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Abstract 

Background During hospitalisation, older patients spend most of their time passive in bed, which increases the risk 
of functional decline and negative adverse outcomes. Our aim is to examine the impact of robot-assisted physical 
training on functional status in older geriatric patients during acute hospitalisation.

Methods This is a single-centre investigator-blinded placebo-controlled randomised controlled trial including geri-
atric patients aged ≥ 65 years, able to ambulate before hospitalisation, and with expected length of stay ≥ 2 days. In 
addition to standard physiotherapy treatment, the intervention group receive active robot-assisted resistance training 
and the control group passive robot-assisted sham training. Exclusion criteria are as follows: ambulation without assis-
tance at the time of inclusion, known severe dementia, delirium, patients who have received less than three train-
ing sessions at discharge, terminal illness, recent major surgery/lower extremity fracture, conditions contradicting 
the use of training robot, lower extremity metastases, deemed unsuitable for robot-assisted training by a healthcare 
professional, or weight > 165 kg. The primary outcome is functional status assessed by change in Barthel Index-100 
and 30-s chair stand test between inclusion and day of discharge. Secondary outcomes include functional status at 1- 
and 3-month follow-up, quality of life, depression, concern about falling, falls, cognition, qualitative interviews, need 
of homecare, discharge destination, readmissions, healthcare costs, sarcopenia, muscle quantity (bioimpedance), 
and mortality.

Clinical meaningful change of the Barthel Index is 5 points. A recent study in geriatric patients reported a 6.9-point 
change following exercise. With a significance level of 5%, 80% power, and a drop-out rate of 20%, 244 participants 
per group (n = 488) are needed to detect the same mean difference. With a significance level of 5%, 80% power, 
and a drop-out rate of 20%, 74 participants per group (n = 148) are needed to detect a minimum clinical change of 2.6 
repetitions for 30-s chair stand test. Recruitment started in January 2023 and is expected to continue for 19 months 
including follow-up.

Discussion If our study shows that in-hospital robot-assisted training prevents functional decline in older 
patients, this may have a major impact on the individual patient due to increased wellbeing and a higher level 
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of independency. In addition, society will benefit due to potential decrease in the need of municipality-delivered 
homecare following discharge.

Trial registration ClinicalTrials.gov NCT05782855. Registration date: March 24, 2023.

Keywords Geriatrics, Functional status, Hospitalisation, Inactivity, RCT , ADL, Barthel index, Sarcopenia, Chair stand test

Administrative information

Title {1} ROBot-assisted physical training of older 
patients during acUte hospitaliSa-
Tion—study protocol for a randomised 
controlled trial (ROBUST)

Trial registration {2a and 2b} ClinicalTrials.gov: NCT05782855

Protocol version {3} Initial released at ClinicalTrials.gov: 
December 27, 2022
Last update at ClinicalTrials.gov: Decem-
ber 5, 2023

Funding {4} This study is supported by grants 
from The Independent Research Fund 
Denmark; The Health Foundation, Den-
mark; the Svend Andersen Foundation, 
Denmark; the Gangsted Foundation, 
Denmark; Odense University Hospital 
Fund for Free Research, Denmark; The 
Region of Southern Denmark; Depart-
ment of Geriatric Medicine, Svendborg 
Hospital, Denmark; Department of Geri-
atric Medicine, Odense, Denmark

Author details {5a} 1: Geriatric Research Unit, Department 
of Clinical Research, University of South-
ern Denmark
2: Department of Geriatric Medicine, 
Odense University Hospital, Denmark
3: OPEN, Open Patient data Explorative 
Network, Odense University Hospital, 
Region of Southern Denmark, Odense C, 
Denmark
4: Department of Geriatric Medicine, 
Nottingham University Hospital NHS 
Trust, Nottingham, UK
5: Department of Geriatric and Pallia-
tive Medicine, Copenhagen University 
Hospital, Bispebjerg and Frederiksberg, 
Copenhagen, Denmark
6: Department of Clinical Medicine, Fac-
ulty of Health, University of Copenhagen, 
Copenhagen, Denmark
7: Department of Geriatric Medicine, 
Aalborg University Hospital, Denmark
8: Department of Economics, University 
of Southern Denmark

Name and contact informa-
tion for the trial sponsor {5b}

Jesper Ryg, MD, Professor, PhD
Department of Geriatric Medicine
Odense University Hospital
J.B. Winsloews Vej 4
5000 Odense C
Denmark
E-mail: Jesper.Ryg@rsyd.dk

