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Høgni H. Andersen 
 
Technological Assisted Rehabilitation Following Total Knee Joint Replacement. 

A Randomized Controlled Non-Inferiority Trial. 

Abstract 
Background: Supervised rehabilitation after total knee arthroplasty (TKA) has been 

suggested effective for quicker recovery. The effect of Technological Assisted Rehabilitation 

(TAR) in the participant´s home compared to supervised rehabilitation has been investigated 

in trials and results suggest it being equal to supervised rehabilitation on short time follow-up 

(6 weeks to 4 months). No studies have been found that evaluate the effect of TAR on follow-

ups longer than 4 months. The aim of this study was to evaluate the effect of TAR compared 

to supervised rehabilitation (usual care) on participants with TKA after 6 and 12 months. 

Method: This was a single-blinded, randomized controlled, non-inferiority study. 155 

participants were randomized to either TAR (ICURA) or usual care. Intervention time was 6 

weeks, follow-ups were after intervention, at 6 and 12 months. This study only concluded on 

6 and 12 months. Primary outcome was 10m walk test. Secondary outcomes were 2.45m up 

and go, 30 sec. Sit to Stand, active knee flexion and extension and the KOOS questionnaire. 

All outcomes were measured at all time points by a blinded assessor. Non-inferiority margin 

was no statistical significant- and less than 10% between group difference at 6 and 12 months, 

estimated by a repeated measurement analysis, adjusted for relevant baseline variables. 

Results: Overall, the groups did not differ at baseline. No statistical between group difference 

was detected after 6 and 12 months for primary and secondary outcomes. A power analysis 

suggested severe lack of power to detect a statistical between group difference, due to high 

numbers of participants lost to follow-up after 6 and 12 months. The between group 

difference at 6 and 12 months was less than 10% for all outcomes except KOOS Quality of 

Life at 6 months, were a difference of 12.2% was detected, in favour of ICURA  

Conclusion: The results show that the effect of ICURA is equal to usual after 6 and 12 

months. Because lack of power after 6 and 12 months, the statistical significance should be 

interpreted with caution, but overall between group difference after 6 and 12 months was less 

than 10% for primary and secondary outcomes. 
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Høgni H. Andersen 
 

Teknologi Assisteret Genoptræning Efter Operation med Total Knæ Alloplastik. 
Et Randomiseret Kontrolleret Non-inferiority Studie. 

Resumé 
Baggrund: Superviseret genoptræning efter total knæ alloplastik (TKA) har vist sig effektiv 

for hurtigere bedring. Effekten af teknologi assisteret genoptræning (TAG) i hjemmet 

sammenlignet med superviseret genoptræning efter TKA har været undersøgt i flere studier 

og effekten er vurderet at være ligeså god efter kortere tids opfølgning (6 uger til 4 måneder). 

Ingen studier er fundet, som evaluerer effekten af TAG på opfølgning længere end 4 måneder. 

Formålet med dette studie er at undersøge effekten af TAG sammenlignet med superviseret 

genoptræning efter 6 og 12 måneder på deltagere med TKA. 

Metode: Dette var et enkelt blindet, randomiseret kontrolleret, non inferiority studie. 155 

deltagere blev randomiserede til enten TAG (ICURA) eller superviseret genoptræning. 

Interventions perioden var 6 uger og opfølgning var efter intervention, ved 6 og 12 måneder. 

Dette studie konkluderede kun på 6 og 12 måneder. Primære outcome var 10m gang test. 

Sekundære outcomes var 2.45m Up and Go, 30 sek. Rejse sætte sig, aktiv ekstension og 

fleksion af knæ og KOOS spørgeskema. Alle outcomes var målte ved baseline, 6 uger, 6 og 

12 måneder af en blindet tester. Non-inferiority margin var sat til ingen statistisk signifikant 

og mindre end 10% forskel i score mellem grupperne ved 6 og 12 måneder, estimeret ved en 

repeated measurement analyse, justeret for relevante baseline variabler.  

Resultat: Overordnet var grupperne ens ved baseline. Ingen statistisk signifikant forskel var 

mellem grupperne ved 6 og 12 måneder, målt på primære og sekundære outcomes. En power 

analyse viste meget lille power til at finde en statistisk forskel mellem grupperene, på grund af 

højt frafald af deltagere ved 6 og 12 måneder. Forskellen mellem grupperne ved 6 og 12 

måneder var mindre end 10% for det primære og de sekundære outcomes, på nær for KOOS 

Livskvalitet ved 6 måneder, hvor forskellen var 12.2% i ICURA´s favør. 

Konklusion. Resultaterne viser at effekten af ICURA er ligeså god som ved superviseret 

genoptræning efter 6 og 12 måneder. På grund af lav power, bør der udvises forsigtighed i 

forhold til at tolke på den statistiske signifikans, men overordnet var der mindre end 10% 

forskel mellem grupperne ved 6 og 12 måneder, målt på alle outcomes.  
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Introduction 
Most people in Demark have a computer, tablet or a smartphone and are active users of digital 

solutions. In 2015, a digitalization strategy was imposed in Denmark, meaning that all former 

written contact to the public sector was digitalized (1). This meant that the majority of citizens 

must receive and send information from hospitals, municipalities or general practitioner 

through an electronic post-box (e-box) and thereby are forced to use technological solutions 

(1). Furthermore, a public digitalization plan in Denmark, spanning from 2016 to 2020 has 

been developed. A focus, among others, is on collaboration between the private and public 

sector in providing digital solutions to the healthcare sector (2).   

Technological solutions for exercise with the use of smartphones, computers or tablets are 

commonly introduced to the public and could hold some possibilities in the rehabilitation 

area. The use of technology assisted rehabilitation and/or tele-rehabilitation (TAR) is 

increasingly used for many different conditions and they may increase participant autonomy 

in the rehabilitation and could be a cheaper alternative to supervised rehabilitation (3).  

Technology Assisted Rehabilitation 
Non-inferiority randomized controlled trials based on TAR solutions compared to supervised 

group exercise rehabilitation after Total Knee Alloplastic (TKA) have been conducted, 

although there is a lack of published high quality studies (4, 5). In recent studies, the TAR 

solution differed, but all included participants exercising in their own home (6-9). Three 

studies (Tousignant et al., Moffet et al., and Russel et al.) used internet based video 

conference, with live interaction between participant and a physiotherapist (PT) (7-9). 

Piqueras et. al. used developed sensors and software program, which measured the 

participants’ movements and exercises (6). The age of the participants ranged from 66 to 73.3 

years and inclusion criteria were received TKA, able to walk independently with or without 

walking aid, at least 90 degrees knee flexion pre TKA and active range of motion (AROM) 

from -10 to 80 degrees post TKA (4). Piqueras et al. excluded participants with sensory, 

cognitive and/or concurrent medical conditions that could affect the rehabilitation process (6). 

Interventions ranged from 2 weeks to three months (4). 

The outcome measures where almost the same between studies and consisted mainly of range 

of motion (ROM), pain, Timed “Up & Go” (TUG) and participant reported outcome 
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(WOMAC). The overall conclusion of the studies was, that TAR in the participants´ home 

was not inferior to usual care in an outpatient clinic (9). The results were, among others, 

obtained by WOMAC as the primary outcome and a margin of no more than 1.9 global points 

after 6 weeks (8) and a difference in mean and CI of no more than 9% of the gained effect 

from baseline to the last follow up (4 months) (9). In other outcome measures, statistical 

significant difference between groups was found for some outcomes. Piqueras et al. found a 

between group difference in M. Quadriceps strength at three months’ follow-up in favour of 

TAR, 8.48 kg vs 5.89 kg (P=0.018) but also a greater increase in TUG from baseline to 3 

months follow-up in favour of Supervised rehabilitation, 10.86 sec. vs 7.00 sec. (P=0.008) 

(6). Tousignant et al. detected between group difference after two months in WOMAC 

function (P=0.047) and pain (P=0.013) in favour of supervised rehabilitation (7). After three 

months a statistical significant difference of 8.1 points total score in WOMAC in favour of 

supervised rehabilitation was detected. In this study, researchers could not exclude the 

possibility of selection bias and difference in instructions given to two groups (7). Russel et 

al. detected a statistical significant between groups difference in the Patient-Specific 

Functioning Scale and the sub category stiffness in WOMAC, -1.08 points  and 1.46 points 

respectively, in favour of TAR (8).  

Systematic reviews and meta-analysis on TAR compared to supervised rehabilitation for TKA 

participants have been conducted and include some of the above-mentioned studies (4, 5). 

