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Background and aims 

Fast-track protocols have improved outcomes following hip and knee 

arthroplasty by reducing length of hospital stay (LOS), postoperative 

complications, and overall healthcare costs. Discharging patients on day of 

surgery has emerged as a key objective, reflecting the full potential of enhanced 

recovery pathways. Although selective use of day-case surgery in individual 

centres have been shown feasible, the use of day-case surgery on national 

level is low. The aim of this thesis was therefore to investigate whether 

discharge on day of surgery following hip and knee arthroplasty could be 

implemented in a multicentre, public healthcare setting among patients meeting 

clearly defined eligibility criteria. The thesis sought to assess the influence of 

procedure type in relation to day-case surgery, factors preventing day-case 

surgery among eligible patients, patient satisfaction and the safety of 

discharging patients on day of surgery.  

   

Methods 

This thesis is based on a prospective, consecutive multicentre cohort conducted 

within the “Centre for Fast-track Hip and Knee Replacement”, a nationwide 

collaboration involving 8 publicly funded arthroplasty centres across all 5 

regions in Denmark.  

Study 1 investigated the implementation of discharge on the day of surgery after 

primary hip and knee arthroplasty during the first 6-months after clinical 

adoption of the fast-track protocol. Study 2 investigated the association between 

surgical procedure type and successful day-case surgery, and further examined 

causes of not being discharged on day of surgery when eligible and scheduled 

for day-case THA, TKA and mUKA. Study 3 assessed patients’ willingness to 

repeat discharge on day of surgery if they were to have a future hip or knee 

arthroplasty procedure. Study 4 investigated patient safety, defined as in-

hospital complications, early readmissions, mortality and days alive and at 

home (DAH) after day-case and non day-case hip and knee arthroplasty. 

 

02 English summary 
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Results 

During the implementation period, we found 37% (CI 35–39) of the patients to 

be eligible for discharge on day of surgery, of whom 52% were discharged on 

day of surgery. Overall, 21% (CI 20–23) of all patients (eligible and non-eligible) 

were discharged on day of surgery, compared to 6% in the control period prior 

to implementation (2019). Centre-level variation was evident during the 

implementation period.  

When stratified by procedure type, eligibility rates were 34% (CI 34-36) for both 

THA and TKA patients, and 52% (CI 49-55) for mUKA patients. Surgery before 

1 p.m. was achieved in 85% of eligible patients with day-case success rates of 

59% (CI 55-62) for THA, 61% (57-65) for TKA, and 72% (CI 68-76) for mUKA. 

Primary causes for day-case failure were mobilisation issues, prolonged spinal 

anaesthesia and postoperative nausea and vomiting (PONV). 

90% (CI 88-91) of patients discharged on day of surgery expressed willingness 

to repeat day-case surgery if having a future joint arthroplasty. This willingness 

was consistent across procedure types (THA, TKA, and mUKA). 

Readmission rates were 0.7% (CI 0.5–1.1) within 48 hours and 1.9% within 30 

days (CI 1.5–2.5) for day-case patients, and 0.5% (CI 0.3–0.6) and 5.3% (CI 

4.8–5.8) for non-day-case patients within 48 hours and 30 days, respectively. 

No patients died within 48 hours, and overall 30-day mortality was 0.08% 

(n=10), with no deaths among day-case patients. The median DAH30 was 30 

(range 0-30) for day-case patients and 29 (0-30) for non day-case patients. 

 

Conclusions 

This thesis demonstrates, that discharging patients on day of surgery after hip 

and knee arthroplasty can be safely implemented in a multicentre, publicly 

funded healthcare system. Overall, 21% of patients were discharged on day of 

surgery during the implementation period. Eligibility and success rates for day-

case surgery were comparable between THA and TKA patients, while higher 

rates were seen for mUKA patients. Day-case failure among eligible patients 

was mainly due to mobilisation issues, prolonged spinal anaesthesia, and 

PONV. 90% of patients reported willingness to repeat discharge on day of 

surgery, indicating high satisfaction. Safety outcomes were favourable, with low 

rates of in-hospital complications, early readmissions, and mortality. 

 

This thesis further illustrates how research can guide and support the 

implementation of patient pathways in clinical practice through a data-driven 



 

 

 

13 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

process, enabling continuous evaluation of its clinical soundness, safety, and 

sustainability. 
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Baggrund og formål 

Fast-track protokoller har haft en positiv indflydelse på behandlingen af 

patienter med hofte- og knæalloplastikker ved at forkorte indlæggelsestiden, 

reducere postoperative komplikationer og mindske de samlede 

sundhedsudgifter. Udskrivning på selve operationsdagen er nu blevet et centralt 

mål, der afspejler det fulde potentiale af de optimerede behandlingsforløb. 

Enkelte sygehuse har vist, at det er muligt at udskrive selektive patienter på 

operationsdagen. På trods af dette er udbredelsen af udskrivelse på 

operationsdagen på landsplan fortsat meget begrænset. Denne afhandling 

havde derfor til formål at undersøge, om udskrivelse på operationsdagen efter 

total hofte- eller knæalloplastik kunne gennemføres i et multicenter-samarbejde 

på tværs af flere offentlige ortopædkirurgiske afdelinger blandt patienter, der 

opfylder klart definerede kriterier. Vi ønskede at vurdere betydningen af det 

operative indgreb i forhold til mulig dagkirurgi samt at se på mulige faktorers 

indflydelse på, hvorfor man ikke kunne komme hjem på operationsdagen, på 

trods af at man var egnet til det. Dertil ville vi se på patient tilfredsheden ved 

udskrivelse på operationsdagen samt sikkerheden herved.   

 

Metode  

Denne afhandling er baseret på et prospektivt, konsekutivt 

multicenterkohortestudie gennemført ved ”Centre for Fast-track Hip and Knee 

Replacement”, et landsdækkende samarbejde mellem otte ortopædkirurgiske 

afdelinger på offentlige sygehuse i alle fem regioner i Danmark. 

Studie 1 undersøgte implementeringen af udskrivning på operationsdagen efter 

primær hofte- og knæalloplastik i de første seks måneder efter den kliniske 

indførelse af den fælles protokol for sammedagskirurgi på de 8 afdelinger.  

Studie 2 undersøgte sammenhængen mellem operationstype og udskrivelse på 

operationsdagen samt årsagerne til, at patienter ikke blev udskrevet samme 

03 Dansk resumé 
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dag, på trods af at de var egnede og planlagt til sammedagskirurgisk THA, TKA 

eller mUKA. 