Role of sponsor {5c} Not applicable

Introduction
Background and rationale {6a}
Hospitalisation is associated with a high risk of loss of 
independence especially in older patients living with 
frailty [1]. Hospital-associated disability leads to the 
inability to ambulate, prolonged hospitalisation, higher 
health care expenditures, and increased requirement 
for institutionalisation after discharge [1]. Functional 
decline is the leading complication of hospitalisation in 
older people where at least 34% experience a loss of inde-
pendence in at least one basic activity of daily living as 
an unintended consequence of their hospital stay [1, 2]. 
A major reason is that older people spend most of their 
time passive in bed while hospitalised [3, 4]. Whereas 
physical inactivity poses a threat to muscle tissue and 
functional capacity to all people, older adults lose lean 
tissue most rapidly. Loss of muscle mass in bedridden 
patients happens fast [5] and more than half of all older 
people do not recover their pre-admission functional 
level 1 year after discharge with high rates of care home 
admissions and increased mortality [4, 6, 7].

Studies have shown that in-hospital exercise and early 
physical rehabilitation are beneficial for older people in 
terms of improved physical functioning, shorter hospi-
tal stay, and reduced care home admissions [8, 9]. Fur-
thermore, a reduction in length of stay can decrease 
in-patient hospital costs and increase hospital bed avail-
ability, increasing the overall cost-efficiency of hospitals 
[10]. Despite this, early mobilisation and training of the 
least active older people is often overlooked as an inter-
vention during hospitalisation [1].

The field of robot technology in rehabilitation is 
expanding with an increase in new devices and technolo-
gies emerging each year [11]. Robots have the potential 
to increase the quantity of therapy received by an indi-
vidual. One such example is the newly developed Danish 
training robot ROBERT® [12]. This robot is capable of 
helping patients to perform exercises while the patient is 
lying in bed, which makes it possible to train even bed-
ridden people effectively.

We previously performed and published a pilot test and 
feasibility study using ROBERT® version 1.0. A version 
performing only passive mobilisation [13]. 74% of the 
approached eligible older patients agreed to participate 
in the pilot and feasibility study and expressed that they 
would recommend the training robot. The study showed 
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that the use of robot technology in the passive mobilisa-
tion of older patients was feasible and well-accepted by 
patients, relatives, and staff. However, in order to be able 
to train patients actively, a customised training device 
was warranted. Therefore, the training robot was updated 
and further improved following our pilot and feasibil-
ity study. In this way, the newest version is now able to 
perform both passive and active movements enabling 
patients to do resistance training.

To ensure patient and public involvement, we asked 
our research reference group of older patients, relatives, 
municipalities, and relevant stakeholders about their 
input on relevant outcomes in a clinical trial of older 
patients during hospitalisation. The group highlighted 
the importance of avoiding functional decline during 
hospitalisation by maintaining physical independence 
and psychological wellbeing. However, in many coun-
tries including Denmark, intensive rehabilitation training 
has been moved away from hospitals during the period 
of acute illness to the subsequent convalescence period 
in the municipalities following hospital discharge. There-
fore, we regularly miss the opportunity to prevent and 
intervene against hospital-associated functional decline.

To start an early physical rehabilitation programme, 
knowledge of which patient population benefit from the 
programme is required. Furthermore, it is important to 
know if there will be adverse events during early physi-
cal rehabilitation programmes in terms of falls or other 
injuries and what the adherence rate of the patients will 
be during the treatment sessions [9]. Previous studies 
found that early rehabilitation programmes improve both 
patient (e.g. physical functioning) and hospital outcomes 
(e.g. reducing costs) for acute ill geriatric patients. How-
ever, an important issue not yet addressed in the current 
literature is the feasibility of in-hospital early robot exer-
cise programmes for acute geriatric patients along with 
randomised controlled trial (RCT) studies using sham 
intervention to proper investigation of effect.

Objectives {7}
The main purpose of this study is to examine the impact 
of robot-assisted physical training on functional status 
during acute hospitalisation in older geriatric patients.

Trial design {8}
The ROBUST study is an investigator-blinded placebo-
controlled RCT in older patients acutely admitted to 
a geriatric department with 3-month follow-up. All 
participants (n = 488) will receive standard individual 
physiotherapy and care during hospitalisation. Partici-
pants will be randomised in parallel groups to either 
robot-assisted active resistance training (active group) 

or robot-assisted passive sham training (control group) 
in a 1:1 ratio with blocking without stratification. The 
RCT has a superiority framework.