The outcome measures and aim between reviews and RCT´s differed and therefore, all 

outcome measures were not included in the meta-analysis. A pooled estimate from three 

studies evaluating the effect measured by TUG was in favour of TAR, Mean Difference 

(MD)= -5.17 sec. (5). Other statistical significant group differences were m. Quadriceps 

strength, MD= 2.59 kg. P= 0.003, in favour of TAR and Quality of Life, which was based on 

only one study, MD= 3.90 points, P= 0.03, in favour of supervised rehabilitation. No between 

group difference was found in pain measured by VAS scale, MD= -0.02 P= 0.91, knee flexion 

and extension= 1.14 degrees P= 0.20 and -0.52 degrees P=0.24, respectively and Hamstring 

muscle strength= 0.48 kg P= 0.24 (4). The overall conclusion was that TAR was not inferior 

to supervised rehabilitation (4, 5). The reviews also conclude that there is a lack of clinical 

important outcomes used in non-inferiority trials, investigating if TAR is non-inferior to 

supervised rehabilitation (4, 5). The above results are all based on fairly short follow-ups 

(from 6 weeks to 4 months) (6-9) and further studies are suggested evaluating the effect of 
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TAR compared to supervised rehabilitation of TKA participants on extended follow-up 

periods (4, 5). 

Participant satisfaction 
Participants generally express equally high satisfaction with TAR, compared to supervised 

rehabilitation for TKA participants (4, 5, 10, 11). Benefits mentioned are, among others, high 

flexibility and timed spared with transportation from their home to the rehabilitation centre 

(10, 11). Tousignant et al. compared satisfaction of TAR compared to supervised 

rehabilitation, based on the French version of the Healthcare Satisfaction Questionnaire. The 

questions were divided into three factors: 1: satisfaction with the relationship with the 

healthcare professional, 2: Satisfaction with the services delivered and 3: Satisfaction with the 

general organization. The total score all three factors was high for both groups, TAR= 90.2 

and supervised rehabilitation= 90.5 (P=0.929) (11). Among other methods for evaluating 

participant satisfaction was a VAS scale (0-10cm), were high satisfaction was found (mean 

VAS scale response=>7) (4). Given the age of the participants, researchers have had 

expressed concerns about the participants´ trust in the technology before the trial, but this did 

not seem to be an issue for the participants (11). It is widely recognized that the participant’s 

perspective of TAR is important, but it is lacking in several studies (4).  

Economy 
Cost benefit analysis have been conducted and show an economic benefit by using TAR in 

TKA rehabilitation. The areas with highest potential economic savings are on transport 

expenditures and manpower (12, 13). A difference of up to 18% in cost expenditures in 

favour of TAR have been detected. This number is based on an average transport distance of 

> 50km for the supervised rehabilitation group (12). If transport distance were to be less than 

30km, the % in cost expenditures in favour of TAR could be lower (12). This could be as 

much as 230€/pt. (12). A cost effectiveness analysis, evaluating TAR in Italy, conclude that 

the probability of TAR compared to supervised rehabilitation being cost effective was 98% 

(13). Transportation costs are, in this case, a significant expenditure and the mentioned 98% 

were, among other factors, calculated on these costs (13). A between group comparison based 

on numbers of transportations after 20 face to face rehabilitation sessions for the usual care 

group was conducted and the results were presented in Euros. With no transportation used, the 

differences in Euros between the groups was 64€ in favour of TAR. With 100% 
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transportations used, the difference was 846€, in favour of TAR (13). High costs related to 

technology support during TAR treatment were not expected, but the total cost of the 

technology could be as high as transport costs (12). These analyses are all based on TAR 

using videoconference with live interaction (12, 13). Furthermore, TAR in TKA rehabilitation 

could potentially allow for allocation of resource to other areas of the healthcare system (13).  

No studies have been found, evaluating the effect of TAR for TKA participants in Denmark. 

An evaluation report on a newly developed TAR solution (ICURA) for TKA participants in 

Denmark has been published recently. The results are based on a non-inferior randomized 

controlled trial not yet published, comparing ICURA to usual care of TKA participants in four 

municipalities in Copenhagen (14).  Results on short term follow-up (6 weeks), show that 

ICURA is not inferior to usual care. (14). The results are based on a statistical significant- and 

between group difference of no more that 10% in the score after intervention (6 weeks), 

measured by 10m walk test (10MWT), 2.45m Up & Go (UPGO), 30 sec. Sit to Stand (STS), 

ROM in TKA knee and KOOS questionnaire (14). There was high participant satisfaction 

with ICURA, 96% of the participants using ICURA were either satisfied or very satisfied with 

the rehabilitation process, compared to 94% in the usual care group (14). The benefits 

mentioned were high flexibility, ownership and motivation in the rehabilitation process (14).  

The fact that the ICURA group had fewer face to face meetings with a PT than the usual care 

group, at 6 and 12 respectively, did not affect the result (14). The report also shows that 

ICURA could provide an economic benefit. PT expenditures per participant could be reduced 

by 16% and transport cost could be reduced by 42% per participant (14).  An overall 

conclusion was that a total of 18% reduction in cost could be obtained with ICURA 

rehabilitation compared to usual care (14). 

Osteoarthritis  
Osteoarthritis (OA) is a common condition and in Denmark, most people above the age of 60 

have objective signs of OA in at least one joint (15). The prevalence of radiographic knee and 

hip OA is 70% at the age 65 or above. The non-surgical treatment for knee OA is fairly well 

documented and clinical guidelines for knee OA in Denmark suggest, that supervised 

rehabilitation for the condition has a good effect on global health, pain and physical function 

(16).  
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The incidence of operations for Total Knee Replacements (TKA) in Denmark in 2015 was 

8241 (17). There has been an increase in operations for the past 20 years. The average 

incidence of TKA operations from 1997 to 2011 was 5104 and between 2012 to 2015 the 

average number was 8253 (17). The percentage of men and women was fairly even and 69% 

of patients receiving TKA, were between the age of 60 and 79 (17).   

The non-surgical treatment of citizens with TKA is, among others, exercise treatment, and 

supervised group exercise treatment is provided for most pt. in Denmark, and is cared for by 

rehabilitation centres in the municipalities (18). The overall aim of the intervention is to 

decrease swelling, restore muscle strength, range of motion (ROM) and general physical 

function (18). The intervention has shown a small to moderate effect on physical function on 

short term, 3-4 months, compared to no intervention (16). In Denmark, it is recommended that  

citizens participate in rehabilitation programs in a rehabilitation centre after TKA for a faster 

recovery (16). 

Research Question 

What is the effect of ICURA rehabilitation compared to supervised rehabilitation (usual care) 

for participants with total knee joint replacement on long time follow-up (6 and 12 months), 

estimated by 10m walk test, 2.45m Up and Go, 30 seconds Sit to Stand, active Range of 

Motion and Knee Disability and Osteoarthritis Outcome Score (KOOS). 

Design 
This is a Randomized Controlled Non-Inferiority study. A non-inferiority study seeks to 

determine if a new intervention is equivalent or not inferior to an existing intervention, by 

more than an acceptable amount (19). In this study, TAR (ICURA) was compared to usual 

care for participants with total knee joint replacement (TKA) in Denmark. 
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Material/method 
Participants in this study had all received TKA and admitted to rehabilitation 2 weeks after 

operation according to the Danish health act § 140, in a rehabilitation centre located in one of 

4 municipalities in Copenhagen. All participants received an information letter about the 

study. It also contained information about their rights by way of the Helsinki declaration, 

a notice about rehabilitation after TKA in a given rehabilitation centre in the participant´s 

municipality and a formal letter of informed consent. Ethical approval was granted for this 

study. 

446 participants were assessed for eligibility by an individual interview at the rehabilitation 

centre. 176 participants did not meet the inclusion criteria, 115 did not want to participate for 

different reasons, leaving 155 pt. included in the study for randomization to either ICURA or 

usual care. Follow-up periods were after intervention (6 weeks), 6 and 12 months (flowchart). 

This study will only assess the effect of ICURA compared to usual care after 6 and 12 

months. 

Inclusion criteria 
• 18 years old or above 

• Referred to general rehabilitation after Total Knee Replacement. 

• Participants living in one of the following four municipalities: Gentofte, Gladsaxe, Rudersdal 

or Lyngby-Taarbæk. 

• Able to handle transfers independently. 

• Able to handle walking function independently, if necessary with a walking aid. 

• Able to speak and understand Danish. 

• Minimum Range of Motion of 5-90 degrees in operated knee. 

Exclusion criteria 

• Participants with a Pacemaker. 

• Not able to handle the technology and/or applying elastic bands. 

• Risk for coronary thrombosis when using the elastic bands. 

• Concurring disabilities, which hindered participation (e.g. infection). 

• Severe cognitive and/or psychological difficulties, which hindered participation (e.g. 

depression, aphasia, dementia). 