Studie 3 vurderede patienternes villighed til at gentage udskrivning på 

operationsdagen, hvis de i fremtiden skulle have en ny hofte- eller 

knæalloplastikoperation. Studie 4 undersøgte patientsikkerheden ved 

sammedagskirurgi, defineret som komplikationer under den initiale 

hospitalsindlæggelse, tidlig genindlæggelse, dødelighed samt ”dage i live og 

værende hjemme” (DAH) blandt patienter, der blev udskrevet på 

operationsdagen, sammenlignet med patienter, der først blev udskrevet senere 

efter hofte- og knæalloplastik.  

Resultater 

Vi fandt, at 37% (CI 35–39) af patienterne var egnede til udskrivelse på 

operationsdagen i selve implementeringsperioden, hvoraf 52% af disse 

patienter faktisk blev udskrevet på operationsdagen. Samlet set blev 21% (CI 

20–23) af alle patienter (både egnede og ikke-egnede) udskrevet på 

operationsdagen, sammenlignet med 6% i kontrolperioden før selve 

implementeringen (2019). Der var tydelige forskelle mellem afdelingerne. Ser vi 

på fordelingen inden for de forskellige operationstyper, fandt vi, at andelen af 

egnede patienter var 34 % (CI 34–36) for både THA- og TKA-patienter og 52 % 

(CI 49–55) for mUKA-patienter. Operation inden kl. 13 blev gennemført hos 

85% af de egnede patienter. Succesraten for udskrivelse på operationsdagen 

var 59 % (CI 55–62) for THA, 61 % (CI 57–65) for TKA og 72 % (CI 68–76) for 

mUKA. De hyppigste årsager til, at udskrivelse på operationsdagen ikke kunne 

gennemføres var mobiliseringsproblemer, forlænget virkning af spinalanæstesi 

samt postoperativ kvalme og opkastning. 

90% (CI 88–91) af patienter udskrevet på operationsdagen var villige til at 

gennemgå dagkirurgi igen ved en fremtidig alloplastik operation. Dette var ens 

højt blandt alle tre operationstyper.   

Genindlæggelsesraten blandt sammedagskirurgiske patienter var 0.7% (CI 0.5–

1.1) inden for 48 timer og 1.9% (CI 1,5–2,5) inden for 30 dage, mens tallene for 

ikke-sammedagskirurgiske patienter var henholdsvis 0.5% (CI 0.3–0.6) og 5.3% 

(CI 4.8–5.8). Ingen patienter døde inden for 48 timer, og den samlede 30-dages 

mortalitet var 0,08% (n=10). Ingen sammedagskirurgiske patienter døde inden 

for 30 dage efter operationen.  Median DAH30 var 30 (interval 0–30) for 

sammedagskirurgiske patienter og 29 (0–30) for ikke-sammedagskirurgiske 

patienter. 
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Konklusion 

Baseret på resultater fra denne afhandling er det rimeligt at konkludere, at det 

var sikkert at indføre udskrivelse på operationsdagen efter hofte og 

knæalloplastik i en offentligt finansieret sundhedssektor. 21% af patienterne 

blev udskrevet på operationsdagen i implementeringsperioden.  

Andelen af patienter, som blev vurderet egnet til udskrivelse på 

operationsdagen, samt andelen af sammedagskirurgiske patienter var ens for 

THA og TKA patienter, mens højere rater blev observeret blandt mUKA 

patienter.  

De primære årsager til, at patienter ikke blev udskrevet på operationsdagen, var 

mobiliseringsproblemer, forlænget spinalanæstesi samt postoperativ kvalme og 

opkastning. 90 % af de sammedagskirurgiske patienter angav villighed til at 

gentage udskrivelse på operationsdagen, hvilket indikerer en høj grad af 

tilfredshed. Derudover var forekomsten af komplikationer under indlæggelsen, 

tidlige genindlæggelser og mortalitet lav, hvilket understøtter sikkerheden ved 

dette behandlingssetup. 

 

Denne afhandling illustrerer, hvordan forskning kan vejlede og understøtte 

implementeringen af patientforløb i klinisk praksis gennem en datadrevet 

proces, som muliggør en kontinuerlig evaluering af dens kliniske validitet og 

sikkerhed.  
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Epidemiology of hip and knee arthroplasties  

Hip and knee arthroplasties are among the most frequently performed surgical 

procedures worldwide [1, 2]. In 2023, 14,685 primary total hip arthroplasties [3] 

and 14,878 primary knee arthroplasties [4] were registered in the national 

database in Denmark. The primary indication for these operations is 

osteoarthritis, a degenerative joint disorder characterised by progressive 

cartilage deterioration, subchondral bone alterations, synovial inflammation, and 

joint stiffness [5-6]. Clinically, osteoarthritis manifests as chronic pain, reduced 

mobility, impaired physical function, and diminished quality of life [7]. For many 

patients with osteoarthritis, the most effective treatment is often surgical 

intervention in the form of total hip arthroplasty (THA), total knee arthroplasty 

(TKA), or unicompartmental knee arthroplasty (UKA) [8,9]. In recent years, the 

number of these procedures has increased markedly, both in Denmark and 

globally. This trend is largely driven by an ageing population, the rising 

prevalence of obesity, and increasing patient expectations regarding physical 

function and quality of life with increasing age [10-13].  

 

Historical context of hip and knee arthroplasties 

Following the introduction of modern total hip and knee arthroplasty by Sir John 

Charnley in the early 1960s, postoperative hospitalisation typically lasted 

several weeks. Initially, the conservative medical approach emphasised 

prolonged bed rest, restricted mobilisation, and reliance predominantly on 

opioid analgesics due to concerns about implant stability, infection, and 

thromboembolic events [14-15]. Early-generation prostheses and cementing 

techniques were less refined, often leading to complications such as implant 

loosening, infection, and deep vein thrombosis. These risks necessitated 

extensive inpatient care and vigilant postoperative monitoring.                                                                                      

In the 1980s and 1990s, technological and methodological advances 

significantly transformed surgical practices. Improvements in prosthetic 

materials, such as highly cross-linked polyethylene and ceramic-on-ceramic 

bearings, enhanced implant durability and reduced wear [16-20]. Surgical 

techniques shifted from traditional open approaches to minimally invasive 

04 Introduction 
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procedures, decreasing tissue trauma, reducing blood loss, and facilitating early 

mobilisation [21-22].                                                                                                             

Parallel developments in anaesthesia, particularly regional anaesthetic 

techniques like spinal and epidural anaesthesia, improved patient comfort and 

reduced postoperative pain and nausea. The widespread adoption of 

multimodal analgesia, which combines systemic analgesics, local infiltration 

analgesia, and non-opioid medications [23-24], markedly enhanced pain 

management and patient satisfaction. These advancements collectively laid the 

foundation for modern fast-track protocols and enabled the progression towards 

outpatient or day-case surgical pathways [25]. 

