of the study, as 

it allows for anticipation on these factors. 

Furthermore, using a hybrid e�ectiveness-implementation trial design can be bene�-

cial. This approach allows researchers to not only assess the clinical e�ectiveness of an 

intervention but also to evaluate the feasibility and practicality of its implementation in 

real-world settings. Incorporating this dual focus early on helps in understanding how 

the intervention can be best translated into routine practice, improving both patient 

outcomes and implementation success(26).

Conclusion and recommendations

The most important factors were training, experience and attitude of the surgeon. Sur-

geons stated that the outcome for the APOLLO trial will be important for their decision 

of which approach they will use in the future. Other stakeholders have an indirect in�u-

ence on the decision for the approach. Awareness can be created by clinical geriatricians 

by addressing the relevance of the study results on patient outcomes. At policy level, 

policy-making regarding hip fracture management can be in�uenced by the Patients 

Federation, which represents patients and their values. The multiple barriers need di�er-

ent interventions to change surgeons habits, create awareness of the relevance of the 

outcomes and enhance implementation. The multifaceted intervention should focus on 

hands-on learning, education, active learning from experts and presenting the evidence 

at (international) meetings.
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APPENDIX I: TOPICLISTS

Topiclist 

Chirurg

1. Kenmerken vernieuwing

1.	 Is er al genoeg informatie bekend/beschreven over voor en nadelen van benaderin-

gen?

2.	 Moeten er dingen in de huidige werkwijze veranderd worden om de behandeling te 

implementeren?

3.	 Welke voordelen voor de zorgverlener zijn er mogelijk? (tijdswinst, dienstbelasting, 

kostenwinst?

4.	 Hoeveel patiënten per jaar zijn mogelijk geholpen met de behandeling? Is het het 

waard?

2. Kenmerken toekomstige gebruiker (zorgverlener)

1.	 Steun die de zorgverlener ervaart van collega uit de zelfde beroepsgroep om de 

nieuwe behandelmethode uit te voeren.

2.	 Steun die de zorgverlener ervaart van collegae uit de andere beroepsgroepen (chirur-

gie/orthopedie) om de nieuwe behandelmethode uit te voeren 

3.	 Steun die de zorgverlener ervaart van het hoger management met betrekking tot 

uitvoer van de nieuwe behandeling 

4.	 Mate waarin de zorgverlener vaardigheden heeft die nodig zijn om de vernieuwing 

uit te kunnen voeren. Het aanleren van een nieuwe benadering. 

5.	 Is er sprake van tegengestelde doelen tussen verschillende beroepsgroepen? Indien 

beroepsgroep niet de ander benadering zou willen aanleren. Zijn er dan �nanciële 

consequenties? Bv de trauma patiënten kunnen/willen niet met ander benadering 

geopereerd worden.

6.	 Mate waarin de zorgverlener verwacht dat de patiënt meewerkt/wil deenemen aan de 

vernieuwing. Het gaat niet om daadwerkelijke medewerking, maar om de verwacht-

ing van de zorgverlener op voorhand. 

7.	 Mate waarin de zorgverlener verwacht dat de patiënt tevreden is over de vernieu-

wing. Het gaat niet om daadwerkelijke tevredenheid, maar om de verwachting van de 

zorgverlener op voorhand.

3. Kenmerken organisatie

1.	 Plaats waar besluitvorming over invoering van de vernieuwing plaatsvindt: centraal 

(topmanagement) of decentraal (professionals). 

2.	 Besluitvormingsstructuur: lengte van de beslislijnen waarover de communicatie 

over de vernieuwing verloopt. (a) Korte lijnen: de beslissing verloopt sneller en er is 
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weinig verlies van informatie mede door de bijsturingmogelijkheden. Lange lijnen: 

vertragend. Mogelijk gevolg is demotivatie, verzanden en mislukken vanwege com-

municatiestoringen in de verschillende schakels. Mogelijke vraag hierbij; Hoe verloopt 

besluitvorming rondom dit soort vernieuwingen?

3.	 Relaties met andere afdelingen indien blijkt dan een benadering beter is. Mogelijke 

vraag hierbij; In welke mate wordt er goed samengewerkt tussen de verschillende 

betrokken afdelingen?

4.	 Samenwerking tussen afdelingen die bij de vernieuwing betrokken zijn. Goede sa-

menwerking: men komt makkelijker op een lijn. Slechte samenwerking: omgekeerde 

redenering.

5.	 Aanwezige expertise op afdelingsniveau m.b.t. de vernieuwing. Bedoeld wordt exper-

tise in algemene zin. Veel expertise: kan onzekerheid en beginnersfouten voorkomen 

en vanwege de expertise gaat de invoering sneller. Weinig expertise: omgekeerde 

redenering.

6.	 Aantal mensen dat betrokken is in de organisatie dat wil zeggen met de vernieuwing 

gaat werken. Weinig mensen: vergemakkelijkt directe en persoonlijke communicatie, 

er is een nauwere samenwerking en mensen zijn meer betrokken. Veel mensen: geen 

consensus.

7.	 Hoeveelheid geld die voor het uitvoeren van de vernieuwing beschikbaar is. VeeI 

geld: veranderen betekent investeren in scholing, tijd en materialen. Weinig geld: 

omgekeerde redenering.

8.	 Financiële vergoeding voor zorgverleners c.q. organisatie als tegemoetkoming aan 

extra inspanningen die gepleegd moeten worden bij het werken met de vernieuwing. 

Extra vergoeding: vernieuwen kost tijd en geld. Een tegemoetkoming is motiverend 

en geeft �nanciële armslag om extra middelen en mensen in te zetten. Geen extra 

vergoeding: omgekeerde redenering. Leidt tot extra werkdruk bij degenen die de 

vernieuwing moeten toepassen.

9.	 Coördinator van het project? Is er een duidelijk aanspreekpunt (ook voor implementa-

tie)?

4. Kenmerken sociaal politieke omgeving

1.	 Bereidheid van patiënt om mee te werken aan de uitvoering van de vernieuwing. 

Medewerking: vooral bevorderend als vernieuwing invloed heeft op de patiënt. Geen 

medewerking: kost veel tijd en energie in het overtuigen van de patiënt en kan leiden 

tot weerstand bij de zorgverlener.

2.	 Mate waarin patiënt op de hoogte is van de (gezondheids)voordelen voor zichzelf als 

gevolg van de vernieuwing. Goed op de hoogte: bevordert motivatie en medewerk-

ing. Slecht op de hoogte: geen consensus.

3.	 Twijfel van patiënt aan deskundigheid van de zorgverlener met betrekking tot de 

uitvoering van de vernieuwing. Geen twijfel: nauwelijks van invloed omdat patiënt 

er op voorhand vanuit gaat dat de zorgverlener het goed doet, tenzij het tegendeel 
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blijkt. Twijfel: leidt tot weerstand. Patiënt zal mogelijk een ander alternatief zoeken. 

Daarnaast moet de zorgverlener meer tijd stoppen in het overtuigen van de patiënt.

4.	 Extra kosten die patiënt moet maken als met de vernieuwing gewerkt wordt. 

5.	 Extra mentale of fysieke belasting die patiënt ondervindt als met de vernieuwing 

gewerkt wordt. 

6.	 Wat ziet de patiënt als mogelijk nadelen van de behandeling? (kosten en belasting 

zijn onderwerpen die daar mogelijk een rol kunnen spelen)

Topiclist 

Klinisch geriater

Domein: Huidige werkwijze

Graag wil ik eerst met u bespreken wat u doet voor patiënten die een operatie waarbij 

een kop-halsprothese wordt geplaatst ondergaan. 

-	 Kunt u mij vertellen wat u als klinisch geriater zoal doet voor deze patiënten? 

-	 Hoe komt het besluit tot stand om de patiënt te opereren met één van de twee tech-

nieken? Wordt u hier bij betrokken? En wordt de patiënt hier bij betrokken?

-	 Welke factoren spelen een rol bij de keuze voor deze benadering(en)? te denken valt 

aan type patiënt (leeftijd, geslacht, etc), voorkeur voor behandeling van patient voor 

en nadelen van benaderingen, , kennis en ervaring arts, etc

-	 Wat zijn uw ervaringen met de twee verschillende benaderingen? Ziet u verschillen in 

het herstel van de patiënt? (qua voortraject en of nazorg)

-	 Wat zijn de ervaringen van patiënten wat betreft het herstel van de operatie? En wat 

zijn hierbij belangrijke uitkomsten voor de patiënt? 

-	 Wordt u als klinisch geriater op dit moment betrokken bij het opstellen van beleid of 

protocollen omtrent deze ingreep? En op welke manier?

Domein: Nieuwe werkwijze nav resultaten onderzoek

Als uit ons onderzoek blijkt dat een van deze benaderingen een betere patiënten uit-

komst blijkt te hebben zoals een hogere mate van kwaliteit van leven, minder compli-

caties en meer kosten e�ectief is, dan willen wij dit doorvoeren in de praktijk en dit als 

standaard aanbevelen. 

-	 Wat zijn uw gedachtes hierover? 

-	 Hoe denkt u dat patiënten hier tegenover staan? 

-	 Wat betekent deze verandering voor patiënten?

-	 Wat zouden voor patiënten potentiële voor- en nadelen zijn als één van de technieken 

de standaard wordt? 

-	 Zou u betrokken willen worden bij het proces van implementatie van de onderzoek-

sresultaten? En op welke manier?
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Afsluiting

Dit was mijn laatste vraag. Zijn er nog dingen die we niet besproken hebben, maar waar-

van u denkt dat deze wel relevant zijn voor dit project? 

-	 Zijn er nog andere stakeholders waarvan u denkt dat het nuttig is dat we ook met hen 

spreken? 

Topiclist 

Patiëntenfederatie

Domein: Huidige werkwijze

-	 Kunt u mij vertellen wat een patiëntenfederatie zoal doet? En wat doet u speci�ek 

voor patiënten die een operatie met kophalsprothese ondergaan?

-	 Hoe worden patiënten momenteel voorbereid op deze operatie? En hoe ervaren zij 

dit? 

-	 Zijn patiënten op de hoogte van de verschillende benaderingen? 

-	 In hoeverre zijn patiënten op de hoogte van de veel voorkomende complicaties bij de 

verschillende benaderingen?

-	 Wat zijn de ervaringen van patiënten wat betreft het herstel van de operatie? En wat 

zijn hierbij belangrijke uitkomsten voor de patiënt? 

-	 Wordt de patiëntenfederatie op dit moment betrokken bij het opstellen van beleid of 

protocollen omtrent deze ingreep? En op welke manier? 

-	 Wat gaat er volgens u goed in de huidige werkwijze? 

Domein: Nieuwe werkwijze nav resultaten onderzoek

Als uit ons onderzoek blijkt dat een van deze benaderingen een betere patiënten uit-

komst blijkt te hebben zoals betere kwaliteit van leven, minder complicaties en meer 

kosten e�ectief is, dan willen wij dit doorvoeren in de praktijk en dit als standaard aan-

bevelen. 

-	 Wat zijn uw gedachtes hierover? 

-	 Hoe denkt u dat patiënten hier tegenover staan? 

-	 Wat betekent deze verandering voor patiënten?

-	 Wat zouden voor patiënten potentiele voor- en nadelen zijn als één van de technieken 

de standaard wordt? 

-	 Zijn er nog andere stakeholders waarvan u denkt dat het nuttig is dat we ook met hen 

spreken? 
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Topiclist 

Fysiotherapeut

Domein: Huidige werkwijze

-	 Kunt u mij vertellen wat u als fysiotherapeut zoal doet voor deze patiënten? 

-	 Bent u op de hoogte van de verschillende benaderingen? En past u hier uw behan-

delingen op aan? 

-	 Wat zijn uw ervaringen met patiënten die herstellen van het plaatsen van een kop-

halsprothese? 

-	 Indien op de hoogte van de verschillende benaderingen: 

	 Ziet u verschillen in het herstel van de patiënt? 

-	 Wat zijn de ervaringen van patiënten wat betreft het herstel van de operatie? En wat 

zijn hierbij belangrijke uitkomsten voor de patiënt?

-	 Worden fysiotherapeuten op dit moment betrokken bij het opstellen van beleid of 

protocollen omtrent deze ingreep? En op welke manier?

Domein: Nieuwe werkwijze nav resultaten onderzoek

Als uit ons onderzoek blijkt dat een van deze benaderingen een betere patiënten uit-

komst blijkt te hebben zoals een hogere mate van kwaliteit van leven, minder compli-

caties en meer kosten e�ectief is, dan willen wij dit doorvoeren in de praktijk en dit als 

standaard aanbevelen. 

-	 Wat zijn uw gedachtes hierover? 

-	 Hoe denkt u dat patiënten hier tegenover staan?

-	 Hoe zouden we fysiotherapeuten kunnen betrekken in het proces van het implemen-

teren van één van de technieken als standaardmethode? 

-	 Wat zouden voor patiënten potentiele voor- en nadelen zijn als één van de technieken 

de standaard wordt? 

Afsluiting

Dit was mijn laatste vraag. Zijn er nog dingen die we niet besproken hebben, maar waar-

van u denkt dat deze wel relevant zijn voor dit project? 

-	 Zijn er nog andere stakeholders waarvan u denkt dat het nuttig is dat we ook met hen 

spreken? 
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Topiclist 

Arts in een verpleeghuis

Domein: Huidige werkwijze

-	 Kunt u mij vertellen wat u als arts in een verpleeghuis zoal doet? En wat u doet voor 

deze patiënten?

-	 Bent u op de hoogte van de verschillende benaderingen? En past u hier de nazorg op 

aan? 

-	 Wat zijn uw ervaringen met patiënten die herstellen van het plaatsen van een kop-

halsprothese? 

-	 Indien op de hoogte van de verschillende benaderingen: 

	 Ziet u verschillen in het herstel van de patiënt? 

-	 Wat zijn de ervaringen van patiënten wat betreft het herstel van de operatie? En wat 

zijn hierbij belangrijke uitkomsten voor de patiënt? Zijn hierbij eventueel ook nog 

verschillen per benadering?

-	 Worden artsen in verpleeghuizen op dit moment betrokken bij het opstellen van 

beleid of protocollen omtrent deze ingreep? En op welke manier?

Domein: Nieuwe werkwijze nav resultaten onderzoek

Als uit ons onderzoek blijkt dat een van deze benaderingen een betere patiënten uit-

komst blijkt te hebben zoals een hogere mate van kwaliteit van leven, minder compli-

caties en meer kosten e�ectief is, dan willen wij dit doorvoeren in de praktijk en dit als 

standaard aanbevelen. 

-	 Wat zijn uw gedachtes hierover?

-	 Hoe denkt u dat patiënten hier tegenover staan? 

-	 Hoe zouden we artsen in verpleeghuizen kunnen betrekken in het proces van het 

implementeren van één van de technieken als standaardmethode? 

-	 Wat zouden voor patiënten potentiele voor- en nadelen zijn als één van de technieken 

de standaard wordt? 

Afsluiting

Dit was mijn laatste vraag. Zijn er nog dingen die we niet besproken hebben, maar waar-

van u denkt dat deze wel relevant zijn voor dit project? 

-	 Zijn er nog andere stakeholders waarvan u denkt dat het nuttig is dat we ook met hen 

spreken? 
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APPENDIX II: CODEBOOK

Codeboek belemmerende en bevorderende factoren voor implemen-

tatie van de chirurgische techniek bij een kop-hals prothese

1 Codes omtrent de interventie

	 1.1	 Complicaties gerelateerd aan de direct laterale benadering (DLA) 

		  1.1.1	 Trendelenburg

		�  Factoren die een rol spelen in het ontwikkelen van Trendelenburg 

(mank lopen) als gevolg van een operatie waarbij een kop-hals proth-

ese is geplaatst middels de DLA.

		  1.1.2	 Verhoogd valrisico

		�  Factoren die een rol spelen bij een verhoogd valrisico als gevolg van 

een operatie waarbij een kop-hals prothese is geplaatst middels de 

DLA.

		  1.1.3	 Dislocatie

		�  Factoreen die gerelateerd zijn aan dislocatie van het gewricht na een 

operatie waarbij een kop-hals prothese is geplaatst middels de DLA.

	 1.2	 Complicaties gerelateerd aan de posterolaterale benadering (PLA)

		  1.2.1	 Dislocatie

		�  Factoren die gerelateerd zijn aan dislocatie van het gewricht na een 

operatie waarbij een kop-hals prothese is geplaatst middels de PLA.

		  1.2.2	 Re-operatie

		�  Factoren die gerelateerd zijn aan revisie/ re-operatie na een operatie 

waarbij een kop-hals prothese is geplaatst middels de PLA.

	 1.3	 Langdurig herstel

	� Factoren die bijdragen aan het herstel en mobiliteit van de patiënt op de lange 

termijn.

	 1.4	 Overtuigingskracht trial

		  1.4.1	 Gebruik van meerdere uitkomstmaten in de trial (+)

		  1.4.2	 Groot verschil in uitkomst tussen de twee benaderingen (+)

		�  Factoren die bijdragen in het aantonen dat één van de benaderingen 

overtuigend beter is voor de patiënt.

		  1.4.3	 Klein verschil in uitkomst tussen de twee benaderingen (-)

		�  Factoren die bijdragen in het aantonen dat één van de benaderingen 

niet overtuigend beter is voor de patiënt.

		  1.4.4	 Includeren kwetsbare ouderen (+)

		  1.4.5	 Omvang studie (+)

	 1.5	 Concurrerende aanpakken (-)

		  1.5.1	 Anterolaterale methode

		  Factoren gerelateerd aan het gebruik van de anterolaterale methode. 
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	 1.6	 Variatie in het gebruik binnen beide benaderingen 

	� Factoren gerelateerd aan de variatie die gebruikt wordt binnen de DLA en de 

PLA

	 1.7	 Overzicht van de chirurg tijdens de operatie

	� Factoren die gerelateerd zijn aan een goed overzicht op het gewricht tijdens de 

operatie

2 Codes omtrent de patiënt

	 2.1	 Persoonlijke situatie patiënt 

	� Factoren gerelateerd aan de persoonlijke situatie van de patiënt pre operatief 

zoals thuissituatie en mobiliteit. 

	 2.2 	 Waardes van belang voor de patiënt na de operatie

	� Factoren gerelateerd aan waardevolle zaken voor de patiënt zoals behoud van 

kwaliteit van leven 

	 2.3	 Ervaringen van de patiënt

	� Factoren gerelateerd aan de ervaringen van de patiënt omtrent de operatie, het 

keuze en het herstelproces.

	 2.4 	 Samen beslissen

	 Factoren gerelateerd aan het meebeslissen over keuze van benadering. 

3 Codes omtrent de implementeerder (chirurg)

	 3.1	 Attitude chirurg

	� Factoren gerelateerd aan de houding van de chirurg ten opzichte van de twee 

verschillende benaderingen.

		  3.1.1	 Ziet geen reden voor verandering (-)

		��  Factoren gerelateerd aan dat de chirurg geen reden ziet om zijn werk-

wijze te veranderen.

	 3.2 	 Ervaringen van de chirurg

		  3.2.1 	 Skills van de chirurg

		  Factoren gerelateerd aan de bekwaamheden van de chirurg.

		  3.2.2	 Hoeveelheid operaties voert de chirurg uit

		  Factoren gerelateerd aan hoe vaak de chirurg de operatie uitvoert.

		  3.2.3	 Leercurve 

		�  Factoren gerelateerd aan de leercurve van het leren van een benader-

ing en het e�ect op de uitkomst van de operatie.

	 3.3 	 Routine

		  3.3.1	 Voorkeur van de chirurg

		�  Factoren gerelateerd aan de voorkeur voor een bepaalde benadering 

van de chirurg

		  3.3.2	 Het gaat altijd al op deze manier
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		�  Factoren gerelateerd aan het argument dat de keuze voor de chirur-

gische benadering wordt gemaakt op basis van dat het altijd al op deze 

manier heeft plaats gevonden. 

	 3.4 	 Complicaties buiten het zicht van de chirurg

	� Factoren gerelateerd aan complicaties die de chirurg niet terug ziet op zijn po-

likliniek of spoedeisende hulp.

		  3.4.1	 Gebrek aan kennis over gevolgen complicaties

		�  Factoren gerelateerd aan het gebrek van kennis over de gevolgen en 

impact die complicaties kunnen hebben voor de patiënt.

4 Codes omtrent de setting waar de interventie plaats vindt (organisatie) 

	 4.1 	 Opleiding van de chirurg

	� Factoren gerelateerd aan de opleidingen van de chirurg bijvoorbeeld opleiding-

splaats.

	 4.2 	 Huidige werkwijze binnen de organisatie

	� Factoren gerelateerd aan de chirurgische benadering die gebruikt wordt binnen 

de organisatie.

	 4.3 	 Rol van de geriater

	� Factoren gerelateerd aan de rol die de geriater speelt bij patiënten die behan-

deld worden met een kop hals prothese.

	 4.4 	 Consensus

		  4.4.1	 Consensus binnen het team over type benadering

		�  Factoren gerelateerd aan consensus binnen het team over type bena-

dering dat gebruikt wordt bij het plaatsen van een kop-hals prothese.

		  4.4.2	 Consensus binnen het team omtrent de richtlijnen

		�  Factoren gerelateerd aan het bereiken van consensus over het wel of 

niet gebruiken van richtlijnen.

		  4.4.3	 Consensus tussen verschillende afdelingen 

		�  Factoren gerelateerd aan consensus tussen betrokken afdelingen over 

bijvoorbeeld werkwijze en het gebruik van richtlijnen.

5 Codes omtrent de bredere context (sociaal-politieke context) 

	 5.1 	 Omvang van het probleem

	� Factoren gerelateerd aan de omvang van de patiëntenpopulatie die behandeld 

worden met een kop-hals prothese

	 5.2 	 Makers van de richtlijnen

	 Factoren gerelateerd aan de schrijvers van richtlijnen omtrent de interventie

	 5.3 	 Verschillende betrokken stakeholders

	� Factoren gerelateerd aan de verschillende stakeholders die betrokken zijn om-

trent kop-hals protheses bij het proces van beslissing, uitvoering en herstel.
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	 5.4 	 Financiële gevolgen door complicaties

	 Factoren gerelateerd aan �nanciële gevolgen voor de maatschappij. 

	 5.5 	 Innovatie in de toekomst

		  5.5.1	 Moderne technologie

		�  Factoren gerelateerd aan de ontwikkelingen in moderne technologieën 

en de uitkomst na een operatie waar een kop-hals prothese wordt gep-

laatst.

		  5.5.2	 Ontwikkelingen in instrumenten

		�  Factoren gerelateerd aan de ontwikkelingen van instrumenten en de 

uitvoering van beide chirurgische benaderingen bij een operatie waar 

een kop-hals prothese wordt geplaatst

6 Codes omtrent Strategieën

-	 Specialisten schrijven de richtlijnen zelf

-	 Het is niet moeilijk om een andere chirurg een andere benadering te leren 

-	 De chirurg heeft genoeg tijd nodig om de andere benadering te leren 

-	 Bereid om onderzoeksresultaten te implementeren indien nodig 

-	 Geriater kan en wil een rol spelen in chirurgen overtuigen van de urgentie

-	 Ervoor zorgen dat onderzoeksresultaten bekend worden onder mensen 
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ABSTRACT

Introduction The aim of this study was to analyse the long term functional outcome of 

two di�erent treatments for an intracapsular femoral neck fracture in active patients aged 

over 70 years old. Treatments were randomised and involved either a hemiarthroplasty 

(HA) or a total hip replacement (THR).

Patients and methods Initially 252 patients were included of whom 205 (81%) were 

women, with a mean age of 81.1 years (70.2 to 95.6). They were treated with a cemented 

HA (137 patients) or cemented THR (115 patients). At the long term follow up of 12 years 

we analysed the modi�ed Harris Hip Score (HHS), post-operative complications and in-

tra—operative data of the patients who were still alive. 

Results After 12-year follow-up 50 patients (20%) (HA n= 32/137, THR n=18/115) were 

still alive, of which 47 (94%) were female. No signi�cant di�erences were observed in the 

modi�ed HHS, mortality, general complications or revision rate of the prosthesis between 

patients with a HA or a THR. 

Conclusion There is no di�erence in the functional outcome between HA and THR treat-

ments after 12-year follow-up. 
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INTRODUCTION

Displaced intracapsular fractures of the proximal femur in the elderly population are a 

worldwide health care problem. Annually, there are 64.000 patients admitted to the hos-

pital su�ering from a hip fracture in England, which is associated with impaired mobility 

and an increased morbidity and mortality, and therefore an impaired quality of life. (1-3) 

The treatment options for patients with displaced femoral neck fractures are internal �xa-

tion, hemiarthroplasty (HA) or a total hip replacement (THR). While internal �xation is rec-

ommended as the treatment of choice in young patients(4) and elderly patients who are 

medically not able undergoing prosthetic surgery(5), there is still no golden standard in 

the treatment for active patients aged over 70 years. Burgers et al. showed in a systematic 

review that due to the higher functional outcome, treatment with a THR might be prefer-

able in active elderly patients with a displaced femoral neck fracture. Although there was 

a higher frequency of dislocations in this patient group(6). Despite the advantages of HA, 

such as a quick and highly standardized procedure that allows an early weight bearing 

and recovery, a revision to a THR is sometimes needed due to developing of symptomatic 

acetabular erosion or even protrusion.(7) The revision rate reported in literature is very 

variable but based on recent research lower than previously thought.(8)

Recently a protocol was published of a large multicenter randomized controlled trial, the 

HEALTH trial, to assess the patient outcome after THR and hemiarthroplasty. However, 

due to the limited �nal follow up of only two years, the di�erences in long term functional 

outcome will not be observable with this study.(9) 

Currently there is a lack of studies that observed the long term results of hip fracture 

surgery in elderly patients who either received a hemiarthroplasty or a THR. In the past 

two decades several studies were published with a follow up more than �ve years.(10-

14) However, the availability and so the number of randomized controlled trials is small. 

Therefore, the ongoing discussion whether the active elderly patient with a hip fracture 

should be treated with a THR or HA remains the question. Hence a well conducted ran-

domized trial with a large sample size is needed to draw a de�nitive conclusion.(6) With 

this study we aim to contribute to an answer in this long lasting controversy in orthopae-

dic trauma surgery. Therefore, this study was to analyze the long term functional outcome 

of two di�erent treatments for an intracapsular femoral neck fracture in active patients 

aged over 70 years old, without having advanced osteoarthritis or rheumatoid arthritis. 

In a previously study we reported the outcome one and �ve years post-operatively.(15) In 

current study the results after twelve-years follow-up are presented. 



62

C
h

a
p

te
r 

4

PATIENTS AND METHODS

Between January 1995 and January 2002, all patients who were admitted in a participat-

ing hospital with a displaced femoral neck fracture were considered for trial entry and 

a total of 252 patients provided written informed consent. The patients were randomly 

assigned to receive either a HA or a THR using either a Weber Rotationsprosthese (Sulzer 

AG, Winterthur, Switzerland) or a Müller Geradschaftprothese (Protek AG, Münsingen, 

Switzerland). Blinding of surgeons, patients or outcome investigators was not applied. 