Methods: participants, interventions, 
and outcomes
Study setting {9}
The study is a single-centre study, which takes place at 
the Department of Geriatric Medicine, Odense Univer-
sity Hospital, Svendborg, Denmark. The department 
is a 32-bed unit with ~ 2000 yearly acutely admitted 
older patients with multimorbidity and polyphar-
macy. Median length of stay is 6 days. The department 
receives patients from the hospital emergency depart-
ment, geriatric outpatient clinic, and transfers from 
other hospital departments.

Eligibility criteria {10}
Older people admitted to the Department of Geriatric 
Medicine at Odense University Hospital, Svendborg, 
Denmark will be eligible for study participation.

Inclusion criteria:

–  ≥ 65 years of age
– Able to ambulate before hospitalisation (with/with-

out assistance)
– Able to communicate with the research team
– Expected length of stay ≥ 2 days
– Residing on Funen

Exclusion criteria at the time of baseline enrolment:

– Able to ambulate without assistance at the time of 
inclusion

– Known severe dementia
– Delirium defined as positive Confusion and Assess-

ment Method score [14]
– Patients who have received less than 3 training ses-

sions at discharge
– Terminal illness
– Recent major surgery or lower extremity bone frac-

ture in the past 3 months
– Conditions contradicting the use of ROBERT® 

(unstable vertebral, pelvic, or lower extremity frac-
tures; high intracranial pressure; pressure ulcers 
or risk of developing pressure ulcers due to fragile 
skin; patients with medical instability)

– Metastases at femur or hip
– Deemed not suitable for mobilisation sessions with 

the robot by the healthcare professional
– Weight > 165 kg
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Who will take informed consent? {26a}
A clinically experienced healthcare professional will 
be responsible for the recruitment of patients. Writ-
ten and verbal informed consent will be obtained. Any 
patient who declines to participate in the study will be 
respected. The patient need not to give any reason for 
decline and this will not have any impact on their fur-
ther treatment during hospitalisation.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
A signed consent form will indicate whether partici-
pants give their permission for the use of their data in 
the study. Information on standard clinical blood sam-
ples is collected from medical health records. No extra 
biological specimens are collected in the trial.

Interventions
Explanation for the choice of comparators {6b}
Exercise and early rehabilitation are beneficial for older 
people in terms of improved physical functioning, 
shorter hospital stay, and reduced care home admis-
sions [8, 9]. Thus, to evaluate whether robot-assisted 
physical resistance training can be a good strategy to 
mitigate the negative outcomes of inactivity during hos-
pitalisation for this population, passive training move-
ments by the robot are considered as a sham control 
group for comparing the effect of the active resistance 
training intervention group. Sham controls provide 
the highest quality and potentially most generalisable 
clinical trial data. This setup is particularly useful when 
studying devices controlling for the ancillary effects of 
a procedure, optimising the ability of the investigator to 
evaluate for a placebo or procedural effect in an unbi-
ased fashion [15].

Intervention description {11a}
The robot-assisted training is performed using an innova-
tive training robot (ROBERT®) (Fig. 1). The robot is able 
to hold the patient’s leg and perform extension move-
ments of the hip and knee (Fig.  2). The movement can 
be performed either active or passive. In the active train-
ing mode, the patient must use their muscular power to 
stretch the leg while the robot provides low/moderate 
resistance. In the passive mode, the robot moves the leg 
independently without the patient using their own mus-
cle power. Exercise is performed on both legs separately. 
The robot-assisted training is defined as a minimum of 
three sessions during the hospital stay. Following each 
training session, all participants are offered nutritional 

drinkable supplements each containing a minimum of 18 
to 26 g of protein per serving (125–250 ml) [16, 17].

Intervention group
The intervention group will receive active robot-assisted 
resistance training twice a day until the day of discharge 
in addition to standard individualised care and physi-
otherapy. A resistance training session consists of three 
sets of active extensions of the hip and knee under ver-
bal motivation in order to perform as many repetitions 
as possible. Training intensity is 65–100% of maximum 
capacity with a break of 60 s between each set. To ensure 
progression, the level of resistance is assessed at each ses-
sion. The Borg scale is used for ratings of perceived exer-
tion following every training set [18].