 

Fast-track surgery: A paradigm shift 

A significant paradigm shift occurred with the introduction of fast-track surgery 

or Enhanced Recovery After Surgery (ERAS) in the late 1990s and early 2000s. 

Fast-track surgery represents a holistic approach designed to optimise every 

aspect of the pre-, para- and postoperative process. Key elements include 

multimodal pain management, early mobilisation, comprehensive preoperative 

patient education, optimised fluid and nutritional balance, and individualised 

patient care [26-28]. 

Implementation of the fast-track approach quickly demonstrated efficacy in 

numerous clinical studies and systematic reviews, demonstrating reduced 

hospital stay durations, significantly lower postoperative complication rates, 

quicker physical rehabilitation, increased patient satisfaction, and substantial 

economic benefits to healthcare systems [29-36] . 

Day-case Surgery: A Further Step 

Following the successful implementation of fast-track setups, interest naturally 

grew in further reducing hospital stays. Safe outpatient arthroplasty with 

discharge on the day of surgery may be regarded as the ultimate goal of the 

fast-track concept. Day-case surgery has already been adopted for less 

complex procedures [37], yet concerns have persisted regarding its applicability 

to major orthopaedic surgeries such as hip and knee arthroplasties. During the 

COVID-19 pandemic in 2019–2020, when hospitals were forced to suspend or 

severely restrict elective activity, the pressure on bed capacity further prompted 

an accelerated shift towards same-day discharge. The pandemic thus acted as 
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a catalyst, with several single-centre studies reporting an increase in same-day 

discharge rates for both THA and TKA [38-40]. 

Despite promising results, most evidence originates from highly selected 

patients in single-centre settings. This limits generalisability and leaves 

important knowledge gaps. At national level, the use of outpatient surgery 

remains low [41-42], uncertainties persist regarding eligibility criteria, patient 

satisfaction, and safety in large unselected populations. 

 

Motivation for this thesis 

Discharging patients on the day of surgery after hip and knee arthroplasty has 

been proposed as the ultimate step in the fast-track concept. However, the 

adoption of day-case surgery remains limited at the national level, as 

uncertainties regarding patient selection and safety in a broad, unselected 

population have not previously been clarified.                                                                   

This project was rooted in the standardised national protocol for day-case 

surgery following hip and knee arthroplasty within the multicentre collaboration 

“The Centre for Fast-track Hip and Knee Replacement”. The protocol 

established a shared framework across multiple public centres, ensuring 

consistency in eligibility criteria, patient care, discharge criteria, and follow-up. 

This created a unique opportunity not only to implement day-case arthroplasty 

in routine practice, but also to document the process systematically across 

diverse clinical settings on a national scale.                                                                             

By addressing eligibility, reasons for failed discharge, patient satisfaction, and 

safety outcomes, the project sought to provide knowledge directly relevant to 

both patients, clinicians and decision-makers. More broadly, this project 

demonstrates how research can actively support and validate clinical 

implementation through a data-driven process. 
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Overall PhD aim 

The overall aim of this thesis was to investigate whether discharge on day of 

surgery following hip or knee arthroplasty could be implemented in a 

multicentre, publicly funded healthcare setting among patients meeting clearly 

defined eligibility criteria. Furthermore, this thesis sought to assess the influence 

of procedure type in relation to day-case surgery, factors preventing day-case 

surgery among eligible patients, patient satisfaction and the safety of 

discharging patients on day of surgery.  

 

The aims of each of the four studies were as follows: 

Study I 

The aim of this study was to investigate the implementation of discharge on day 

of surgery after primary hip and knee arthroplasty in a public, multicentre setting 

during the first 6 months following a day-case protocol.  

 

Study II 

To analyse the effect of the surgical procedure on successful discharge on day 

of surgery. Furthermore, to analyse causes of not being discharged on day of 

surgery when found eligible and scheduled for day-case THA, TKA, and mUKA. 

Study III 

The aim of the study was to investigate whether patients were willing to repeat 

being discharged on day of surgery if they were to have a future hip or knee 

arthroplasty procedure. 

Study IV 

The aim of this study was to investigate patient safety following discharge on 

day of surgery after hip and knee arthroplasty, defined as in-hospital 

05 Aims and hypothesis 
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complications, early readmissions, mortality, and days alive and at home (DAH) 

after day-case and non day-case hip and knee arthroplasty 
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Study design 

This thesis builds on a series of four prospective, consecutive cohort studies 

conducted within the Danish multicentre collaboration “The Centre for Fast-track 

Hip and Knee Replacement”. All studies adhered to the REporting of studies 

Conducted using Observational Routinely-collected Data (RECORD) guidelines 

[43].  

 

Setting 

The multicentre collaboration “Centre for Fast-track Hip and Knee Replacement” 

consists of eight public arthroplasty centres distributed across all regions of 

Denmark [44], including: 

- Aalborg University Hospital, Farsø,  

- Hospital Unit West, Gødstrup 

- Lillebaelt Hospital – Vejle 

- Odense University Hospital, Svendborg 

- Copenhagen University Hospital, Bispebjerg 

- Copenhagen University Hospital, Herlev-Gentofte 

- Copenhagen Univsersity Hospital, Hvidovre 

- Næstved Hospital  

 

 

 

 

 

06 Methods  
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Figure I. The multicentre collaboration “The centre for fast-track hip and 

knee replacement” 

 

 

Together, these eight hospitals perform approximately 9,700 primary total hip 

arthroplasties (THA), total knee arthroplasties (TKA), and unicompartmental 

knee arthroplasties (UKA) annually, corresponding to more than one third of all 

nationwide procedures in this field [3, 4]. 

 

Prior to patient inclusion, the study group developed a detailed protocol for the 

implementation of discharge on day of surgery as standard of care for selected 

patients [45]. Implementation of the day-case protocol began in September 

2022. Figure II presents a flowchart overview of the thesis, including the 

timeframes for all four articles. Some of the patients were reported on in all four 

studies, but with different endpoints in each study. 
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Figure II. Flow-chart overview 

 

 



 

 

 

25 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

 

One centre (Hospital Unit West, Gødstrup) did not participate in studies I, II, and 

III due to major logistical changes associated with relocation to a new hospital 

site during the first 1.5 years after protocol implementation. For study III, 

Bispebjerg Hospital was also excluded to avoid implementation-related 

challenges that might affect the subjective outcome of patient satisfaction, as 

the protocol was not consistently well-established throughout the study period. 