Details of the study methodology, including surgical technique, have been previously 

reported.(15)

For the twelve-year follow-up evaluation, patients were interviewed by telephone. 

Patients completed a modi�ed HHS as primary outcome.(2) In the modi�ed HHS, physi-

cal examination score was not included. This outcome score has been used in previous 

studies. (3,4,15) The modi�ed HHS score was converted to the maximal of 100 points. 

Secondary outcomes included revision rate, mortality, prosthesis-related and general 

complications and intra-operative data such as blood loss and duration of surgery. 

To complete the demographic and health status details of the patient, information was 

obtained from �rst degree family members, general practitioners and other known 

healthcare employees. At the twelve-year follow-up, radiographic imaging of the pelvis 

and the axial hip was only indicated in case of hip complaints. The modi�ed HHS of pa-

tients with new imaging was assessed during their visit. The institutional Review Board 

(Medical Ethics Committee) of the participating hospitals approved the protocol and the 

study was conducted in accordance with the Helsinki declaration, as amended in Tokyo 

and Seoul.(16)



63

Tr
e

a
tm

e
n

t 
S

tr
a

te
g

ie
s 

fo
r 

Fe
m

o
ra

l N
e

ck
 F

ra
ct

u
re

s

H
e

m
ia

rt
h

ro
p

la
st

y 
o

r 
To

ta
l H

ip
 A

rt
h

ro
p

la
st

y 
fo

r 
Fe

m
o

ra
l N

e
ck

 F
ra

c-

tu
re

s:
 1

2
-y

e
a

r 
Fo

ll
o

w
-u

p
 o

f 
R

a
n

d
o

m
is

e
d

 T
ri

a
l.

4

Fig I, Flowchart of the patients recruited 

*Data conducted from “A comparison of hemiarthroplasty with total hip replacement for displaced 

intracapsular fracture of the femoral neck” 
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Statistical analyses 

All data were entered by three investigators (MPJB, EMBPR, EH) in a SPSS database v. 

15.0 for statistical analyses and calculations. The accuracy of this data was analysed by 

two other investigators (EFH, INS). Depending on their distribution, statistical signi�cant 

di�erences between the treatment groups of both the HHS as the other continuous pa-

rameters were tested by either a Mann-Whitney U test or a Student’s t-test. Chi-squared 

tests or Fisher’s exact test were applied to analyse dichotomous variables, such as revi-

sion rates and displacements of the prosthesis. All analyses were two-sided executed, a 

p-value <0.05 was considered as statistically signi�cant. 

Table I, Baseline characteristics of all patients 

Original popu-

lation 

12 year follow 

up 

HA† 

(n= 137)

THR‡

(n= 115)

HA†

(n= 32)

THR‡

(n= 18)

Gender, n (%)

  Female

  Male

115 (84)

22 (16)

90 (78)

25 (22)

30 (94)

2 (6)

17 (94)

1 (6)

Mean age of trauma (SD) 80.3 (6.2) 82.1 (6.3) 77.2 (4.4) 78.5 (5.5) 

Mean years of follow up (SD) 12.4 (2.3) 11.3 (2.1)

Fracture side, n (%)

  Left

  Right

78 (57)

59 (43)

74 (64)

41 (36)

15 (47)

17 (53)

11 (61)

7 (39)

Co-morbidities, n (%)

  Malignancy

  Cardiovascular

  Respiratory 

  Neurological

  Diabetes Mellitus 

  Musculosketal

11 (8)

34 (25)

16 (12)

26 (19)

19 (14)

22 (16)

6 (5)

38 (33)

18 (16)

33 (29)

11 (10)

31 (27)

1 (3)

4 (13)

1 (3)

2 (6)

3 (9)

4 (13)

0 (0)

7 (39)

1 (5)

3 (17)

0 (0)

7 (39)

ASA classi�cation¥, n (%)

  I

  II

  III

  IV

  V

  Unknown

19 (14)

77 (56)

33 (24)

5 (4)

0 (0)

3 (2)

11 (9) 

48 (42)

44 (38)

10 (9)

0 (0)

2 (2)

9 (28)

19 (59)

4 (13)

0 (0)

0 (0)

0 (0)

4 (22)

9 (50)

4 (22)

1 (6)

0 (0)

0 (0)

†HA, Hemiarthroplasty

‡THR, Total Hip Replacement

¥ASA, American society of Anesthesiologists
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RESULTS

Initially a total of 281 patients were considered for study entry. After randomisation 29 

patients were excluded since they did not match the inclusion criteria or due to protocol 

violations. Of these 29 patients, 11 did not receive the prosthesis for which they had 

been randomised, one patient refused participation after randomisation, six patients suf-

fered from dementia, four patients were bedridden, two patients were diagnosed with 

intertrochanteric hip fractures, one patient did not have a proximal femur fracture, one 

patient who did not receive an operation, one patient was only 69 years old at the time of 

admission and data of two patients were entered double in the database. 

Consequently, 252 patients were included and their data were available for analysis, 137 

were randomised to receive a HA and 115 patients received a THR (Fig. 1). After 12 years 

follow-up 50 patients (20%) (HA n= 32/137(23%), THR n=18/115(15%)) were still alive, 

of which 47 (94%) were female. Mean age at time of trauma was 77.7 (SD 4.4) years in 

the HA group versus 78.5 (SD 5.5) in the THR group. The side of the fracture was evenly 

distributed between the two groups, with 24 on the right and 26 on the left. Patient char-

acteristics are depicted in Table 1.

The 12-year outcome measures are shown in Table 2. The mean modi�ed HHS was 

70.3 (SD 16.3) in patients who received an HA and 69.3 (SD 20.0) in patients with a THR 

(P=0.85). There were no dislocations in either the hemiarthroplasty group or THR group 

after 12-year follow up. Furthermore, at the �nal follow up none of the patients had un-

Table 2, outcome measures at 12 year follow-up

HA† (n=32) THR‡ (n=18) p-value 

Mean modi�ed HHS (SD)® ¥ 70.3 (16.3) 69.3 (20.0) P=0.85

Mean HHS pain (SD)¥ 39.8 (9.1) 18.3 (7.4) P=0.44

Mean HHS function (SD)¥ 16.4 (8.8) 37.2 (10.0) P=0.34

Satisfaction of treatment, n (%)*

  Yes 27 (84) 11 (61) P=0.47

Revision operation, n (%)* 0 (0) 0 (0)

Dislocation of the prosthesis, n (%)* 0 (0) 0 (0)

® The total modi�ed Harris Hip Score (HHS) was converted to a maximum of 100 points

† Hemiarthroplasty

‡ Total Hip Replacement 

¥ Student t-test

* Chi Square test
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dergone a revision operation. Similarly, no signi�cant di�erences were noted between 

the interventions HA and THR in overall mortality rate, respectively 105 (77%) patients 

versus 97 (84%) patients (P=0.013). At the 12-year follow-up 84% of the patients treated 

with a HA were satis�ed with their treatment, versus 61% in the THR group (P=0.47). 

However, in a previously study signi�cant di�erences were observed in intra-operative 

data between the HA and THR group (Table 3). A blood loss of less than 500 ml during 

surgery occurred in 28 patients (97%) who were treated with a HA and in eight patients 

(57%) with a THR. Six patients (43%) with THR surgery had a blood loss of more than 500 

ml versus one patient with a hemiarthroplasty (P<0.01). Moreover, the THR group had a 

longer duration of surgery compared with the HA group (p<0.01)(15). 

DISCUSSION

Our �ndings in this update of our previous 5-year follow-up suggest that the functional 

outcome of the treatment of active elderly patients with displaced femoral fractures with 

hemiarthroplasty are similar to THR. These �ndings relate to patients aged ≥70 years, who 

are in relatively good physical and mental condition and have neither osteoarthritis or 

rheumatoid arthritis a�ecting the hip. However, there seems to be a trend towards treat-

ment with a THR in patients with these conditions without conclusive evidence support-

ing this direction.(17) 

Several trials compared hemiarthroplasty with THR for displaced femoral neck fractures 

before.(5,6,18) In most of these studies there was a lack of randomization and/or long 

Table 3, operative details of the patients 

HA† (n=32) THR‡ (n=18) p-value*

Time between trauma and surgery

  ≤1 day, n (%)

  Missing, n (%)

25 (78)

1 

10 (56)

0 

P=0.06

Blood loss, n (%)

  < 500 ml 

  > 500 ml

  Missing

28 (97)

1 (3) 

3

8 (57)

6 (43)

4

P<0.01

Duration of operation, n (%)

  < 1 hour

  1 – 1.5 hour

  > 1.5 hour

  Missing

14 (50)

13 (46)

1 (4)

4

0 (0)

9 (75)

3 (25)

6

P<0.01

† Hemiarthroplasty

‡ Total Hip Replacement

* Chi Square test 
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term follow-up though. Two other studies are similar and based on computer random-

ization with a long term follow-up of more than �ve years.(10,11) Despite a tendency to 

better functional outcome scores in patients with a THR, Avery et al. came to similar �nd-

ings with no signi�cant di�erences in functional outcome or revision rate.(11) However 

these conclusions are in contrast with the �ndings of a randomized controlled trial that 

observed a better functional outcome of THR after a follow up of 13 years.(10) Although, 

in contrast to our patient population, Ravikumar et al. compared uncemented hemiar-

throplasty with cemented THR and a number of studies have suggested that cemented 

arthroplasty will lead to better mobility and less pain in comparison to an uncemented 

prosthesis. (19,20) 

The possible higher need for revision is the major concern after hemiarthroplasty for 

intracapsular femoral neck fractures.(21-23) Although the preference of some surgeons 

to perform a THR to avoid long-term wear of acetabular cartilage and the need for revi-

sion of the hemiarthroplasty to a THR, we did not observe revisions in either the hemiar-

throplasty or the THR group after 12 years of follow-up.(24) These �ndings are similar to 

the results of a systematic review, which enclosed pooled data of a total of 986 patients.

(6) Despite hypothetically more revisions after hemiarthroplasty in the small number of 

patients of follow up, Avery et al. neither showed signi�cant di�erences in revision rate. 

Compared to the original and 5 year follow-up, the population is altered over time. Af-

ter 12 years follow-up the majority of the patient group were healthy women with less 

comorbidities and were younger at the time of trauma. Therefore, it is a selection of the 

original population and in view of the above the results have to be seen. 

In our study population of patients who were still alive after 12 years follow-up we ob-

served neither dislocations in the hemiarthroplasty group or the THR group. However, 

contrary results were found in our �ve years follow-up study, where there were signi�cant 

more dislocations in patients treated with a THR.(15) Hypothetically, revision surgery or 

dislocations might be a risk factor that increases mortality and therefore only patients 

without these complications are still alive after 12 years of follow-up. However, we did not 

assess the need of revision or dislocation in patients who died between �ve and 12 years 

follow-up. Hence, the question if revision surgery or dislocations in�uences the mortality 

remains unknown. 

Regarding the overall limited life expectancy of most elderly patients especially in the 

femoral neck fracture population, the satisfaction of the treatment is paramount. It is 

debatable if the outcome of this question is reliable in this population. With aging, the 

number of comorbidities is rising as well. The question is, if these factors in�uence their 

well-being and thereby satisfaction of their physical state after hip surgery. 
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The conclusions of our study have to be drawn in the light of some limitations. Per 

protocol analysis was a commonly used method to analyze data in 1995 when our study 

was initiated. We might have introduced a risk of bias due to the assessment of clinical 

variables by outcome investigators who were not blinded to the type of surgical interven-

tion. Complications after discharge from hospital, rather than dislocations and revision 

surgery, were not recorded. We used the modi�ed HHS. (3,4,15) Finally, the small sample 

caused by mortality in a population with already a higher age at time of trauma. 

Historically randomized controlled trials have been scarce in orthopaedic trauma lit-

erature but should play a major role in determining the best practices for fracture care.

(25) This study includes a multicenter prospectively computer generated randomization 

design with a substantial long term follow up of twelve years, which are the strengths 

of this study. Thereby due to the strict inclusion criteria, the population to whom the 

conclusions can be applied was clearly de�ned. 

Conclusion 

We conclude that after 12 years of follow-up there is no di�erence in functional outcome 

between hemiarthroplasty and THR treatments. Due to the higher rate of dislocations in 

patients with a THR after 5 years follow-up and the intra-operative data, we recommend 

hemiarthroplasty as the treatment of choice for patients aged ≥70 years with a fracture 

of the femoral neck, in the absence of advanced radiological osteoarthritis or rheumatoid 

arthritis of the hip. Further randomised controlled trials with a larger sample size are 

required to con�rm our �ndings and investigate the in�uence of revision surgery and 

dislocations on mortality. 
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ABSTRACT 

Background: The posterolateral approach (PLA) and direct lateral approach (DLA) are 

the most commonly used approaches for inserting a hemiarthroplasty in the treatment 

of femoral neck fractures. A recent review concludes that the routine use of PLA should 

be questioned, but this conclusion itself can be questioned. The aim of this study is to 

provide an updated overview and critical appraisal of the available evidence, focussing 

on outcomes most relevant for patients. 

Methods: We conducted a comprehensive search of literature in the MEDLINE and 

EMBASE databases and Cochrane Library. Studies (till June 2018) to identify hip fracture 

clinical trials/comparative studies comparing alternative surgical approaches (PLA and 

DLA). We explored sources of heterogeneity and conducted pooled analyses when ap-

propriate. 

Results: 264 potentially eligible studies were identi�ed of which 1 RCT, 3 prospective, 3 

registry data and 5 retrospective studies were included. The RCT consisted performance 

and attrition bias. The mean MINORS score of the prospective/register studies was 17.3 

(SD 3.5) and 13.8 (SD 1.9) of the 5 retrospective studies. The GRADE score for all the out-

comes were very low . Due to the high and various types of biases across the included 

studies, we did not pool the data. None of studies assessed the activities of daily living 

functionality. Six studies reported signi�cantly more dislocations or reoperations due to 

dislocation in the PLA group, six other studies found no di�erences. DLA patients were 

more likely to develop abductor insu�ciency leading to limping and more need for 

walking aids. The PLA patients tended to have better quality of life, less pain and more 

satisfaction compared to the DLA patients. 

Conclusion: Based on low quality studies, PLA may be associated with more dislocations, 

but patients had less walking problems and a lower tendency to abductor insu�ciency 

compared with DLA. Further clinical trials with methodology rigor are needed to deter-

mine which approach is more e�ective in terms of outcomes relevant to patients.
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INTRODUCTION

Hemiarthroplasty is a commonly used procedure in the treatment of displaced proximal 

femur fractures. One of the �rst hemiarthroplasties was introduced in 1940 by Moore and 

a posterolateral approach (PLA) was initially recommended as surgical technique(1, 2). 

In the subsequent years various operative techniques were described in the literature 

including the direct lateral approach (DLA) of Hardinge(3). In the Netherlands, 83% of all 

hemiarthroplasties are inserted through a PLA or DLA(4). 

A recent systematic review and meta-analysis concludes that the routine use of PLA for 

fracture related hemiarthroplasty should be questioned. This conclusion was based on 

an increased risk of dislocation compared with other approaches, with no evident advan-

tages to counterbalance this disadvantage of the PLA (5). However, the methodological 

quality of the included studies was low, and combining data of studies with a high and 

di�erential risk of bias may result in misleading �ndings and compromise the conclu-

sion(6). Moreover, potential advantages of the PLA may be less evident, but could still be 

present. Therefore, the �rm conclusion that a PLA would be inferior to DLA should also be 

questioned. 

When inserting a hemiarthroplasty through a DLA the �bers of the gluteus medius and 

vastus lateralis muscles are split in their own line and when closing the muscles are 

sutured(7). This approach may lead to abductor insu�ciency, resulting in a positive 

Trendelenburg sign or limping after surgery(8, 9). However, in the DLA the posterior 

capsule is preserved, preventing dislocation. With a PLA, the surgeon performs a poste-

rior capsulotomy, dividing the short external rotators(7). During a PLA the hip abductors 

are protected and preserved to prevent limping. However, due to inadequate posterior 

capsule support there may be an increased risk of dislocations(10-12). 

Sustaining a hip fracture increases the risk of falling and often leads to subsequent 

fractures, which results in high morbidity and increased mortality in these patients(13). 

While highly relevant for patients, the e�ect of surgical approach on subsequent fall risk 

is unknown. It could be speculated that the PLA may lead to faster rehabilitation and bet-

ter balance due to the scatheless gluteus musculature. Contrarily, the loss of abductor 

muscle strength as a result of the DLA could cause a loss of balance which may increase 

the risk of falling and subsequent trauma, further reducing patients’ mobility.

In this systematic review we aim to provide an update and critical appraisal of the 

available evidence of the di�erences between the most frequently performed surgical 

approaches for inserting hemiarthroplasty after femoral neck fractures: PLA and DLA. We 

focus on outcomes most relevant for patients, with the patients’ independence in Activi-
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ties of Daily Living (ADL) as primary outcome. Secondary outcomes include: postopera-

tive complications, mobility, function, quality of life and falls. 

METHODS

We conducted this systematic review using the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) guidelines (14). The protocol of this study is regis-

tered in the PROSPERO register (CRD42017055162). 

Eligibility criteria

For the e�ects on patient outcome after acute hip fracture, we included all study designs 

in which the posterolateral approach was directly compared with the direct lateral ap-

proach in hemiarthroplasty after hip fractures. We excluded studies that enrolled patients 

with pathological fractures, fractures due to advanced rheumatoid- or osteoarthrosis, 

multi-trauma-patients (ISS> 16) or patients who had secondary surgery after failed inter-

nal �xation. 

Information sources and Literature search

An independent clinical librarian conducted a literature search in the MEDLINE and EM-

BASE databases and Cochrane Library at the 13th of June 2018. There were no restrictions 

to publication year and languages. Search terms were: Femoral neck fracture*, Hip frac-

ture*, Proximal femur fracture*, Hemiarthroplasty, Direct lateral, Posterolateral.(Appendix 

I)

Study selection

Two reviewers (�rst and second author, initials blinded for peer review) independently 

screened all titles and abstract for eligibility with the criteria mentioned above using 

Covindence(15). References resulting from the included studies were reviewed for ad-

ditional relevant articles. When there was any discrepancy between the two reviewers 

consensus was reached through discussion. 

Data collection process

One researcher (�rst author, initials blinded for peer review) extracted all data of the follow-

ing prede�ned data items: (1) study information: authors and year of publication, study 

design, number of patients enrolled and follow-up; (2) baseline characteristics: surgical 

approach, age, gender, cemented/uncemented prosthesis, cognitive impairment and 

ASA classi�cation; (3) patient outcomes



77

P
o

st
e

ro
la

te
ra

l o
r 

d
ir

e
ct

 la
te

ra
l a

p
p

ro
a

ch
 f

o
r 

h
e

m
ia

rt
h

ro
p

la
st

y 
a

ft
e

r 

fe
m

o
ra

l n
e

ck
 f

ra
ct

u
re

s:
 a

 s
ys

te
m

a
ti

c 
re

v
ie

w

5

Outcomes

In a focus group formed from members of the collaboration of orthopaedics, trauma sur-

geon and clinical geriatrics we determine the outcomes of this systematic review by their 

expert opinion. These outcomes were supported by the Dutch Federation of patients.

The primary outcome of this study is the patients’ independence in ADL using the KATZ 

index(16). Secondary outcomes are postoperative complications, mobility, function, 

Health Related Quality of Life and falls. 

Critical appraisal

To assess the level of evidence we used the Oxford Level of Evidence criteria (17). Two re-

viewers (�rst and second author, initials blinded for peer review) independently completed 

the critical appraisal. Consensus was reached after discussion. The quality assessment for 

Randomised controlled trials was conducted by the Cochrane tool for risk of bias using 

Review Manager(18). Studies are classi�ed as ”low risk”, “moderate risk” or “high risk”. 

We assessed the methodological quality for non-randomised controlled trials with the 

MINORS criteria(19). The MINORs criteria contains 12 items subsequently scored 0-2; 0 

indicating that it was not reported, 1 indicating that it was reported but inadequate, and 

2 indicating that it was reported and adequate. The maximal score for comparative stud-

ies is therefore 24 points. 

The type of study design was considered to be of signi�cant importance for the for the 

interpretation of the study results. Based on observational data causal inferences can-

not be made. Causation is de�ned by a di�erent risk in the study population under two 

potential exposure values, which only can be reached after randomisation. Therefore, in 

observational studies only associations could be made(20). Recently, Natural Experiments 

(NE) are growing interest as a alternative to RCT’s(21). A NE is a study design, whereby the 

dividing of the population into exposed and unexposed to an intervention is not under 

control of the researcher(22). Natural factors, such as geographical location, leads to 

exposed and unexposed individuals, which creates as-if randomness. There are several 

methods to evaluate the selective exposure in NE’s. These additional design features can 

strengthen the causal inference(21). 

We also assessed the overall quality of evidence and strength of recommendation by 

the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) 

approach(23). This approach quanti�es potential limitations for each outcome in �ve 

domains: risk of bias, inconsistency, imprecision, indirectness, and publication bias.
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Search results

The search produced 264 records, of which 90 records were duplicates and were removed. 

A total of 174 records remained to be screened for title and abstract, after which 113 irrel-

evant records were eliminated. Sixty-one full-text articles were assessed for eligibility, of 

which 49 were excluded for the following reasons: di�erent surgical approaches (n=24), 

di�erent study methods (n=16), review (n=2), meeting abstract (n=7). There were no 

articles added after screening the references of the included studies. A total of 12 articles 

were included in this systematic review (Figure 1). 

Of the 12 included articles one was a RCT (24), 3 were prospective studies(9, 25, 26), 3 

were registry studies(10, 12, 27) and 5 were retrospective studies(11, 28-31)

Figure 1.
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Study populations

The study populations ranged from 48 to 33205 patients. In total, more than 60.000 pa-

tients participated in the included studies. Baseline characteristics of the patient popula-

tions are presented in Table 1. The patient population of Sayed-Noor et al.(9) was a subset 

of the population that participated in Mukka et al.(25) (con�rmed after contact with the 

corresponding author). Rogmark et al.(10) combined the Norwegian register database, 

which was also used by Leonardsson (27), with the Swedish registry, which was also used 

by Kristensen et al. (12). 

There was heterogeneity in populations across the included studies (Table 1). Patients 

treated using the PLA in Kristensen et al.(27) had more cognitive impairment (29%) 

compared with DLA (25%)(27). They also reported more cemented prostheses in the DLA 

group (75% vs. PLA 43%)(27). These di�erences in the use of cemented prostheses were 

seen across several included studies: the percentage of cemented prostheses in the DLA 

group was >90% in four studies (9-12), 72% in one registry study (27), 21% in one retro-

spective study(29) and only 13% of the patients were treated with a cemented prosthesis 

in the study of Hongisto(31). The latter study reported signi�cantly more patients in the 

PLA group (20%) treated with a cemented hemiarthroplasty compared with DLA (8%)(31). 

Figure 2, Risk of bias of randomised controlled trial
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Also, Hongisto et al.(31) reported a signi�cant di�erence in surgeon’s expertise. Patients 

in the DLA group were more frequently treated by a post-registrar (76%) compared to the 

PLA patients (64%)(31). In �ve studies the surgical approach was not equally divided in 

the study population(10, 11, 26, 27, 30). No other signi�cant di�erences between the PLA 

and DLA groups were described in the included studies. Other co-morbidities were not 

reported in the included studies.

Methodological quality 

The RCT, all prospective and retrospective studies had level of evidence 2b (individual 

cohort studies or low quality RCT (<80% follow-up)). The RCT was prematurely ended 

when half of the sample size was included, because the PLA was found technically more 

di�cult(24). This might have introduced performance bias in the included patients and 

attrition bias due to incomplete outcome data (Figure 2). The MINORS criteria of the 

non-randomised studies are listed in Table 2. The mean MINORS score of the prospective 

cohort and registry studies was 17.3 (SD 3.5) and of the 5 retrospective cohort studies 

the mean MINORS score was 13.8 (SD 1.9) out of 24 points. Figure 3 presents the overall 

MINORS score of the individual methodological items of all included studies. In 7 of the 

12 items there were considerable di�erences in methodological quality. Hence, the ma-

jority of the included studies showed imperfections in the study design. By design, non-

randomised studies lack random allocation of patients to study groups. This increases 

the risk for selection bias and confounding, especially when factors other than surgical 

approach also di�er between groups (see above). Due to the diverse study designs and 

the high and di�erential risk of bias, pooling of the data may result in misleading �ndings 

and therefore should be avoided(6). 

Grade approach

The GRADE approach was feasible for the following outcomes: postoperative complica-

tions, Health Related Quality of Life and function. The summary of �ndings for each of the 

included outcomes is listed in the GRADE evidence pro�le (Table 3). The GRADE quality of 

all outcomes was very low, in other words, any estimate of e�ect is very uncertain. 

PRIMARY OUTCOME 

None of the included studies assessed the Independence in Activities of Daily Living us-

ing the KATZ score or anything similar. 
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SECONDARY OUTCOMES

Postoperative complications 

All postoperative complications are listed in Table 4.