Control group
Participants in the control group will receive passive 
robot-assisted sham training by the robot twice a day 
until the day of discharge in addition to standard indi-
vidualised care and physiotherapy. A sham training ses-
sion consists of three sets of eight repetitions performed 
by the training robot, which passively moves the patient’s 
leg in extension of the hip and knee with a break of 60 s 
between each set.

Fig. 1 ROBERT®
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Criteria for discontinuing or modifying allocated 
interventions {11b}
Participants will discontinue allocated intervention if 
there is a deconditioning in their health state or if they 
develop contradictions for robot training during their 
in-hospital stay. Also, the intervention will terminate if a 
participant is referred to another hospital.

Any patient requesting to terminate their study partici-
pation can be withdrawn from the study regardless of the 
stage they have reached in the study process. Patients do 
not have to provide the reason of their study withdrawal.

Strategies to improve adherence to interventions {11c}
Appointed research staff are present in the department 
every day to carry out screening, inclusion, and robot 
training with the patients. The research staff will encour-
age patients to continue daily training (both sham and 
resistance) to improve adherence and furthermore collect 
data on the amount of robot training. This will ensure 
daily motivation for continued participation. Reasons for 
discontinuing participation will be collected.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
The robot training will not require alteration to usual 
care pathways for participants during hospitalisation or 
following discharge (including the use of any medication 
or physical activity).

Provisions for post‑trial care {30}
All patients who participate in this study are covered by 
Danish Patient Compensation if they suffer harm from 
trial participation [19].

Outcomes {12}
Outcomes in the current study are selected based on 
inputs from patient public involvement. During study 
preparation patients, relatives, and stakeholders includ-
ing representatives from the municipality’s health care 
setting participated in a workshop with the aim of des-
ignating research focus areas. The group rated functional 
independence and quality of life as the most important 
outcomes of interest.

Baseline data
Demographic data will be collected at baseline to 
describe the study population and assess potential sub-
group differences. This includes the following data: age, 
gender, civil- and living status, body mass index (BMI), 
use of medications, C-reactive protein (CRP) blood 
sample, historic Barthel Index (14  days before hospital 
admission), and reason for hospital admission (ICD-10 
diagnose [20]).

Primary outcome
The primary outcome of interest is functional status 
defined as activities of daily living (ADL) measured by 
Barthel and sit-to-stand performance measured by 30-s 
chair stand test from baseline prior to randomisation and 
to the day of discharge. ADL characterise the capability 
of a person to do everyday routine activities. The current 
study uses the Barthel Index-100, which is a recognised 
and simple scoring instrument used to evaluate basic 
ADL functions, the level of physical performance, and the 
intensity of needed care [21]. The Barthel Index is often 
used as a gold standard comparator in studies addressing 
ADL [22]. It is a sum score across ten domains of ADL 
and the total score ranges from 0 (completely depend-
ent) to 100 (completely independent) [23]. Sit-to-stand 

Fig. 2 ROBERT® can hold the patient’s leg and perform extension of hip and knee
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performance is assessed as the number of times a person 
is able to rise and sit from a standardised chair within 
30 s [24].

Secondary outcomes
Several relevant secondary outcomes are assessed.

Functional status
Functional status as secondary outcome is assessed 
by Barthel Index-100 and sit-to-stand performance at 
baseline before randomisation and at 1- and 3-month 
follow-up.

Discharge destination
Discharge destination will be collected (own home, tem-
porary rehabilitation units, care homes).

Need of care at home
Individual level data from the municipalities will be used 
to assess amount of home care provided by the munici-
pality during the period of 3 months before admission to 
3 months after discharge. Need of care at home is divided 
into categories of practical help, personnel care, nursing, 
and training. Amount of care will be presented in hours 
of provided assistance.

Muscle quantity
Muscle quantity is assessed using bioelectrical imped-
ance by InBodyS10® [25] at baseline before randomi-
sation, at discharge, and at 1- and 3-month follow-up. 
Bioelectrical impedance analysis (BIA) is a method for 
estimating body composition, in particular body fat and 
muscle mass.

Sarcopenia
Sarcopenia is assessed based on the 2019 European 
guidelines [26] at baseline before randomisation, at dis-
charge, and at 1- and 3-month follow-up.

Clinical frailty scale
The 9-point Clinical Frailty Scale (CFS) with pictograms 
is used at baseline before randomisation, at discharge, 
and at 1- and 3-month follow-up [27] to examine the 
impact of the exercise intervention on frailty and to 
determine the impact of baseline frailty on the effective-
ness of the intervention [28].