  

 

Data source and population 

Eligibility for discharge on the day of surgery was assessed preoperatively using 

predefined inclusion and exclusion criteria (table I). Patients considered eligible 

were scheduled for surgery with an intended start time before 1:00 p.m. 

Discharge on day of surgery was carried out only if all specified functional and 

clinical criteria were met (table II). At each participating centre, trained research 

staff prospectively collected data, with physician support available when 

required. Data collection included both patient-reported information and detailed 

clinical data extracted from medical records. All data were entered into, and 

securely stored within, a REDCap database hosted in collaboration with the 

Open Patient Data Explorative Network (OPEN) at Odense University Hospital 

[45]. 

The population consisted of patients who underwent primary, unilateral total hip 

arthroplasty (THA), total knee arthroplasty (TKA), or unicompartmental knee 

arthroplasty (UKA). In studies II and III, patients who underwent lateral 

unicompartmental knee arthroplasty (lUKA) and patellofemoral knee 

arthroplasty (PKA) were excluded, as these studies focused on procedure-

specific outcomes (figure II). Because lUKA and PKA have a very low 

prevalence they were excluded from these analyses [46-47].  
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Table I. Inclusion and exclusion eligibility criteria for planned 

discharge on day of surgery. 

 
 

Inclusion criteria 

 Unilateral elective primary THA, TKA, or UKA 

 Age 18–80 
 

Exclusion criteria 

 Acute myocardial infarction, cerebrovascular accident, transient ischemic 
attack, or coronary atherosclerotic disease within last 3 months 

 Unstable ischemic heart disease 

 Ejection fraction < 40% 

 Glomerular filtration rate < 60 mL/min/1.73 m2 

 Chronic obstructive pulmonary disease with home oxygen 

 Insulin-dependent diabetes mellitus 

 Sleep apnea requiring mechanical treatment 

 CFS ≥ 4* 

 2 or more falls within last 3 months 

 Body mass index < 18.5 or > 40 

 Not interested in discharge on day of surgery 

 No adult present at home during the initial postoperative night** 

 
* CFS = Clinical Frailty Scale [48]                                                                                                  
** This criterion was inadvertently omitted from the protocol paper but has consistently 
been applied across all centres. 
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 Table II. Criteria for discharge on day of surgery 

* EWS = national implemented Early Warning Score systems based on NEWS2 from the                                                                

Royal College of Physicians [49] 
**Numeral rating scale (NRS) [0–10, with 0 being no pain and 10 being the worst pain 

imaginable]. 

 
 

Methodological considerations 

The choice of a cohort design was driven by multiple considerations. The 

collaborative infrastructure established in 2009 by the Lundbeck Foundation 

Centre for Fast-track Hip and Knee Replacement had already created a strong 

national research network, and additional funding from the Novo Nordisk 

Foundation in 2021 provided a timely opportunity to expand this collaboration 

and establish the multicentre framework required for a large-scale, nationwide 

cohort study. In addition, this project served as a data-driven clinical quality 

improvement project focused on the implementation of day-case hip and knee 

arthroplasty, with the prospective cohort design enabling continuous evaluation 

of its clinical soundness, safety, and sustainability.  

Activity level 

 Steady gait with crutches 

 No dizziness during mobilisation 

 Can use stairs, if required by participant’s home environment 

 

Postoperative nausea and vomiting 

 Minimal and efficiently treated with or without medication EWS* < 2 

 Patients with EWS ≥ 2 must be discussed with a doctor prior to discharge 

 

Pain 

 Numeral rating scale (NRS)* [0–10, with 0 being no pain and 10 being the worst 
pain imaginable] 

 NRS < 3 at rest 

 NRS < 5 when walking 5 meters 

 Or otherwise, acceptable level of pain assessed by the participant regardless of 

NRS score 

 

Postoperative bleeding 

 Should be consistent with expected blood loss for this procedure and not require 

repeated dressing change 

 



28 

 

A randomised controlled trial (RCT) could have provided stronger causal 

evidence, however several challenges made this approach less feasible. At the 

start of the project, no consensus-based guidelines existed to define which 

patients could safely undergo discharge on day of surgery after hip and knee 

arthroplasty. Random allocation could have overridden clinical judgement and 

resulted in patients being discharged without an individualised suitability 

assessment. An RCT would also have faced substantial logistical barriers, as 

the same surgical and nursing teams cared for both day-case and non-day-case 

patients, increasing the risk of treatment contamination and requiring 

considerable additional resources. The inability to blind patients or staff could 

have introduced performance and detection bias, particularly in subjective 

outcomes such as patient satisfaction. Finally, the generally low incidence of 

safety outcomes such as readmission and mortality meant that an RCT 

powered to detect differences would have required very large sample sizes. 

 

 

Outcome variables 

Study I                                                                                                                                

The primary outcome was the proportion of eligible patients discharged on the 

day of surgery during the initial 6 months following a day-case protocol 

(implementation period). Secondary outcomes were proportions of patients 

discharged on day of surgery out of all patients (eligible and non-eligible 

patients) compared with a historical baseline from before covid-19, and centre-

level variation. 

Study II                                                                                                                                   

The primary outcome was the day-case success rate among patients eligible 

and scheduled for surgery before 1 p.m. analysed by procedure type (THA, 

TKA, mUKA). Secondary outcomes included proportions of causes for not being 

discharged, despite being eligible and scheduled for day-case surgery. 

Study III                                                                                                                                 

The primary outcome was the proportion of patients willing to repeat discharge 

on day of surgery, if undergoing future hip or knee arthroplasty. Responses 

were analysed overall, by procedure type, and by participating centre. 

Secondary outcomes compared demographic and clinical characteristics 

between patients willing and unwilling to repeat discharge on day of surgery. 
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Study IV                                                                                                                                                       

Primary outcomes included                                                                                     

- Proportions of patients with in-hospital complications leading to LOS >2 days.   

- 48-hours and 30-days readmissions rates. A readmission was defined as an 

overnight hospital stay at a hospital within the same region where the index 

procedure was performed.                                                                                                    

- 48-hours and 30-days mortality.                                                                                       

- Days alive and at home (DAH) assessed at 30 days postoperatively. DAH is a 

numerical number calculated using all hospitalisations (primary admission and 

readmissions) and mortality data from the date of the index surgery. 