Table 4, Postoperative complications 

Follow-up PLA DLA p-value

Single dislocation, n (%)  

  Hongisto, 2018 12 mo 4 (3.4) 0 (0)   0.04

  Svenoy, 2017 12 mo 15 (8) 4 (1) < 0.01

  Mukka, 2016 12 mo 1 (1.2) 2 (2)   ns 

  Ozan, 2016 6-39 mo 17 (11.5) 4 (4.6)   ns

  Parker, 2015 12 mo 1 (0.9) 2 (1.9)   ns

  Biber, 2012 Unknown 19 (3.9) 1 (0,5)   0.01

  Unwin, 1994 3 mo 149 (9) 41 (3.3) < 0.01

  Paton, 1989 6-48 mo 8 (8.6) 2 (2.6)   ns

Recurrent dislocation, n (%)

  Svenoy, 2017 12 mo 9 (5) 2 (0.5) < 0.01

  Mukka, 2016 12 mo 6 (7.2) 1 (1)   ns

Reoperation due to dislocation, n (%)

  Mukka, 2016 12 mo 5 (6) 1 (1.2)   ns

  Leonardsson, 2016 7-22 mo 20 (2) 10 (0.9)   0.02

  Rogmark, 2014 HR 32 mo 2.2 (CI 1.8-2.6) < 0.01

  Kristensen, 2016 RR 96 mo 1.2 (CI 0.92-1.4)   ns 

Infection, n (%)

  Svenoy, 2017 12 mo 12 (6) 20 (5)   ns 

  Mukka, 2016 12 mo 5 (6) 5 (5)   ns 

  Ozan, 2016 6-39 mo 11 (7.4) 3 (3.4)   ns 

  Parker, 2015 12 mo 4 (3.7) 3 (2.8)   ns 

  Biber, 2012 Unknown 12 (2.5) 7 (3.2)   ns

Reoperation due to infection, n (%)

  Mukka, 2016 12 mo 5 (5) 4 (3)   ns

  Leonardsson, 2016 7-22 mo 13 (1.3) 12 (1.1)   ns

  Rogmark, 2014 HR 32 mo 0.8 (0.7-1.3)   0.05

Abbreviations: PLA = posterolateral approach, DLA = Direct lateral approach, mo = months, ns = 

non signi�cant, HR = Hazard Ratio, RR = Risk Ratio
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Dislocations

Ten out of twelve included studies with in total 59111 included patients reported disloca-

tion (Figure 4a)(10, 11, 24-31). Dislocation rates ranged from 1% to 12% in the PLA group 

and from 0% to 6% in the DLA group during a follow-up period of 3 to 48 months (11, 

24-26, 28-31). The only included RCT found no di�erences in dislocation rate between the 

two approaches(24). A large registry study which combined the Norwegian and Swedish 

registry data, (n= 33205), showed that PLA was a signi�cant risk factor for reoperation 

due to dislocation (10). The Swedish registry data alone supported this �nding, with 

2% of all PLA patients undergoing a reoperation due to dislocation versus 0.9% in the 

DLA group(12). However, the Norwegian registry study (n=20908) found similar risks of 

reoperation due to dislocation of both approaches in the �rst 8 year(27). After one year 

follow-up three retrospective studies described an increased risk of dislocation in patients 

treated using the PLA (11, 29, 31). Other observational studies with in total 589 patients 

did not report more dislocations in the PLA group(25, 28, 30)(Table 4). 

Infections

One registry study (n=20908) reported DLA as a risk factor for reoperation due to infec-

tion compared to PLA. No other signi�cant di�erences in occurrence of infection between 

PLA and DLA were described in previous studies (Figure 4b, Table 4)(11, 24-26, 30). 

Length of stay

Only the RCT assessed the length of hospital stay, and found no signi�cant di�erences 

between PLA (18.5 days) and DLA (20.3 days, p=0.4)(24). 

Figure 3, 
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Quality of life, pain and satisfaction 

One RCT and three prospective studies with 23924 patients reported quality of life after 

hip fracture(9, 12, 24, 27). The patient reported quality of life, mobility and function are 

listed in Table 5. In the RCT (n=216) no di�erences in modi�ed Charnley pain score(32) 

were found between PLA and DLA(24). Two studies that prospectively assessed the 

HRQoL using the EQ-5D reported signi�cant di�erences after 1-year follow-up in favour 

of the PLA(12, 27). Speci�cally, Kristensen et al. (27) observed an adjusted mean di�er-

ence of 0.03. (n=20908)(27). When assessing the patient’s self-rated health on a vertical 

visual analogue scale (EQ-VAS), in which the endpoints were labelled ‘The best health you 

can imagine’ (100 points) and ‘The worst health you can imagine’ (0 points), PLA patients 

scored after adjustment 61 points vs. 59 points in DLA patients(27). In addition, when 

measuring the VAS pain ranged from zero (no pain) to 100 (unbearable pain) and the level 

of satisfaction ranged from zero (very satis�ed) to 100 (dissatis�ed), PLA patients had less 

pain and were more satis�ed compared with DLA patients one year after surgery(27). 

Leonardsson et al.(12) also observed signi�cant di�erences favouring PLA, however after 

adjusting for confounders, no signi�cant di�erence in EQ-5D, pain and satisfaction be-

tween the approaches were seen(12). 

Mobility, Function

Five studies, of which 1 RCT, 3 prospective and 1 retrospective studies, with a total of 

21626 patients reported mobility or function after hip fracture surgery. The RCT (n=216) 

used a mobility score with a range from 0 to 9 points and found no clinically relevant 

di�erences between the groups(24). Patients in a prospective cohort, treated using the 

DLA had an 18 times higher risk of having a positive Trendelenburg sign and had a 16-

Figure 4a, dislocation

Figure 4b, infection
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fold higher risk of developing limping(9). Remarkably, no di�erences in abductor muscle 

strength, measured with an electronic dynamometer, were found in this same patient 

population(9). This may be due to the di�culty to follow the instructions when using the 

dynamometer is this elderly population(9). The Harris Hip Score (HHS) was assessed in 

one prospective study, and no di�erence was observed(25)(Table 5). The Norwegian reg-

istry data estimated a rate of 42% of the PLA group with no walking problems one year 

after surgery compared with the estimated rate of 30% in the DLA group (p<0.01)(27). A 

retrospective study reported a signi�cant OR of 2.73 for being mobile without walking 

aid favouring the PLA(31). However in this retrospective study, both groups were equally 

fully mobile (with or without walking aids), since there were no di�erences in mobility 

level between the groups(31). 

Falls

Parker et al. observed the incidence of falling and found no di�erence between the 

approaches during the hospital stay(24). No study reported falls or fall incidents during 

follow up.

DISCUSSION

This review is an update of the available evidence of the di�erences between the two 

most common surgical approaches of hemiarthroplasty after femoral neck fractures. We 

focussed on outcome measures that are most relevant for patients. 

Key �ndings

Since all outcomes were rated as very low quality according to the GRADE approach, any 

estimated e�ect could be considered as uncertain. There were major concerns about the 

quality of the included studies. Eleven out of twelve studies were non-randomised stud-

ies(9-12, 25-31), which might have introduced selection bias due to lack of randomisation 

that could have caused unbalanced confounding factors among patient groups. The 

MINORS tool identi�ed various types of biases across the included studies. It is unclear 

which of these biases have had the greatest impact and how they have varied between 

clinical situations. The only RCT was prematurely ended and was therefore underpow-

ered. Moreover, the RCT terminated because the PLA was felt technically more di�cult by 

the surgeon. Therefore the quality of the study results can be questioned.

Large nationwide registry data could be seen as a NE, such as Kristensen et al.(27) Howev-

er, in the other included registry studies it was not clearly described whether the surgical 

approach was chosen based on particular patient characteristics, or because the surgeon 

was only competent in one single approach. The latter case, as-if randomness could be 
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reached when the surgical approach is merely determined by chance (which surgeon is 

on call when the patient is admitted to the hospital). 

Table 5 

PLA DLA p-value Adjusted 

di�erence 

p-value

Quality of life 

EQ-5D (SD)

  Sayed-Noor, 2016* 0.71 (0.33) 0.81 (0.22)   ns

  Leonardsson, 2016 0.52 (0.37) 0.47 (0.37) <0.01 - 0.01   ns

  Kristensen, 2016 0.64 0.61   0.01 - 0.03   0.01

EQ-VAS

  Kristensen, 2016 64 62   0.05 - 2.1   0.05

Pain, VAS (SD)

  Leonardsson, 2016 17 (19) 19 (20)   0.02   1.4   ns

  Kristensen, 2016 17 20 <0.01   3.1 < 0.01

Satisfaction (SD)

  Leonardsson, 2016 22 (23) 24 (24)   0.02   1.5   ns

  Kristensen, 2016 21 25 <0.01   4.7 < 0.01

Mobility

No walking problems (%)

  Kristensen, 2016 42 30 <0.01

Mobile without walking aid (%) OR 

  Hongisto, 2018 22 11.9   0.02 2.73   0.02

Full mobility after surgery (%)

  Hongisto, 2018 46.2 54   ns

Mean mobility score

  Parker, 2015 5 5.2   ns

Function 

Trendelenburg (OR)

  Sayed-Noor, 2017 1 17.5   0.02

Limping (OR)

  Sayed-Noor, 2017 1 16 <0.01

HHS (SD)

  Mukka, 2017 72 (17) 71 (18)   ns 

* is a subset of the population of Mukka, 2017

Abbreviations: PLA: posterolateral approach, DLA: direct lateral approach, SD: standard deviation, 

OR: odds ratio, HHS: Harris hip score, ns: non
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Previous literature 

None of the included studies focussed on the independency in ADL and therefore we 

have no results on the primary outcome. From our point of view, in in this frail population 

where the life expectancy is not high, the ADL dependency and quality of life is para-

mount. Especially because hip fracture patients can become more vulnerable and more 

dependent after subsequent falls.

This current critical appraisal focussed on the outcomes relevant to the patient, which 

makes our study di�erent compared to Van der Sijp et al. that described a variety of 

outcome measures(5). Moreover, we performed an additional assessment of the study 

quality (i.e. GRADE) which could have resulted in a di�erent study interpretation. Further-

more, the study of Van der Sijp et al. mentioned that the Scandinavian registry studies 

excluded cognitively impaired patients and therefore they introduced sampling bias(5). 

However, in contrast to this statement, both studies have actually included all consecu-

tive patients including those with cognitive impairment(12, 27). Lastly, Van der Sijp et al 

also stated that the high prevalence of a Trendelenburg sign and limping does not a�ect 

the clinical outcome(5). However, this conclusion was based on a sample of 48 patients, 

which is underpowered for this patient reported quality of life outcome. 

In regards to the secondary outcome measure we found that the majority of the literature 

reported less dislocations in the DLA group 1 year after surgery(10-12, 31). The only RCT 

found similar dislocation rates, however this study was ended halfway(24). Contrary 

results were also found in the Scandinavian registry studies were the Swedish data 

showed that PLA was an increased risk for reoperation due to dislocation (12) but the 

Norwegian data observed no di�erences in reoperation 8 years after surgery between 

the approaches(27). Recurrent dislocation is a major complication which results in a loss 

of HRQoL and can lead to a reoperation, but a single dislocation seems to cause only 

a temporary deterioration of the quality of life (33). This is supported by the Swedish 

registry study, that reported more reoperation due to dislocation in PLA patients but 

also a slightly higher quality of life in this group one year postoperatively. The natural 

experiment by Kristensen et al also showed a better quality of life in PLA patients, which 

supports the �ndings of better outcomes regarding pain, satisfaction and quality of life 

after a total hip arthroplasty using the PLA(34, 35). 

The mobility was assessed in the included RCT, which reported no di�erence. Patients 

were randomised and treated by one single surgeon. It might have introduced a perfor-

mance bias due to the fact that the PLA was felt technically more di�cult and with no 

di�erences of better functional outcomes, the study was terminated prematurely(24). 

On the contrary, more than 10% less walking problems in the PLA group were found in 

the natural experiment(27). Furthermore, more patients operated using the DLA needed 

a walking aid one year postoperatively compared with the PLA, which suggest a worse 
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functional outcome after hemiarthroplasty using the DLA(31). However, when assessing 

the Harris Hip Score in a prospective study, this e�ect was not seen (25).One study with 

a low risk of bias according to the MINORS criteria, reported a strong association with 

abductor insu�ciency (a positive Trendelenburg sign) leading to limping in DLA pa-

tients(9). Whether limping after hemiarthroplasty is associated with a higher tendency to 

fall has never been investigated. However, it seems likely that the loss of muscle strength 

leads to a loss of function and to a higher level of frailty, which might intensify the risk of 

falling and possibly lead to more consecutive injuries and disability during daily activi-

ties(36). Only the RCT reported the incidence of falling. They observed no di�erences in 

the incidents of falling during a hospital stay(24). However, there is no literature on the 

tendency to fall after discharge and it remains unknown if the abductor insu�ciency 

after DLA causes to more falls. Too little is currently known about the e�ect of abductor 

insu�ciency on the patient’s daily activities and the risk of falling after both approaches.

Strengths and limitation

There were limitations to our study. First, we were not able to pool the results in a meta-

analysis due the heterogeneity of the included studies. Second, in this systematic review 

the adult population as a whole was described and it is unknown if certain subpopula-

tions (i.e. patients with cognitive impairment) had di�erent outcomes and might bene�t 

from one of the two approaches. Finally, we excluded seven meeting abstracts because 

there was no data available, this might have introduced publication bias. The strengths 

of this study are the thorough critical appraisal including the GRADE approach and the 

comprehensive description of outcomes that matter to patients.

Conclusion

Compared with DLA, PLA might be associated with more dislocations, but patients had 

less walking problems and a lower tendency to abductor insu�ciency. However, based 

on the current evidence causal inference can not be made. Moreover, little is known on 

the consequences of the major risks (dislocation vs. abductor insu�ciency) in terms of fall 

risk and independent functioning in ADL. 

Implications for future research

Randomised clinical trials with methodological rigor are needed, focusing on outcomes 

which are important for the patient. 
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APPENDIX I

(“Femoral Neck Fractures”[Mesh] OR “Hip Fractures”[Mesh] OR proximal femur 

fracture*[tiab] OR femoral neck fracture*[tiab] OR femur neck fracture*[tiab] OR hip 

fracture*[tiab]) AND (“Hemiarthroplasty”[Mesh] OR hemiarthroplast*[tiab] OR hemi-

arthroplast*[tiab]) AND (direct lateral*[tiab] OR lateral*[tiab] OR transgluteal[tiab] OR 

hardinge[tiab] OR posterolateral[tiab] OR anterior[tiab] OR smith-petersen[tiab] OR 

anterolateral[tiab] OR watson-jones[tiab] OR posterior[tiab])
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ABSTRACT

Background: The posterolateral and direct lateral surgical approach are the 2 most 

common surgical approaches for performing a hemiarthroplasty in patients with a hip 

fracture. It is unknown which surgical approach is preferable in terms of (cost-)e�ective-

ness and quality of life. 

Methods and analysis: We designed a multicenter randomized controlled trial (RCT) 

with an economic evaluation and a natural experiment (NE) alongside. We will include 

555 patients ≥ 18 years with an acute femoral neck fracture. The primary outcome is 

patient-reported health-related quality of life assessed with the EQ-5D-5L. Secondary 

outcomes include healthcare costs, complications, mortality, and balance (including fear 

of falling, actual falls, and injuries due to falling). An economic evaluation will be per-

formed for Quality Adjusted Life Years (QALYs).We will use variable block randomization 

strati�ed for hospital. For continuous outcomes, we will use linear mixed-model analysis. 

Dichotomous secondary outcome measures will be analyzed using chi-square statistics 

and logistic regression models. Primary analyses are based on the intention-to-treat prin-

ciple. Additional as treated analyses will be performed to evaluate the e�ect of protocol 

deviations.
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INTRODUCTION

The worldwide incidence of hip fractures is expected to rise by 4 fold to 6.26 million 

in 2050, making it a global important health care problem(1). Hemiarthroplasty is a 

common treatment for hip fractures. Preferences for surgical approach vary between 

surgeons, hospitals and countries(2). A systematic review (2) comparing the posterolat-

eral approach (PLA) and direct lateral approach (DLA) reported only 1 randomized study, 

which was prematurely ended(3).

The PLA is assumed to be bene�cial regarding HRQoL and is thought to induce less walk-

ing problems postoperatively(4). However, these results may be based on a relatively 

healthy and cognitive �t group of patients, as another registry study did not report this 

superior HRQoL(5). Another Scandinavian observational study showed less need for 

walking aids with PLA 1 year after the hip fracture(6). 

The presumably faster rehabilitation and better balance due to the scatheless gluteus 

musculature in patients treated using the PLA may be counterbalanced by the increased 

risk of dislocation(5-8). Recurrent dislocations can be devastating and cause a persistent 

declined HRQoL(9). On the contrary, the loss of abductor muscle strength after hemiar-

throplasty through the DLA can lead to limping and reduced mobility (4, 6, 10). Hypo-

thetically, this loss of abductor strength in�uences the balance, which might increase 

the risk of falling. Conclusive evidence on which of these 2 approaches results in better 

patient outcomes is lacking. 

Therefore, we will assess the (cost-)e�ectiveness of the PLA compared to DLA in patients 

treated with a cemented hemiarthroplasty for a hip fracture. The primary outcome is 

health-related quality of life and secondary outcomes include physical performance, 

independency, complications, costs, and tendency to fall. 

Table 1, inclusion criteria 

Inclusion criteria Exclusion criteria 

≥18 years at the time of trauma Multi trauma (de�ned as an Injury Severity Score > 

15)

Acute fracture of the femoral neck (< 7 days old) Secondary surgery after failed internal �xation

Cemented hemiarthroplasty as recommended treat-

ment according to national guidelines

A known metastatic disease and a con�rmed patho-

logical fracture of the hip

Dutch or English �uency and literacy High risk of non-compliance/adherence to study 

procedures* 

Written informed consent (by proxy in patients with 

mental impairment)

* (e.g. no Dutch residency – such as tourists- during follow-up period, or other factors that impair 

follow-up data collection such as patients who have a life expectancy of fewer than 6 months)
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METHODS AND ANALYSIS

Overview of study design 

We will perform a randomized controlled multicenter superiority trial in the Netherlands 

with a natural experiment (NE) and economic evaluation alongside. Randomization takes 

place in hospitals where orthopedic surgeons can perform both the DLA and PLA. The 

NE takes place in hospitals where surgeons solely perform the PLA or the DLA, according 

to their preference. In the NE, the topographical location where the trauma takes place 

determines the hospital where the patient is admitted to and thereby determines alloca-

tion to the PLA or DLA. This is assumed to resemble random assignment. 

Surgeons expertise

Surgeons participating in the RCT have to be competent in both surgical approaches, they 

have to meet 1 of the following criteria of expertise for the PLA and DLA: 1) performed at 

least 20 hemiarthroplasties with the PLA and DLA in their career (including residency ex-

perience in which they were the primary surgeon during the procedure), 2) performed at 

least 5 hemiarthroplasties with the PLA and DLA in the last year. Residents may perform 

the procedure if the attending supervising surgeon meets the above criteria. 

Patient selection

Eligibility criteria

In order to be eligible for this study, a subject must meet all of the criteria listed in Table 

1. Cognitive impairment, such as dementia, is not an exclusion criteria. We will recruit 

incapacitated patients for study entry with involvement of their proxy in the informed 

consent procedure and data collection. 

Patient recruitment and screening

We will screen all patients admitted to the hospital with a hip fracture for eligibility. Eli-

gible patients admitted to the hospitals where both surgical techniques are performed 

are invited to participate in our RCT prior to the surgery. Patients in the NE are invited 

to participate prior to or at the latest 1 day after surgery. To obtain informed consent, 

we inform the patients verbally and the patient information letter will be handed out to 

eligible patients or to their health care proxy. The �rst patient was included on 6/2/2018 

and the last patient on 7/1/2022.

Randomization and blinding 

After obtaining informed consent at the emergency department or patient ward, pa-

tients will be randomly assigned in a 1:1 allocation ratio to either the PLA or the DLA. 

Randomization will be done in CASTOR EDC (www.castoredc.com), an online secured 

study and data management system with built-in randomization (variable block method, 
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strati�ed per center). Surgeons, patients or outcome assessors will not be blinded since 

the di�erent surgical approaches are easily distinguishable (i.e. based on the location of 

the scar). Data analysts and the Steering Committee will remain blinded throughout the 

trial. We will �rst interpret the blinded results of the primary analysis before breaking the 

randomization code.

Study interventions 

Posterolateral approach

In the PLA group, the skin incision starts posterior to the lateral side of the greater tro-

chanter and runs slightly curved towards the femoral axis. Dissection of the insertions of 

the external rotators and piriformis follows and the surgeon performs a posterior capsu-

lotomy. The gluteus medius and vastus lateralis are preserved. When closing the hip joint 

the capsule is sutured and the piriformis is reattached. Whether the piriformis was spared 

or reattached was left to the surgeon’s preference.

Direct lateral approach

In the DLA group a longitudinal incision starts 3-5 cm proximal, crossing the greater 

trochanter and runs over the femoral axis. Release of the anterior insertion of the gluteus 

medius proximally and splitting �bers of the vastus lateralis distally follows. The surgeon 

performs an anterior capsulotomy. The stronger posterior capsule is preserved. When 

closing the hip joint the capsule is sutured as well as the �bers of the vastus lateralis and 

gluteus medius. 

Peri- and postoperative care 

All operations will be performed by experienced surgeons or residents under the direct 

supervision of an experienced surgeon. All implants are inserted with cement. The type 

and brand of the prosthesis are at the surgeons’ discretion. Antibiotic and thromboembol-

ic prophylaxis, suture materials and –techniques, and wound dressing are done according 

to the surgeons’ judgment and local guidelines. Physical therapy and rehabilitation will 

be administered following the standard protocols and local guidelines. According to the 

Dutch guideline patients are advised to early weight baring as tolerated. There are no 

movement restrictions or mandatory use of ADL aids after a hemiarthroplasty. Patients 

will use the assistive devices when they need it. To improve generalizability to regular 

clinical practice, we designed a pragmatic trial without substantial restrictions on other 

clinical care processes which are known to vary between hospitals.

Study outcomes

Table 2 provides an overview of the outcomes at the di�erent measurement moments. 
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Primary study outcome

The primary outcome is the health related quality of life (EQ-5D-5L) as reported by the 

patient or proxy at 6 months after surgery(11). Patients’ EQ-5D-5L health states will be 

converted to utility values using the Dutch tari�.(12) 

Secondary study outcomes 

Secondary outcomes are listed in Table 2. 
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Study follow-up

The primary outcome EQ-5D-5L and the secondary outcomes will be assessed through 

questionnaires online, by hardcopy or by phone at baseline, 3 and 6 months postopera-

tively. The cost questionnaires will be administered at 4 weeks, 3 and 6 months follow-up. 

One additional measurement moment (SPPB) at 4 months follow up is introduced for a 

subgroup who participate in the RCT. These patients will be asked to perform the SPPB 

test during a home visit by a researcher. We will check the patient’s medical record 6 

months postoperatively if they had any complications or readmissions during the study 

period. 

Sample size 

We calculated the sample size for superiority using a 2-sided signi�cance level (α) of 

0.05 and a power (ß) of 80%. With a standard deviation (SD) of 0.3 on the EQ-5D and a 

minimal clinically important di�erence (MCID) of 0.08 (retrieved from the study of Walters 

& Brazier(13)) a minimum of 222 subjects are needed in each treatment arm. Taking into 

account a 20% loss to follow-up after 6 months, a total number of 555 participants will 

be included in the RCT. A subgroup of 70 randomized patients will perform an additional 

physical test to assess balance and physical performance. During the inclusion period of 

the RCT, additional patients will be included in the NE in hospitals who are only comfort-

able with 1 of both surgical approaches.

Data analysis 

E�ectiveness analysis

To investigate the di�erence in the clinical e�ectiveness of both surgical approaches, we 

will use linear mixed-model analysis for continuous outcomes. Primary analyses will be 

based on the intention-to-treat principle. Additional ‘as treated’ analyses will provide in-

sight into the in�uence of protocol deviations. Analyses will be done using the Statistical 

Package for the Social Sciences (SPSS, Version 27.0. Armonk, NY: IBM Corp). For all analy-

ses, a 2-tailed value of α < 0.05 is considered to be signi�cant. In the absence of statistical 

signi�cance, the potential relevance of any di�erences between groups will be discussed 

with respect to the study sample size and reported thresholds for clinical relevance. The 

primary database is the RCT database. For the NE data, a crude analysis will be performed 

similar to the RCT. Because selection bias may be present in the NE, we will assess balance 

on the covariates. We will consider the covariates balanced if the absolute standardized 

mean di�erence for each covariate is at most 0.1. If the covariates are unbalanced, di�er-

ent matching methods will be used until balance is obtained.(14, 15) The matched data 

will then be analyzed in a similar way to the RCT.

The goal of combining the randomized controlled trial and NE data is to improve the 

precision of the estimators for the primary and secondary outcome. Lu et al. developed 
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a method speci�cally for this type of study(16). They show that the estimators can be 

improved if there are no confounders besides the measured baseline covariates and 

they propose a test for this assumption. If the assumption is satis�ed, the data will be 

combined according to their method. If the proposed test fails, a sensitivity analysis will 

provide insight in the e�ect of an unmeasured confounder on the study outcomes. The 

sensitivity method developed by Dorie et al. will be used, which models the response 

surface with a linear model and machine learning methods(17). Dorie et al. show em-

pirical validation of the latter method, even in the presence of non-linearities in the true 

response surface(18). 

Primary study parameter

In the primary linear mixed model, EQ-5D-5L utility scores will be analyzed as dependent 

variable. Treatment allocation (DLA vs. PLA) and baseline EQ5D score will be included as 

�xed factors. Repeated measures within-subjects and groups of patients within hospitals 

will be clustered using random e�ects. Di�erences between groups over time will be 

evaluated by incorporating the interaction term of group and time. The primary endpoint 

is 6 months after trauma. 

Secondary parameters 

Continuous secondary outcome variables (functionality on the KATZ, physical perfor-

mance on the SPPB, tendency to fall, fear of falling on the FES-I, number of falls, and pain 

on the NRS) will be analyzed using similar linear mixed models. Dichotomous secondary 

outcome measures (additional injuries as a result of falling, re-interventions, discharge 

destination, and (surgical) complications will be analyzed using chi-square statistics and 

logistic regression models. 

Heterogeneity of treatment e�ect / Exploratory analyses

Treatment e�ects can vary across the patients in both intervention groups. Besides the 

crude analysis of the primary and secondary outcomes, we will also adjust for potential 

confounders, by adding their baseline values as covariates in a multivariable mixed model 

(eg. age, gender, living status, dementia, ASA, BMI, Katz ADL, mobility) in an adjusted 

regression analysis. 

Treatment e�ects can vary across the patients in both intervention groups. We will there-

fore assess e�ect modi�cation, by exploring interactions between the treatment group 

and each of the potential confounders listed above.

Cost-e�ectiveness analysis

An economic evaluation will be performed for QALYs, from both the societal and health-

care perspective, and in accordance with the intention-to-treat principle. QALYs will be 

estimated by multiplying the patients’ utility values by the duration with which they 
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experienced a certain health state.(19) Missing data will be imputed using multivari-

ate imputation by chained equations(20). Cost and e�ect di�erences will be estimated 

using linear mixed models. It is very important to use such mixed model analyses and 

account for the possible clustering of cost and e�ect data (e.g. at the hospital level), as 

most economic evaluations fail to do so, whereas ignoring the possible clustering of 

data might lead to inaccurate levels of uncertainty and inaccurate point estimates(21). 

Incremental Cost E�ectiveness Ratios (ICERs) will be calculated by dividing the di�er-

ence in costs by that in e�ects. Bootstrapping techniques will be used to estimate the 

uncertainty surrounding the cost-e�ectiveness estimates. Uncertainty will be shown in 

cost-e�ectiveness planes and cost-e�ectiveness acceptability curves. Sensitivity analyses 

will be performed to test the robustness of the study results(22-24). 

Registration, ethics, data sharing plan, funding, and potential con-

�icts of interests

This trial was registered at clinicaltrials.gov (NCT04438226) prior to the start of inclusion. 