• Had undergone manipulation under anaesthesia (MUA) because of reduced ROM. 
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Flowchart 
 
 
 

 
  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
  
 
 
 
 
 
 
 
 
 
 

 
 

 

Assessed for eligibility (n= 446) 

• Did not meet inclusion criteria (n= 
176)  

• Did not want technological solution 
(n= 22) 

• Preferred usual care (n= 15) 
• Unspecified reasons (n= 78) 

Analysed (n= 47)  
• Did not want to continue (n= 2) 
•  Concurrent disease (n= 4) 
•  Unspecified reasons (n=8) 

 

Analysed (n= 61) 
• Could not handle technological 

solution (n=6)  
• Pain (n= 1)  
• Death (n=1) 
• Unspecified reasons (n=6) 

Allocated to ICURA (n= 76)  
Received intervention (n=75) 

• Pain (n=1) 
 

 

 Analysed (n= 63) 
• Pain (n= 1)  
• Didn´t want to continue (n=3) 
• Concurrent disease (n=1)  
• MUA (n=1) 
• Unspecified reasons (n=5) 
•  

Allocated to usual care (n= 79) 
Received intervention (n=74) 

• Pain (n=1) 
• Concurrent disease (2) 
• Infection (n=1) 
• Unspecified reason (n=1) 

 

  Analysed (n= 48) 
• Did not want to continue (n=3) 
• Concurrent disease (n= 3)  
• Unspecified reasons (n=9) 

	

6 months follow up 

After Intervention 
(6 weeks) 

Randomized (n= 155) 

Analysed (n= 40) 
• Concurrent disease (n=2)  
• Re-operation (n=1) 
• Unspecified reasons (n=5)  

	

Analysed (n= 40)  
• Concurrent disease (n=1)  
• Re-operation (n=2)  
• Unspecified reasons (n=4) 

	

12 months follow up 
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Randomization 
Randomization was performed by a computer-generated list and concealed in non-transparent 

sealed, numbered envelopes. Participants were randomized to either ICURA or usual care 

using permuted blocks of 4, 6 and 8 and stratified by municipality. Between group differences 

at baseline are presented in table 1.  

 

ICURA technology. 
The ICURA trainer is a newly developed home exercise technology, based on a smartphone, 

an app, 5 sensors, each attached to an elastic band, a recharger for the smartphone and sensors 

and a stand for the phone (Figure 1). The app can provide a visual feedback, displayed on the 

phone by an avatar and a qualitative and quantitative feedback by a voice mechanism. The 

app can store videos of exercises and includes information material, a training diary and a 

chatting function, where users can interact. (Figure 1). When used, one sensor is placed 

around the waist and four on the thigh and calf of each leg (Figure 1). A standardized 

calibration function must be performed before each training session with the sensors in place, 

to ensure the apps ability to register the users’ movement. The app instructs the user to stretch 

and bend the knees in a sitting position, to take a standing position and spread the legs. A test 

of the calibration is then performed by walking and turning thus seeing if the avatar is 

responding correctly to the movements (Figure 1). During exercises, the avatar and voice 

mechanism can instruct users by visual image, counting and correcting. If an exercise is not 

done correctly, by a predefined quality of the exercise, which can be defined in the app, the 

sensors detect this and the voice mechanism can correct the user.  
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Figure 1 ICURA trainer case, sensor placement and user interface in ICURA app, displayed on the phone. 

 

Information about quantity and quality of exercises for each user can be recorded and 

accessed via the web part of ICURA, called ICURA manager and a competent professional 

can monitor the user´s exercises (Figure 2). Colours indicate to which extent the exercise are 

performed correctly and enough times, green indicating good, yellow indicating acceptable 

and red indicating failure to perform the exercise (Figure 2). The app provides software for 

developing individual training programs by web access. A number of exercises can be 

inserted in the app and varying difficulty levels can be applied. When an exercise has been 

done correctly and enough times for a period, the difficulty can progress to the next level. An 

example could be a level 1 exercise, standing lateral leg raise, that moves to level two by 

adding resistance using a rubber band. A competent professional can thereby change 

difficulty level and numbers of exercises for each day, in a way that suits the users 

individually and monitor the user’s performance.   

 

 
Figure 2 shows FT interface in ICURA manager. Green, yellow and red indicate good, moderate and not accepted 
performance of exercise, respectively. 
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Intervention. 

A core range of exercises used for both groups and listed in ICURA manager is displayed in 

Appendix 1. Other exercises than those displayed in Appendix 1 were used, if the PT deemed 

it relevant for the individual participant. 

The exercises provided for the participants were divided into daily exercises and 

strengthening exercises, performed three times a week. Repetitions ranged from 10-15. 

 

ICURA 

An individual assessment approximately 2 weeks after operation and thorough introduction to 

the technology was carried out for each participant at a given rehabilitation centre, located in 

the participants’ municipality. Each participant received their own ICURA trainer case to take 

home for the 6-week intervention period (figure 1). The intervention was a daily individual 

exercise program, combined with strengthening exercises three times weekly, arranged by a 

FT on the app and displayed on the phone. The participants exercised on their own at home or 

in a setting of their preference. An example of a participant exercise program is displayed in 

figure 3. A voice mechanism provided a spoken qualitative feedback to the participant on how 

to perform the exercises, guided the participant through the exercise program and kept track 

of counting repetitions. A predefined quality for most exercises was arranged by a PT and 

inserted in the app and the voice mechanism corrected the participant if necessary. An 

incorrect exercise could be not applying equal weight bearing on both legs during a sit to 

stand exercise and/or inwards rotation of knee.  

The PT could monitor the participant´s exercises daily, as displayed in Figure 2 and add 

changes if necessary, by adding or removing exercises or changing difficulty level (Figure 3). 

Furthermore, one weekly PT supervised group exercise, similar to usual care, was provided 

but mainly based on further instructions and adjustment of the participant´s program and 

technology and secondly to allow communication and interaction with other participants. A 

reason for this was the newly developed technology, which has only been tested in a small 

pilot study. Therefore, any unexpected problems with the technology could be resolved at the 

same time. 
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Figure 3 Example of a weekly exercise program for ICURA 

 

Supervised group rehabilitation (usual care) 

An individual assessment of each participant was conducted approximately 2 weeks after 

operation at a given rehabilitation centre located in the participants’ municipality. The 6 

weeks intervention consisted of PT supervised group exercise training for one hour, twice a 

week at the rehabilitation centre. Two PT´s cared for a group of up to 10 participants and 

instructed the participants in the rehabilitation, consisting of warm-up, mostly on a stationary 

training bike, exercises for balance, stability, range of motion, resistance and cardio exercises, 

functional exercises, mostly gait training and stair climbing and stretching. The participants 

were also instructed to perform individually suited daily exercise programs and strength 

exercises at home, provided by the PT. The PT continually evaluated each participant in terms 

of pro- or regression in number of exercises and difficulty, suited to the participants 

individually.  
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Outcomes.  

10m Walk Test 

Primary outcome was 10m Walk Test (10MWT).  The test is commonly used for testing gait 

speed in TKA participants and is suggested as reliable for this group, intra-class correlation 

coefficient (ICC) and 95% Confidence Interval (CI)= 0.95 (0.91 to 0.97) (20). A minimal 

clinical important change (MCIC) for 10MWT has not been established for TKA participants. 

A systematic review evaluating MCIC in comfortable gait speed in adults with pathology, 

partially based on 10MWT, state a change of 0.10 to 0.20 m/s across multiple patient groups 

(21). 

 

Secondary outcomes were 2.45m Up & Go (UPGO), 30 seconds Sit to Stand (STS), Active 

Range of Motion (AROM) and the Knee Disability and Osteoarthritis Outcome Score 

(KOOS)  

 

2.45m Up & Go 

The test is part of the Senior Fitness Test, a test battery, used for measuring overall physical 

function of elderly people over the age of 60 (22). UPGO is suggested as reliable, ICC >0.80 

for test retest, but a formal validation has not been established, as no comparable golden 

standard has been found (22, 23). By way of consensus by clinical experts, it has been 

deemed as a good overall measure for gait speed, balance, power and agility for this group 

(22, 23).  

 

30 sec. Sit to Stand 

STS is recommended to evaluate physical function of TKA participants in research and is 

deemed valid and reliable in assessing physical function of this group (24, 25). In a review 

evaluating the evidence for measurement tools for TKA participants, STS obtained an ICC 

ranging from 0.81 to 0.93 for intra- and inter tester reliability (25). No MCIC for TKA 

participants could be found for STS but Wright et al. state an increase of 2.2 repetition as a 

major clinical important change in STS for participants with hip osteoarthritis (26). 
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AROM 

Measurement of AROM of the knee by goniometer is commonly used after TKA and is 

deemed useful as a trial outcome (27). Jakobsen et al. state an inter-tester reliability for 

AROM, ICC ranging from 0.81 to 0.87, which corresponds with similar studies (28, 29). 

Concurrent validity, comparing goniometer measurements with x-ray is regarded as high, 

ICC=0.96, but could be lower, when measuring flexion >90 degrees (29). A change larger 

than 10 degrees for AROM flexion and 6 degrees for AROM extension is regarded as a true 

change (28).  

 

KOOS 

KOOS is a participant reported outcome measure consisting of 42 items divided on 5 

subscales regarding the participant´s knee and other associated problems (30). The subscales 

are Pain, Symptoms, Function in daily living, Function in sport and recreation and Knee 

related quality of life, rated on a 5 point Likert scale (0-4) (30). The score of each subscale 

must be transformed to percentage of highest possible score achieved (0=serious problems, 

100=no problems) (31). A total score of all subscales has not been validated and therefore the 

subscales are scored separately (30).  