 

Statistics 

Descriptive statistics were presented with means and standard deviations (SD) 

for normally distributed continuous variables and medians with interquartile 

ranges (IQR) for non-normally distributed continuous variables. Distributions 

were assessed for normality using Q–Q plots. Categorical variables were 

reported as counts and percentages. Pearson’s chi-square test was used to test 

for statistical differences between categorical measures, and Wilcoxon rank-

sum test was applied for non-normally distributed continuous variables. 

Proportions were reported with 95% confidence intervals (CI). Statistical 

significance was defined as p < 0.05. For all analyses, we used Stata Statistical 

Software: Release XX (StataCorp LLC, College Station, TX, USA). 

Study I 

The proportion of patients meeting predefined eligibility criteria and the 

proportion discharged on the day of surgery were calculated overall, by 

procedure (THA, TKA, mUKA), and by centre. Comparisons with the historical 

control cohort from 2019 were performed using chi-square tests, and absolute 

risk differences were reported with 95% CI. 

Study II 

Day-case success rates were calculated for THA, TKA, and mUKA among 

patients fulfilling eligibility criteria and scheduled before 1 p.m.. Exact binomial 

95% CI were calculated for procedure-specific proportions. Reasons for non-

discharge despite eligibility were categorised according to unmet discharge 

criteria and presented descriptively as percentages. 
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Study III 

Willingness to repeat same-day discharge was analysed descriptively and 

stratified by procedure type and centre. Comparisons between patients willing 

and unwilling to repeat were performed using chi-square tests and Wilcoxon 

rank-sum tests as appropriate. Logistic regression analyses were performed to 

identify predictors of unwillingness to repeat, with results presented as odds 

ratios (OR) and 95% CI. 

Study IV 

Safety outcomes included in-hospital complications leading to a length of stay 

>2 days, 48-hour and 30-day readmissions, and 30-day mortality. Proportions 

were calculated with 95% CI and compared between day-case patients and non 

day-case patients using chi-square tests. Days Alive and at Home within 30 

days (DAH30) was analysed as median [IQR] and compared between groups 

with the Wilcoxon rank-sum test 

 

Ethical considerations 

All studies were preregistered within the Region of Southern Denmark with 

approval for data processing and management (Journal no. 22/39454) and the 

overall fast-track collaboration project was registered at ClinicalTrials.gov 

(NCT05613439). Approval for data storage and handling followed the described 

protocol. 

The management of eligible patients for day-case surgery adhered to the 

standard of care outlined in the protocol [45] at the participating centres, 

obviating the necessity for ethical approval. Patients were included after 

informed consent.                                                                                                                             

The studies were conducted in accordance with the Declaration of Helsinki. The 

PhD student and co-authors had no conflicts of interest to declare regarding this 

project. 
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A summary of key findings from all four studies is provided below. Detailed 

information on flowcharts, demographic characteristics, and the tables and 

figures referenced in the following sections can be found in the individual 

articles (Study I–IV, 54-103) 

 

Implementation of day-case surgery  

During the implementation period (first six months following the day-case 

protocol) 37% (95% CI 35–39) of patients undergoing primary unilateral THA, 

TKA, or UKA met predefined eligibility criteria for discharge on day of surgery. 

Eligibility rates were 34% (95% CI 32–36) for both THA and TKA patients and 

52% (95% CI 49–55) for mUKA patients. Of those deemed eligible, 52% were 

discharged on the day of surgery. Overall, 21% (95% CI 20–23) of all patients 

(eligible and non-eligible) were discharged on the day of surgery, representing a 

15% significant increase (95% CI 13–17) compared with the control period in 

2019 (Study I). 

 

 

07 Results 
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Figure III. Overall proportions of patients discharged on day of surgery. 

 

Centre-level variation was evident during the implementation period.  

  

10

26

16
17

13

31 31

3

1

4

13

1

8

11

0

5

10

15

20

25

30

35

A B C D E F G

%

Study period Control

Overall discharge on day of surgery in all centers, 21% (study period) vs 6% (control period)

Center



 

 

 

33 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

Procedure-specific outcomes and barriers 
 

Eligibility rates were 34% (CI 34-36) for both THA and TKA patients, and 52% 

(CI 49-55) for mUKA patients. In eligible patients scheduled for surgery before 

13:00 p.m. (achieved in 85% of patients), day-case success rates were 59% 

(95% CI 55–62) for THA, 61% (95% CI 57–65) for TKA, and 72% (95% CI 68–

76) for mUKA.  

Figure IV. Overall day-case success rates, and day-case success rates in 

eligible patients scheduled for day-case total hip arthroplasty (THA), total 

knee arthroplasty (TKA), and medial unicompartmental knee arthroplasty 

(mUKA) surgery. 

 

 

The most common causes of day-case failure were mobilisation issues (24%), 

prolonged spinal anaesthesia (21%), and postoperative nausea and vomiting 

(PONV) (14%) (Study II). 
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Figure V. Causes for patients not being discharged on day of surgery 

despite being eligible and scheduled for day-case surgery. 
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Patient satisfaction following day-case surgery 

 

Among patients discharged on the day of surgery, 90% (95% CI 88–91) 

expressed willingness to repeat day-case surgery if undergoing future 

arthroplasty (Study III). This willingness was consistent across procedure types 

(THA, TKA, and mUKA). The difference between centres ranged from 84 to 

93% (stydy III). 

 

Figure VI. Proportion of patients willing to repeat being discharged on day 

of surgery divided by surgical procedure. 
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Safety outcomes  

The mean LOS across all patients was 1.0 day (range 0–70). A total of 5% 

(95% CI 4.9–5.5) of patients had LOS >2 days. Mobilisation issues (1.4%) and 

pain (1.4%) were the main in-hospital complications registered in patients with 

LOS > 2 days. Among day-case patients, readmission rates were 0.7% (95% CI 

0.5–1.1) within 48 hours and 1.9% (95% CI 1.5–2.5) within 30 days. In 

comparison, non-day-case patients had readmission rates of 0.5% (95% CI 

0.3–0.6) within 48 hours and 5.3% (95% CI 4.8–5.8) within 30 days.                              

No deaths occurred within 48 hours after surgery. The overall 30-day mortality 

across all patients was 0.08% (n=10), with no deaths among day-case patients. 

The median DAH30 was 30 (range 0–30) for day-case patients compared with 

29 (range 0–30) for non-day-case patients. 

Table III. Overview of safety outcomes. 