The study has been approved by the local and the Medical Ethics Committee (METC) 

(number NL63378.100.17) an will be conducted according to the principles of the Decla-

ration of Helsinki, as amended in Seoul and Fortaleza (64th WMA General Assembly, Oc-

tober 2013)(25) and in accordance with the Medical Research Involving Human Subjects 

Act (WMO) and other guidelines, regulations and Acts. In all participating hospitals the 

study protocol will be submitted for review and approval by their local research ethics 

board. Any substantial amendments will be noti�ed to the accredited Medical Ethical 

Committee. The investigator will report all SAEs related to the treatment to the sponsor 

and report the SAEs through the web portal ToetsingOnline to the accredited METC that 

approved the protocol, within 7 days of �rst knowledge for SAEs that result in death or 

are life threatening. All other SAEs will be reported within a period of maximum 15 days 

after the sponsor has �rst knowledge of the serious adverse events. 

Data will be managed and archived for 15 years at the initiating hospital (OLVG). We intend 

to facilitate data sharing in line with the FAIR (Findability, Accessibility, Interoperability, 

and Reuse) principles, taking into account European laws and guidelines for privacy, and 

upon reasonable request. All included patients receive a trial code, which pseudonyms 

their personal data. The link between the trial code and the patient personal data is saved 

in a separate secured �le with access only by the coordinating investigator (MCJMT) and 

research assistant (AR). The outcome data is only accessible for the coordinating investi-

gator (MCJMT), principal investigator (RWP), research assistant (AR), supervisor (NWW) 

and authorized research personnel of the Joint Research team in OLVG Amsterdam. The 

handling of personal data will comply with the Dutch Personal Data Protection Act. The 

results from the study will be submitted for publication in peer-reviewed journals and 

presented at international conferences. This trial is supported by the Dutch Organisation 
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for Health Research and Development (ZonMw grant number: 8430041 12). There are no 

con�icts of interests of all authors. 

Steering and data monitoring committee

The steering committee for this study consists of 2 independent orthopedic surgeons 

(RGHHN, DJFM) and 1 independent trauma surgeon (IBS). The interim analyses will be 

performed by the research assistant (AR) and blinded for treatment groups. The steering 

committee will evaluate the interim results to decide whether the study can be continued 

without compromising patient safety. Data monitoring is conducted by an independent 

study monitor of the initiating hospital (OLVG). 

DISCUSSION 

We designed a randomized controlled trial with a natural experiment and economic eval-

uation alongside, to compare the PLA and DLA for a hemiarthroplasty after a hip fracture. 

Currently, the choice of surgical approach is mostly based on surgical preference since 

there is a lack of evidence. This study will be the largest RCT worldwide addressing this 

subject and may improve the quality of life and health care for patients with hip fractures 

treated with a hemiarthroplasty. Furthermore, this RCT will be the �rst to conduct an 

economic evaluation and provide detailed insight into the healthcare and societal costs 

of both approaches. Our study outcomes, including quality of life, fear of falling, level of 

independence, physical performance, and complications are important for the patients. 

We aimed to design a study with a good re�ection of the elderly population. Therefore 

we will not exclude patients with dementia. Since the older adults with dementia are 

well represented in the population of patients with a hip fracture, including them will 

increase the generalizability of the study results. The primary outcome can be completed 

by proxy, which is a validated questionnaire in the elderly patient(26). 

In the Netherlands the majority of the trauma surgeries are conducted by trauma 

surgeons, general surgeons specialized in trauma. Approximately 1/3 of all hip hemiar-

throplasties in 2020 are placed by general trauma surgeons. Trauma surgeons are mostly 

competent in one surgical approach. 

There are some limitations to our study. First we did not exclude patients with fractures or 

contusion of the lower / upper limbs with a ISS score of less than 16. Such additional inju-

ries are likely to a�ect patient outcomes. Given the large sample size and the randomized 

design, we expect the incidence of additional injuries to be similar between the 2 groups 

and therefore will not a�ect the intervention e�ect. Another limitation is that we did not 

document whether the piriformis was spared or reattached, which was at the surgeon’s 
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discretion. There is no high-level evidence of the e�ect of piriformis sparing approaches 

of hemiarthroplasty. Currently, the HemiSpaire study is comparing the direct lateral ap-

proach with a piriformis sparing posterior approach. This will give additional insights to 

the results of our study. 

In addition to the traditional RCT design, we will conduct a NE in hospitals where only 

one of the surgical approaches is performed. Although we are aware this is not formal 

randomization on participant level, the NE design has several advantages: 1) prevent 

surgical expertise bias. 2) facilitate better generalizability of our trial results since more 

centers are able to participate. 3) help implement our trials results. 4) reduce selection 

bias, by including patients and hospitals who may not have agreed to randomization. 

Currently there is a substantial practice variation due to the absence of high quality evi-

dence reporting which approach is most valuable for the patient. With this study we aim 

to close the existing knowledge gap about which surgical approach is preferable for the 

patient outcome.
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KEY POINTS 

Question: Is there a di�erence in patient outcomes between the posterolateral approach 

(PLA) and direct lateral approach (DLA) for cemented hemiarthroplasty after acute femo-

ral neck fracture?

Findings: Quality of life six months after trauma did not di�er between surgical ap-

proaches in 843 patients who participated in a Randomized Clinical Trial (RCT, n=555) 

or Natural Experiment (NE, n=288). PLA resulted in signi�cantly more dislocations and 

reoperations than DLA.

Meaning: This �rst well-powered randomized trial showed no di�erence in patient-

reported quality of life between PLA and DLA for cemented hemiarthroplasty, despite 

higher rates of dislocation and reoperation after PLA. Randomized (RCT) and pseudo-

randomized (NE) data yield similar outcomes, which strengthens these �ndings. 
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ABSTRACT

Importance: Hip fractures in older adults are serious injuries that result in disability, 

higher rates of illness and death, and a signi�cant strain on healthcare resources. High-

quality evidence to improve hip fracture care regarding the surgical approach of hemiar-

throplasty is lacking. 

Objective: To compare six-month outcomes of the posterolateral approach (PLA) and 

direct lateral approach (DLA) for hemiarthroplasty in patients with acute femoral neck 

fracture.

Design, Setting and Participants: We performed a multicenter, randomized clinical trial 

(RCT) comparing DLA and PLA, with a natural experiment (NE) alongside in 14 centers 

in the Netherlands. In total 843 patients aged 18 years or older were included, with or 

without dementia and an acute femoral neck fracture. Secondary surgery of the hip, 

pathological fractures or multi trauma patients were excluded. Recruitment took place 

between February 2018 and January 2022. Treatment allocation was random (n=555) or 

pseudorandom (n=288) based on geographical location and surgeon preference.

Main outcome: The primary outcome was health-related quality of life six months after 

surgery, quanti�ed with the EuroQol Group 5-Dimension questionnaire (EQ-5D-5L). 

Secondary outcomes included dislocations, (fear of ) falling, activity of daily living, pain, 

and reoperations. To improve generalizability, we performed a novel technique for data 

fusion of the RCT and NE.

Results: A total of 843 patients participated; 555 in the RCT (283 DLA, 272 PLA) and 288 

in the NE (172 DLA and 116 PLA). In the RCT, mean EQ-5D-5L utility scores at six months 

were 0.50 (95%CI 0.45–0.55) after DLA and 0.49 (95%CI 0.44–0.54) after PLA, with 77% 

completeness. The between-group di�erence was not statistically nor clinically signi�cant 

(-0.04, 95%CI -0.11–0.04). Most secondary outcomes were comparable between groups, 

but PLA resulted in more dislocations (5.5% in RCT, 5.2% in NE) than DLA (0.4% in RCT, 

0.6% in NE). Data fusion resulted in an e�ect size of 0.00 (95%CI -0.04–0.05) for the EQ-5D-

5L and an odds ratio of 12.31 (95%CI 2.77–54.7) for su�ering a dislocation after PLA. 

Conclusion and Relevance: Among patients treated with a cemented hemiarthroplasty 

after an acute femoral neck fracture, PLA does not result in a better quality of life than 

DLA. Rates of dislocation and reoperation are higher after PLA. Randomized (RCT) and 

pseudo-randomized (NE) data yield similar outcomes, strengthening these �ndings.

Trial registration number: NCT04438226 (clinicaltrails.gov)
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INTRODUCTION 

Hip fractures in older adults are disabling injuries that increase morbidity and mortal-

ity(1), and cause excessive utilization of healthcare resources(2). High-quality evidence to 

improve hip fracture care is emerging. The HEALTH trial showed no clinically meaningful 

di�erences between hemiarthroplasty and total hip arthroplasty in the treatment of hip 

fractures in older adults(3). The WHiTE trial showed a modestly but signi�cantly better 

health-related quality of life (HRQoL) and a lower risk of periprosthetic fractures in favor 

of cemented compared with uncemented hemiarthroplasty(4). Such evidence is lacking 

for the choice of surgical approach. 

Surgical approaches for hemiarthroplasty vary widely around the globe. The choice of 

approach is usually determined by the surgeon’s preference or by the agreements made 

within a hospital. The posterolateral approach (PLA) and the direct lateral approach (DLA) 

are currently most used(5, 6). A systematic review on outcomes most relevant for patients 

suggests that the PLA might have advantages compared to DLA in HRQoL, abductor 

insu�ciency, and walking problems(7). A meta-analysis concluded that the PLA had no 

advantages that counterbalanced its increased risk of dislocation and reoperation com-

pared to DLA and the direct anterior approach(8). However, both systematic reviews were 

based primarily on observational studies and concluded that high-quality clinical trials 

were needed to con�rm or refute their conclusions. 

To compare the HRQoL and other relevant patient outcomes between DLA and PLA in 

adult patients with a displaced femoral neck fracture, we conducted the ‘surgical Ap-

proaches of cemented hemiarthroplasty after hip fractures; POsteroLateral versus direct 

Lateral apprOach’ (APOLLO) trial. We hypothesized better HRQoL in patients treated with 

the PLA.

METHODS

Trial design 

The APOLLO trial was a multicenter, randomized superiority trial in the Netherlands 

with a natural experiment (NE) and economic evaluation alongside. Details on the trial 

objectives, design, procedures, and statistical analysis plan can be found in the published 

protocol(9) and at clinicaltrials.gov (NCT04438226).

Trial oversight 

Fourteen centers participated, of which nine only in the NE (Supplementary Appendix 2). 

Randomization at the individual patient level occurred when orthopedic surgeons could 

perform the DLA and the PLA. 
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The NE was conducted in speci�c hospitals where surgeons were specialized in either the 

PLA or DLA techniques, and the group of surgeons opted to one of these approaches as 

their standard of care. Given their specialization, these surgeons did not have the �exibil-

ity to randomize between the two methods. A patient’s proximity to a hospital at the time 

of the incident (and thus where they were brought to) dictated the surgical approach 

they would receive, as hospitals were implicitly designated as either ‘DLA’ or ‘PLA’ based 

on the expertise of their surgeons. This geographical-based allocation was outside of re-

search parameters and control. We postulated that this setup mirrored a pseudorandom 

allocation mechanism, and we rigorously veri�ed this presumption prior to integrating 

our data. 

The trial was funded by the Dutch Organization for Health Research and Development 

(ZonMw grant number: 8430041-12). We received approval from the Medical research 

Ethics Committees United (MEC-U, NL63378.100.17) and the local institutional review 

boards of all participating centers. The steering committee consisted of three indepen-

dent (orthopedic) trauma surgeons, who evaluated the interim analysis.

Participants

Inclusion criteria were: adult patients (≥18 years) with an acute femoral neck fracture (<7 

days), cemented hemiarthroplasty as recommended treatment according to the national 

guidelines, Dutch or English �uency, and literacy, and written informed consent. Exclu-

sion criteria were: multi-trauma (ISS >15), secondary surgery after failed internal �xation, 

pathological fracture, and high risk of non-compliance (i.e., no Dutch residency, such as 

tourists, or patients with a life expectancy <six months). Cognitive impairment, such as 

dementia, was not an exclusion criterion. 

Intervention, Randomization and Blinding

Experienced surgeons or residents under direct supervision of an experienced surgeon 

performed all operations. Surgical details (i.e., whether the m. piriformis was spared or 

reattached with the PLA, and how the m. gluteus medius was closed with the DLA) were 

left to the surgeon’s discretion. 

CASTOR EDC (Amsterdam, the Netherlands), an online secured data management system 

with built-in randomization (variable block method, strati�ed per center), randomly 

assigned patients in a 1:1 allocation ratio to either PLA or DLA. Surgeons, patients, and 

outcome assessors were aware of the assignment group since the di�erent surgical ap-

proaches were easily distinguishable (i.e., based on the scar’s location). Data analysts and 

the Steering Committee were blinded. We interpreted the blinded results before break-

ing the randomization code.
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Outcomes 

The primary outcome was the health-related quality of life (EQ-5D-5L) as reported by the 

patient or proxy at six months. Proxies of incapacitated patients were asked to rate how 

they thought the patient would rate their health-related quality of life(10). The patients’ 

EQ-5D-5L health states were converted to utility values (ranging from -0.446 to 1, with 

higher scores indicating higher health utility) using the Dutch tari�(11). Deceased pa-

tients obtained a score of 0(4, 12). 

Secondary outcomes are listed in Supplementary Table S1. We assessed EQ-VAS (higher 

scores indicating a better health status), activities of daily living functionality (Katz ADL) 

ranging from 0 (ADL independent) to 6 (ADL dependent), and a 5-item mobility score 

ranging from 0 (no walking aids) to 5 (no functionality of lower extremity). We also con-

sidered dichotomous Katz (ADL independent: 0-1 point; ADL dependent: 2 to 6 points) 

and mobility scores (good: with or without 1 crutch; impaired: more walking aids). 

Patients also scored their mean and maximum pain during the week using the numeric 

rating scale (NRS-pain) ranging from 0-10, with higher scores indicating worse pain. We 

assessed the fear of falling with the Falls E�cacy Scale International (FES-I), ranging from 

16 (no concern about falling) to 64 (severe concern about falling). We also recorded the 

actual fall incidents and additional injuries resulting from falling. 

Assessments

We obtained the outcomes through questionnaires online, by hardcopy, or by phone 

at three and six months. In addition, we checked all patients’ medical records up to six 

months postoperatively to record relevant baseline and surgical characteristics, as well as 

any complications, re-admissions, or reoperations during the study period. 

Sample size 

To detect a minimally important di�erence (MCID) of 0.08 in the primary outcome (EQ-

5D-5L utility score)(13) with a standard deviation of 0.3, we needed 555 patients based on 

a two-sided signi�cance level (α) of 0.05 with 80% power and a loss to follow-up of 20% 

after six months(9). 

Statistical analysis 

We used linear mixed-model analysis to investigate the di�erence in the primary outcome 

(EQ-5D-5L utility score) between both surgical approaches. The primary analysis was 

based on the intention-to-treat principle, with additional as treated analyses to quantify 

the e�ect of protocol deviations. For the crude analyses, the �xed factors were treatment 

allocation (DLA vs. PLA) and the EQ-5D-5L utility score at baseline. We evaluated di�er-

ences between groups over time by adding time and a time by treatment interaction. Re-

peated measures within subjects and groups of patients within hospitals were clustered 

using random intercepts. For the adjusted analyses, we added the potential confounders 
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age, sex, living status, dementia, ASA-classi�cation, BMI, mobility (good versus impaired), 

and Katz ADL (dependent versus independent) to the model as �xed factors. 

The continuous secondary outcomes, fear of falling on the FES-I, functionality on the Katz, 

and pain on the NRS were analyzed using similar linear mixed models. Categorical and 

dichotomous secondary outcomes (i.e., mobility, discharge destination, complications, 

≥1 fall incident(s), additional injuries as a result of falling, or reoperations) were compared 

using a chi-square or Fisher’s Exact test. We used Statistical Package for the Social Sci-

ences (SPSS, Version 27.0. Armonk, NY) and a two-tailed value of α < 0.05 was considered 

statistically signi�cant for all analyses.

Data fusion

Besides unconfoundedness, which was assumed, for data fusion it is necessary that there 

are no signi�cant di�erence between the patients in the NE and the RCT in any of the 

treatment groups when correcting for the confounders. We tested this condition on one 

separately imputed combined dataset similarly to Lu et al.(14). We �tted a linear model 

for the EQ-5D-5L index at 6 months as a function of an experiment indicator and the 

confounding variables, separately in both groups of surgical approaches. The experiment 

indicator was 0 for RCT and 1 for NE. If the estimated coe�cient belonging to the experi-

ment indicator was close to zero with a p-value larger than 0.05, indicating no statistically 

signi�cant e�ect of the experiment indicator on the outcome while keeping all other 

confounders constant. 

We used the augmented inverse probability weighting estimator (AIPW) to determine 

the average treatment e�ect between the two surgical approaches. We corrected for pos-

sible confounders and performed a sensitivity analysis of our chosen methods. Multiple 

imputation was used on all confounders (15). Estimates of the average treatment e�ect 

were pooled according to Rubin’s rule to form a single estimate and a con�dence interval. 

For more information, see the published protocol and Supplemental Methods.
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Figure 1.
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RESULTS 

Between February 2018 and January 2022, 843 patients consented to participate. Five 

hundred �fty-�ve patients participated in the RCT (283 DLA and 272 PLA) and 288 in the 

NE (172 DLA and 116 PLA). The �nal six months follow-up was completed in July 2022, 

with 77% data completeness for the primary outcome in the RCT. Figure 1 depicts the 

patient �ow and reasons for exclusion. The percentages of missing data are provided in 

Supplementary Fig. S1. Non-responders had a similar age as responders, but were less 

mobile. Patients with dementia were overrepresented in the DLA non-responder group 

(Supplementary Table S2). 

Baseline characteristics (Table 1) were comparable between treatment groups (DLA vs. 

PLA) and between study designs (RCT vs. NE), but patients with arrhythmia were overrep-

resented in the NE-DLA group. Most (62% RCT, 69% NE) patients were female, the mean 

age was 83, and the majority (78% RCT, 82% NE) lived independently (with or without 

ADL help) before the hip fracture. Signs of dementia were present in 137 patients (25%) in 

the RCT and 49 (17%) in the NE. 

Adherence to the assigned intervention

Sixteen protocol deviations occurred: six patients assigned to DLA (2.1%) had surgery 

with PLA and 10 patients assigned to PLA (3.7%) had surgery with DLA (Fig. 1). 

RCT Primary endpoint

Mean EQ-5D-5L utility scores at six months follow-up were 0.50 (95%CI 0.45-0.55) in the 

DLA group and 0.49 (95%CI 0.44–0.54) in the PLA group (Fig. 2). Intention to treat analy-

ses showed no statistically signi�cant between-group di�erence at 6 months: crude -0.05 

(95%CI, -0.14–0.04), adjusted: -0.04 (95%CI -0.11–0.04); the negative sign means in favor 

of PLA (Supplementary Table S3). As-treated analyses yielded similar results: crude -0.06 

(95%CI -0.15-0.03) and adjusted -0.04 (95%CI -0.12-0.03) between-group di�erence.
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Table 1. Baseline characteristics

RCT

DLA

(n=283)

RCT

PLA

(n=272)

NE

DLA

(n=172)

NE

PLA

(n=116)

P value of NE

Sex

  Female, n (%) 172 (61) 172 (63) 116 (67) 82 (71) 0.42

Age, years (SD) 82 (8) 82 (8) 82 (7) 84 (6) 0.08

Dementia, n (%)

  Evident 

  Possibly

56 (20)

18 (6)

44 (16)

19 (7)

20 (12)

9 (5)

11 (9)

9 (8)

0.60

ASA, n (%)

  I

  II

  III

  IV

7 (2)

101 (36)

152 (54)

10 (4)

4 (1)

80 (29)

160 (59)

11 (4)

6 (3)

64 (37)

85 (49)

15 (9)

6 (5)

41 (35)

56 (48)

7 (6)

0.78

BMI, mean (SD) 24.2 (4) 24.6 (4) 24.3 (4) 24.9 (4) 0.64

Katz, mean (SD) 1.4 (1.7) 1.3 (1.7) 0.9 (1.4) 0.9 (1.6) 0.69

Prescribed medicines, n (SD) 7 (5) 7 (4) 7 (4) 6 (4) 0.67

Comorbidities, n (%)

Cardiac

  MCI

  Heart failure

  Arrhythmia

Neurological 

  Hemiparalysis

  CVA 

  Parkinson 

  Epilepsy 

Pulmonal 

  COPD 

  Asthma 

29 (10)

20 (7)

49 (17)

14 (5)

26 (9)

20 (7)

3 (1)

39 (14)

10 (4)

30 (11)

20 (7)

56 (21)

8 (3)

25 (9)

15 (6)

2 (1)

46 (17)

10 (4)

22 (13)

25 (15)

58 (34)

8 (5)

18 (10)

3 (2)

1 (1)

20 (12)

6 (3)

8 (7)

9 (8)

21 (18)

5 (4)

6 (5)

3 (3)

1 (1)

9 (8)

4 (3)

0.11

0.08

<0.01

1.0

0.11

0.69

1.0

0.29

0.99

Pre-fracture mobility, n (%) 

  Without aids

  1 crutch 

  Walker, 

  Outside with help

  No mobility 

94 (33)

26 (9)

106 (37)

29 (10)

2 (1)

99 (36)

27 (10)

92 (34)

20 (7)

5 (2)

70 (41)

18 (10)

53 (31)

18 (10)

3 (2)

43 (37)

18 (16)

40 (34)

8 (7)

0

0.35

Living status, n (%) 

  Independent

  Independent with help

  Residential care

  Nursing home

  Rehabilitation unit 

  Other

153 (54)

61 (22)

29 (10)

32 (11)

3 (1)

0

149 (55)

69 (25)

29 (11)

20 (7)

3 (1)

0

115 (67)

36 (21)

9 (5)

7 (4)

1 (1)

3 (2)

80 (69)

15 (13)

5 (4)

9 (8)

2 (2)

2 (2)

0.40

Abbreviations: MCI = Myocardial infarct, CVA = cerebral vascular accident, BMI: Body Mass Index, 

COPD: Chronic Obstructive Pulmonary Disease.
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RCT secondary endpoints 

At six months follow-up, the EQ-VAS was 68 points (95%CI 65.12–71.01) after DLA and 

66 (95%CI 62.78–68.38) after PLA (Fig. 2). The QALY did not di�er between the groups 

with 0.255 in PLA and 0.243 in DLA (mean di�erence 0.012, CI95% mean di�erence 0.012, 

CI95% -0.482, 0.025). Figure 3 and Figure S2 summarises the other secondary outcomes. 

There were no statistically signi�cant di�erences in ADL Katz score between the groups, 

nor in the dichotomized Katz scores (65.4% ADL independent patients in the DLA group 

and 55.8% in the PLA group, p=0.11). Mean and maximum pain scores were similar after 

DLA and PLA. At six months follow-up, 21.5% of the DLA patients had good mobility 

compared with 13.8% of the PLA patients (p=0.11). The frequency of falls did not di�er 

between the surgical approaches; 51 patients (18%) reported at least 1 fall incident in the 

DLA group versus 44 (16%) in the PLA group (p=0.77). There were no di�erences in the 

rate of emergency department admissions or additional injuries due to the falls. The fear 

of falling measured with the FES-I questionnaire was not signi�cantly di�erent between 

the groups: 37 points with DLA (95%CI 34.21–39.14) and 34 with PLA (95%CI 31.48–36.18) 

(Fig. 3). We observed similar outcomes in both treatment groups regarding the length of 

stay, surgery time, postoperative complications, and discharge destinations (Supplemen-

tary Table S4). 

The rate of prosthesis dislocation was signi�cantly di�erent between groups, both sta-

tistically and clinically (Supplementary Table S5). Dislocation occurred in 15 of the 272 

patients (5.5%) in the PLA group compared with 0.4% (1 out of 283 patients) in the DLA 

group, resulting in an odds ratio of 16.46 (95%CI 2.16 – 125.48, p<0.01). Six (2.2%) pa-

tients in the PLA group su�ered recurrent dislocations, and 8 (2.9%) underwent revision 

surgery. The overall number of reoperations was 35 in the PLA group, and 18 in the DLA 

group, see Supplementary Table S6. 

During the six month follow-up, death occurred in 93 of the 555 patients (17%). Mortality 

was similar in both groups; 17% after DLA and 16% after PLA (p=0.69). Between-group 

di�erences at three and six months follow-up are detailed in Supplementary Table S3. 
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Figure 2, EQ-5D-5L and EQ-VAS outcomes 
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Figure 3. Secondary outcomes at 6-months. 	
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Figure 4, Fused results of primary and secondary outcomes 

*e�ect sizes: EQ-5D-5L, EQ VAS, FES-I, Odds Ratio: Dislocation, Fall incidents, Mortality, SEH

admission
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NE primary and secondary endpoints

The EQ-5D-5L utility score at six months did not di�er between the treatment groups: 

0.53 (95%CI 0.47–0.60) for DLA and 0.57 (95%CI, 0.50–0.64) for PLA (group e�ect 0.06, 

95%CI -0.07–0.18) (Fig. 2, Supplementary Table S3). We found a higher risk of dislocation 

in the PLA group (5.3%) compared with DLA (1.1%) (Table S4). Figure 3 presents all sec-

ondary outcomes of the RCT and NE. 

Data fusion outcomes 

For the primary outcome, there was no signi�cant di�erence between the groups in the 

di�erent experiments when all other confounders were included in the model, so no 

evidence was found against the assumptions for data fusion (see Supplemental Methods 

and Results). Fusion tests were rejected for the Katz ADL score, mobility, pain mean and 

pain max variables. All estimates, including 95% con�dence intervals, are presented in 

Figure 4. 

*e�ect sizes: EQ-5D-5L, EQ VAS, FES-I, Odds Ratio: Dislocation, Fall incidents, Mortality, 

SEH admission

DISCUSSION

The surgical approach for a cemented hemiarthroplasty after a femoral neck fracture did 

not in�uence the health-related quality of life in adult patients with an acute hip fracture 

six months after surgery. The observed mean di�erence in EQ-5D-5L utility score be-

tween DLA and PLA was neither statistically signi�cant nor clinically relevant. In addition, 

the secondary outcomes in function, pain, mobility, and tendency to fall did not di�er 

between the groups. However, patients in the PLA group had a higher risk of prosthesis 

dislocation and reoperation due to dislocation, which was statistically signi�cant and is 

also clinically relevant. 

Our study has several strengths. First, this is the largest RCT worldwide addressing this 

topic. Second, the NE that we designed alongside the RCT showed strong potential as a 

feasible alternative to randomization at the individual patient level. Treatment allocation 

in the NE was purely based on the geographical location (and thereby the hospital) and 

the timing of the fracture (and subsequently the surgeon who would perform the hemi-

arthroplasty). Our study provides important insights in the similarities between RCT and 

NE study populations and outcomes, which is highly relevant given the known di�culties 

with surgical RCTs(16). The addition of a NE not only raised the number of participants 

but also increased the generalizability of our trial results. Since we were not restricted to 

surgeons with expertise in both approaches, more hospitals could participate. Another 

strength of our study is the inclusion of patients with cognitive impairments such as 

dementia. Older adults with dementia are well represented in the population of patients 
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with hip fractures; however, they are often excluded from RCTs(17). Including them fur-

ther raised the generalizability of the results. 