KOOS has been deemed fit for use to evaluate self-reported change in participants with TKA 

(32). It has an overall moderate to high construct validity, exhibits face and content validity, 

high responsiveness and good reliability in each subscale, ICC ranging from 0.60 to 0.97 (30, 

33). This is with exception of the sport and recreation subscale, which exhibits weak to 

moderate reliability and weak construct validity for this group (33). Although research to 

establish a MCIC for KOOS is ongoing, a gain of 10 points in the transformed score is stated 

on the KOOS homepage (34). 

 

All participants were tested at baseline, 6 weeks, 6 and 12 months by different PT at a 

different rehabilitation centre than their own, using Danish standardized approved manuals for 

all outcomes to ensure consistency. In 2.45m Up & Go and STS, the participants could use 

modified versions of the test, if necessary. A description of the tests is in appendix 2. Each 

tester was blinded, thus not knowing which group the participant was allocated to and 

participants were instructed not to reveal details of the randomization.  
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Statistical analyses  
All analyses were conducted using STATA version 14.0 (StataCorp. 2014, College Station, 

USA).  Statistical significance was set at P=<0.05. 

 

A t-test was conducted as a per-protocol analysis (PP), evaluating the effect of ICURA 

compared to usual care measured on primary and secondary outcomes on all time points. A 

repeated measurement analysis (mixed effect model), unadjusted, was conducted as a PP 

analysis, evaluating change over time and 10% difference for primary and secondary 

outcomes on all time points. Furthermore, a repeated measurement analysis (mixed effect 

model), adjusted for baseline score, age, gender and municipalities was conducted as a PP 

analysis, estimating between group differences at 6 and 12 months. Inclusion of variables was 

based on differences at baseline and stratification of municipalities (Table 1). Including 

relevant covariates in the analysis could greatly enhance the precision, barring the covariates 

do not correlate with each other, resulting in redundant information (35).  

The mixed effect model allows for clustering in data, in this study municipalities, in- and 

between group variance and includes random and fixed factors (36). In this case, intervention 

groups were handled as fixed and participants as random. A mixed effect model is useful in 

measuring change, if the following are present: At least three data points, an outcome that 

changes over time and some unit for measuring time (37). The mixed effect model, un- and 

adjusted, allowed interaction between time and intervention, investigating differences in 

changes between groups, as change over time may differ between groups (36). A Wald test 

was performed, testing for interaction between time and intervention, P=<0.05 indicated 

interaction (36). Interaction was included in the analysis, as it tends to be a more precise 

estimate of the effect (36).  

No statistical significant difference and less than 10% between group difference at 6 and 12 

months, based on the adjusted analysis, was used to detect non-inferiority for primary and 

secondary outcomes. A percentage calculation of AROM extension was omitted, as the score 

was suspected to be close to zero, and therefore a small difference would yield a substantial 

percentwise difference. 

Despite only concluding on 6 and 12 months follow-up, all time points were included in the 

analyses evaluating the effect, giving a more realistic picture of the effect and change over 

time. 
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As earlier stated, a fairly large number of participants were lost to follow-up after 12 months. 

To ensure that the groups did not differ from baseline through the course of the study, an 

attrition analysis was performed using a t-test for continuous- and Chi2 for non-continuous 

variables, analysing the between group difference of the participants lost to follow-up. An 

analysis investigating the power of the remaining number of participants at 6 and 12 months 

to detect a between group difference of 10% was conducted on the primary outcome 10MWT 

and based on a statistical significance level of 0.05, standard deviations, effect size and 

number of participants at 6 and 12 months follow-up. (36). To estimate collinearity between 

covariates included in the adjusted analysis, an analysis estimating the Variance Inflation 

Factor (VIF) was conducted (36). 

 

The analyses were divided into performance tests (10MWT, UPGO, STS and AROM) and 

participant reported outcome (KOOS) 
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Results 
Between group differences at baseline were assessed by a t-test for continuous variables and a 

chi2 for non-continuous variables and are presented in Table 1. 

Table 1 
 
 ICURA n= 76   

Mean (±SD) 

Usual care n= 79 

Mean (±SD) 

P-value 

Women (%) * 36 (47%)  46 (58%) 0.18 

Use of painkillers *   0.99 

     Non-prescriptive 2 2  

     Prescriptive    

     NSAID                                 

8 8  

     Morphine  62 66  

TKA (right/left) * 32/44 36/42 0.61 

Municipality *   0.89 

     Gentofte 27 27  

     Lyngby/Taarbæk 23 28  

     Gladsaxe 12 10  

     Rudersdal 14 14  

Age 67.1 (8.9) 64.1 (9.6) 0.05# 

Active Range of 

Motion (AROM) 

   

     Flexion  92.3 (14.2) 89.1 (13.5) 0.17 

     Extension  5.4 (3.5) 6.0 (3.8) 0.31 

10m walk 9.7 (3.3) 10.1 (3.6) 0.47 

2.45m Up & Go 10.1 (3.8) 10.4 (3.6) 0.66 

30 sec. Sit to Stand 10.0 (3.5) 10.4 (3.0) 0.42 

KOOS Symptoms 49.6 (16.2) 49.0 (14.9) 0.84 

KOOS Pain 51.8 (17.2) 50.8 (16.3) 0.71 

KOOS ADL 56.4 (15.8) 55.5 (17.3) 0.74 

KOOS Sport and 8.4 (14.9)   8.2 (17.6) 0.96 
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recreation 

KOOS Quality of 

Life 

30.3 (17.2) 32.4 (14.4) 0.44 

Table 1. shows baseline characteristics. *=non-continuous variables. #= Statistical significant difference. Extension 
presented as degrees of extension defect. 

There was no statistical between group difference at baseline, except for a significant higher 

age in the ICURA group, which on average were 3 years older (Table 1). This is not 

suspected to have any significant impact on the results, as the age difference is fairly small. 

The number of women was higher in the usual care group compared to ICURA, 46 and 36, 

respectively. This was not a statistical significant difference and is not suspected to affect the 

results. 

 

Performance tests (10MWT, UPGO, STS and AROM) 
Table 2 to 6 show the effect and statistical between group difference for 10MWT, UPGO, 

STS and AROM for ICURA compared to usual care on all 4 time points, estimated by a t-test 

with unequal variance. AROM extension was measured as extension defect. Positive scores 

indicated degrees of defect and negative score would indicate degree of hyper extension.   

Figure 4 to 8 show change over time and a 10% margin for ICURA and usual care on all 4 

time points, estimated by a repeated measurement analysis, unadjusted (mixed effect model), 

allowing for interaction between time and intervention.  

The analyses showed no statistical significant interaction between time and intervention, 

estimated by Wald’s test, for 10MWT, UPGO and STS. A significant interaction between 

time and intervention was present for AROM flexion and extension. This means we cannot be 

sure, that the between group difference is the same over time (36).  
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Primary outcome: 10m Walk Test 
 

10m Walk Test 

Time points  

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

 

P-value 

Baseline n=155 9.7 (9.9 to 10.4) 10.1 (9.2 to 10.8) 0.47 

6 weeks n=124 6.5 (6.2 to 6.9) 6.7 (6.4 to 7.1) 0.48 

6 months n= 95 6.5 (6.0 to 7.0) 6.5 (6.1 to 6.9) 0.95 

12 months n=80 6.3 (5.7 to 6.9) 6.1 (5.6 to 6.6) 0.67 
Table 2 the effect of ICURA compared to usual care on all 4 time points, measured by 10m Walk Test, estimated by a t-test, 

unequal variance. 

 

 
Figure 4 shows change over time and a 10% margin for all 4 time points, measured by 10m Walk Test for ICURA and Usual 
Care, estimated by a mixed effect model, allowing interaction between time and intervention. 

 

There was no statistical significant difference between ICURA and usual care at 6 or 12 

months’ follow-up, measured by 10MWT, estimated by a t-test. The ICURA group used 6.5 

sec. (6.0 to 7.0) vs the usual care group 6.5 sec. (6.1 to 6.9) at 6 months (P=0.95) and 6.3 sec. 

(5.7 to 6.9) vs 6.1 sec. (5.6 to 6.6) at 12 months (P=0.67), respectively (Table 2). Visually, the 

between group difference at 6 and 12 months seemed to be less than 10% (Figure 4) 
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Secondary outcome: 2.45m Up & Go 
 

2.45m Up and Go 

Time points  

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

 

P-value 

Baseline n=155 10.1 (9.2 to 11.0) 10.4 (9.5 to 11.1) 0.66 

6 weeks n=123 6.1 (5.8 to 6.4) 6.3 (5.9 to 6.6) 0.56 

6 months n=95 6.0 (5.5 to 6.4) 6.0 (5.7 to 6.4) 0.80 

12 months n=80 5.9 (5.4 to 6.3) 6.0 (5.4 to 6.4) 0.80 
Table 3 the effect of ICURA compared to usual care on all 4 time points, measured by 2.45m Up & Go, estimated by a t-test, 
unequal variance. 

 

 
Figure 5 shows change over time and a 10% margin for all 4 time points, measured by 2.45m Up & Go for ICURA and 
Usual Care, estimated by a mixed effect model, allowing interaction between time and intervention. 
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Secondary outcome: Sit to Stand 30 sec. 
 