 

 
Entire study cohort 

n = 12589 

Day-case patients 

n = 3159 

Non day-case 

patients 

n = 9430 

  95% CI  95% CI  95% CI 

LOS, mean (range) 1.0 (0-70) - 0 - 1.4 (1-70) - 

Patients with registered 

in-hospital complications 

having LOS > 2 days, n(%)  

635 (5.0%) 4.7-5.4 - 635 (6.7%) 6.2-7.3 

Readmission ≤ 48 hours, 

n(%) 
66 (0.5%) 0.4-0.7 23 (0.7%) 0.5-1.1 43 (0.5%) 0.3-0.6 

Readmission ≤ 30 days, 

n(%) 
558 (4.4%) 4.1-4.8 60 (1.9%) 1.5-2.5 498 (5.3%) 4.8-5.8 

Mortality ≤ 48 hours, n(%) - - - 

Mortality ≤ 30 days, n(%) 10 (0.08%) 0.04-0.12 - 10 (0.1%) 0.06-0,21 

DAH30,  

    Median (range) 

     Mean (SD) 

      

29 (0-30) - 30 (1-30) - 29 (0-29) - 

28.6 (5.5) - 29.9 (1.3) - 28.2 (2.1) - 
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Implementation of day-case surgery 

 

International comparison of day-case hip and knee arthroplasty remains 

challenging, as eligibility criteria based on clinical assessment and comorbidity 

considerations are debatable, and healthcare systems vary substantially [51-

51]. This is likely the main explanation for the wide variation in reported day-

case discharge rates, ranging from 24% to almost 100% [38-40, 52, 53]. In 

addition, terminology is inconsistent, with overlapping use of terms such as 

ambulatory surgery, outpatient surgery, and day-case surgery, all defined with 

and without overnight stay in hospital. 

 

In the early literature, little attention was given to identify which patients could 

be considered suitable for discharge on the day of surgery. Decisions were 

largely left to the discretion of the surgeon on the day of operation rather than 

guided by a structured framework [40, 53, 54]. Consequently, most published 

studies were single-centre studies involving highly selected populations of 

younger, healthier patients treated in specialised outpatient facilities [38-40, 52, 

55]. In contrast, a central element of the present project was the development of 

a detailed predefined protocol designed for public multicentre implementation, 

incorporating comprehensive eligibility and discharge criteria that formed the 

foundation of the entire project [45]. These criteria were developed from 

previous fast-track studies and multicentre safety data [31, 56, 57], ensuring a 

standardised and reproducible framework. Within this setting, approximately 

one third of patients fulfilled the eligibility requirements during the 

implementation period, and just over half of these were discharged on the day 

of surgery, corresponding to an overall discharge rate of 21%. These numbers 

lie at the lower end of spectrum of reported rates of day-case surgeries.  

However, implementation in a publicly funded healthcare system inevitably 

reflects a broad study population, including patients with greater comorbidity 

and variation in perioperative care.  

 

We also found marked variation in eligibility and discharge rates in between 

centres despite adherence to a uniform protocol. At a broader level, centres 

with prior experience of day-case arthroplasty achieved higher discharge rates 

08 Discussion 
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and demonstrated improvement during the study period, while centres with no 

previous experience reached more modest levels. This suggests that 

implementation depends not only on patient selection and clinical protocols, but 

also on organisational familiarity, infrastructure, and institutional culture. 

Comparable findings have been reported in other multicentre fast-track 

collaborations [52], highlighting that successful implementation requires local 

adaptation and sustained institutional engagement in addition to predefined 

criteria. 

 

Procedure-specific outcomes and barriers 

 

Eligibility for discharge on day of surgery may also be considered in relation to 

the surgical procedure itself and its impact on the individual patient. Rather than 

focusing solely on predefined criteria, eligibility can also be understood through 

the degree of invasiveness, the expected recovery trajectory, and the 

physiological challenges associated with each operation. UKA procedure is a 

less invasive procedure compared to TKA, hence less pain and faster 

mobilisation could be expected. Within the present work, eligibility and 

discharge success were similar for patients undergoing THA and TKA, whereas 

mUKA patients demonstrated both higher eligibility and higher day-case 

success rates. Several additional factors may contribute to the greater 

proportion of mUKA patients discharged on the day of surgery, including a 

higher rate of eligibility that may facilitate inclusion of a larger share of mUKA 

patients in day-case pathways compared with THA and TKA, and greater 

confidence among surgeons in the feasibility of day-case surgery for mUKA 

based on previous experience [58-60]. Nevertheless, even after adjusting for 

these potential sources of selection bias as well as demographic variables, 

mUKA patients still achieved the highest success rates. 

  

Barriers to discharge were largely consistent across procedures, with delayed 

mobilisation, prolonged spinal anaesthesia, and PONV identified as the most 

frequent causes. These observations mirror previous reports where similar 

factors have been highlighted as major limitations to achieving day-case 

success. 

Mobilisation issues emerged as one of the main reasons why patients were not 

discharged on the day of surgery. In this context, this term ”issues” covers a 

range of potential underlying factors, from logistical problems such as lack of 

assistance, to clinical factors including pain, prolonged spinal anaesthesia, or 
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PONV. As the specific cause of failed mobilisation were not recorded in this 

study, interpretation of this finding remains challenging.                                          

Prolonged spinal anaesthesia was particularly notable as an isolated cause 

preventing discharge. Despite protocol recommendations to use short-acting 

spinal anaesthetics in low doses, delayed recovery remained a challenge. 

Previous studies have shown that general anaesthesia may facilitate faster 

mobilisation, with less pain, dizziness and nausea compared with spinal 

anaesthesia [61-62]. However, some studies have reported higher risks with 

general anaesthesia in comorbid THA patients [63]. Nevertheless findings from 

a study conducted in a dedicated fast-track setting indicate that these risks may 

be reduced in optimised fast-track setups [64]. A randomised trial has even 

demonstrated potential advantages of general anaesthesia, particularly in 

situations where late scheduling makes rapid recovery after spinal anaesthesia 

less feasible [61]. Further research on this subject is warranted.                                                                                                   

PONV was another frequent cause of failed discharge on day of surgery, 

particularly prevalent in THA patients. Although PONV has previously been 

described as a challenge in day-case surgery, we are not aware of other studies 

reporting higher rates among THA patients compared to TKA or mUKA patients. 

This observation may indicate procedure-specific vulnerability and underscores 

the importance of targeted prophylaxis, especially in THA patients. 

 

Patient satisfaction following day-case surgery 

Patient perspectives are an essential component when evaluating the feasibility 

of discharging patients on day of surgery after hip and knee arthroplasty, yet 

this aspect has received comparatively little attention in the literature [65-67]. 