Quality of life
Quality of life is assessed using the questionnaire “Quality 
of life EuroQol-5 dimension (EQ-5D)” (patient-reported 
outcome (PRO)) at baseline before randomisation, at dis-
charge, and at 1- and 3-month follow-up.

The EQ-5D comprises five dimensions (mobility, self-
care, usual activities, pain/discomfort, and anxiety/
depression). The answers given to EQ-5D generate 243 
unique health states or can be converted into an EQ-5D 
index, a utility score anchored at 0 for death and 1 for 
perfect health. The EQ-5D questionnaire also includes a 
visual analogue scale (VAS), by which respondents can 
report their perceived health status with a grade ranging 
from 0 (the worst possible health status) to 100 (the best 
possible health status) [29, 30].

Concern about falling
Concern about falling is assessed using the 16-item 
Short Falls Efficacy Scale International (Short FES-I) 
questionnaire (patient-reported outcome (PRO)) [31, 
32] including information on the actual number of falls. 
Assessments are performed at baseline before randomi-
sation, at discharge, and at 1- and 3-month follow-up.

Cognition function
Cognitive function is assessed by the Mini-Mental State 
Examination (MMSE) at baseline before randomisa-
tion, at discharge, and at 1- and 3-month follow-up. The 
MMSE is a set of 11 questions used to assess potential 
cognitive impairment (problems with thinking, commu-
nication, understanding, and memory). The maximum 
score for the MMSE is 30. A score of 25 or higher is 
classed as normal. If the score is ≤ 24, the result is usually 
considered to be abnormal, indicating possible cognitive 
impairment.

Mood
Mood status is assessed by the 15-item Geriatric Depres-
sion Scale (GDS) at baseline before randomisation, at dis-
charge, and at 1- and 3-month follow-up. The short form 
GDS consists of 15 questions. Of the 15 items, 10 indicate 
the presence of depressive symptoms when answered 
positively, while the rest indicate depressive symptoms 
when answered negatively. Scores of 0–4 are considered 
normal, depending on age, education, and complaints; 
5–8 indicate mild depression; 9–11 moderate depression; 
and 12–15 indicate severe depression [33].

Hospitalisation
Length of hospital stay (LOS) will be defined as the num-
ber of days in the geriatric department. Readmission is 
defined as any unplanned hospital contact with a dura-
tion of 12 + h, occurring between 4 h and 30 days follow-
ing discharge from the geriatric department [34]. Data 
will be collected using a medical records review.
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Mortality
Mortality is assessed during hospital stay and at 1- and 
3-month follow-up.

Patient perspective
Participant observation and qualitative semi-structured 
interviews will be performed with 10–12 patients during 
the trial period to explore patient perspectives and expe-
riences (patient-reported experience (PRE)). The qualita-
tive interviews will provide additional information to the 
results from the quantitative parts of the study. By using 
this mixed methods approach the research results will be 
strengthened by the complementary findings. The analy-
sis of the qualitative data will be completed in line with 
manifest content analysis by Graneheim and Lundman 
[35].

Health care cost evaluation
A researcher in health care economics will perform a 
health care cost evaluation addressing running costs 
using the training robot, discharge destination, hospital 
readmissions, need of care at home, and visits to the gen-
eral practitioner after 3 months.

Participant timeline {13}
Patients will be enrolled and allocated within a maxi-
mum of 48 h from the time of admission to the geriatric 
department. Each day patients are listed in order accord-
ing to most recently admitted and screened according to 
this list. When finding an eligible patient, the research 
assistant immediately asks the patient about participa-
tion and starts the baseline tests if the patient has agreed 
and signed the consent form. After baseline test com-
pletion, the screening continues. Daily screening ends 
when logistic capacity does not allow further daily par-
ticipation. After baseline tests, patients will be allocated 
randomly to either active robot training or passive robot 
training. At discharge, the dates for 1- and 3-month fol-
low-up are arranged with the patient. The schedule of 
enrolment, interventions, and assessments are shown 
schematically in Table 1.