There were some limitations to our study. First, missing data were prevalent in the RCT 

and NE datasets. This was mainly caused by non-response to the follow-up question-

naires, which was associated with dementia, living status, and mobility. However, it is 

essential to include these frail patients since it is a substantial part of the hip fracture 

population. Sensitivity analyses with multiple imputation analyses for confounders found 

no di�erences between the approaches. There are no missing data/loss to follow up for 

the outcomes dislocation, reoperation, re-admissions and mortality. For these variables, 

we reviewed all medical reports 6 months postoperatively, and used registry data for pos-

sible adverse events in other hospitals. Second, a screening log was not maintained, so we 

do not formally know why not all eligible patients were randomized. We know that some 

patients declined participation, and that not all patients received information about the 

study due to logistical and time constraints. Our overview of potentially eligible patients 

based on the Dutch arthroplasty registry(6) shows that their characteristics were similar 

to the randomized group. Third, we did not gather information on whether the m. pirifor-

mis was spared or reattached. Currently, there is no high-level evidence for the e�ect of 

piriformis-sparing approaches of hemiarthroplasty. While we acknowledge the potential 

variability in surgeon expertise and specialty, our study’s outcomes remain consistent 

across the board. Future studies might bene�t from a deeper dive into the in�uence of 

surgeon subspecialties on hemiarthroplasty outcomes.

No RCT to date evaluating the surgical approach for hemiarthroplasty reported the EQ-

5D-5L. A large Norwegian observational study showed a signi�cant di�erence of 0.03 in 

favor of PLA(18). We observed a non-signi�cant di�erence of 0.04 in favor of the PLA, but 

both di�erences are under the threshold of the MCID of 0.08(13). Two other prospective 

observational studies did not report any di�erences in the EQ-5D-5L related to the surgi-

cal approach after adjusting for confounders(19, 20). 

Prosthesis dislocation was more common in the PLA group, with 5.5% vs. 0.4% in the DLA 

group, which was similar in the NE. Thereby, the risk of reoperation due to dislocation was 

statistically signi�cantly higher in the PLA group (2.9% vs. 0). These �ndings support the 

existing evidence of observational studies(21-24). While most clinical trials do not include 

patients with dementia, we did include this fragile population, which may contribute to 

a relatively high dislocation rate compared to the existing literature. The higher risk of 

dislocation rate was seen in both study designs. The potential bias of performance bias 

in the RCT was not seen in this trial. This increased risk of dislocation did not result in a 

substantially lower quality of life in the PLA group, which raises the question whether the 

EQ-5D-5L is su�ciently sensitive to quantify the e�ectiveness of orthopaedic interven-

tions. On the other hand, the more speci�c patient-reported secondary outcomes, includ-
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ing mobility, (fear of ) falling, and Katz ADL, were also not signi�cantly di�erent between 

surgical approaches. 

In conclusion, PLA does not result in a better quality of life than DLA in adult patients 

treated with a cemented hemiarthroplasty after an acute femoral neck fracture. Most sec-

ondary outcomes are similar between groups, but PLA is associated with more disloca-

tion and reoperation compared to DLA. Pseudo-randomization in our natural experiment 

resulted in similar outcomes and could be a valid and more feasible alternative to the 

traditional RCT. 

The implications of our results to improve patient care are not straightforward. The 

increased risk for dislocation and reoperation after PLA without clear bene�ts of that 

approach could justify a recommendation for DLA. Alongside this trial we conducted an 

economic evaluation and we thoroughly quanti�ed physical performance and balance in 

a subgroup of patients. These additional outcomes will help to weigh a broader spectrum 

of costs and bene�ts associated with DLA and PLA, to better inform evidence based 

decisions on the surgical approach for older patients with hemiarthroplasty after a hip 

fracture.
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SUPPLEMENTAL METHODS: DATA FUSION

Missing data

Missing data were prevalent in both the RCT and the NE data sets, concerning mainly the 

primary outcome and the covariate BMI. For example, in the NE data set, 35% of patients’ 

primary outcome and 11% of patients’ BMI were missing. See Fig. S1 for detailed missing-

ness patterns. Missingness was negligible in the other covariates.

The outcomes were mainly thought to be missing by non-response to the post trial 

questionnaire, which was attributed to dementia, living status and mobility. Indeed, a 

logistic regression of the missingness indicator of the primary outcome on the covari-

ates resulted in a statistically signi�cant positive coe�cient on mobility (p-value 0.002) 

in the RCT and a statistically signi�cant positive coe�cient on dementia (p-value 0.004) 

in the NE. Therefore, the outcomes were considered to be missing at random given the 

confounders, thus indicating that no bias will be introduced to the average treatment 

e�ect when missing outcomes are ignored in the analysis.

All missing data in the confounders were imputed with Classi�cation And Regression 

Trees1 using the R package MICE2. The outcome and treatment variables were not used as 

predictors for imputing the missing confounder values. The statistical analysis was then 

performed only on the subjects with an observed outcome.

Estimator

Augmented Inverse Probability Weighting (AIPW) was deployed to estimate the average 

treatment e�ect. AIPW requires model speci�cations for the (i) propensity score, i.e. the 

conditional probability of receiving PLA given the covariates age, gender, BMI, living 

status, baseline ASA scores, mobility and dementia; and (ii) conditional mean of the out-

come variable given the same covariates. Flexible modeling strategies were chosen: the 

propensity score and outcome regression were modelled using an ensemble of methods, 

including elastic net regression3, generalized linear models4, generalized additive mod-

els5, generalized boosted models67 and multivariate adaptive regression splines8. These 

were implemented in the R package SuperLearner9. All this was performed using 10-fold 

cross-validation.
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Data fusion

Besides unconfoundedness, which was assumed, another condition is necessary for data 

fusion. Namely, there should be no signi�cant di�erence between the patients in the NE 

and the RCT in any of the treatment groups when correcting for the confounders. This 

condition was tested on one separately imputed combined dataset similarly to Lu et. Al. 

(2019)10. Speci�cally, a linear model was �tted for the EQ-5D-5L index at 6 months as a 

function of an experiment indicator and the confounding variables, separately in both 

groups of surgical approaches. The experiment indicator was equal to zero for patients 

in the RCT and one for patients in the NE. For both surgical approaches, the estimated 

coe�cient belonging to the experiment indicator was close to zero with a p-value larger 

than 0.05, indicating no statistically signi�cant e�ect of the experiment indicator on the 

outcome while keeping all other confounders constant. The test suggested that there 

was no evidence against data fusion, as there was no signi�cant di�erence between the 

groups in the di�erent experiments when all other confounders were included in the 

model. Accordingly, the data sets were combined, and the average treatment e�ect was 

estimated with AIPW as indicated in the protocol paper.11

Secondary outcomes

For the secondary outcomes, the estimates should only be viewed as exploratory because 

of multiple testing errors and because the outcomes had small variance (for instance, 

only 8 patients had a fall incident out of 281 in the NE). For AIPW, only an ensemble of 

generalized linear models, generalized additive models and multivariate adaptive re-

gression splines were used to estimate the propensity score and outcome regression to 

limit runtime of the code. When the outcome was dichotomous, tests against data fusion 

were performed using logistic regression. All fusion tests indicated no evidence against 

data fusion, except Katz score, mobility, pain mean and pain max variables. For all these 

variables, the fused data sets were still analyzed, but only as a sensitivity analysis to check 

robustness of the study conclusions.

Sensitivity analysis

For predicting missing values by multiple imputation, CART was used as a predictive 

model for all confounders12. The �ndings were robust to the choice of predictive models 

(predictive mean matching and classi�cation trees for binary, and linear regression and 

regression trees for continuous variables). The conclusions remained the same when the 

outcome was also imputed. These robustness �ndings held irrespective of whether BMI, 

the covariate with the highest missing percentage (11% in the NE data set), was included 

in the analysis. Using an ensemble of methods to model the components of the AIPW 
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estimator rendered the results robust to modelling choices. Fitting individual, instead of 

ensemble, models led to no changes in the conclusions.

Software

Analysis was performed in R. Versions of R and the packages can be found below

SUPPLEMENTAL RESULTS: DATA FUSION TEST FOR THE 
PRIMARY OUTCOME EQ-5D-5L UTILITY SCORE

Package Version

R 4.1.3

foreign 0.8.83

Rcpp 1.0.9

tidyverse 1.3.2

encryptr 0.1.3

withr 2.5.0

mice 3.14.0

AIPW 0.6.3.2

SuperLearner 2.0.28

gbm 2.1.8.1

gam 1.20.2

earth 5.3.1

glmnet 4.1.4

foreach 1.5.2

doParallel 1.0.17

doSNOW 1.0.20
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Figure S1. Missing values for relevant patient characteristics and outcomes.
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Figure S1. Missing values for relevant patient characteristics and outcomes.
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Table S2. Baseline characteristics of lost to follow up patients for primary outcome at end-

point

DLA

n = 58

PLA

n = 67

Sex, n (%)

  Female 36 (62) 46 (68)

Age, years 82 (8) 82 (7)

Dementia

  Evident + possibly, n/N (%) 23/56 (41) 17/66 (26)

ASA, n (%) 

  I

  II

  III

  IV

n = 57

1 (2)

24 (42)

30 (53)

2 (4)

n = 64

2 (3)

24 (38)

38 (59)

0 

BMI, mean (SD) 23.5 (4) 24.7 (4)

Katz, mean (SD) 1.9 (1.9) 1.1 (1.2)

Comorbidities, n (%)

Cardial, 

  MCI

  DC 

  Arrhythmia 

Neurological 

  Hemiparalyse

  CVA 

  Parkinson 

  Epilepsy 

Pulmonal 

  COPD 

  Astma 

5 (9)

3 (5)

5 (9)

1 (2)

7 (12)

5 (9)

2 (3)

7 (12)

4 (7)

10 (15)

6 (9)

8 (12)

3 (4)

10 (15)

4 (6)

0

15 (22)

4 (6)

Pre-fracture mobility, n (%) 

  Without aids

  1 crutch 

  Walker

  Outside with help

  No mobility 

n = 54

15 (28)

6 (11)

28 (52)

5 (9) 

0

n = 57

17 (30)

7 (12)

28 (49)

4 (7)

1 (2)

Living status, n (%) 

  Independent

  Independent with help

  Residential care

  Nursing home

  Rehabilitation unit 

n = 57

24 (42)

20 (35)

5 (9)

8 (14)

0 

n = 66

31 (47)

21 (32)

8 (12)

4 (6)

2 (3)
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Figure S2. Secondary outcomes at 6-months.
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Table S4. Peri- and post-operative outcomes of the RCT

DLA

(n = 283)

PLA

(n = 272)

P value

Primary surgeon, n (%)

  Consultant

  Resident 

  Missing

147 (52)

129 (46)

7 (2)

133 (49)

129 (47)

10 (4)

0.415

Time to surgery

  Days, mean (SD) 0.95 (1) 1.04 (1) 0.31

Surgery time, min, mean (SD) 57 (16) 59 (14) 0.29

Blood loss, cc, mean (SD) 259 (168) 253 (127) 0.72

Postoperative complication, n (%)

  Pulmonary embolism 

  Neuropraxie

  Anemia with transfusion

  Pneumonia

  DAIR due to infection

  DAIR due to hematoma

  Super�cial infection

  Dislocation

  Urinary tract infection

  Bladder retention

  Delirium

 

4 (1)

2 (1)

18 (6)

15 (5)

3 (1)

1 (0)

1 (0)

0

12 (4)

9 (3)

32 (11)

2 (1)

1 (0)

20 (7)

18 (7)

4 (1)

0

0

2 (1)

7 (3)

2 (1)

36 (13)

0.69

1

0.74

0.59

0.72

1

1

0.24

0.28

0.06

0.52

In hospital mortality, n (%) 13 (5) 9 (3) 0.52
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Table S4. Peri- and post-operative outcomes of the RCT (continued)

DLA

(n = 283)

PLA

(n = 272)

P value

Fall incident during admission, n (%)

  Additional injury, n (%)

7 (2)

1 (0)

6 (2)

1 (0)

0.85

1

Length of hospital stay, days (SD)

 

8.3 (6) 8.1 (6) 0.76

Discharge destination, n (%) 

  Independent

  Independent with help

  Retirement home

  Nursing home

  Rehabilitation home

  Other

  Missing

12 (4)

59 (21)

21 (7)

35 (12)

142 (50)

13 (5)

1 (0)

9 (3)

62 (23)

18 (7)

37 (14)

134 (49)

10 (4)

2 (1)

0.95

Mobility at discharge, n (%) 

  Without aids

  1 crutch 

  Walker

  Outside with help

  No mobility 

  Missing

1 (0)

2 (1)

73 (26)

177 (63)

19 (7)

11 (4)

2 (1)

0

97 (36)

149 (55)

17 (6)

4 (1)

0.05

Table S5, Dislocation rates 

Dislocation DLA PLA p-value

Dislocation

  RCT, number/n (%) 

  NE, number/n (%) 

  Total, number/n (%)

1/284 (0.4)

2/175 (1.1)

3/459 (0.7)

15/275 (5.5)

6/113 (5.3)

21/388 (5.4)

<0.01

0.06

<0.01

Recurrent dislocation

  RCT, number/n (%) 

  NE, number/n (%) 

  Total, number/n (%)

0

1/175 (0.6)

1/459 (0.2)

6/272 (2.2)

3/113 (2.7)

9/388 (2.3)

0.01

0.31

<0.01

Revision due to dislocation

  RCT, number/n (%) 

  NE, number/n (%) 

  Total, number/n (%)

0

1/114 (0.9)

1/459 (0.2)

8/272 (2.9)

3/174 (1.7)

11/388 (2.8)

<0.01

0.30

<0.01
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Table S6, Reoperations by indication

Indication for reoperation RCT

DLA

(n=283)

RCT

PLA

(n=272)

NE

DLA

(n=172)

NE

PLA

(n=116)

Dislocation (revision to THA)

Infection

Any type of fracture

Other

Total number of reoperations 

(1-3 per patient)

0

10

5

3

18

8

14

7

6

35

0

5

0

2

7

3

2

0

4

9

Abbreviations: THA = total hip arthroplasty.

Table S7, Subgroup analyses  

  Dementia

Yes No

EQ-5D-5L

  DLA

  PLA

0.27 (0.18-0.37)

0.27 (0.19-0.35)

0.56 (0.50-0.61)

0.57 (0.51-0.62)

Mixed model results

Between groups E�ect (95% CI) p-value

Surgical approach (DLA vs. PLA) -0.02 (-0.231, 0.181) * 0.81

(Suspected) dementia (yes/no) 0.29 (0.119, 0.465) ⸆ <0.01

Interaction approach X dementia -0.01 (-0.236, 0.211) 0.91

*in favor of PLA

⸆ in favor of no dementia 

Table S7, Subgroup analyses (continued)

  Experience

Surgeon Resident

EQ-5D-5L

  DLA

  PLA

0.48 (0.41-0.55)

0.47 (0.40-0.54)

0.54 (0.47-0.60)

0.51 (0.44-0.58)

Mixed model results

Between groups E�ect (95% CI) p-value

Surgical approach (DLA vs. PLA) -0.08 (-0.205, 0.05)* 0.23

Experience (yes/no) -0.02 (-0.09, 0.04)⸆ 0.47

Interaction approach X Experience 0.04 (-0.045, 0.135) 0.33

* in favor of PLA

⸆ in favor of resident 
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Table S7, Subgroup analyses (continued)

Dislocation, n (%)

PLA DLA P value 

Dementia 

  Yes 

  No

5 out of 63 (8%)

10 out of 205 (4.8%)

0 out of 74 (0%)

1 out of 207 (0.5%)

0.02

<0.01

Experience

  Surgeon 6 out of 132 (4.5%) 0 out of 147 (0%) 0.01

  Resident 8 out of 129 (6.2%) 0 out of 129 (0%) <0.05



150

C
h

a
p

te
r 

7

REFERENCES 

1.	 Breiman, L. (1984). Classi�cation and Regression Trees (1st ed.). Routledge. https://doi.

org/10.1201/9781315139470

2.	 Stef van Buuren and Karin Groothuis-Oudshoorn. mice: Multivariate imputation by chained 

equations in r. Journal of Statistical Software, 45(3), 2011. https://doi.org/10.18637/jss.v045.

i03.

3.	 Hui Zou and Trevor Hastie. Regularization and variable selection via the elastic net. Journal 

of the Royal Statistical Society: Series B (Statistical Methodology), 67(2):301–320, 2005. doi: 

https://doi.org/10.1111/j.1467-9868.2005. 

4.	 J. A. Nelder and R. W. M. Wedderburn. Generalized linear models. Journal of the Royal Statisti-

cal Society. Series A (General), 135(3):370–384, 1972. ISSN00359238. http://www.jstor.org/

stable/2344614.

5.	 Trevor Hastie and Robert Tibshirani. Generalized Additive Models. Statistical Science, 1(3):297 

– 310, 1986. doi: 10.1214/ss/1177013604. URL https://doi.org/10.1214/ss/1177013604.

6.	 Jerome H. Friedman. Greedy function approximation: A gradient boosting machine. The 

Annals of Statistics, 29(5):1189 – 1232, 2001. doi: 10.1214/aos/1013203451. URL https://doi.

org/10.1214/aos/1013203451.

7.	 Jerome H. Friedman. Stochastic gradient boosting. Computational Statistics Data Analysis, 

38(4):367–378, 2002. ISSN 0167-9473. doi: https://doi.org/10.1016/S0167-9473(01)00065-2. 

URL https://www.sciencedirect.com/

8.	 Jerome H. Friedman. Multivariate Adaptive Regression Splines. The Annals of Statistics, 19(1):1 

– 67, 1991. doi: 10.1214/aos/1176347963. URL https: //doi.org/10.1214/aos/1176347963.

9.	 Mark J. van der Laan, Eric C Polley, and Alan E. Hubbard. Super learner. Statistical Applications 

in Genetics and Molecular Biology, 6(1), 2007. doi:doi:10.2202/1544-6115.1309. URL https://

doi.org/10.2202/1544-6115.1309.

10.	 Yi Lu, Daniel O. Scharfstein, Maria M. Brooks, Kevin Quach, and Edward H. Kennedy. Causal 

inference for comprehensive cohort studies, 2019. URL https://arxiv.org/abs/1910.03531.

11.	 Maria C J M Tol, Nienke W Willigenburg, Hanna C Willems et al. Postero-lateral or direct lateral 

approach for cemented hemiarthroplasty after femoral neck fracture (APOLLO): protocol for 

a multicenter randomized controlled trial with economic evaluation and natural experiment 

alongside. Acta Orthop, 93:732–738, September 2022.

12.	 Dekkers Olaf M. le Cessie Saskia Choi, Jungyeon. A comparison of di�erent methods to handle 

missing data in the context of propensity score analysis. European Journal of Epidemiology, 

34(1):23 – 36, 2019. doi: 10.1007/ s10654-018-0447-z. URL https://doi.org/10.1007/s10654-

018-0447-z.







8
Is the physical performance of patients 

in�uenced by the surgical approach of 

hemiarthroplasty after a femoral neck 

fracture?

Maria C.J.M. Tol1, Ariena J. Rasker1, Nienke W. Willigenburg1, Taco Gosens2,3, Martin J. 

Heetveld4, Martijn G.M. Schotanus5,6, J. Carel Goslings7, Rudolf W. Poolman8, Hanna C. 

Willems9, On Behalf Of The APOLLO Trial Research Group

1Department of Orthopedic surgery, Joint Research, OLVG hospital, Amsterdam, 2Department of 

Orthopedics and Trauma Surgery, ETZ, Tilburg, 3Department of Medical and Clinical Psychology, Tilburg 

University, 4Department of Trauma Surgery, Spaarne Gasthuis, Haarlem, 5Department of Orthopedic 

surgery and Traumatology, Zuyderland MC, Sittard-Geleen-Heerlen, the Netherlands, 6School of Care and 

Public Health Research Institute (CAPHRI), Faculty of Health, Medicine and Life Sciences, Maastricht, the 

Netherlands, 7Department of Trauma Surgery, OLVG Hospital, Amsterdam, 8Department of Orthopedic 

surgery, LUMC, Leiden, 9Department of Internal Medicine and Geriatrics, Amsterdam UMC, Amsterdam, 

the Netherlands

(submitted) 



154

C
h

a
p

te
r 

8

ABSTRACT 

Background: After an initial hip fracture, patients are at increased risk for recurrent falls 

and prone for additional injuries. Postoperative physical performance is a key factor 

contributing to this risk. This study investigated the in�uence of surgical approach on the 

postoperative physical performance of patients treated with a hemiarthroplasty after a 

femoral neck fracture. 

Design and methods: The study population was a subsample of a prospective nation-

wide multicentre RCT comparing the direct lateral approach (DLA) and the posterolateral 

approach (PLA) after cemented hemiarthroplasty. Variable block randomisation was used. 

The primary outcome was the physical performance using the Short Physical Perfor-

mance Battery (SPPB) at 3-4 months after surgery. Secondary outcomes were fear of fall-

ing (FoF) and emergency room (ER) visits for falls. Trial registration number: NCT04438226 

(clinicaltrials.gov). 

Results: A random sample of 70 patients (n=35 DLA and n=35 PLA) was enrolled in this 

study between 2018 and 2021. The mean SPPB score was 6.6 (SD 2.9) in DLA and 7.6 (SD 

3.0) in PLA, mean di�erence 1.06 (95%CI -2.48–0.37). In the PLA group were signi�cant 

more good performers (moderate (7-9) + high (10-12) SPPB scores) 25 out of 35 (71%) 

compared with DLA patients 17 out of 35 (49%).

Conclusion: The e�ect size of 1.06 out of 12 suggests a clinically relevant di�erence 

between the 2 surgical approaches, favoring PLA. However, the lack of statistical signi�-

cance and the study’s limitations warrant cautious interpretation and highlight the need 

for further research with a larger sample size to con�rm these �ndings. 
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INTRODUCTION 

Falling is a major problem in the older fragile people. A 3rd of this population aged 65 

years and over falls each year, and this frequency is increasing with age and frailty(1). In 

Western Europe, approximately 70% of all injury-related hospital admissions were due to 

falls(2) and hip fractures are a substantial cause of these admissions. Hip fracture patients 

are at increased risk for recurrent falls and prone for additional injuries(3), the burden is 

high for a patient and costly for society(4).

Falling is usually multifactorial, biological factors such as gait performance and balance 

are identi�ed as consistent predictors of future falls(5). After hip fracture surgery there 

is a deterioration of physical performance including the gait speed and balance. Some 

patients develop a Trendelenburg gait or a limping walking pattern after surgery(6). 

Another major factor in the risk of falling is fear of falling(7). Fear of falling is a predictor 

of important outcomes in the rehabilitation process after hip fractures. For older adults 

and frail patients it is important to stay independent (8) and therefore to stay as mobile 

as possible. 

The direct lateral approach (DLA) and the posterolateral approach (PLA) are the most 

common surgical approaches for inserting a hemiarthroplasty. With the DLA the abductor 

muscles are split and/or released which can a�ect the leg press and abduction strength of 

the hip and might be associated with abductor insu�ciency (9). In the PLA these muscles 

are preserved, however, with this approach, the piriformis is released, and the posterior 

capsule is incised, which increases the risk of dislocation. There is some literature about 

the e�ect of the surgical approach on gait in total hip arthroplasty(10). However, little is 

known about the e�ect of the surgical approach of a hemiarthroplasty for a hip fracture 

on physical performance. 

The aim of the present study was to compare the physical performance and fear of falling 

between patients with DLA and PLA of a cemented hemiarthroplasty after a hip fracture. 

METHODS

Trial design and participants

This study was a pre-planned subgroup analysis of the APOLLO trial, a nationwide mul-

ticentre randomized controlled trial (RCT)(11). The study compared the DLA and PLA 

of cemented hemiarthroplasty after a hip fracture. We previously published a detailed 

description of the study protocol(11). The protocol describes that we invited all eligible 

patients admitted to the hospitals to participate in the RCT prior to the surgery. Inclusion 

criteria for the RCT were: < 7 days after initial hip fracture, > 18 years of age. Exclusion 
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criteria were: pathological fracture, multi-trauma, and secondary surgery after failed 

internal �xation. 

For this subgroup analysis dementia (determined by physicians) was an exclusion crite-

rion. Patients were included in this subgroup analysis at 3 Dutch hospitals among the 

14 centers participating in the APOLLO Trial. 2 independent research assistants asked 

eligible patients after randomization if they wanted to participate in the extra test for this 

subgroup analysis. They recruited patients until the necessary sample size were achieved 

in both groups. Selection bias was prevented by inviting all subsequent patients who met 

the inclusion criteria. The extra tests took place during home visits. 

Interventions 

Both surgical approaches are extensively described in description of the study proto-

col(12). All prosthesis were cemented, the type and brand of the prosthesis was left to 

the surgeons’ preference. According to the local guidelines, antibiotic and thromboem-

bolic prophylaxis and wound dressing were chosen. Early weight bearing was advised 

to the patients, and there was no mandatory use of ADL aids, nor were there movement 

restrictions. Physical therapy and rehabilitation were conducted following the standard 

protocols and local guidelines. 

Outcomes

The primary outcome of this subgroup study was physical performance assessed with 

the Short Physical Performance Battery (SPPB) at 3-4 months after surgery. The SPPB 

test is a predictive tool for possible disability and monitoring of function in older fragile 

adults(12). It consists of 3 segments of testing: balance, gait speed, and strength of the 

lower extremity measured with a chair stand. Each segment has a maximum of 4 points 

and the total score has a maximum of 12 points, high scores suggest better physical per-

formance. The SPPB total score ranges from 0–12; “Very Low” (0-3), “Low” (4-6) “Moderate” 

(7-9) and “High” (10-12)(13). The groups were divided in good performers with 7 points 

or more and bad performers with 6 or less points(14). The SPPB test is listed in appendix 

I. Secondary outcomes were fear of falling (FoF) measured with the Falls E�cacy Scale 

International (FES-I) score ranging from 16, (no concern about falling) to 64 (severe con-

cern about falling). Other secondary outcomes were mobility, and complications as fall 

incidents or ER admissions due to falls reported by patients or retrieved from hospital 

charts within 6 months follow-up. 

Sample size and statistics

The sample size was calculated using a 2-sided signi�cance level (α) of 0.05 and a power 

(ß) of 80% with a standard deviation (SD) of 1.48 and a substantial meaningful change of 

1 point on the SPPB (retrieved from the study of Perera et al.)(15). A total of 70 subjects 

were needed. We analyzed the continuous outcomes using an independent samples 
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T-test when normally distributed and a Mann-Whitney U-test when not normally distrib-

uted. We used a multivariate linear regression analysis to test for potential confounding. 