Sit to Stand 30 sec. 

Time points  

ICURA 

Mean (CI) 

Usual care  

Effect size (CI) 

 

P-value 

Baseline n=155 9.9 (9.2 to 10.8) 10.4 (9.7 to 11.1) 0.42 

6 weeks n=122 13.2 (12.4 to 14.0) 13.0 (12.1 to 13.8) 0.71 

6 months n=95 14.0 (13.0 to 15.1) 14.0 (13.0 to 15.0) 0.84 

12 months n=78 14.0 (12.7 to 15.3) 14.1 (12.5 to 15.6) 0.93 
Table 4 the effect of ICURA compared to usual care on all 4 time points, measured by Sit to Stand 30 sec., estimated by a t-
test, unequal variance 

 
 
 

 
Figure 6 change over time and a 10% margin for all 4 time points, measured by Sit to stand 30 sec. for ICURA and Usual 
Care, estimated by a mixed effect model, allowing interaction between time and intervention. 

 

 

 
 
 
 
 
 
 
 
 
 

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Baseline 6	weeks 6	months	 12	months

Sit	to	stand	30	sec

ICURA Usual	Care



	
	
	

26	

Secondary outcome: Active Range of Motion 
 

AROM Flexion 

Time points 

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

 

P-value 

Baseline n= 151 92.3 (89.0 to 95.5) 89.1 (86.0 to 92.2) 0.17 

6 weeks n=120 112.7 (109.4 to 

(116.0) 

109.2 (106.0 to 

112.4) 

0.13 

6 months n=95 119.7 (116.5 to 

122.8) 

119.2 (115.6 to 

122.8) 

0.83 

12 months n=80 123.1 (120.7 to 

125.5) 

123.2 (119.5 to 

126.8) 

0.98 

Table 5 the effect of ICURA compared to usual care on AROM flexion for all 4 time points, measured by handheld 
goniometer, estimated by a t-test, unequal variance. 

 
 

 
Figure 7 change over time and a 10% margin for AROM flexion on all 4 time points, measured by handheld goniometer for 
ICURA and Usual Care, estimated by a mixed effect model, allowing interaction between time and intervention 
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AROM Extension 

Time points 

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

 

P-value 

Baseline n=151 5.4 (4.5 to 6.2) 6.0 (5.1 to 6.8) 0.31 

6 weeks n= 120 2.8 (1.7 to 4.0) 4.4 (3.1 to 5.6) 0.07 

6 months n=96 1.4 (0.7 to 2.0) 1.2 (0.4 to 1.9) 0.70 

12 months n=78 0.7 (0.1 to 1.2) 0.7 (0.0 to 1.3) 0.98 
Table 6 the effect of ICURA compared to usual care on AROM extension defect for all 4 time points, measured by handheld 
goniometer, estimated by a t-test, unequal variance. 

 
 
 
 

 
Figure 8 change over time and a 10% margin for AROM extension defect on all 4 time points, measured by handheld 
goniometer for ICURA and Usual Care, estimated by a mixed effect model, allowing interaction between time and 
intervention.  

 

 

There were no statistical significant differences detected on any of the secondary outcomes 

performance tests, evaluated by a t-test at 6 and 12 months (Table 3 to 6). The scores for 

UPGO, STS and AROM were similar and the difference at 6 and 12 months, visually, seemed 

to be less than 10% (Figure 5 to 8). A not statistical significant, but visually, more than 10% 

difference was seen for AROM extension at 6 weeks, but the difference was not present at 6 

and 12 months (Table 6 and Figure 8). 
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Participant reported outcome (KOOS) 

Table 7 to 11 show the effect and statistical between group difference for KOOS at all four 

time points, estimated by a t-test with unequal variance. 

 

KOOS Symptoms 

Time points  

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

 

P-value 

Baseline n=144 49.6 (45.6 to 53.4) 49.0 (45.6 to 52.4) 0.84 

6 weeks n=119 65.5 (61.5 to 69.4) 62.9 (58.9 to 66.8) 0.36 

6 months n=95 81.1 (76.7 to 85.6) 76.3 (71.3 to 81.3) 0.15 

12 months n=80 86.4 (82.8 to 90.0) 84.1 (79.2 to 89.0) 0.44 
Table 7 shows the effect of ICURA compared to usual care on all 4 time points, measured by KOOS Symptoms, estimated by 
a t-test, unequal variance. 

 
KOOS Pain 

Time points  

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

P-value 

Baseline n=145 51.8 (47.7 to 55.9)  50.8 (47.0 to 54.5) 0.71 

6 weeks n=119 72.0 (68.2 to 75.7) 67.1 (62.5 to 71.6)  0.10 

6 months n=95 84.1 (79.6 to 88.7) 76.9 (71.3 to 82.5) 0.05# 

12 months n=80 91.3 (88.1 to 94.5) 83.9 (77.1 to 90.7) 0.05# 
Table 8  shows the effect of ICURA compared to usual care on all 4 time points measured by KOOS Pain, estimated by t-test, 
unequal variance. #=statistical significant difference. 

 
KOOS ADL 

Time points  

ICURA 

Mean (CI) 

Usual care 

Mean (CI)  

 

P-value 

Baseline n=136 56.4 (52.5 to 60.2) 55.5 (51.3 to 59.6) 0.74 

6 weeks n=118 78.9 (75.4 to 82.3) 76.1 (72.7 to 79.5) 0.25 

6 months n=95 83.1 (80.0 to 88.3) 78.9 (74.0 to 83.9) 0.11 

12 months n=80 87.6 (83.6 to 91.7) 82.5 (76.1 to 89.0) 0.18 
Table 9 shows the effect of ICURA compared to usual care on all 4 time points, measured by KOOS ADL, estimated by a t-
test, unequal variance. 
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KOOS Sports & 

Recreation 

Time points  

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

 

P-value 

Baseline n=104 8.4 (4.2 to 12.5) 8.2 (3.3 to 12.5) 0.96 

6 weeks n=93 32.5 (25.2 to 39.7) 38.0 (30.6 to 45.3) 0.29 

6 months n=84 52.1 (43.8 to 60.5) 44.5 (36.0 to 52.9) 0.20 

12 months n=70 56.8 (47.2 to 66.4) 54.1 (44.2 to 64.1) 0.70 
Table 10 shows the effect of ICURA compared to usual care on all 4 time points, measured by KOOS Sports & Recreation, 
estimated by a t-test, unequal variance. 

 
KOOS Quality of 

Life 

Time points  

ICURA 

Mean (CI) 

Usual care  

Mean (CI) 

 

P-value 

Baseline n=139 30.3 (26.1 to 34.5) 32.4 (28.9 to 35.7) 0.44 

6 weeks n=118 55.1 (50.4 to 59.8) 52.6 (47.9 to 57.4) 0.46 

6 months n=95 67.8 (62.0 to 73.5) 58.4 (51.5 to 65.4) 0.04# 

12 months n=79 74.5 (68.4 to 80.6) 66.9 (58.7 to 75.0) 0.14 
Table 11 shows the effect of ICURA compared to usual care on all 4 time points, measured by KOOS Quality of Life, 
estimated by a t-test, unequal variance. #= statistical significant difference. 

 

All scores at 6 and 12 months were in favour of ICURA. Statistical significant difference 

between groups was found in three of the 5 subscales in KOOS at 6 and 12 months. A 

statistical significant between group difference was detected in KOOS Pain at 6 and 12 

months, ICURA group 84.1 (79.6 to 88.7) vs usual care group 76.9 (71.3 to 82.5), P=0.05 and 

ICURA group 91.3 (88.1 to 94.5) vs usual care group 83.9 (77.1 to 90.7), P=0.05, 

respectively (Table 8). A significant between group difference was detected for KOOS 

Quality of Life at 6 months, ICURA group 67.8 (62.0 to 73.5) vs usual care group 58.4 (51.5 

to 65.4), P=0.04 (Table 11). 

 
Participant reported outcome at 6 and 12 months (KOOS) 

Figure 9 and 10 show the scores for ICURA and usual care and a 10% margin for the 5 

subscales in KOOS at 6 and 12 months, estimated by a repeated measurement analysis, 

unadjusted (mixed effect model), allowing for interaction between time and intervention. 
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There was significant interaction between time and intervention for all five subscales in 

KOOS, estimated by a Wald test. This means we cannot be sure, that the between group 

difference in score was the same over time (36).  

 

 
Figure 9 effect size and a 10% margin for ICURA and usual care at 6 months for all five subscales of KOOS, estimated by a 
mixed effect model, allowing for interaction between time and intervention. 

 
 

 
Figure 10 effect size and a 10% margin for ICURA and usual care at 12 months for all five subscales of KOOS, estimated by 
a mixed effect model, allowing for interaction between time and intervention. 
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Visually, there seems to be less than 10% difference in all but one subscale of KOOS at 6 and 

12 months (Figure 9 and 10). At 6 months, the between group differences for Quality of Life 

seems to be more than 10%, in favour of ICURA (Figure 9).  