Sample size {14}
The minimum clinical important change for the 30-s 
chair stand test is 2.6 repetitions [36] and the mean ref-
erence value for people in the relevant age groups is 
13 according to a recent Danish study [37]. With a sig-
nificance level of 5%, 80% power, and an expected drop-
out rate of 20%, 74 participants in each group (148 in 
total) are needed to detect an inter-group difference 
of 2.6 repetitions. The magnitude of clinical meaning-
ful change of the Barthel Index is 5 points and a recent 
study in geriatric patients reported a change of 6.9 points 

during exercise [6]. The mean (SD) Barthel Index score of 
patients at the geriatric department OUH is 59.5 (24.3). 
To achieve 80% power for demonstrating the same mean 
difference, this study would require 244 participants per 
group (488 in total) with a significance level of 5% and an 
expected drop-out rate of 20%.

Thus, a total of 488 participants is required for our pri-
mary outcome.

Recruitment {15}
A total of 74% of the approached eligible older patients 
agreed to participate in our previously performed pilot 
and feasibility study and expressed that they would rec-
ommend the training robot [13]. Thus, our study group 
already has experience using a training robot in geriatric 
patients. Our department is a 32-bed unit with ~ 2000 
patients admitted each year. If we assume only 25% of the 
patients will be eligible for the trial and accept participa-
tion a realistic inclusion period to obtain 488 participants 
is 16 months.

Assignment of interventions: allocation
Sequence generation {16a}
Patients will be allocated randomly to either the control 
or intervention group with a 1:1 allocation and block-
ing using computer-generated randomisation set up by a 
statistician from Open Patient data Explorative Network 
(OPEN), Odense University Hospital, Region of South-
ern Denmark [38]. No stratification is applied. Blocking 
information is only available to the daily project man-
ager. No information regarding blocking is given to those 
recruiting participants, assigning the intervention, or col-
lecting outcome data.

Concealment mechanism {16b}
The randomisation sequence will be automatically gen-
erated by the software program REDCap (Research 
Electronic Data Capture) (version: REDCap 12.0.33—© 
2022 Vanderbilt University) hosted by OPEN at Odense 
University Hospital, Region of Southern Denmark and 
shared with the project manager. Allocation conceal-
ment will be guaranteed, as REDCap will withhold the 
randomisation code until the patient is recruited into the 
trial. Additionally, all staff responsible for collecting out-
comes during the intervention will be blinded to the ran-
domisation process.

Implementation {16c}
Clinically experienced healthcare professionals will 
screen, enrol participants, and perform outcome tests 
blinded to allocation. The daily project manager will 
initiate the automated randomisation and allocate 
participants to the control or intervention group. The 
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trainers who will monitor the robot-assisted physical 
training of patients can see the allocation in REDCap, 
thus they can program the robot to do either active or 
passive training. The trainers will not do any outcome 
tests or other tasks in the study.

Assignment of interventions: blinding
Who will be blinded {17a}
The study is an investigator-blinded placebo-controlled 
RCT. All trial participants will receive either sham or 
active robot-assisted training. The health care workers 
responsible for assessing all outcomes in the hospital 
are blinded to allocation. Hospital staff not linked to 
the study are blinded to allocation. Also, all data will be 
analysed blinded to allocation.

Procedure for unblinding if needed {17b}
If patients experience severe adverse events they will be 
unblinded to ensure safety measures.

Data collection and management
Plans for assessment and collection of outcomes {18a}
The time points of patient recruitment, interven-
tion, data collection, processing, and follow-up opera-
tions are described in Table  1 and study instruments 
in Sect. 12 about the assessed outcomes. The collected 
data will be entered into the electronic data system of 
REDcap.

All testing personnel were trained to collect out-
come measures according to relevant guidelines. Fur-
thermore, each tester practised data collecting before 
initiation.

Table 1 SPIRIT—schedule of enrolment, interventions, and assessments

Enrolment Allocation Close‑out

Timepoint  − t1 Admission Discharge 1‑month 
follow‑up

3‑month 
follow‑up

Enrolment:
 Eligibility screening X

 Informed consent X

 Demographic data X

Age, gender, civil‑ and living status, body mass index (BMI) X

Allocation X

Intervention received from admission to discharge:
 Active resistance robot training X X