Primary outcome of the SPPB were the total scores. Secondary outcomes of the SPPB 

were the separate scores of the 3 segments and the time it took to complete the 3 seg-

ments. The proportion of ‘good performers’ (i.e. score 7-12) versus ‘bad performers’ (i.e. 

score 0-6) per treatment group was compared using chi-square statistics. A value of p 

≤0.05 was considered statistically signi�cant.

Table 1. Baseline characteristics

DLA (n = 35) PLA (n = 35) P value

Sex, n (%)

Female, 22 (63) 17 (49) 0.23

Age, years (SD) 81 (7) 80 (6.2) 0.72

BMI (SD) 24.7 (3.1) 25.3 (3.9) 0.31

KATZ score (SD) 0.87 (1.6) 0.70 (1.1) 0.25

Number of descriptive medicines(SD) 7.7 (6) 7.8 (5) 0.17

Living status prior to trauma, n (%) 0.74

Independent 0 1 (3)

Independent with help 28 (80) 24 (69)

Retirement home 5 (14) 7 (20)

Nursing home 1 (3) 2 (6)

Rehabilitation nursing home, 1 (3) 1 (3)

ASA classis�cation, n (%) 0.28

I 4 (12) 1 (3)

II 16 (49) 12 (36)

III 11 (33) 17 (52)

IV 2 (6) 3 (9)

Comorbidity, n (%) 

Cardiac 12 (34) 23 (66) <0.01

Neurological 4 (11) 8 (23) 0.21

Pulmonary 10 (29) 9 (26) 0.78

Blind 0 1 (3) 0.36

Mobility prior to trauma, n (%) 0.68

No walking aids 19 (58) 22 (67)

Outdoors with one aid 4 (12) 2 (6)

Outdoors with 2 aids or frame 7 (21) 8 (24)

Some indoor mobility 2 (6) 1 (3)

No functionality of the legs 1 (2) 0
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Additional analysis 

The outcome of the primary outcome measure of the SPPB was more widely distributed 

than we had expected. To gain a better interpretation of the results, we conducted an ad-

ditional analysis based on progressive insight, in which we categorized the patients into 

“good” and “bad” performers, using an SPPB score of 7 as the cut-o� point. The proportion 

of ‘good performers’ (score 7-12) versus ‘bad performers’ (score 0-6) per treatment group 

was compared using chi-square statistics. A value of p ≤0.05 was considered statistically 

signi�cant.

Table 2. Short Physical Performance Battery (SPPB) outcomes

DLA (n = 35) PLA (n = 35) Mean di� [95%CI]

SPPB, (SD)

Total 6.6 (2.9) 7.6 (3.0) 1.1 [-2.48-0.37]

Gait speed

0 points

1 point

2 points

3 points

4 points

2

12

4

10

8

2

5

7

8

12

Chair stand test

0 points

1 point

2 points

3 points

4 points

13

10

4

7

2

7

10

6

7

4

Balance 

0 points

1 point

2 points

3 points

4 points

1

3

2

14

16

1

2

9

3

19

SPPB, median time in sec (IQR)

3 meter walking time 4.53 (3.9) 4.06 (2.4)

Longer than 10 seconds, n (%) 6 2

Not capable to perform the test, n (%) 0 1

Time missing, only points available, n (%) 11 8

5 times sit to stand 18.79 (17.1) 16.13 (5.4)

Longer than 25 seconds, n (%) 5 2

Not capable to perform test, n (%) 12 4

Time missing, only points available, n (%) 6 8
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Ethics, registration, data sharing plan, funding, and potential con-

�icts of interest

The study has been supported by the Dutch Organisation for Health Research and De-

velopment (ZonMw grant number: 8430041 12) and was registered before the start of 

inclusion at clinicaltrials.gov (NCT04438226). The local and the Medical Ethics Committee 

(METC) of OLVG hospital (number NL63378.100.17) approved the study, which is per-

formed according to the principles of the Declaration of Helsinki(16) and in accordance 

with the Medical Research Involving Human Subjects Act (WMO) and other guidelines, 

regulations and Acts. There are no con�icts of interests. 

RESULTS

All included patients of the RCT who were eligible for study entry were asked for partici-

pation between 2018 and 2021. Patients could not participate when they had dementia 

or had died within 3-4 months after surgery, so this represents the healthier part of the 

overall RCT population. In the period of 2020 until march 2021 no patients were included 

due to restrictions during the COVID pandemic. Because the above a�ected both groups 

similarly, this resulted in a ‘pseudorandom’ sample of 70 patients: 35 with DLA and 35 with 

PLA. The baseline characteristics are depicted in Table 1. Although there were slightly 

more females in de DLA (63% vs 49%; p=0.23), linear regression showed that sex was not 

a confounder. More PLA patients had a cardiac co-morbidity. All other baseline character-

istics were not di�erent between both groups. The baseline characteristics of the patients 

who were eligible for study participation but were not included in the subgroup analysis 

were comparable (Appendix II). The patients included in the SPPB test subgroup had a 

slightly higher ASA classi�cation, more were living in a retirement home, but they had 

less need for walking aids. Timing of the SPPB test was equally distributed between the 

groups, 124 days (95%CI 118.97 – 127.78) from surgery to test in DLA and 135 days in PLA 

(95%CI 114.09 – 156.09). Linear regression showed that the timing of the assessment of 

the test did not in�uence the primary outcome between the approaches. 

SPPB test

The total mean SPPB score at 3-4 months was 6.6 (SD 2.9) in the DLA group and 7.6 (SD 

3.0) in the PLA group, with a mean di�erence of 1.06 (95%CI -2.48–0.37) (table 2). When 

testing the segments’ gait, strength and balance, we found no statistically signi�cant dif-

ferences in sub-scores.

Since the time dependent measurements of the SPPB were not normally distributed, we 

analysed these variables using the Mann-Whitney U-test. The median time of gait speed 

was signi�cantly di�erent between the groups (4.53 sec (IQR 3.9) in DLA and 4.06 sec (IQR 

2.4) in PLA, P=0.035). The median time of the chair stand test did not signi�cantly di�er 

between the groups (18.79 sec (IQR 17.1) in DLA vs 16.13 sec (IQR 5.4) in PLA, P=0.265). 
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However, 12 patients in the DLA group were not able to perform the test against 4 pa-

tients in the PLA group. In the PLA group were signi�cant more good performers 25 out 

of 35 (71%) compared with DLA patients 17 out of 35 (49%).

Fear of falling and fall incidents, and mobility: 

Table 3 describes the parameters of falling. DLA patients had statistically signi�cant more 

FoF 3 months postoperative compared to PLA patients (35.87 points in DLA vs. 26.85 in 

PLA, (95%CI 2,60 – 15,46)). At 6 months there was still a trend to more FoF in DLA patients 

(34.33 points in DLA vs. 28.29 points in PLA, (95%CI -0,15 – 12,24)). 

In the 6 months follow-up 9 DLA patients (29%) had at least 1 fall incident compared with 

13 PLA patients (43%). Only 1 patient needed consultation at the ER due to this fall, this 

patient was treated with the PLA. At the �nal follow-up in 16 DLA patients (45.7%) the 

mobility was worse than prior to the trauma, compared with 11 (31.4%) patients in the 

PLA group. 

DISCUSSION 

This study with older adult fragile patients su�ering a proximal hip fracture treated with 

a hemiarthroplasty, showed a di�erence of 1 point SPPB in favor of the PLA. This was not 

statistically signi�cant, but may be clinically relevant. At 3 months postoperative we ob-

served higher fear of falling in the DLA group compared with the PLA patients, and there 

were more good performers in the PLA-compared to the DLA group.

The SPPB test consist of 3 elements to measure physical performance: gait speed, bal-

ance and strength. Over the years, the simple test of gait speed has become increasingly 

common for assessing health and functional status. In older adults, gait speed has been 

suggested as a valuable clinical indicator(17). Studenski et al. found that a lower gait 

was associated with a reduced life expectancy(18). A systematic review and experts 

surveys have concluded that gait speed consistently represents a risk factor for disability, 

Table 3. Fear of falling and fall incidence

DLA (n =32) PLA (n = 31) p-value 

FES-I score (SD)

  3 months 

  6 months 

35.87 (14.7)

34.33 (13.9)

26.85 (10.4)

28.29 (10)

<0.05

  0.06

Fall incident in 6 months

  yes, n (%) 

DLA (n =35)

9 (29)

PLA (n=35)

13 (43)   0.33

ER admission due to fall

  yes, n (%) 0 (0) 1 (3)   0.61
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institutionalization, falls, and/or mortality in community-dwelling older adults(19). Lower 

muscle strength is also a predictor for worse outcomes. A prospective study in older men 

showed higher risk of su�ering a hip fracture when they were unable to complete the 

chair stand(20). The risk of hip fractures was signi�cantly associated with the repeated 

chair stand performance(20). In the present study, we observed a slightly lower median 

gait speed in DLA, and more DLA patients were unable to perform the chair stand test. 

Compared with PLA, more DLA patients did not return to their pre-fracture mobility. 

Although this did not result in any di�erences in mortality, institutionalization, or adverse 

events in the present study population, probably due to the small sample size and the 

relatively short follow up. The present follow-up is 6 months, which is probably too short 

to detect all relevant adverse e�ect described above. 

A prospective longitudinal study of surgically treated hip fracture patients aged 60 years 

or older found that high FoF at 3 months postoperative predicted poorer functional 

outcome at 1 year postoperative. This e�ect was seen in patients with high pre fracture 

function(8, 21-23). Previous studies found that a higher FoF was also associated with 

frailty, more institutionalization and greater fall risk. In the present study we found no 

association of higher risk of falling in patients with a high FoF. 

Our �ndings align with a proposed hypothesis suggesting that patients with lower 

mobility may experience fewer falls due to limited physical activity, whereas those 

with moderate mobility engage in more movement but are simultaneously still at risk 

to falling. However, the literature presents a heterogeneous picture; while some studies 

corroborate this association(24), others do not observe a consistent relationship(25). In 

our cohort, the relatively small sample size and wide con�dence interval limit the ability 

to draw de�nitive conclusions. A strength of this study are the home visits; we made it 

easy for patients to participate with minimal e�ort. Another strength is the methodology 

of the study, it was a pre-planned sub-study, nested in an RCT. There were some limita-

tions. While we reached out to all subsequent RCT patients in 3 hospitals, we may have 

introduced selection bias because not all patients agreed to participate. Additionally, 

due to COVID, we couldn’t include patients for several months. In this subset, patients 

had less need for walking aids prior to the trauma compared with the original study 

population where this subset is obtained from. The results should be seen in this light. 

Another limitation is the sample size. Although we powered the present study on avail-

able literature, our SD was larger than previous studies on the SPPB test. Due to the high 

variation between patients within treatment groups, some of the observed di�erences 

are clinically relevant, but did not reach statistical signi�cance. With a larger sample size, 

we might be able to enhance the power of these results. With our results in mind, a new 

study should include at least 284 patients to �nd a statistical di�erence. In future studies, 

we recommend administering the SPPB test to all enrolled patients, rather than a subset, 

with standardized instructions clearly outlined in the study protocol.
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To conclude, this study focused on the e�ect of surgical approaches on outcomes that re-

�ect or predict the physical performance and fear of falling of hip fracture patients, which 

is important to stay independent. This study found a mean di�erence of 1.06 in the SPPB 

scores between the PLA and DLA surgical approach. This was not statistically signi�cant, 

but seems clinically relevant, especially in combination with other outcomes. Speci�cally, 

71% of patients in the PLA group were classi�ed as good performers compared to 49% in 

the DLA group. 

On the other hand there were mtore dislocations and reoperations after hemiarthro-

plasty in PLA patients(26). Therefore, it is di�cult to make strong recommendations for 

either surgical approach in these patients. These �ndings highlight the need for further 

investigation with a larger sample size to more accurately assess the clinical impact of the 

surgical approach on postoperative physical performance.
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ABSTRACT

Background: The two most common hemiarthroplasty surgical approaches in hip frac-

ture patients are the posterolateral and the direct lateral approach. This study aimed to 

estimate the relative cost-e�ectiveness of these two surgical approaches.

Methods: We conducted an economic evaluation alongside a randomized controlled trial 

for 6 months. The trial included 555 patients over 18 years of age with an acute femoral 

neck fracture. The e�ectiveness outcome used was quality-adjusted life years (QALYs), 

assessed using the EQ-5D-5L. Costs were measured through self-reported questionnaires 

administered at baseline, after 3 months, and after 6 months. We dealt with missing data 

through multiple imputation and analyzed the imputed datasets by comparing group 

means in costs and QALYs. We also include a secondary analysis, where we adjusted for 

baseline imbalances through linear regression.

Results: The estimated average treatment e�ect on the QALYs was 0.02 (95%CI: [-0.006, 

0.046]). From the healthcare and societal perspective, we found a non-signi�cant average 

treatment e�ect on costs of 1508 [-1744, 4760] and 1583 [-1972, 5137], respectively. The 

probability of cost-e�ectiveness was 10% at a willingness-to-pay of zero, and then slowly 

increased to around 50% for higher willingness-to-pay values. 

Conclusions: We found no conclusive evidence of any di�erences between the surgical 

approaches with respect to costs, QALYs and cost-e�ectiveness. We therefore suggest 

that, from an economic viewpoint, the two surgical approaches should be treated as 

interchangeable.

Trial registration:

The trial was registered at clinicaltrials.gov (NCT04438226). 
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INTRODUCTION

Hip fractures are common in the older population, and their incidence is expected to rise 

substantially in the coming decades (1). Given their signi�cant impact on health-related 

quality of life (HRQoL) and healthcare costs (2-4); e�ective and cost-e�ective treatment 

is essential. Hemiarthroplasty is a commonly used treatment for femoral neck fractures. 

Di�erent surgical approaches are available for performing a hemiarthroplasty and vary 

wide between surgeons. The most common approaches are the direct lateral approach 

(DLA) and the posterolateral approach (PLA)(5, 6). 

Until recently, the evidence regarding the comparative e�ectiveness of DLA versus PLA 

was derived mainly from observational studies (7, 8). A 2021 systematic review, also 

largely based on observational data, suggested that PLA may provide advantages over 

DLA with respect to HRQoL, abductor insu�ciency, and gait-related impairments (9). 

However, a subsequent meta-analysis indicated that these potential bene�ts of PLA were 

outweighed by a higher risk of dislocation and reoperation compared with both DLA and 

the direct anterior approach (10). More recently, the large multicenter randomized con-

trolled APOLLO trial found no di�erences in HRQoL, pain, activities of daily living (ADL) 

independence, or mobility between the approaches, but did report a signi�cantly higher 

rate of dislocation and reoperation after PLA (11). 

Evidence on the cost-e�ectiveness of PLA versus DLA is currently lacking, even though 

such information is crucial for healthcare decision-making. Cost-e�ectiveness analyses 

show whether health gains are achieved in proportion to the resources used, thereby in-

forming policy, reimbursement, and prioritization within constrained healthcare budgets 

(12). Even when initial treatment costs are similar, as in the case of PLA and DLA, total 

healthcare and societal costs may diverge considerably if recovery is quicker or more 

complete, reducing downstream productivity losses and healthcare use. In order to as-

sess the relative cost-e�ectiveness of PLA and DLA, we therefore present in this paper an 

economic evaluation based on the APOLLO trial (13). Our e�ectiveness outcome is the 

quality-adjusted life year (QALY), while costs are considered from both a healthcare and a 

societal perspective.

METHODS

Study design and procedures

This economic evaluation was conducted alongside a multicenter randomized controlled 

trial (RCT) with a superiority design. We recruited patients in �ve Dutch hospitals, where 

the local surgeons could perform both PLA and DLA. The trial was registered at clinical-
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trials.gov (NCT04438226) and approved by the local and the Medical Ethics Committee 

(METC) (number NL63378.100.17).

We screened all patients admitted to the recruited hospitals for eligibility and invited 

them to participate in the RCT before the surgery. Inclusion criteria were: ≥18 years, acute 

femoral neck fracture (≤7 days), cemented hemiarthroplasty as recommended treat-

ment, and written informed consent. Multi-trauma patients (Injury Severity Score >15), 

patients with secondary surgery of the hip or pathological fractures were excluded. After 

informed consent, we randomly assigned each patient to either the PLA or DLA group 

using CASTOR EDC (www.castoredc.com), with equal probabilities. Patients, surgeons, 

and other medical personnel were not blinded. For more detailed information about the 

study design, see the published protocol(13).

Interventions

Posterolateral approach (PLA)

The external rotators and piriformis are dissected in the PLA group, and a posterior cap-

sulotomy is performed. The gluteus medius and vastus lateralis muscles are preserved. 

The surgeon’s preference determined whether the piriformis was spared or reattached.

Direct lateral approach (DLA)

In the DLA group, the anterior insertion of the gluteus medius is released proximally, and 

the �bers of the vastus lateralis are divided. An anterior capsulotomy is performed while 

preserving the stronger posterior capsule. 

Measurements

The e�ectiveness outcome was the quality-adjusted life year (QALY), measured with the 

EQ-5D-5L at baseline, 3 months, and 6 months after the surgery (14). It should be noted 

that at the time of recruitment all patients had already sustained a femoral neck fracture; 

“baseline” thus does not represent the pre-fracture health state. The patients’ EQ-5D-5L 

health states were converted into utility scores ranging from -0.446 (worse than dead) to 

1 (optimal health), with a score of 0 indicating death, based on the Dutch utility tari�(15). 

QALYs were calculated as a weighted average of the reported utility scores (see appendix). 
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Figure 1: patient �owchart

 

Figure 1: patient �owchart

Resource use information was obtained by questionnaires administered after 1, 3, and 6 months 

with the following categories :

initial surgery;

follow-up surgeries due to complications;

primary healthcare use (e.g. general practitioner); 

secondary healthcare use (e.g. specialists, hospital expenses);

medication use (over-the-counter and prescription-only drugs);

unpaid productivity losses (i.e. volunteer work)

informal care (i.e. care by family members)

All resource use was valued in accordance with the Dutch Manual of Costing (16), with all costs be-

ing expressed in Euros (2021). Total costs were estimated from the healthcare perspective (only in-

cluding surgery costs, primary healthcare costs, secondary healthcare costs, and medication costs), 

and the societal perspective (including all of the cost categories listed above). 
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Sample size 

To detect a minimally clinically important di�erence (MCID) of 0.08 in the EQ-5D-5L utility 

scores (17), from which QALYs were derived, we required a sample size of 555 patients. 

Based on a two-sided signi�cance level (α) of 0.05 with 80% power, a standard deviation 

of 0.3, and a 20% loss to follow-up after 6 months (13).

Statistical analysis

Average treatment e�ects on costs and QALYs were estimated in two ways: 

Crude analysis, comparing mean costs and QALYs between both surgical approaches. 

Adjusted analysis, where we used two separate linear regressions to estimate the e�ects 

on costs and QALYs, respectively. Here, we adjusted for the baseline cost and utility mea-

surements.

Analyses were performed from the healthcare and societal perspective. We used boot-

strapping to estimate the sampling variance of all statistics of interest. 

Given that the data is entirely composed of questionnaires �lled out by elderly patients 

(or their proxies), we expected to encounter large numbers of partially missing observa-

tions. Therefore, we used multivariate imputation by chained equations (MICE) to deal 

with missing data. Imputation works by generating arti�cial values which then replace 

the missing values. We speci�cally used the predictive mean matching (PMM) method 

(18) as implemented in the mice software package (19). We imputed a total of 100 data-

sets. The imputation model included the baseline variables shown in Table 1, as well as 

all variables which enter into the calculation of the outcome variables. For each imputed 

dataset, we performed the analyses described below, after which we pooled the point 

estimates and variances using Rubin’s rules(20). Con�dence intervals were computed 

based on a normal approximation, using the estimated variances, since this approach has 

been shown to perform well in a recent simulation study(21).

Cost-e�ectiveness analysis 

The most important parameters for the cost-e�ectiveness analysis are the average 

treatment e�ects on costs and QALYs, which we estimate based on the observed data. 

These are then combined into a utility function, called the Net Monetary Bene�t (NMB), 

which informs the implementation decision: if the INB is positive, PLA is considered cost-

e�ective and should be implemented. Vice versa if the INB is negative. Incremental Cost-

E�ectiveness Ratios (ICERs) were calculated by dividing the estimated e�ect on costs by 

the estimated e�ect on the QALYs. We plotted bootstrapped cost-e�ect pairs on a cost-

e�ectiveness plane to visually inspect the uncertainty surrounding the estimates (22). 

We further provided a cost-e�ectiveness acceptability curve to illustrate the probability 

of PLA being cost-e�ective at di�erent levels of willingness-to-pay. In the Netherlands, 
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decision-makers usually apply thresholds of €20,000, €50,000 and €80,000 per QALY, 

depending on the severity of the disease (16). More detailed information is provided in 

the appendix. 

RESULTS

Between February 2018 and January 2022, 555 patients were included (272 PLA and 283 

DLA). Figure 1 shows a �owchart, adapted from Tol et al, which illustrates the �ow of 

patients through the trial (14). Patient’s baseline characteristics per treatment group are 

summarized in Table 1. Overall, the groups were well-balanced, with no stark di�erences.

Missing data and imputation

Missing observations were prevalent among the recorded data, with only 72 out of 555 

observations being complete, with respect to all variables of interest for this paper. All 

patients had age and gender baseline measurements recorded. For all other baseline 

variables, missing values were present; the highest missingness proportion here was the 

BMI score, which was missing for 24% of patients. For answers to the EQ-5D-5L question-

naire, the missingness proportions at baseline, 3 months, and 6 months after the surgery 

were 27%, 46% and 39%, respectively. For the cost questionnaires, the missingness pro-

portions at 1 month, 3 months, and 6 months after the surgery were 40%, 32% and 21%, 

respectively. Hence, all the following tables and �gures are based on imputed data.

Table 1: Baseline characteristics in APOLLO trial (SD = standard deviation)

PLA group (n = 

272)

DLA group

(n = 283)

Age (years), mean (SD) 82 (8) 82 (7)

Gender (female), % 172 (63%) 172 (61%)

Body mass index, kg/m2, mean (SD) 24.7 (4.2) 24.2 (4.1)

ASA I 4 (1.5%) 8 (2.8%)

ASA II 86 (31.6%) 107 (37.8%)

ASA III 171 (62.9%) 158 (55.8%)

ASA IV 11 (4%) 10 (3.5%)

Impaired mobility, n (%) 166 (61%) 175 (62%)

Dependent living status (e.g. nursery home) 52 (19%) 64 (23%)

Quality of life (EQ-5D utility score), mean (SD) 0.389 (0.358) 0.333 (0.366)
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Utility scores and cost variables

Table 2 shows the patients’ EQ-5D-5L utility scores, QALYs, and cost variables. For both 

treatment groups, the utility scores at 3 months and 6 months were much higher than 

at baseline, indicating that both treatments e�ectively improve the patients’ quality of 

life. The utilities and QALYs were slightly higher in the PLA group. Note, however, that the 

baseline utility was also higher in the PLA group, and the di�erences in Table 2 are not 

adjusted for that. 

There were no signi�cant di�erences in utility scores and QALYs between both surgical 

approaches in the crude analyses. The adjusted analyses are presented in Table 3 (column 

3). There were no di�erences in QALYs between PLA and DLA. Costs in all categories were 

similar in both treatment groups, with the exception of the surgery costs, which were 

signi�cantly higher in the PLA group. Total healthcare and societal costs were higher in 

the PLA group than the DLA group; however, these di�erences were non-signi�cant. 

Table 2: group means and di�erences of disaggregated outcome variables

Variable PLA group (n = 272), 

Mean (SE)

DLA group (n=283),

Mean (SE)

Di�erence [95% CI]

EQ-5D utility score – three months 0.530 (0.024) 0.482 (0.023) 0.047 [-0.019, 0.078]

EQ-5D utility score – six months 0.500 (0.024) 0.489 (0.024) 0.012 [-0.054, 0.078]

QALY 0.244 (0.009) 0.224 (0.010) 0.020 [-0.006, 0.046]

Initial surgery costs 3300 (0) 3300 (0) -

Follow-up surgery costs 895 (188) 358 (99) 537 [121, 954]

Primary health care costs (other than 

surgery)

5395 (999) 4476 (811) 920 [-1603, 3441]

Secondary health care costs 3369 (854) 3099 (881) 270 [-2135, 2676]

Medication costs 4 (1) 5 (1) -1 [-2, 1]

Unpaid productivity costs 64 (15) 57 (13) 7 [-32, 46]

Informal care costs 1799 (532) 1688 (407) 109 [-1204, 1422]

Total costs – healthcare perspective 13195 (1381) 11490 (1327) 1706 [-2166, 5458]

Total costs – societal perspective 15056 (1488) 13235 (1387) 1822 [-2109, 5753]

SE = standard error, CI = con�dence interval. 
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Cost-e�ectiveness

From both the healthcare and societal perspective, the ICERs showed that PLA was - on 

average - ‘more costly’ and ‘more e�ective’ than DLA. At willingness-to-pay thresholds of 

€20,000, €50,000, and €80,000 per QALY, the point estimates for the NMBs were negative, 

although none were statistically signi�cant (16). Figure 3 shows that, at a willingness-to-

pay of €0 per QALY, PLA had a 0.17 probability of being cost-e�ective compared with DLA. 

This means that if decision-makers are not willing to pay anything per QALY gained, the 

probability of PLA being cost-e�ective compared with DLA is only 17%. This probability 

increased with higher willingness-to-pay thresholds, but remained below 0.50 across the 

full range.

Figure 2: cost-e�ectiveness plane for unadjusted and adjusted analysis, societal perspective

Table 3: results of regression analyses (adjusted for baseline measurements)

Analysis ∆Costs [95% 

CI]

∆QALY [95% 

CI]

NMB(20000)

[95% CI]

NMB(50000) 

[95% CI]

NMB(80000) 

[95% CI]

ICER

Healthcare 

perspective

1508 [-1744, 

4760]

0.009 [-0.014, 

0.032]

-1330.28 

[-5589.68, 

2929.11]

-1064.17 

[-10588.73, 

8460.38]

-798.06 

[-15791.43, 

14195.31]

169970

Societal 

perspective

1583 [-1972, 

5137]

0.009 [-0.014, 

0.032]

-1405 [-5756, 

2945]

-1139 

[-10710.40, 

8431.72]

-873.23 

[--15899.56, 

14153.09]

178444
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DISCUSSION

The results suggest that, in the treatment of cemented hemiarthroplasty in adults suf-

fering an acute femoral neck fracture, PLA is not cost-e�ective compared with DLA. Ir-

respective of the cost-e�ectiveness threshold used, the probability of cost-e�ectiveness 

is smaller than 0.50.