Measuring a subjective outcome such as satisfaction can, however, be 

challenging. Had patients been asked directly about their level of satisfaction, 

responses would almost certainly have been influenced by their perception of 

the surgical outcome itself rather than the timing of discharge. To avoid this 

bias, we chose to apply a single, indirect question: whether the patient would 

wish to be discharged on the day of surgery again if undergoing hip or knee 

replacement on the contralateral side. This measure served as a proxy for 

satisfaction, based on the reasonable assumption that patients who were 

dissatisfied with their initial experience would be unlikely to express willingness 

to repeat it. 

Ninety percent of patients expressed willingness to repeat discharge on the day 

of surgery, a level that can be considered both satisfactory and acceptable for 

continued implementation of the pathway. Nevertheless, 10% of patients did 
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not, and it is within this group that the principal limitation of our study lies. For 

further optimisation of the fast-track programme, it would be of considerable 

interest to explore the underlying reasons why some patients were unwilling to 

repeat same-day discharge. Such questions however require a qualitative 

methodological approach and were therefore beyond the scope of the present 

study. 

 

Safety outcomes 

Safety is of fundamental importance when implementing new clinical pathways, 

ensuring that any changes introduced are professionally sound and defensible 

[68-69]. However, studies evaluating the safety of day-case hip and knee 

arthroplasty have been scarce, and to our knowledge no defined criteria for safe 

discharge had previously been presented. Over recent decades, the length of 

stay following hip and knee arthroplasty has decreased markedly due to 

advances in pre-, peri-, and postoperative care. Prior to the initiation of the 

present project, the mean length of stay was approximately one day for UKA 

and 1.5 days for THA and TKA [41]. The project therefore aimed to reduce 

admission time by an additional day. While this may appear modest in absolute 

terms, the implication is important: patients were discharged as soon as they 

had recovered from anaesthesia and fulfilled all predefined discharge criteria 

(Table II), without any further inpatient observation by healthcare staff. These 

discharge criteria thus constitute the essential safety framework for enabling 

discharge on the day of surgery. 

 

In the present study, the setup following a day-case protocol was found to be 

safe for both day-case and non day-case patients. All safety outcomes outlined 

in study IV supported the safety of discharging selective patients on day of 

surgery after hip and knee arthroplasty. Both 48 hours and 30-day readmission 

rates and mortality rates were low and comparable between day-case and non 

day-case patients, suggesting that day-case patients did not impose any 

increased risk of adverse events. 
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Strengths  

The strength of this thesis lies primarily in its prospective design within a public 

multicentre collaboration guided by a well-defined and published protocol for the 

entire setup [8]. The participating arthroplasty centres, which form the Centre for 

Fast-track Hip and Knee Replacement are located across all region of 

Denmark, accounting more than one third of the nationwide procedures in this 

field. This broad geographical distribution, including both university hospitals 

and regional hospitals enables a more comprehensive evaluation, reflecting a 

broader range of diversity and enhancing the external validity of our findings. 

Given this setup, our findings are likely to be particularly robust within 

healthcare systems similar to Denmark. 

The prospective design, combined with the presence of dedicated research staff 

at all sites, enabled systematic and standardised data collection on a large 

cohort. Only 4 out of all patients included after 2 years and 7 months had 

missing data for all outcome measures, resulting in a follow-up completeness of 

99.97%. These features distinguish the present work from previous studies in 

the field, many of which have been limited by smaller sample sizes, single-

centre designs, uncertainty regarding follow-up completeness or poorly defined 

criteria for day-case surgery.  

 

 

Limitations 

The database used for this thesis has not undergone formal validation, which 

represents an important limitation. As with all large-scale clinical datasets, the 

potential for misclassification and missing data cannot be completely excluded, 

even though data were prospectively collected by trained research staff with 

physician support when required. Such errors could theoretically influence the 

accuracy of eligibility assessments, discharge status, or recorded complications. 

However, because the analyses in this thesis relied primarily on simple 

descriptive measures and crude proportions in a large and nearly complete 

cohort, minor errors due to misclassification or missing data would only 

marginally affect the results and are unlikely to alter the overall conclusions. 

 

Another inherent limitation is the observational study design, which precludes 

conclusions about causality. The findings therefore represent descriptive trends 

rather than definitive causal relationships. Nonetheless, the large sample size, 
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multicentre setting, and use of a predefined protocol increase the reliability of 

the results and strengthen their relevance  

 

Specific methodological limitations related to each study included are discussed 

in detail in paper I–IV. 
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The results of this thesis suggest that a fast-track setup, with a mean length of 

stay of one day and approximately 25% of patients being discharged on day of 

surgery following primary hip and knee arthroplasty, can be safely implemented 

in a multicentre, publicly funded healthcare system treating unselected patients. 

A key consideration when introducing new healthcare pathways is balancing 

potential patient risks with organisational priorities. In this thesis, complications 

among day-case patients were infrequent and occurred at rates comparable to 

those who remained in hospital overnight, and patient satisfaction was also 

high. These findings support the feasibility of widening the eligibility criteria for 

day-case surgery. The data presented in this thesis cover the period from 

September 2022 to May 2024. When extending the analysis using the same 

REDCap database up to February 2025, the mean overall proportion of day-

case patients increased to 29% (figure VII). Focusing solely on the last 3 

months represented, the proportion was 38% (figure VIII). This steady rise 

indicates that discharging patients on day of surgery is likely to become even 

more common even under the current eligibility criteria. With a widening of 

current criteria, there is clear potential for further substantial increase over the 

coming years. At the same time, the findings highlight the important question if 

and where the upper limit for safe day-case surgery lies. Overall, the data 

underline the dynamic nature of day-case implementation and emphasise the 

need of continuous outcome evaluation as eligibility criteria evolve, while further 

studies are needed to confirm safety and to clarify which patient groups may still 

benefit from overnight hospital observation. 
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Figure VII. Timeline – Day-case patients overall.        

                                                                                    

 

 

 

Figure VIII. Current 3 months status - Day-case patients overall. 
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In study II, we found a relatively high percentage (15%) of eligible patients 

underwent surgery after 1 p.m., even though the protocol recommends 

scheduled surgeries before this time for all patients eligible for day-case 

treatment. The workflow at public hospitals has its limitations, which makes the 

implementation of new healthcare pathways complex. Several factors may 

affect the efficiency of day-case surgery, including bed availability, competing 

use of operating theatres, and staffing constraints. The setup of the arthroplasty 

centres varies both nationally and internationally [70], and this was also 

reflected within our multicentre collaboration. At some hospitals, the arthroplasty 

section functioned largely as an independent facility, whereas in others it was 

embedded within an orthopaedic department and shared logistics with trauma 

and general orthopaedics. Furthermore, the scope of procedures varied 

between centres, with some performing only primary hip and knee 

arthroplasties and others also carrying out revision surgeries. 