Adjusted analyses (Mixed effect model) 
A statistical significant age difference at baseline between ICURA and usual care was 

detected, 67.11 years vs 64,12 years, respectively (Table 1). A non-significant, but lower 

number of women in ICURA, compared to usual care, were present at baseline, 36 vs 46, 

respectively (Table 1). Furthermore, in the municipality Lyngby/Taarbæk, 39 participants 

were lost to follow-up, which was substantially higher than in the other municipalities. In 

Gentofte, 20 participants were lost to follow-up and for Gladsaxe and Rudersdal, the number 

was 8 participants each. 

To consider the influence these variables may have had on the estimated effect, a repeated 

measurement analysis (mixed effect model) was conducted for all outcomes at 6 and 12 

months, adjusted for age, gender, municipality and baseline score and including interaction 

between time and intervention. The results are presented as between group- and statistical 

difference at 6 and 12 moths for all outcomes (Table 12 and 13). Negative values are in 

favour of usual care. 

 

 

Performance test 

6 months 

Difference (CI) P-value 

10m Walk Test -0.1 (0.8 to -0.6)  0.82 

2.45m Up and Go  0.0 (-0.6 to 0.6)  0.99 

30 sec. Sit to Stand  0.1 (-1.4 to 1.6) 0.90 

AROM flexion  0.8 (-3.7 to 5.2) 0.73 

AROM extension -0.4 (2.1 to -1.3) 0.63 

Performance test 

12 months 

  

10m Walk Test -0.2 (1.0 to-0.5) 0.50 

Timed “Up and Go”  -0.1 (0.7 to -0.6) 0.83 

30 sec. Sit to Stand  0.0 (1.6 to -1.5) 0.98 
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AROM flexion -0.8 3.89 to -5.5) 0.72 

AROM extension -0.3 (2.1 to -1.5) 0.74 
Table 12 Difference between ICURA and usual care at 6 and 12 months for performance tests, estimated by a mixed effect 
model, adjusted for baseline score, age, gender and municipality. Negative values are in favour of usual care. 

 

Primary outcome 

Based on the adjusted analysis, there was no statistical significant difference between the 

ICURA group and the usual care group at 6 and 12 months, measured by 10MWT, -0.1 sec., 

P=0.82 and -0.2 sec., P=0.50, respectively, (Table 12). Compared to the score in 10MWT for 

the usual care group (Table 2), this equals a difference of 1.5% and 3.3% for 6 and 12 months 

respectively, in favour of usual care.  

 

Secondary outcomes (performance tests) 

Based on the adjusted analysis, no statistical significant difference between the ICURA group 

and the usual care group was detected at 6 months (Table 12). Differences were 0.0 sec., 

P=0.99 for UPGO, 0.1 repetitions, P=0.90 for STS, 0.8 degrees, P=0.73 for AROM flexion 

and -0.4 degrees, P=0.63 for AROM extension. Compared to the scores for UPGO, STS and 

AROM at 6 months (Table 3 to 6), the between group difference in % ranged from 0.0% to 

0.7%. Highest difference of 0.7% was detected for AROM flexion and STS, in favour of 

ICURA. 

Based on the adjusted analysis, no statistical significant difference between the ICURA group 

and the usual care group was detected at 12 months (Table 12). Differences were 0.1 sec., 

P=0.83 for UPGO, 0.0 repetitions, P=0.98 for STS, -0.8 degrees, P=0.72 for AROM flexion 

and -0.3 degrees, P=0.74 for AROM extension. Compared to the scores for UPGO, STS and 

AROM at 12 months (Table 3 to 6), the between group difference in % ranged from 0.0% to 

1.7%. Highest difference of 1.7% was detected for UPGO, in favour of usual care. 

The difference in percentage for AROM extension for 6 and 12 months was 33% and 42.9%, 

respectively. 
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KOOS 

6 months 

Difference (CI) P-value 

Symptoms 3.4 (-3.7 to 10.5) 0.34 

Pain 5.7 (-1.6 to 13.0) 0.13 

ADL 2.4 (-3.2 to 8.0) 0.40 

Sports & Recreation 3.5 (-11.0 to 18.0) 0.63 

Quality of Life 7.1 (-2.3 to 16.5) 0.14 

KOOS  

12 months 

  

Symptoms 0.0 (-7.4 to 7.4) 1.00 

Pain 6.4 (-1.2 to 14.0)  0.09 

ADL 2.1 (-5.2 to 9.4) 0.57 

Sports & Recreation 0.4 (-14.6 to 15.5) 0.96 

Quality of Life 4.9 (-5.0 to 14.8) 0.33 
Table 13 difference between ICURA and usual care at 6 and 12 months for KOOS, estimated by a mixed effect model, 
adjusted for baseline score, age, gender and municipality. 

 
 
Secondary outcome (KOOS) 
Based on the adjusted analysis, no statistical significant difference between the ICURA group 

and the usual care group was detected at 6 months for all subscales of KOOS (table 13). The 

differences in points were 3.4, P=0.34 for KOOS symptoms, 5.7, P=0.13 for KOOS pain, 2.4, 

P=0.40 for KOOS ADL, 3.5, P=0.61 for KOOS Sports & Recreation and 7.1, P=0.14 for 

KOOS Quality of Life (Table 13). Compared to the scores for KOOS at 6 months (table 7 to 

11) the difference in % ranged from 3.0% to 12.2%. Largest difference of 12.2% was detected 

for KOOS quality of life. All scores were in favour of the ICURA group. 

There was no statistical significant difference between the ICURA group and the usual care 

group at 12 months for all subscales of KOOS (Table 13). The differences in points were 0.0, 

P=1.00 for KOOS Symptoms, 6.4, P=0.09 for KOOS Pain, 2.1, P=0.57 for KOOS ADL, 0.4, 

P=0.96 for KOOS Sports and Recreation, 4.9, P= 0.33 for KOOS Quality of Life. Compared 

to the scores for KOOS (Table 7 to 11) the difference in % ranged from 0.0% to 7.6%. The 

biggest difference of 7.6% was detected for KOOS pain. All scores were in favour of the 

ICURA group. 
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Ad hoc analyses 

Attrition analysis 

The attrition analysis, estimated by a t-test for continuous- and chi2 test for non-continuous 

variables, was based on participants lost to follow-up at 12 months. The results presented are 

mean score, standard deviation (SD) and the statistical between group difference in 

participants lost to follow-up in the ICURA group, compared to usual care at baseline (Table 

14).  

 

Outcome ICURA n=36 

Mean (SD) 

Usual Care n=39 

Mean (SD) 

 

P-value 

Women (%)* 19 (51%) 22 (56%) 0.66 

Use of Painkillers*   0.64 

     Non-prescriptive 1 2  

     Prescriptive NSAID 3 5  

     Morphine 31 29  

TKA (left/right) * 22/15 19/19 0.41 

Municipality*   0.37 

     Gentofte 11 10  

     Lyngby/Taarbæk 17 22  

     Gladsaxe 3 5  

     Rudersdal 6 2  

Age 66.2 (9.9) 62.0 (10.8) 0.08 

Active Range of 

Motion  

   

     Flexion  92.2 (14.1) 89.1 (13.4) 0.17 

     Extension  5.2 (3.4) 5.1 (3.6) 0.91 

10m walk Test   9.6 (3.6)   9.9 (2.9) 0.63 

2.45m Up and Go 10.4 (4.6) 10.8 (4.0) 0.68 

30 sec. Sit to stand   9.7 (4.0) 10.6 (3.3) 0.30 

KOOS    

Symptoms 43.6 (17.2) 47.1 (16.1) 0.39 
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Pain 47.8 (18.6) 48.5 (13.3) 0.85 

ADL 51.7 (15.9) 54.9 (16.9) 0.44 

Sports & recreation 9.0 (13.3) 6. (17.3) 0.62 

Quality of Life 23.3 (13.9) 30.9 (25.8) 0.04# 
Table 14 shows an attrition analysis using t-test or chi,2 comparing participants in ICURA to usual care lost to follow-up 
after 12 months. *=non-continuous variables. #=statistical significant difference. 

Table 14 shows no between group difference of participants lost to follow-up at 12 months 

(P=>0.05), except for Quality of Life, P=0.04. The difference of 7 points was considered 

small and we have no reason to believe, that the remaining participants in ICURA compared 

to usual care differ after 12 months compared to baseline. 

 

Power analysis 

The estimated power to detect a between group difference of 10% at 6 and 12 months was 

55% and 34%, respectively. The analysis was based on a statistical significance level of 0.05, 

standard deviations, difference in effect size of 10% and number of participants at 6 and 12 

months. 