We found no di�erence in HRQoL between the two approaches, which is line with the 

previously published main results of the RCT (see Tol et al (11). There were signi�cantly 

higher follow-up surgery costs in the PLA group, which can be attributed to a much 

higher rate of dislocations, which was 5.5% and 0.4%, respectively (11). In line with this 

�nding, we found PLA to be associated with higher secondary healthcare costs (e.g., 

specialists, hospital expenses, such as an emergency visit) compared with DLA; however, 

this di�erence was not signi�cant. In the Netherlands, the reduction of a dislocated hip is 

frequently performed non-surgically at the emergency room with the use of Procedural 

Sedation and Analgesia (PSA). The costs of this procedure with PSA are not clear since 

the costs are not adequately documented in Dutch hospitals. For an emergency room 

consultation, a standard fee is charged, independent of which treatments and anesthesia 

and team were needed. Therefore, in this study, the secondary healthcare costs for PLA 

may have been somewhat underestimated.

Figure 3: cost-e�ectiveness acceptability curves for both analyses, societal perspective
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A direct comparison of our results to the literature is challenging due to the lack of re-

search on the comparative costs and cost-e�ectiveness of PLA and DLA in the context of 

hemiarthroplasty. It is noteworthy that the average healthcare costs and utility scores we 

found for hip fracture patients in the Netherlands were somewhat lower than those esti-

mated in two recent studies (2, 4). These di�erences may have resulted from variations in 

methodology, patient population, and the element of chance due to the limited sample 

sizes in both the aforementioned studies and ours. The latter factor is not quanti�able 

due to the substantial uncertainty in our estimates. Therefore, we refrain from speculat-

ing about di�erences in methodology or patient population.

Strengths and limitations

This study had several strengths. To date, this is the �rst economic evaluation of a ran-

domized controlled trial comparing the two most commonly used surgical approaches 

for hemiarthroplasty for femoral neck fractures. Furthermore, this study is part of a trial 

which is the largest randomized controlled trial worldwide that addresses this subject. 

Another strength of the study is that we included patients su�ering dementia. Dementia 

is often an exclusion criteria in clinical trials, even though patients with dementia pres-

ent a substantial part of the population of patients with a hip fracture (23). We increased 

the generalizability of the results by including them. One limitation of this study is the 

substantial proportion of missing data. As a large part of the data is sourced from self-

assessments through questionnaires, the observations were partially missing for many 

patients, as is commonly the case in trial-based cost-e�ectiveness studies (24). There was 

no missing data regarding dislocations, reoperations, and admission to the ER, which 

was used for the follow-up surgery and secondary healthcare costs. We extracted these 

data from medical reports and registry data, which we reviewed 6 months after surgery. 

Although multiple imputation can mitigate the bias caused by informative missingness 

to some extent, we still encountered very large standard errors in the estimates, making 

it di�cult to draw strong conclusions from the results of our study. A further limitation 

concerns the generalizability of our �ndings, as not all eligible patients were randomized. 

Some patients chose not to participate in the trial, while others were excluded due to 

logistical challenges or time constraints. We lack detailed information on the speci�c 

reasons for non-participation, which limits our ability to con�rm that the data represents 

an unbiased sample of the target patient population. Nevertheless, a comparison with 

the Dutch Arthroplasty Register indicates that the baseline characteristics in our sample 

are comparable to those of the broader patient population. Another limitation is the 

relatively short follow-up duration of only 6 months, which restricts the ability to capture 

the longer-term e�ects of the intervention on healthcare utilization and costs (12). As 

joint replacement is expected to provide bene�ts well beyond this period, future studies 

should evaluate cost-e�ectiveness over longer follow-up, ideally combining trial-based 

data with model-based extrapolations. Please also note that the sample size calculation 

was based on an MDC value (0.08) derived from the EQ-5D-3L, as evidence for the EQ-5D-
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5L was not yet available at the study’s initiation. The EQ-5D-5L generally shows improved 

measurement properties, and more recent evidence suggests a slightly higher MID for 

improved health states (0.11); see Cheng et al (25). However, this does not a�ect our in-

terpretation, as the observed di�erence in HRQoL (0.009) was well below both thresholds.

CONCLUSION

In conclusion, we found no evidence of a di�erence in cost-e�ectiveness between PLA 

and DLA for hemiarthroplasty following acute femoral neck fractures in adult patients. 

We therefore suggest that, from an economic viewpoint, the two surgical approaches 

should be treated as interchangeable.
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APPENDIX

Calculation of QALYs

As is customary in cost-e�ectiveness analyses [22], we calculate the total QALY as a 

weighted average of the measured QoL scores. Let  be the QALY of individual ,  

the measured utility at the follow up point , with  the baseline utility. Let  the time 

that has passed at follow up point  since the beginning of the study (expressed in years), 

with . Then

In our study, patient’s quality of life scores were measured at baseline, after three months 

and �nally after six months. So the above formula reduces to

Calculation and interpretation of the cost-e�ectiveness acceptability 
curve (CEAC)

Let  and  be the expected di�erences in costs and QALYs between the two treatment 

options. Let  be the maximum price that society is willing to pay per additional QALY 

gained in exchange for that price. Then the intervention is deemed to be cost-e�ective 

if and only if . The left side of this inequality is known as the net monetary 

bene�t (NMB) and can be computed as a function of  and the mean di�erences in costs 

and QALYs.[23] 

Let  and  be the point estimates for the treatment e�ects; let  be the estimated co-

variance matrix. Then the point estimate and variance estimate of the NMB are given as 

Based on the point estimates and the estimated covariance matrix of the treatment ef-

fects, we compute the quantity 

where  is the cumulative distribution function of standard normal random variable. In 

the classical statistical paradigm,  is 1 minus the p-value for the one-sided hypothesis 

test  versus  [19]. In contemporary practise,  is often 

instead interpreted as the “probability of cost-e�ectiveness”, so . Even 

though it is often left implicit, such an interpretation is only possible under a Bayesian 

paradigm.[24] We do not prescribe either framework; the readers may interpret the esti-

mates as they wish.

Regardless of interpretation, it is customary in economic evaluations to not commit to a 

single willingness-to-pay , but to instead compute  for a range of possible values of 

 and plot the two against each other. This plot is known as the cost-e�ectiveness accept-

ability curve (CEAC).
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General discussion

E�cient management of hip fracture care is becoming increasingly critical in light of the 

projected demographic shift toward an ageing population and the consequent rise in 

healthcare demand. Hip fractures are particularly prevalent among older adults and are 

associated with signi�cant morbidity, mortality, and healthcare costs. As the proportion 

of elderly individuals increases, the absolute number of hip fractures is expected to grow 

substantially, placing additional strain on already overburdened healthcare systems. 

Optimizing care pathways—through evidence-based surgical approaches, standardized 

postoperative protocols, and e�ective rehabilitation—is essential to improve patient 

outcomes, reduce complication rates, and contain costs. Moreover, aligning treatment 

strategies with long-term functional recovery and quality of life is vital to support the 

autonomy and well-being of older adults. In this context, delivering cost-e�ective, 

high-quality care for hip fracture patients is not only a clinical imperative but also a key 

component of sustainable healthcare planning in ageing societies.

Surgical Strategies for Displaced Femoral Neck Fractures: Existing 

Knowledge

Prior to this thesis, treatment options for active older adults with displaced femoral neck 

fractures included hemiarthroplasty and total hip arthroplasty (THA). THA, which re-

places both the femoral head and acetabulum, may o�er better functional outcomes but 

carries a higher risk of dislocation. The HEALTH trial (1) found no signi�cant di�erences 

in secondary procedures or quality of life between THA and hemiarthroplasty after two 

years. Furthermore, hemiarthroplasty can be performed with cemented or uncemented 

�xation; the WHiTE trial(2) showed that cemented implants are associated with improved 

health-related quality of life and fewer peri-prosthetic fractures, making it the preferred 

option for frail elderly patients. However, evidence on the optimal surgical approach 

remained limited. The two most common approaches in the Netherlands are the direct 

lateral (DLA) and posterolateral (PLA) (3). DLA involves splitting the gluteus medius and 

vastus lateralis, which may impair abductor function but preserves the posterior capsule, 

reducing dislocation risk. PLA spares the abductors but compromises posterior stability, 

potentially increasing dislocation rates.

Surgical approaches in hemiarthroplasty: clinical Outcomes, patient experi-

ence, and costs

This thesis speci�cally addressed the question which surgical approach is most e�ective 

in hemiarthroplasty following a femoral neck fracture. Rather than focusing solely on tra-

ditional surgical outcomes such as complication or revision rates, we examined outcomes 

that are directly relevant to the patient’s lived experience. For older adults, particularly 

those facing the challenges of advanced age, preserving independence, maintaining mo-

bility, and achieving the best possible quality of life in the �nal stages of life are often 

more meaningful than purely clinical endpoints. By incorporating these patient-centered 
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outcomes, this thesis contributes to a more comprehensive understanding of surgical 

success. In doing so, it supports a shift in focus from solely technical measures toward 

outcomes that truly re�ect what matters most to patients—an essential step in designing 

sustainable, person-centered care pathways in an ageing society.

Our �ndings underscore the complexity of determining a universally superior surgical ap-

proach for hemiarthroplasty in older adults with femoral neck fractures. The results indi-

cate that this is not a binary issue; although the risk of dislocation and reoperation was in-

deed higher in patients treated via the PLA, patient-reported outcomes did not uniformly 

favor one technique over the other. Speci�cally, despite di�erences in complication rates, 

overall quality of life was comparable between groups. Moreover, no signi�cant di�er-

ences were observed in mobility, pain, independence in activities of daily living (ADL), or 

fear of falling—outcomes that are particularly relevant for this population. Interestingly, 

in a smaller subgroup of RCT participants, we did observe a clinically relevant di�erence 

in physical performance favoring DLA. However, due to the limited sample size and the 

potential for selection bias, we were unable to establish a robust causal relationship. 

These �ndings suggest that while certain surgical risks may di�er between approaches, 

these do not necessarily translate into di�erences in patient-perceived recovery or au-

tonomy. This highlights the importance of integrating both clinical and patient-centered 

outcomes when considering treatment strategies. 

Importantly, this thesis is the �rst to investigate whether one of the two commonly used 

surgical approaches—PLA or DLA—is more cost-e�ective. Our cost-e�ectiveness analysis 

revealed no signi�cant di�erences between the approaches. This suggests that from an 

economic standpoint, neither technique holds a clear advantage, further supporting the 

view that surgical decision-making should be individualized based on patient character-

istics and clinical judgment, rather than cost considerations. 

Since it shows no di�erences in patient outcomes, costs, or most clinical measures—de-

spite a higher risk of dislocation—the choice of surgical approach may be well-suited 

for shared decision-making. Although shared decision-making is a valuable goal, it re-

quires that patients are well-informed and that the surgeon is trained in both surgical 

approaches. This presents practical challenges. How e�ectively can a patient process 

complex medical information immediately after sustaining a hip fracture, particularly 

when in signi�cant pain and distress? Moreover, shared decision-making assumes the 

logistical feasibility of o�ering both options. In reality, if a surgeon is not trained in both 

approaches, this may limit the availability of choice. Should a patient then wait until a 

suitably skilled surgeon is available? Such delays may introduce new risks and disrupt the 

�ow of care within the hospital system. In essence, while the ideal of shared decision-

making in selecting a surgical approach for hemiarthroplasty promotes autonomy and 
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respect for patient preferences, there is a risk that it may overshoot its goal if these practi-

cal limitations are not acknowledged and addressed.

Dementia and clinical trials: advancing inclusive research

Another important aspect of this thesis is the deliberate inclusion of patients with 

dementia in the randomized clinical trial—a group often underrepresented in clinical 

research. Individuals with cognitive impairment constitute a substantial proportion of 

the hip fracture population, yet they are frequently excluded from clinical trials due to the 

methodological and ethical challenges their inclusion poses. These challenges include 

lower response rates to questionnaires, higher rates of missing data, and di�culties in 

assessing subjective outcomes such as quality of life or functional recovery. Indeed, our 

own study observed increased missing values among participants with dementia, under-

scoring the practical di�culties of involving this population. Nonetheless, excluding this 

vulnerable group limits the generalizability of research �ndings and risks marginalizing 

those who may have the greatest need for evidence-based care. Prior to this thesis, it 

remained unclear which proxy perspective was most appropriate for capturing patient-

reported outcomes in individuals with cognitive impairment. Through our agreement 

study (Chapter 2), we addressed this knowledge gap and provided empirical guidance on 

the use of proxy respondents in future research. We therefore strongly advocate for the 

inclusion of patients with dementia in future clinical studies on hip fractures or other con-

ditions with a high prevalence of dementia. Doing so will yield more representative and 

clinically applicable �ndings, and contribute to the development of care strategies that 

are both equitable and relevant to the full spectrum of patients a�ected by hip fractures.

Future research and recommendations 

An important question that remained insu�ciently addressed in this thesis is the e�ect of 

the surgical approach on physical performance. Although the physical performance study 

demonstrated a clinically relevant di�erence, this was not statistically signi�cant. The 

study was limited by an inadequate sample size, largely attributable to greater variability 

in outcomes than anticipated from prior literature. Moreover, the inability to perform as-

sessments over several months due to the COVID-19 pandemic introduced a potential se-

lection bias. This could potentially have been solved by conducting balance assessments 

on all patients, but we lacked the capacity and budget to implement such an approach. 

Therefore, the methodological design of the study complicated the interpretation of our 

�ndings. In hindsight, we would have preferred to make di�erent design choices, though 

these were di�cult to implement given the constraints at the time. Moreover, introduc-

ing such a balance assessment in all participants could have introduced a selection bias 

in the whole trial, because patients who are hesitant to commit to additional physical 

testing would not agree to participate. Future research supported by greater resources 

could address this question more rigorously, for instance using more sophisticated (i.e. 

biomechanical) assessments. This thesis focused on the two most commonly performed 
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surgical approaches for hip hemiarthroplasty: the direct lateral approach (DLA) and the 

posterolateral approach (PLA). At the time of study initiation, the direct anterior approach 

(DAA) was used in only approximately 3% of cases in our setting. As is often the case in 

scienti�c research, developments have since evolved, and the DAA has gained consider-

able popularity in clinical practice. Given this shift, future research should aim to compare 

the traditional approaches (DLA and PLA) with the increasingly adopted DAA, to deter-

mine whether its growing use is supported by di�erences in clinical outcomes.

Another important recommendation for future research is the long-term follow-up of 

large cohorts such as the HEALTH trial. In our own 12-year follow-up of the ARTHRO trial, 

which compared THA and hemiarthroplasty in patients with femoral neck fractures, we 

found no di�erence in long-term quality of life between the two groups. However, THA 

was associated with a higher incidence of dislocations. It is important to note that the 

sample size at follow-up was limited due to the high mortality rate inherent to this elderly 

population. A long-term analysis of a larger cohort such as the HEALTH trial could provide 

more de�nitive evidence regarding the durability and complications of THA versus hemi-

arthroplasty. Should these �ndings con�rm our results, it could have a signi�cant impact 

on clinical practice. After all, if hemiarthroplasty yields equivalent long-term quality of 

life without increased revision rates, while involving a less extensive surgical procedure, 

lower costs, and a reduced risk of dislocation—an event that can cause pain, anxiety, 

and unplanned hospital visits—then the rationale for routine use of THA becomes less 

compelling. Such evidence would support a shift toward more e�cient, value-based hip 

fracture care, better aligned with patient safety, healthcare sustainability, and resource 

optimization.

In the light of increasing healthcare costs and scarcity of health care professionals, it is 

important that we keep evaluating healthcare processes that are considered routine. The 

focus of cost-e�ectiveness research should not be limited to the evaluation of new inter-

ventions, but must also critically examine existing clinical practices. Clinical routines that 

have become habitual over decades may no longer represent best practice, particularly if 

newer evidence challenges their relevance or bene�t.

Even minor gains in health outcomes or cost savings, when applied across large patient 

populations, can yield substantial system-level improvements. Therefore, revisiting estab-

lished treatment protocols is not just a theoretical exercise—it is a practical necessity for 

creating high-value care. We must actively question whether ingrained routines remain 

justi�ed or whether they persist merely out of habit or outdated assumptions. Promoting 

meaningful, evidence-based care begins with the willingness to challenge the familiar.
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Beyond the RCT: embracing natural experiments for smarter, real-world 

research

Fortunately, in recent years there has been more focus on making healthcare more 

e�cient. But it is not only clinical healthcare that demands greater e�ciency—our ap-

proach to research must also evolve. Important in the quest to reduce research waste 

is the full utilization of patient data already being generated in routine care. Research 

waste refers to the loss of value in medical research due to poorly chosen questions, weak 

study design, non-publication, or incomplete reporting, leading to missed opportunities 

for better care. A powerful way to reduce research waste is by using the wealth of patient 

data already available in routine care. This allows us to learn much faster from treatments 

we are already providing. That is the core idea behind care evaluation: embedding re-

search into everyday healthcare, so that evaluating what we do becomes part of how we 

work. This approach improves relevance, reduces duplication, and accelerates meaning-

ful learning. Traditional clinical trial designs, while rigorous, are often time-consuming, 

expensive, and poorly suited to the fast-changing realities of healthcare. Especially in 

the context of an ageing population and limited resources, it is essential to adopt more 

pragmatic, scalable research methodologies that re�ect real-world clinical settings. In this 

thesis, we demonstrated that a natural experiment design can yield results comparable 

in reliability and causal inference to those of a traditional RCT. Crucially, natural experi-

ments can be conducted more quickly, with fewer resources, and better re�ect real-world 

clinical decision-making. This makes them particularly suitable for evaluating standard 

procedures or practices that are already embedded in clinical routines. Moreover, from 

an ethical and patient-centered perspective, natural experiments can o�er a less intrusive 

alternative. Some patients may feel discomfort or resistance when being randomly as-

signed to a treatment they would not otherwise have received. By observing the con-

sequences of routine choices already being made by clinicians, natural experiments 

preserve autonomy and can enhance participation. This thesis introduces an innovative 

step forward in clinical research methodology: the fusion of �ndings from both the 

RCT and the natural experiment. This approach represents a methodological evolution, 

combining the internal validity of the RCT with the external validity and e�ciency of the 

natural experiment. By integrating these complementary sources of evidence, we can 

enhance the robustness and applicability of study conclusions. This not only advances 

methodological thinking in this �eld but also opens the door for broader application. 

Future research can adopt and re�ne this approach of Natural Experiment (with or with-

out data fusion) across various clinical questions and study designs, especially when aim-

ing to draw causal conclusions using faster and more practical methods than an RCT. A 

trauma setting is particularly well-suited for this type of research, as treatment or hospital 

choice is typically not predetermined by the patient or surgeon, but rather in�uenced by 

the timing and location of the traumatic event.
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By incorporating Natural Experiments, researchers can produce more comprehensive 

and generalizable evidence while reducing costs, shortening timelines, and respecting 

patient preferences. As healthcare systems continue to evolve under increasing demo-

graphic and economic pressure, the way we generate knowledge must evolve accord-

ingly—and our work contributes a practical tool for that future.

Conclusion 

In conclusion, this thesis provides both clinical and methodological contributions to the 

optimization of hip fracture care and research in an ageing society. By evaluating surgi-

cal approaches not only on traditional outcomes such as complications and dislocations 

but also on patient-centered measures such as quality of life and functional recovery, we 

o�er a more comprehensive perspective on what truly matters in treatment decisions. 

Our inclusion of patients with dementia, and our work on proxy perspectives, further 

strengthen the relevance and inclusivity of our �ndings. Methodologically, we have 

shown that natural experiments—particularly when combined with RCT data through in-

novative data fusion—can provide not only e�cient and ethically acceptable alternatives 

to traditional trials, but also retain the crucial ability to draw causal inferences. Being able 

to establish causal relationships remains a cornerstone of high-quality clinical research. 

These contributions underscore the need for a more re�ective and adaptive approach 

to both care delivery and research design—one that meets the growing demands of 

healthcare while remaining centered on the needs of the patient.
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SUMMARY

Chapter 2 evaluated the agreement between self-reported health status (patient gold 

standard) and proxy assessments using the EQ-5D-5L questionnaire among orthopedic 

patients. The �ndings indicate substantial agreement between the patient self-reports 

and the proxy-patient perspectives, and moderate agreement between the patient and 

proxy-proxy perspectives for both the Utility score and Visual Analog Scale (VAS) Health. 

Notably, the Utility scores reported by patients were higher than those provided by prox-

ies, suggesting that proxies generally underestimate the patients’ self-rated health status.

This research represents the �rst empirical comparison of two proxy perspectives within 

the context of the EQ-5D-5L. A key strength of the study is its design, which mitigated 

recall bias and ensured that participants were blinded to the study’s hypothesis. All sub-

jects were orthopedic patients, re�ecting a diverse range of conditions, from sports inju-

ries to hip fractures, which may enhance the representativeness of the sample. However, 

the �ndings may not be applicable to populations with cognitive impairments, as the 

study included only mentally healthy patients. The study also contrasts its results with a 

previous study utilizing the EQ-5D-3L, which reported higher agreement levels for proxy 

assessments. The di�erence in results is attributed to the fewer response categories in the 

3L version, which potentially limits disagreement compared to the 5L version.

Interestingly, the agreement in individual domain scores supports existing literature that 

suggests proxies, particularly relatives, provide more valid assessments for less observ-

able dimensions such as anxiety and pain. Conversely, clinicians tend to assess observable 

dimensions more e�ectively. The underestimation of health status by proxies observed 

in this study aligns with previous �ndings, but the reasons for this discrepancy remain 

speculative. Factors such as proxies’ mood or personal expectations might in�uence their 

assessments.

The implications of these �ndings are signi�cant for clinical decision-making, as reliance 

on proxy perspectives could lead to misinformed treatment choices. Moreover, patient 

overestimation of health status may encourage riskier health behaviors.

In chapter 3 we investigated the factors in�uencing the implementation of surgical 

approaches for hemiarthroplasty in hip fracture management. The study concludes that 

the training, experience, and attitudes of surgeons are critical factors in determining the 

surgical approach for hemiarthroplasty. The �ndings suggest that the outcomes of the 

APOLLO trial will signi�cantly inform surgeons’ choices of surgical approach, although 

guidelines may not always be strictly adhered to unless accompanied by compelling 

evidence.
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Key themes identi�ed include the importance of broad surgical training and the in�u-

ence of personal attitudes towards technique adaptation. Respondents noted that 

while the personal situation of patients is sometimes considered in decision-making, it 

should be prioritized further, despite logistical challenges related to surgeon availability 

and experience. Stakeholders other than surgeons, like clinical geriatricians, can impact 

decision-making indirectly by highlighting the importance of patient-relevant outcomes. 

Additionally, the Patients Federation can in�uence healthcare policy, including insurance 

reimbursement decisions. Strengths of the study include its comprehensive approach, 

involving multiple stakeholder perspectives and employing a theoretical framework for 

implementation analysis. However, limitations exist, such as potential biases due to the 

speci�c involvement of surgeons in the APOLLO trial and the lack of access to trial results 

at the time of interviews.

The study recommends a hybrid e�ectiveness-implementation trial design to assess both 

clinical outcomes and the feasibility of translating �ndings into practice. A multifaceted 

approach, incorporating hands-on learning, education, and dissemination of evidence at 

conferences, is essential to enhance awareness and ultimately improve surgical practice.

Chapter 4 was the update of a 12-year follow-up of a RCT evaluates functional outcomes 

in active elderly patients aged ≥70 years with displaced femoral neck fractures treated 

with hemiarthroplasty (HA) compared to total hip arthroplasty (THA). The �ndings 

indicate no signi�cant di�erence in functional outcomes between the two procedures 

for patients in good physical and mental condition, and without hip osteoarthritis or 

rheumatoid arthritis. While there is a trend toward THA for patients with these conditions, 

conclusive evidence to support this shift was lacking at the time when the study was 

conducted. A signi�cant concern regarding HA is the potential need for revision due to 

wear of the acetabular cartilage. Despite theoretical risks, the current study reported no 

revisions in either group over the 12-year follow-up, consistent with systematic reviews 

indicating no signi�cant di�erences in revision rates between HA and THR. The patient 

population in the study evolved over the follow-up period, with a greater proportion of 

healthier, younger women, suggesting a selection bias. Notably, there were no disloca-

tions recorded in either group after 12 years, contrasting with earlier �ndings of increased 

dislocation rates in THA patients. This raises questions about the relationship between 

complications like dislocations and long-term mortality, though data on patients who 

died between follow-ups were not assessed. The study’s limitations include potential 

bias from non-blinded outcome assessments and incomplete recording of complications 

post-discharge. The sample size was a�ected by mortality, common in this age group, 

limiting the generalizability of the �ndings. In conclusion, after 12 years, HA and THA 

demonstrate comparable functional outcomes for elderly patients with displaced femoral 

neck fractures. Given the higher dislocation rates associated with THA observed in prior 
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follow-ups, the authors recommend HA as the preferred treatment for this demographic, 

provided there is no signi�cant pre-existing hip pathology. 

Chapter 5 presents our systematic review which updates the evidence regarding the two 

most common surgical approaches—direct lateral approach (DLA) and posterior lateral 

approach (PLA)—for hemiarthroplasty following femoral neck fractures, emphasizing pa-

tient-relevant outcomes. Key �ndings indicate that all included studies were rated as very 

low quality according to the GRADE criteria, raising concerns about selection bias and 

confounding factors, particularly since eleven out of twelve studies were non-random-

ized. The only randomized controlled trial (RCT) was terminated prematurely due to the 

technical challenges associated with PLA, which further compromises the reliability of its 

results. The review also highlights the importance of assessing outcomes like quality of 

life and ADL dependency, which are often overlooked in existing literature. While second-

ary outcomes suggested that the DLA group had fewer dislocations one year post-sur-

gery, this �nding is tempered by con�icting results from registry studies, which noted an 

increased risk of reoperation due to dislocation with PLA. The review also mentions that 

while some studies reported functional advantages for PLA, inconsistencies in results and 

the presence of biases across studies limit de�nitive conclusions. The strengths of this 

review include a thorough critical appraisal using GRADE and a focus on patient-centered 

outcomes, contrasting with previous reviews that covered a broader range of measures. 

Limitations include the inability to perform a meta-analysis due to study heterogeneity 

and the exclusion of some meeting abstracts, which could introduce publication bias. In 

conclusion, while PLA may be associated with fewer walking problems and lower rates of 

abductor insu�ciency, the evidence does not allow for strong causal inferences between 

the two approaches regarding their e�ects on dislocation rates, functional outcomes, and 

fall risk. Future research should prioritize rigorous randomized clinical trials that focus on 

outcomes meaningful to patients, particularly those involving cognitive impairment and 

functional independence.

Chapter 7 describes the results of the RCT alongside a NE investigating the impact of 

surgical approach on health-related quality of life (HRQoL) in adult patients undergoing 

cemented hemiarthroplasty following an acute femoral neck fracture. The research �nds 

that the surgical method—direct lateral approach (DLA) versus posterior lateral approach 

(PLA)—does not signi�cantly in�uence HRQoL, as measured by the EQ-5D-5L utility 

score, six months post-surgery. 