Given these logistical challenges, differences between hospitals are to be 

expected, and it may be unrealistic to achieve same-day discharge for all 

patients within the current public healthcare system. This underlines the 

importance of dedicated logistics and predictable resources when determining 

where and how to implement day-case hip and knee arthroplasty. In addition, 

with the constraints present at most Danish hospitals, clinicians should consider 

each patient’s likelihood of achieving same-day discharge and prioritise surgical 

scheduling accordingly to maintain overall efficiency. A closer examination of 

which patients are most likely to fulfil the discharge criteria is therefore 

warranted. 
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Study I 

During the 6-month implementation period of discharge on day of surgery after 

hip and knee arthroplasty, we found it possible to perform day-case surgery in 

21% of patients within a multicentre, publicly funded healthcare setting 

 

Study II 

We found similar day-case eligibility and success for patients undergoing THA 

and TKA, while mUKA patients had higher rates of eligibility and day-case 

success. Mobilisation issues, prolonged spinal anaesthesia and PONV were the 

major causes of not being discharged on day of surgery. 

 

Study III 

A total of 90% of patients discharged on the day of surgery after hip and knee 

arthroplasty were willing to repeat discharge on day of surgery. This rate is 

encouraging and acceptable for ongoing implementation. 

 

Study IV 

Our findings demonstrate the safety of current fast-track setup in a national, 

publicly funded healthcare system. We were able to demonstrate low rates of 

in-hospital complications, early readmissions, mortality among day-case and 

nonday-case patients.  

 

Overall conclusions 

This thesis demonstrates, that discharging patients on day of surgery after hip 

and knee arthroplasty can be safely implemented in a multicentre, publicly 

funded healthcare system. Overall, 21% of patients were discharged on day of 

surgery during the implementation period. Eligibility and success rates for day-

10 Conclusion 
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case surgery were comparable between THA and TKA patients, while higher 

rates were seen for mUKA patients. Day-case failure among eligible patients 

was mainly due to mobilisation issues, prolonged spinal anaesthesia, and 

PONV. 90% of patients reported willingness to repeat discharge on day of 

surgery, indicating high satisfaction. Safety outcomes were favourable, with low 

rates of in-hospital complications, early readmissions, and mortality. 

 

This thesis further illustrates how research can guide and support the 

implementation of patient pathways in clinical practice through a data-driven 

process, where continuous evaluation of safety and patient experience provides 

both clinical and patient-centred assurances of quality, reinforcing confidence 

that the day-case approach is clinically appropriate, sustainable, and safe. 

 

 

 

 

 

 

  



48 

 

 

11 References 



 

 

 

49 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

 

 

  



50 

 

 



 

 

 

51 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

 



52 

 

Study I 

Implementation of outpatient hip and knee arthroplasty in a 

multicentre public healthcare setting 

Oddrún Danielsen, Claus Varnum, Christian Bredgaard Jensen, Thomas 

Jakobsen, Mikkel Rathsach Andersen, Manuel Josef Bieder, Søren Overgaard, 

Christoffer Calov Jørgensen, Henrik Kehlet, Kirill Gromov, Martin Lindberg-

Larsen 

[ACTA Orthopaedica. 2024;7(96):2019-24.doi:10.2340/17453674.2024.40185] 

 

 

Study II 

Day-case success or why still in hospital after total hip, total 

knee, and medial unicompartmental knee arthroplasties? A 

prospective multicentre cohort study on 6,142 patients from 

a public healthcare system 

Oddrún Danielsen, Christian Bredgaard Jensen, Claus Varnum, Thomas 

Jakobsen, Mikkel Rathsach Andersen, Manuel Josef Bieder, Søren Overgaard, 

Christoffer Calov Jørgensen, Henrik Kehlet, Kirill Gromov, Martin Lindberg-

Larsen 

[Bone Jt Open. 2024;5;5(11):977-83. doi: 10.1302/2633-1462.511] 

 

 

Study III 

Willingness to repeat discharge on day of surgery after hip 

and knee arthroplasty 

Oddrún Danielsen, Kirill Gromov, Claus Varnum, Mikkel Rathsach Andersen, 

Manuel Josef Bieder, Christoffer Calov Jørgensen, Henrik Kehlet, Martin 

Lindberg-Larsen 

[Accepted for publication at Bone and Jt Open, May 2025] 

 

12 Papers 



 

 

 

53 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

Study IV 

Patient safety after day-case and non day-case hip and knee 

arthroplasty. A multicentre cohort study based on a public 

healthcare setting 

Oddrún Danielsen, Claus Varnum, Thomas Jakobsen, Mikkel Rathsach 

Andersen, Manuel Josef Bieder, Søren Overgaard, Torben Bæk Hansen, 

Christoffer Calov Jørgensen, Henrik Kehlet,  Kirill Gromov, Martin Lindberg-

Larsen 

[Accepted for publication at Bone and Joint Journal, August 2025] 
 

  



54 

 

  

I 
Study 



 

 

 

55 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



56 

 

 



 

 

 

57 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



58 

 

 



 

 

 

59 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



60 

 

  



 

 

 

61 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



62 

 

  

II 
Study 



 

 

 

63 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



64 

 

 



 

 

 

65 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



66 

 

  



 

 

 

67 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



68 

 

  



 

 

 

69 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



70 

 

  



 

 

 

71 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  

III 
Study 



72 

 

  



 

 

 

73 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

 



74 

 

  



 

 

 

75 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



76 

 

  



 

 

 

77 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



78 

 

  



 

 

 

79 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

 



80 

 

  



 

 

 

81 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  

IV 
Study 



82 

 

  



 

 

 

83 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

 



84 

 

  



 

 

 

85 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



86 

 

  



 

 

 

87 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



88 

 

  



 

 

 

89 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



90 

 

  



 

 

 

91 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



92 

 

  



 

 

 

93 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



94 

 

  



 

 

 

95 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



96 

 

  



 

 

 

97 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



98 

 

  



 

 

 

99 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



100 

 

  



 

 

 

101 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



102 

 

  



 

 

 

103 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

  



104 

 

 

s
d

u
.d

k
 

#
s
d

u
d

k
 

 

University of Southern Denmark  

Campusvej 55  

DK-5230 Odense  

 

Phone: +45 6550 1000  

sdu@sdu.dk  

www.sdu.dk 

http://www.sdu.dk/