 

Collinearity  

Collinearity was not detected between age and baseline variables included in the adjusted 

analysis for all outcomes. VIF was not greater than 1, indicating no collinearity between age 

and baseline scores for all outcomes (36). Evaluation of correlation between age, performance 

tests and KOOS is presented in appendix 3. 
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Discussion 

Results 
This study demonstrates that the overall effect of ICURA in the rehabilitation of TKA 

participants is equal to usual care after 6 and 12 months, measured on 10m Walk test, 2.45m 

Up and Go, 30 sec. Sit to Stand, AROM and the KOOS questionnaire. Even though there was 

a statistical significant between group difference in KOOS Pain at 6 and 12 months and 

KOOS quality of life at 6 months, all in favour of ICURA, estimated by a t-test (table 8 and 

11), these differences were not present, when adjusting for relevant baseline variables (Table 

13). There seemed to be a between group difference of greater than 10% for KOOS Quality of 

Life at 6 months (figure 9) and when adjusted for relevant baseline variables, the difference 

was 12.2%, in favour of ICURA. The large differences in percentage for AROM extension, 

33% and 42.9% for 6 and 12 months, respectively, does not correspond to the small difference 

of 0.4 and 0.3 degrees (Table 12 and 13). This was expected and is probably due to the small 

range in measurements for this outcome, and therefore, difference in percentage for AROM 

extension was omitted before the analysis. The results were based on the adjusted analysis 

which provided enhanced precision, as collinearity was not detected between age and the 

included covariates (36). 

The results correspond well with other studies, evaluating TAR solutions for TKA 

participants, measured on shorter follow-up (6-9). Although the TAR solutions differ, some 

used live interaction between participant and FT and one used similar technology as ICURA, 

the study population, design, intervention and outcome measures were similar and the studies 

from Russel et al., Moffet et al., Tousignant et al. and Piqueras et al. all concluded that TAR 

was equal to or not inferior to supervised rehabilitation (6-9). Meta-analysis by Shukla et al. 

and Agostini et al. provided the same conclusion (4, 5). 

 

Overall, there were large improvements in both the primary and secondary outcomes from 

baseline to 6 and 12 months follow-up for both groups and the results suggest clinical 

important improvements. The improvements from 6 to 12 months were small on all outcomes 

and, in most cases, less than MCIC. There could be many reasons for the overall small 

improvement from 6 to 12 months. One reason could be both groups neglected their exercise 

programs after 6 months. Studies, evaluating compliance/adherence with physiotherapy in 

older population (>60), suggest that adherence rates are higher in the supervised phase of the 
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rehabilitation and compliance is generally lower, when the participants must care for their 

own rehabilitation (38). This could have influenced the results. Another reason for the small 

improvement from 6 to 12 months could be, that the participants are near their full potential, 

measured by the included outcomes in this study. The norm reference value for fast gait speed 

for healthy men and women in their sixties has been suggested to be 1.85m/s (39). This equals 

a 10m distance of 5.4sec. which is approximately one sec. faster than the ICURA and usual 

care group at 6 and 12 months, measured by 10MWT (table 2). 6 and 12 months after 

receiving TKA replacement, it seems likely, that these participants generally have a slower 

gait speed than the healthy age matched population and this might not be changeable. 

Comparing the scores for both groups in all subscales in KOOS at 6 and 12 months with age 

matched healthy population in Sweden, the scores are similar (40). This supports, that the 

participants may be close to their full potential at 6 and 12 months, measured on the included 

outcomes and therefore, change in both performance tests and KOOS scores are small after 6 

months.  

 

Between group differences at baseline could have had an influence on the estimated effect. In 

this study, the ICURA group had a lower percentage women than usual care at baseline, 47% 

vs 58%, respectively (Table 1). ICURA generally had a higher score compared to usual care 

in all 5 subscales in KOOS after 6 and 12 months (figure 9 and 10). In a study, investigating 

differences in reporting knee complaints using KOOS in a Swedish population, Paradowski et 

al. state that knee complaints vary with gender (40). Women in the age group 55-74 reported 

higher knee related problems than men in the same age group in all 5 subscales in KOOS, 

three of them being statistically significant (Pain, Symptoms and ADL) (40). The fairly higher 

number of women in the usual care group compared to ICURA could have had an influence 

on the results, especially the statistical significant between group difference at 6 and 12 

months in the Pain subscale in KOOS (Table 8). When adjusted for variables including 

gender, this difference was not present, indicating that gender might have played a role on the 

estimated effect (Table 12 and 13). 

The age difference between the groups was statistically significant, and could have had an 

influence on the results. It would be reasonable to think that a group with higher age would 

produce smaller progress compared to a group with lower age, based on the included 

outcomes. In this case, the average difference of 3 years is considered small and the adjusted 

analysis did not indicate, that age had an influence on the results.   
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No studies have been found, evaluating TAR compared to supervised rehabilitation on long 

time follow-up (>6months). This study provides knowledge to that gap, indicating that TAR 

is equally effective as supervised rehabilitation up to 12 months after a TKA operation. 

Superiority studies have compared the effect of supervised rehabilitation compared to no 

intervention up to 12 months, finding supervised rehabilitation to be superior to no 

intervention on short term (3-4 months) but no between group difference after 12 months (27, 

41). Comparing the scores in this study with the study by Monticone et al., using a similar 

outcome and evaluated as having overall good quality rating (27, 42), the mean score in 

KOOS for the control group, receiving no intervention after TKA was >10 points lower on all 

subscales at 6 and 12 months (42). This is a clinical important difference for KOOS, and 

suggests that ICURA provides a substantial effect compared to no treatment for this group, 

measured by KOOS (34) . 

 

Although one could suggest that non-inferiority was certain, based on the above, for ethical 

reasons, among others, it is important to establish that a new solution (ICURA) for TKA 

rehabilitation is at least as good as an existing solution (supervised rehabilitation), before 

implementing it into practice. It is important to investigate that both interventions demonstrate 

a clinical meaningful effect, evident in this study, with large improvements from baseline to 6 

and 12 months. Stating that a new treatment is non-inferior compared to a treatment with poor 

effect would be useless. Other important aspects are feasibility and participant satisfaction 

with the ICURA rehabilitation, which were as good as supervised rehabilitation (14). Other 

factors, such as the effect on economy and possibilities to allocate resources differently, 

meeting the demand of increased incidence and prevalence of this group together with sparse 

resources in the health care sector are also important and a part of the overall evaluation of 

ICURA, but not included in this study (14, 17).  

 

Strength and limitations 
A PP analysis is stated as an appropriate analysis in non-inferiority trials although it has some 

weaknesses as it allows for exclusion of participants (43). This can lead to bias, as it can 

change the balance and participant numbers by randomization and may over- or underestimate 

the effect (43). The attrition analysis shows no between group difference at baseline for 
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participants lost to follow-up after 12 months, except for KOOS quality of life, P=0.04 (Table 

14). The difference of 7 points is regarded as small and less than a clinical important 

difference for KOOS. The results give us no reason to believe that there is a change in balance 

by randomization, based on statistical significant between group difference. The power 

analysis for 10MWT indicates that participant numbers are not sufficient to detect at 10% 

difference at 6 or 12 months. It states a probability of 45% and 66%, hence a power of 55% 

and 34% for 6 and 12 months, respectively, to reject the null hypothesis of a 10% between 

group difference, when it is true. The default power estimate, described in the literature, 

allows a probability to reject the 0 hypothesis even if it is true, of 20%, hence a power of 80% 

(35). The high number of participants lost to follow-up at 6 and 12 months is a severe 

limitation in this study.  It leaves a substantial high probability of making a type II error (35, 

37). It is difficult to state a reason for participants lost to follow-up, but the numbers are 

evenly divided between groups. Although the above shows that we cannot rely on the P value 

indicating between group difference, the results suggest that there is a small and less than 

10% difference between ICURA and usual care on all but one outcome at 6 and 12 months 

(table 12 and 13).   

 

A limitation in this study could be not adding an additional analysis. Guidelines often 

recommend a PP and Intention to Treat (ITT) analysis in non-inferiority studies (43). An ITT 

could increase the power of the study as it would include all 155 participants although there is 

no clear consensus on how to handle missing data (43). An ITT also has weaknesses in non-

inferiority trials. It is regarded as a conservative approach in superiority studies, as it is likely 

to lead a treatment effect closer towards having no effect. This could lead to a false positive 

result of non-inferiority and thereby lead to bias towards the null (43).  

Guidelines suggest that the non-inferiority margin should be based on a clinical foundation, as 

to which extent a new treatment can be less efficient than an existing (43). A 10% group 

difference, based on the included outcomes at 6 and 12 months was evaluated as clinical 

meaningful by clinical experts in the research group by way of consensus and therefore the 

margin was less than 10%. The margin was, among others, based on the MCIC of 10 points in 

KOOS, which equals 10% (34). It could be discussed if this is a reasonable margin, but a 10% 

difference on the included outcomes is regarded as small and therefore it could be argued that 

the margin is conservative approach in stating non-inferiority. It is unclear if statistical 

consideration should be included in the choice of non-inferiority margin. When not 
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considering results from systematic reviews and meta-analysis, it could lead to an unrealistic 

margin (43). However, based on the above, this choice of margin, based on consensus by 

clinical experts is regard as realistic and chosen on clinical basis. 