Secondary outcomes related to function, pain, mobility, and fall risk showed no signi�cant 

di�erences between the two groups. However, the PLA group exhibited a statistically sig-

ni�cant increase in the risk of prosthesis dislocation and reoperation due to dislocation 

(5,5% in PLA vs. 0% in DLA), which is clinically relevant.
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The study is notable for being the largest randomized controlled trial (RCT) on this topic 

to date and for its innovative use of a natural experiment (NE) design. This NE, which al-

located treatment based on geographical location and timing of the fracture, enhanced 

participant numbers and generalizability. Additionally, the inclusion of patients with 

cognitive impairments, often excluded from RCTs, further bolstered the generalizability 

of the �ndings.

However, limitations include prevalent missing data from follow-up questionnaires, 

particularly among patients with dementia, and the absence of a screening log to track 

eligible patients not randomized. The study did not assess whether the m. piriformis was 

spared or reattached, highlighting a gap in current high-level evidence regarding its 

impact.

While previous observational studies suggested a small HRQoL advantage for PLA, this 

study did not con�rm those �ndings. The increased dislocation risk associated with PLA 

raises questions about the sensitivity of the EQ-5D-5L to capture the e�ectiveness of 

orthopedic interventions. Overall, the �ndings indicate that PLA does not yield better 

HRQoL than DLA in this patient population but has a higher risk of dislocation, and the 

pseudo-randomization approach used in the NE o�ers a viable alternative to traditional 

RCT methods.

In chapter 8 we investigate the in�uence of surgical approach on the physical perfor-

mance using the Short Physical Performance Battery (SPPB) score. While no signi�cant 

di�erence was found in the (SPPB) total scores between the groups, a clinically relevant 

di�erence of 1 point favored the PLA group. Notably, a higher percentage of patients in 

the PLA group (71%) were classi�ed as good performers compared to 49% in the DLA 

group. Additionally, the DLA group exhibited signi�cantly higher fear of falling (FoF) at 

three months postoperatively. The SPPB, which assesses physical performance through 

gait speed, balance, and strength, indicated that lower gait speed and chair stand per-

formance were more common in the DLA group, which also had more patients unable 

to return to pre-fracture mobility. Despite these di�erences, there were no statistically 

signi�cant impacts on mortality, institutionalization, or adverse events, likely due to the 

small sample size and short follow-up period of six months.

Previous literature has established associations between higher FoF and poorer func-

tional outcomes, but this study did not �nd a correlation with fall risk, again poten-

tially limited by sample size. Strengths of the study include comprehensive participation 

through home visits and its foundation as a pre-planned subgroup analysis of a larger 

RCT. However, limitations include potential selection bias, reduced patient enrollment 

due to COVID-19, and a small sample size that may have a�ected the power of the study. 

In conclusion, while the study found no statistically signi�cant di�erence in postoperative 
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physical performance between PLA and DLA, the PLA group demonstrated a potential 

clinical advantage. The increased dislocation and reoperation rates in PLA complicate 

recommendations for either approach. Future research with a larger sample size is neces-

sary to better evaluate the clinical impacts of these surgical methods on postoperative 

outcomes.

In chapter 9 we presented the economic evaluation compares the cost-e�ectiveness of 

the direct lateral approach (DLA) and the posterior lateral approach (PLA) for cemented 

hemiarthroplasty in adults with acute femoral neck fractures. The results indicate that 

DLA is not cost-e�ective compared to PLA. Both surgical approaches demonstrated no 

signi�cant di�erences in quality of life outcomes, aligning with �ndings from the as-

sociated RCT. However, the PLA group incurred higher follow-up surgery costs due to a 

greater dislocation rate. Although secondary healthcare costs were also higher for PLA, 

this di�erence was not statistically signi�cant. The costs related to emergency room 

consultations and procedural sedation for managing dislocations are not clearly de�ned, 

which may lead to an underestimation of PLA costs.

Strengths of the study include its position as the �rst economic evaluation of an RCT 

addressing this topic and the inclusion of patients with dementia, enhancing generaliz-

ability. Limitations include a signi�cant amount of missing data from self-reported ques-

tionnaires, leading to uncertainty in estimates. However, comprehensive documentation 

of dislocations, reoperations, and emergency admissions reduces bias in those areas.
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DUTCH SUMMARY 

Hoofdstuk 2 beoordeelt de overeenstemming tussen zelfgerapporteerde gezondheids-

toestand (gouden standaard van de patiënt) en proxy-beoordelingen bij orthopedische 

patiënten, gebruikmakend van de EQ-5D-5L vragenlijst. De bevindingen wijzen op een 

substantiële overeenstemming tussen de zelfrapportages van patiënten en de perspec-

tieven van proxy's, en op een matige overeenstemming tussen patiënt- en proxy-proxy 

perspectieven, zowel voor de utiliteitsscore als de Visueel Analoge Schaal (VAS) Gezond-

heid. Opvallend is dat de door patiënten gerapporteerde utiliteitsscores hoger waren 

dan die van proxy's, wat suggereert dat proxy's de door patiënten zelfgerapporteerde 

gezondheid doorgaans onderschatten. Dit onderzoek is de eerste empirische vergelijking 

van twee proxy-perspectieven in de context van de EQ-5D-5L. Een belangrijk voordeel 

van de studie is het ontwerp, dat recall-bias minimaliseerde en ervoor zorgde dat deel-

nemers geblindeerd waren voor de hypothese van de studie. Alle proefpersonen waren 

orthopedische patiënten, met een breed scala aan aandoeningen, van sportblessures tot 

heupfracturen, wat de representativiteit van de steekproef kan verhogen. De resultaten 

zijn echter mogelijk niet van toepassing op populaties met cognitieve beperkingen, 

omdat de studie alleen mentaal gezonde patiënten omvatte. De studie vergelijkt ook de 

resultaten met een eerdere studie die de EQ-5D-3L gebruikte, waarin hogere overeen-

stemmingsniveaus voor proxy-beoordelingen werden gerapporteerd. Het verschil in 

resultaten wordt toegeschreven aan de beperktere antwoordcategorieën in de 3L-versie, 

wat mogelijk meningsverschillen beperkt in vergelijking met de 5L-versie.

Opmerkelijk is dat de overeenstemming in individuele domeinscores de bestaande litera-

tuur ondersteunt, die suggereert dat met name familieleden meer valide beoordelingen 

geven voor minder waarneembare dimensies zoals angst en pijn. Omgekeerd beoordelen 

clinici eerder waarneembare dimensies nauwkeuriger. De in deze studie waargenomen 

onderschatting van de gezondheidstoestand door proxy’s komt overeen met eerdere 

bevindingen, maar de redenen voor deze discrepantie blijven speculatief. Factoren zoals 

de stemming of persoonlijke verwachtingen van proxy's kunnen hun beoordelingen 

beïnvloeden.

De implicaties van deze bevindingen zijn aanzienlijk voor klinische besluitvorming, 

aangezien vertrouwen op proxy-perspectieven kan leiden tot verkeerde behandelings-

keuzes. Daarnaast kan de neiging van patiënten om hun gezondheid te overschatten 

risicovoller gezondheidsgedrag bevorderen.

In hoofdstuk 3 onderzochten we de factoren die van invloed zijn op de implementatie 

van chirurgische benaderingen voor hemiartroplastiek bij heupfracturen. De studie 

concludeert dat de opleiding, ervaring en attitudes van chirurgen cruciale factoren zijn 

bij het bepalen van de chirurgische benadering voor hemiartroplastiek. De resultaten 
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suggereren dat de uitkomsten van de APOLLO-trial een signi�cante rol zullen spelen 

in de keuze van de chirurgische benadering, hoewel richtlijnen niet altijd strikt worden 

gevolgd zonder overtuigend bewijs. Belangrijke thema's zijn onder andere het belang 

van brede chirurgische training en de invloed van persoonlijke attitudes ten aanzien van 

techniekadaptatie. Respondenten merkten op dat de persoonlijke situatie van patiënten 

soms wordt overwogen in de besluitvorming, maar dat dit meer prioriteit zou moeten 

krijgen ondanks logistieke uitdagingen zoals de beschikbaarheid en ervaring van 

chirurgen. Andere belanghebbenden, zoals klinisch geriaters, kunnen indirect invloed 

uitoefenen door het belang van patiëntrelevante uitkomsten te benadrukken. Daarnaast 

kan de Patiëntenfederatie invloed uitoefenen op het zorgbeleid, inclusief beslissingen 

over vergoedingen. Sterke punten van de studie zijn de uitgebreide benadering, waarbij 

meerdere perspectieven van belanghebbenden zijn betrokken en een theoretisch raam-

werk is toegepast voor implementatieanalyse. Beperkingen zijn onder andere mogelijke 

biases vanwege de speci�eke betrokkenheid van chirurgen bij de APOLLO-trial en het 

gebrek aan toegang tot de resultaten van de trial tijdens de interviews.

De studie beveelt een hybride e�ectiviteits-implementatie onderzoeksopzet aan om 

zowel de klinische resultaten als de uitvoerbaarheid van het vertalen van bevindingen 

naar de praktijk te beoordelen. Een veelzijdige aanpak, inclusief praktijkgerichte scholing, 

educatie en de verspreiding van bewijs op congressen, is essentieel om het bewustzijn te 

vergroten en uiteindelijk de chirurgische praktijk te verbeteren.

Hoofdstuk 4 betreft de update van een 12-jarige follow-up van een RCT waarin functio-

nele uitkomsten bij actieve oudere patiënten (≥70 jaar) met verplaatste femurhalsfractu-

ren behandeld met hemiartroplastiek (HA) werden vergeleken met totale heupartroplas-

tiek (THA). De bevindingen laten geen signi�cant verschil zien in functionele uitkomsten 

tussen de twee procedures voor patiënten in goede fysieke en mentale conditie, zonder 

heupartrose of reumatoïde artritis. Er is een trend waarneembaar naar het gebruik van to-

tale heupprothese (THP) voor patiënten met speci�eke aandoeningen, maar overtuigend 

bewijs om deze verschuiving te ondersteunen ontbrak op het moment van de studie. Een 

belangrijk aandachtspunt bij hemiarthroplastiek (HA) is de potentiële noodzaak voor re-

visie als gevolg van slijtage van het acetabulaire kraakbeen. Ondanks theoretische risico's 

rapporteerde de huidige studie geen revisies in beide groepen gedurende de 12-jarige 

follow-up, wat consistent is met systematische reviews die geen signi�cante verschillen 

in revisiepercentages tussen HA en THP aantoonden. De patiëntenpopulatie evolueerde 

tijdens de follow-up, met een toename van jongere, gezondere vrouwen, wat op een 

selectiebias kan wijzen. Opmerkelijk is dat er na 12 jaar geen dislocaties zijn geregistreerd 

in beide groepen, in contrast met eerdere bevindingen die een verhoogd dislocatierisico 

voor THP-patiënten rapporteerden. Dit roept vragen op over de relatie tussen compli-

caties, zoals dislocaties, en lange termijn mortaliteit, hoewel gegevens over overleden 

patiënten tussen follow-upmomenten niet zijn beoordeeld. Beperkingen van de studie 
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zijn onder meer mogelijke bias door niet-geblindeerde uitkomstbeoordelingen en onvol-

ledige registratie van complicaties na ontslag. De steekproefgrootte werd beïnvloed door 

mortaliteit, wat gebruikelijk is bij deze leeftijdsgroep, en beperkt de generaliseerbaarheid 

van de bevindingen. Concluderend tonen HA en THP na 12 jaar vergelijkbare functionele 

uitkomsten voor ouderen met dislocaties van de femurhals. Gezien het hogere dislocatie-

risico bij THP, zoals waargenomen in eerdere follow-ups, bevelen de auteurs HA aan als 

de voorkeurstherapie voor deze demogra�e, mits er geen signi�cante vooraf bestaande 

heupziekte is.

Hoofdstuk 5: In dit hoofdstuk wordt ons systematisch literatuuronderzoek gepresen-

teerd waarin het bewijs wordt geactualiseerd over de twee meest gebruikte chirurgische 

benaderingen—de directe laterale benadering (DLA) en de posterolaterale benadering 

(PLA)—voor hemiarthroplastiek bij femurhalsfracturen, met een nadruk op patiëntrele-

vante uitkomsten. Belangrijke bevindingen tonen aan dat alle geïncludeerde studies vol-

gens de GRADE-criteria als zeer laag werden beoordeeld, wat bezorgdheid opwerpt over 

selectiebias en confounders, aangezien elf van de twaalf studies niet-gerandomiseerd 

waren. De enige gerandomiseerde gecontroleerde trial (RCT) werd vroegtijdig stopge-

zet vanwege technische uitdagingen geassocieerd met PLA, wat de betrouwbaarheid 

van de resultaten verder ondermijnt. Het onderzoek benadrukt ook het belang van het 

beoordelen van uitkomsten zoals kwaliteit van leven en afhankelijkheid in ADL, die vaak 

over het hoofd worden gezien in de bestaande literatuur. Hoewel secundaire uitkomsten 

suggereren dat de DLA-groep minder dislocaties had na één jaar, wordt deze bevinding 

getemperd door tegenstrijdige resultaten van registerstudies, die een verhoogd risico op 

reoperatie wegens dislocatie bij PLA rapporteerden. De beoordeling noemt dat, hoewel 

sommige studies functionele voordelen voor PLA meldden, inconsistenties en biases be-

perkingen opleveren voor de�nitieve conclusies. De sterke punten van deze review om-

vatten een grondige kritische beoordeling met GRADE en een focus op patiëntgerichte 

uitkomsten, in tegenstelling tot eerdere reviews die een breder scala aan metingen dek-

ken. Beperkingen zijn onder meer de onmogelijkheid om een meta-analyse uit te voeren 

vanwege heterogeniteit tussen studies en de uitsluiting van sommige congresabstracts, 

wat publicatiebias kan introduceren. Concluderend kan PLA geassocieerd worden met 

minder loopproblemen en lagere percentages abductortekort, maar het bewijs staat 

geen sterke causale inferenties toe tussen de twee benaderingen met betrekking tot 

dislocaties, functionele uitkomsten, en valrisico. Toekomstig onderzoek moet zich richten 

op robuuste gerandomiseerde klinische trials met focus op uitkomsten die belangrijk 

zijn voor patiënten, met name voor patiënten met cognitieve stoornissen en functionele 

onafhankelijkheid.

Hoofdstuk 7: In dit hoofdstuk worden de resultaten van de RCT beschreven, samen met 

een natuurlijke experiment (NE) dat de invloed van de chirurgische benadering op de 

kwaliteit van leven gerelateerd aan gezondheid (HRQoL) bij volwassen patiënten on-
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dezoekt na gecementeerde hemiarthroplastiek bij een acute femurhalsfractuur. Uit het 

onderzoek blijkt dat de chirurgische methode—directe laterale benadering (DLA) versus 

posterolaterale benadering (PLA)—geen signi�cante invloed heeft op HRQoL, gemeten 

aan de hand van de EQ-5D-5L utility score, zes maanden na de operatie. Secundaire uit-

komsten met betrekking tot functie, pijn, mobiliteit en valrisico vertoonden geen signi�-

cante verschillen tussen de twee groepen. De PLA-groep vertoonde echter een statistisch 

signi�cant verhoogd risico op prothesedislocatie en reoperatie vanwege dislocatie (5,5% 

bij PLA vs. 0% bij DLA), wat klinisch relevant is. Het onderzoek is opvallend omdat het de 

grootste RCT op dit gebied is en vanwege het innovatieve gebruik van een NE-ontwerp. 

Dit NE, dat behandeling toekende op basis van geogra�sche locatie en tijdstip van de 

fractuur, vergrootte het aantal deelnemers en de generaliseerbaarheid. Daarnaast ver-

sterkte de inclusie van patiënten met cognitieve stoornissen, vaak uitgesloten van RCT's, 

de generaliseerbaarheid van de bevindingen. Beperkingen omvatten ontbrekende ge-

gevens uit follow-up vragenlijsten, vooral bij patiënten met dementie, en het ontbreken 

van een screeningslog om in aanmerking komende niet-gerandomiseerde patiënten bij 

te houden. De studie onderzocht niet of de m. piriformis gespaard of opnieuw bevestigd 

werd, wat een leemte vormt in het huidige hoogstaande bewijs met betrekking tot de 

impact hiervan. Eerdere observationele studies suggereerden een klein HRQoL-voordeel 

voor PLA, maar deze studie bevestigde die bevindingen niet. Het verhoogde dislocatie-

risico bij PLA roept vragen op over de gevoeligheid van de EQ-5D-5L om de e�ectiviteit 

van orthopedische interventies te meten. Samenvattend geven de bevindingen aan dat 

PLA geen betere HRQoL oplevert dan DLA in deze patiëntenpopulatie maar een hoger 

risico op dislocatie heeft, en de pseudo-randomisatiemethode gebruikt in de NE biedt 

een levensvatbaar alternatief voor traditionele RCT-methoden.

Hoofdstuk 8: In dit hoofdstuk wordt onderzocht hoe de chirurgische benadering de 

fysieke prestaties beïnvloedt, beoordeeld met de Short Physical Performance Battery 

(SPPB)-score. Hoewel er geen signi�cant verschil werd gevonden in de totale SPPB-scores 

tussen de groepen, was er een klinisch relevant verschil van 1 punt in het voordeel van 

de PLA-groep. Opmerkelijk was dat een hoger percentage patiënten in de PLA-groep 

(71%) werd geclassi�ceerd als goede performers vergeleken met 49% in de DLA-groep. 

Daarnaast vertoonde de DLA-groep een signi�cant hogere angst voor vallen (FoF) drie 

maanden postoperatief. De SPPB, die fysieke prestaties beoordeelt door loopsnelheid, 

balans en kracht, toonde aan dat lagere loopsnelheid en stoel-opstaan-prestaties vaker 

voorkwamen in de DLA-groep, die ook meer patiënten omvatte die niet konden terug-

keren naar pre-fractuurmobiliteit. Ondanks deze verschillen waren er geen statistisch 

signi�cante e�ecten op mortaliteit, institutionalisering of bijwerkingen, waarschijnlijk 

door de kleine steekproefgrootte en de korte follow-up periode van zes maanden. 

Eerdere literatuur heeft verbanden aangetoond tussen een hogere angst voor vallen 

(FoF) en slechtere functionele uitkomsten, maar deze studie vond geen correlatie met 

valrisico, wat mogelijk te wijten is aan de beperkte steekproefgrootte. Sterke punten 
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van de studie zijn onder andere de uitgebreide participatie door huisbezoeken en de 

opzet als een vooraf geplande subgroepanalyse van een grotere RCT. Beperkingen zijn 

echter onder meer een mogelijke selectiebias, verminderde inclusie van patiënten als 

gevolg van COVID-19 en een kleine steekproefgrootte, wat de kracht van de studie kan 

hebben beïnvloed. Concluderend vond de studie geen statistisch signi�cant verschil in 

postoperatieve fysieke prestaties tussen PLA en DLA, maar de PLA-groep toonde een 

mogelijk klinisch voordeel. De verhoogde dislocatie- en reoperatiepercentages bij PLA 

bemoeilijken aanbevelingen voor een van beide benaderingen. Toekomstig onderzoek 

met een grotere steekproefomvang is noodzakelijk om de klinische e�ecten van deze 

chirurgische methoden op postoperatieve uitkomsten beter te kunnen beoordelen.

In hoofdstuk 9 hebben we de economische evaluatie gepresenteerd waarin de kosten-

e�ectiviteit van de directe laterale benadering (DLA) en de posterolaterale benadering 

(PLA) voor gecementeerde hemiarthroplastiek bij volwassenen met acute femurhals-

fracturen wordt vergeleken. De resultaten wijzen uit dat DLA niet kostene�ectief is 

in vergelijking met PLA. Beide chirurgische benaderingen toonden geen signi�cante 

verschillen in kwaliteit van leven, in lijn met de bevindingen van de bijbehorende RCT. De 

PLA-groep maakte echter hogere kosten voor vervolgoperaties door een verhoogd dis-

locatierisico. Hoewel de secundaire gezondheidszorgkosten voor PLA ook hoger waren, 

was dit verschil niet statistisch signi�cant. De kosten met betrekking tot spoedeisende 

hulpconsultaties en procedurele sedatie voor het behandelen van dislocaties zijn niet 

duidelijk gede�nieerd, wat kan leiden tot een onderschatting van de kosten van PLA.

Sterke punten van deze studie zijn onder meer dat het de eerste economische evalu-

atie is van een RCT die dit onderwerp behandelt en dat patiënten met dementie zijn 

opgenomen, wat de generaliseerbaarheid vergroot. Beperkingen zijn een aanzienlijke 

hoeveelheid ontbrekende gegevens uit zelfgerapporteerde vragenlijsten, wat leidt tot 

onzekerheid in de schattingen. Echter, een uitgebreide documentatie van dislocaties, 

reoperaties en spoedopnames vermindert bias in deze gebieden.
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or Direct Lateral (APOLLO trial) 

2017

2022

Awards and Prizes

-	 Dr. Keeman Award, Best Publication of 2024, OLVG 2025 – Won (€3.000,-) 

-	� Science and Innovation Award, Dutch Federation of Medical Specialists 2025 – 

Nominated

2025 

2025

2. Teaching 

Year ECTC

Lecturing

-	 Orthopedic course for Theatre nurses 

-	 Orthopedic course for summa master students UMCU

2021, 2022 

2025 

2023

 

1.5

1.5

Tutoring, Mentoring

-	 Mentoring residents not in training 

-	 Tutor research internship master in medicine of Jurrian Kuipers

2020-2025

2018

1

1.5
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4. Publications

Year

Peer reviewed

J.L. Esser, M.C.J.M. Tol, J.M. van Dongen,, N.W. Willigenburg, T. Gosens, H.C. Willems, M.J. 

Heetveld, R.W. Poolman. Cost-e�ectiveness of Posterolateral versus Direct Lateral Ap-

proach of Hemiarthroplasty after Femoral Neck Fracture: a randomised controlled trial. 

Acta Orthop. 2025 Dec 18:96:914-919. doi:10.2340/17453674.2025.45056.

Maria C.J.M. Tol; Nienke W. Willigenburg; Hanna C. Willems; Taco Gosens; Ariena Rasker; 

Martin J. Heetveld; Martijn G.M. Schotanus; Johanna M van Dongen; B. Eggen; M. Kor-

mos; S.L. van der Pas; A.W. van der Vaart; Rudolf W. Poolman; on behalf of the APOLLO 

research group. Posterolateral or Direct Lateral Surgical Approach for Hemiarthroplas-

ty After a Hip Fracture - A Randomized Clinical Trial Alongside a Natural Experiment. 

JAMA Netw Open. 2024;7(1):e2350765. doi:10.1001/jamanetworkopen.2023.50765

Maria C.J.M. Tol; Nienke W. Willigenburg; Hanna C. Willems; Taco Gosens; Ariena Rasker; 

Martin J. Heetveld; Martijn G.M. Schotanus; Johanna M van Dongen; B. Eggen; M. Kor-

mos; S.L. van der Pas; A.W. van der Vaart; Rudolf W. Poolman; on behalf of the APOLLO 

research group. Posterolateral or Direct Lateral approach of cemented Hemiarthro-

plasty after Femoral Neck Fracture (APOLLO): protocol for a multicenter Randomized 

Controlled Trial with economic evaluation and Natural Experiment alongside. 

Acta Orthop. 2022 Sep 12:93:732-738. 

doi: 10.2340/17453674.2022.4547.

M.C.J.M. Tol, J.P. Kuipers, N.W. Willigenburg, H.C. Willems, R.W. Poolman, Level of 

agreement between the self-completed EQ-5D-5L and two proxy perspectives in an 

orthopaedic population, A Randomised agreement study. 

Health Qual Life Outcomes. 2021 Jan 27;19(1):35

doi: 10.1186/s12955-021-01679-y.

M.C.J.M. Tol, T. Gosens, H.C. Willems, M.J. Heetveld, R.W. Poolman. Surgical Approach 

of Hemiarthroplasty after Femoral Neck Fracture: Posterolateral or Direct Lateral, a 

Systematic Review. 

Hip Int. 2021 Mar;31(2):154-165. 

doi: 10.1177/1120700020931766.

M.C.J.M. Tol, M.P.J. van den Bekerom, I.N. Sierevelt, E.F. Hilverdink, E.L.F.B. Raaymakers, 

J.C. Goslings. Hemiarthroplasty or Total Hip Arthroplasty for Femoral Neck Fractures: 

12-year Follow-up of Randomised Trial. 

Bone Joint J. 2017 Feb;99-B(2):250-254

doi: 10.1302/0301-620X.99B2.BJJ-2016-0479.R1.

K. Treskes, S.C. Voeten* M.C.J.M. Tol*, W.P. Zuidema, J. Vermeulen, J.C. Goslings, 

N.W.L Schep; on behalvf of Study group on certi�cation of trauma proximal femoral 

fractures. Trauma surgery by general surgeons: Still an option for proximal femoral 

fractures? (*equally contributed to this article) 

Injury. 2017 Feb;48(2):339-344

doi: 10.1016/j.injury.2016.11.020.

2025

2024

2022

2021

2021

2017

2017
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surgery outcomes, re�ected an early commitment to 

evidence-based surgical care. Concurrently, she began 
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the Academic Medical Center, laying the foundation 

for her PhD trajectory.

In 2017, Mathilde formally commenced her PhD at the Department of Orthopaedics at 

OLVG in Amsterdam, under the supervision of Prof. Dr. R.W. Poolman and Prof. Dr. J.C. 

Goslings. Her doctoral research focused on surgical approaches for hemiarthroplasty fol-

lowing femoral neck fractures, culminating in the APOLLO trial. Her work contributed to 

international literature and has been presented at numerous national and international 

conferences, including the Orthopaedic Trauma Association (OTA), EFORT, and the Ameri-

can Academy of Orthopaedic Surgeons (AAOS).

In parallel with her academic work, Mathilde pursued her residency in Orthopaedic 

surgery within the ROGO Midden-West training program, with clinical rotations at OLVG 

Amsterdam, UMC Utrecht, and the St. Antonius Hospital. She is expected to complete 

this residency in July 2026. She received multiple grants, including two ZonMw research 

awards, and was nominated for the Federation of Medical Specialists Science and Innova-

tion Prize in 2025 and won the Dr. Keeman Publication Award.

Following the completion of her residency, Mathilde will further specialize in lower limb 

surgery. In 2026, she will begin a combined clinical and research fellowship in lower 

limb sports knee surgery in Perth, Australia. This fellowship will allow her to deepen her 

expertise in complex knee pathology and sports-related procedures, while continuing to 

contribute to scienti�c research in Orthopaedics. Mathilde lives in Amsterdam with her 

partner, Jetse, and their son, Karel. 
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