 

Outcomes 

As earlier stated, there is a lack of clinical relevant outcome measures included in trials 

evaluating TAR (4). A recommendation for a core set of outcome measures in clinical trials 

and care for Osteoarthritis and arthroplasty is ongoing, but current recommendation include 

KOOS, TUG and STS as relevant outcome measures (24, 44). The 40m walk test is 

recommended in this core range of outcomes. Despite of this, the 10MWT was chosen at the 

expense of the recommended 40m walk test by the research group for measuring gait speed, 

as it was deemed more feasible for this group. 2.45 Up & Go and TUG are two similar tests 

and both measure gait speed, balance and agility (25, 45). TUG measurement properties are 

well documented and has an overall good rating in terms of validity and reliability (25), and 

there is no reason to think that 2.45m Up & Go differs substantially. 

In this study, KOOS was preferred, were The Western Ontario and McMaster Universities 

Index (WOMAC) was used in comparable studies (6-9). WOMAC is included in the KOOS 

questionnaire and therefore should provide similar and comparable information on the 

participants  (34). KOOS has been deemed fit for use to evaluate self-reported change in 

participants with TKA, although a weak to moderate reliability and construct validity for the 

subscale Sport & Recreation has been stated for this group (32, 33). A reason for this could be 

some items in this subscale not being relevant for this group, although it is recommended to 

include more difficult items of physical function to evaluate different stages after operation 

(33). This is evident in this study, as the response rate and score for the Sports & Recreation 

subscale is low, compared to the other subscales (table 7 to 11). Despite of this, there is an 

improvement for both groups in Sport & Recreation from baseline to 6 and 12 months, 

indicating an ability to detect change at different stages after operation for this group. In view 

of this, it is not seen as a limitation, including Sports & Recreation in this study, despite of its 

limitations evaluating TKA participants. The outcomes included in this study are 

recommended in the literature, they include measurements of pain, physical function and 

global health, are comparable to similar studies and are suggested as relevant for this group 

(6-9, 24, 44). 
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Conclusion 
The effect of ICURA rehabilitation is equal to usual care in the rehabilitation of TKA 

participants after 6 and 12 months. No statistical significant difference and less than 10% 

difference between the ICURA group and usual care group was detected for the primary 

outcome 10m Walk Test and secondary outcomes, 2.45m Up & Go, STS, AROM flexion and 

all but 1 subscale in KOOS at 6 and 12 months. A difference of 12.2% was detected at 6 

months for KOOS Quality of Life, in favour of ICURA.  

The statistical significant difference should be interpreted with caution, because lack of power 

at 6 and 12 months. 

Future Perspectives 
As for now, ICURA has only been compared to usual care for TKA participants and this 

study suggests that the effect is equal. The participants find the solution easy to use, flexible 

and other benefits mentioned are economic savings and a possibility to allocate resources 

differently in the healthcare system (14). Although these findings are not necessarily directly 

transferable to other diagnoses, the results could indicate some possibilities in offering the 

solution to people with other diagnoses. The ICURA technology is under constant 

development and now also includes the upper extremities and a study is underway, 

investigating if the technology can be used in the rehabilitation of shoulder injuries. A new 

app, called ICURA activity, is also under development, aiding, among others, people with 

sedentary behavior in being more active. Challenges by growing demands of healthcare and a 

rise in citizens needing treatment are ongoing in Denmark. In 2030 the prevalence of elderly 

citizens between the age of 65-80 could increase by 270.000 compared to 2015 (46). 

Technological solutions, like ICURA, could play a role in handling these challenges. The 

public digitalization plan 2016-2020 has contributed to a growing partnership between the 

private and public sector in developing and introducing technological solution to the Danish 

healthcare (2). Benefits from the digitalization plan, mentioned by the ICURA company, were 

easier access to the political department in the municipalities and easier funding. This 

growing partnership could facilitate distribution of ICURA to other municipalities in 

Denmark and contribute to the development of technological solutions to the rehabilitation 

area. This could be an important factor in aiding physiotherapists in the rehabilitation of the 

growing number of people in the need of healthcare in Denmark in the future. 
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Appendix 1 

Core range of exercises 
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Appendix 2 

Test manuals 
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FLEKSION I KNÆLEDDET 
 
Udgangsposition 
Patienten er rygliggende med knæene strakte og hofterne i anatomisk normalstilling. 
 
Ledmålerens placering 
Den mest prominerende del af trochanter major, caput fibulae, laterale epikondyl og laterale 
malleol udpalperes. Pejlemærkerne kan lettere palperes, hvis hoften og knæet bøjes ca. 45° eller 
mere. Terapeuten beder patienten om at placere sin pegefinger på trochanter major i en 90 graders 
vinkel i forhold til låret. 
Ledmålerens centrum placeres ud for femurs laterale epikondyl. Vinkelmålerens arme peger mod 
patientens pegefinger (trochanter major), caput fibulae; og laterale malleol. 
 
Testbevægelse 

Aktiv ledbevægelighed 
Patienten fører hælen, så langt som muligt, mod bagdelen. 
 

Passiv ledbevægelighed 
Terapeuten udfører den sidste del af bevægelsen. Knæet flekteres, indtil patienten siger stop, eller 
terapeuten ikke kan presse knæet yderligere. 
 
Stabilisering 
Når knæet er flekteret maksimalt, bliver stillingen bibeholdt, samtidig med at ledmålingen udføres. 
Der tilstræbes normal alignment. 
 

 
 
Registrering 
Der udføres to testforsøg, hvor det største bevægeudslag registreres. Gradantallet angives til 
nærmeste 1°. 
Eksempler: 
-3°/117°: Bevægeudslag fra 3° under 0 graders startposition til 117° fleksion.  
3°/117°: Bevægeudslag fra 3° over 0 graders startposition (ekstensionsbegrænsning) til 117° 
fleksion. 
 

Måleredskab 
En stor ledmåler (goniometer), hvor måleskiven er inddelt i 1q-interval. 
 
Hvis terapeuten fraviger fra manualen beskrives dette. 
 
Referencer: 
Jakobsen TL, Christensen M, Christensen SS, Olsen M, Bandholm T. Reliability of knee joint range of 
motion and circumference measurements after total knee arthroplasty: does tester experience 
matter? Physiother Res Int 2009 Dec 18. 

Kontaktperson Thomas Linding Jakobsen: thomas.linding.jakobsen@hvh.regionh.dk. Manualen er udarbejdet af 
fysioterapeuterne, Thomas Linding Jakobsen, Stine Sommer, Marlene Christensen og Marie Olsen samt fysioterapeuterne i 
ortopædkirurgisk gruppe, Fysioterapien, Hvidovre Hospital. Revideret 18.06.10 
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EKSTENSION I KNÆLEDDET 
 
Udgangsposition 

Patienten er rygliggende med hoften i anatomisk normalstilling. Der placeres en fast pølle under 
testbenets hæl. 
 
Ledmålerens placering 
Den mest prominerende del af trochanter major, caput fibulae, laterale epikondyl og laterale 
malleol udpalperes. Pejlemærkerne kan lettere palperes, hvis hoften og knæet bøjes ca. 45° eller 
mere. Terapeuten beder patienten om at placere sin pegefinger på trochanter major i en 90 graders 
vinkel i forhold til låret. Ledmålerens centrum placeres ud for femurs laterale epikondyl. 
Vinkelmålerens arme peger mod patientens pegefinger (trochanter major), caput fibulae; og 
laterale malleol. 
 

Testbevægelse 
Aktiv ledbevægelighed 
Patienten strækker knæet så meget som muligt. 
 
Passiv ledbevægelighed 
Terapeuten udfører den sidste del af bevægelsen. Terapeuten placerer sine hænder lednært, 
proksimalt og distalt for knæet, og udfører et manuelt pres. Knæet strækkes, indtil patienten siger 
stop, eller terapeuten ikke kan presse leddet yderligere. 
 

Stabilisering 
Om distale femur, så hoften forbliver i nulstillingen. 
 

 
 

Registrering 
Der udføres to testforsøg, hvor det største bevægeudslag registreres. Gradantallet angives til 
nærmeste 1°. 
Eksempler: 
-3°/117°: Bevægeudslag fra 3° under 0 graders startposition til 117° fleksion.  
3°/117°: Bevægeudslag fra 3° over 0 graders startposition (ekstensionsbegrænsning) til 117° 
fleksion. 
 
Måleredskab 
En stor ledmåler (goniometer), hvor måleskiven er inddelt i 1q-interval. 
 
Hvis terapeuten fraviger fra manualen beskrives dette. 
 
Reference: 
Jakobsen TL, Christensen M, Christensen SS, Olsen M, Bandholm T. Reliability of knee joint range of 
motion and circumference measurements after total knee arthroplasty: does tester experience 
matter? Physiother Res Int 2009 Dec 18. 

Kontaktperson Thomas Linding Jakobsen: thomas.linding.jakobsen@hvh.regionh.dk. Manualen er udarbejdet af 
fysioterapeuterne, Thomas Linding Jakobsen, Stine Sommer, Marlene Christensen og Marie Olsen samt fysioterapeuterne i 
ortopædkirurgisk gruppe, Fysioterapien, Hvidovre Hospital. Revideret 18.06.10 
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Appendix 3 

Correlation between variables in the adjusted analyses 
 
 

 

 