 Passive sham robot training X X

Assessments:
 Current Barthel‑Index X X X X

 Historical Barthel‑Index X

 30‑s chair stand test X X X X

Quality of life EuroQol‑5 dimension (EQ‑5D) X X X X

Mini‑Mental State Examination (MMSE) X X X X

Short Falls Efficacy Scale International (Short FES‑I) X X X X

Number of falls X X X X

Geriatric Depression Scale (GDS) X X X X

Muscle quantity (bioimpedance by InBodyS10®) X X X X

Sarcopenia X X X X

Need of homecare X X X X

Clinical Frailty Scale (CFS) X X X X

Length of hospital stay (LOS) X

Discharge destination X

Hospital readmission X

Mortality X X X

C‑reactive protein (CRP) Blood sample X

Reason for admission (ICD‑10 diagnose) X

Use of medications X X
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Plans to promote participant retention and complete 
follow‑up {18b}
For participant retention and complete follow-up, the 
research team will make motivational conversations 
with the patients during their admission and at follow-
up home visits to reinforce the importance of the study 
programme and evaluations. Furthermore, a telephone 
reminder will be given to each participant the day 
before follow-up to ensure data collection. Patients who 
have completed less than three training sessions during 
their entire admission will only have primary outcome 
tests performed at discharge and no follow-up.

Data management {19}
In accordance with Danish laws on data protection, 
study data will be collected and managed using RED-
Cap electronic data capture tools hosted at OPEN, 
Open Patient data Explorative Network, Odense Uni-
versity Hospital, Region of Southern Denmark (43, 
44). REDCap is a secure, web-based software platform 
designed to support data capture for research studies, 
providing (1) an intuitive interface for validated data 
capture; (2) audit trails for tracking data manipulation 
and export procedures; (3) automated export proce-
dures for seamless data downloads to common statis-
tical packages; and (4) procedures for data integration 
and interoperability with external sources [39].

No paperwork will be stored. The data management 
plan is available from the corresponding author upon 
request.

Confidentiality {27}
All sensitive data from participants will be archived in 
REDCap and in a secure SharePoint webpage approved 
by the Danish Data Protection Agency (21/3398). Each 
participant will receive a numerical code and personal 
data will be obliterated in the data analysis. All research 
documents will be saved for 5 years following publica-
tion and will hereafter be deleted.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
There will be no biological specimens collected in the 
trial (see 26b).

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The characteristics of the two groups will be compared 
by descriptive statistics. Variables will be described 
as means (+ / −) with standard deviations (SD) when 

normally distributed or medians with quartiles (IQR) 
when not. Variables measured serially during follow-up 
will be analysed by chi-square or Fisher’s test.

The randomised groups will be compared with respect 
to the primary and secondary endpoints in an intention-
to-treat analysis. A predefined per-protocol analysis 
will also be performed. Linear mixed-effects regression 
models will be used to assess differences from baseline 
to follow-up. Otherwise, survival will be assessed by 
Kaplan–Meier analysis and hospital readmissions with 
regression models. The level of statistical significance will 
be 0.05.

Interim analyses {21b}
No interim analyses are pre-planned.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
The following subgroup analyses are pre-planned:

• Difference between groups in relation to the amount 
of completed training sessions (> 75%)

• Time to rehabilitation in the municipality after dis-
charge

• Difference compared to baseline functional level 
(Barthel, CFS, home care before admission)

• Difference compared to performance in 30-s chair 
stand test

The subgroup analyses aim at determining whether the 
overall effect varies across different patient characteris-
tics/ across subgroups of clinical importance.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Regarding non-adherence, a subgroup analysis of par-
ticipants training < 75% is already pre-planned (20b). No 
imputation will be made in case of missing data, which 
means the fully adjusted models are conducted as com-
plete case analyses.

Plans to give access to the full protocol, participant‑level 
data and statistical code {31c}
Due to Danish legislation, public access to information 
on participant level is prohibited. Information on statisti-
cal codes may be provided by the corresponding author 
upon reasonable request.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
This is a single-centre study. The coordinating centre 
of this study is the Department of Geriatric Medicine, 
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Odense University Hospital directed by the primary 
investigator and main supervisor Professor Dr. Jes-
per Ryg. The daily project manager is PhD student Ann 
Sophia Bertelsen, MSPH, who will be responsible for 
coordinating the intervention programme, including 
recruiting and enrolling patients, organising and con-
ducting assessments, data management, and data analy-
sis. The main supervisor and PhD student meet weekly/
monthly according to need. A joint meeting with the 
total supervisor group is held every 6 months. The daily 
project manager meets with the research team (assessors 
and/or trainers) on a weekly basis.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
Ethics committee and regulatory authorities do not 
require DMC for the current study since this is a low-risk 
intervention exploring a CE-approved medical device. 
Life Science Robotics ApS is ISO-13485 certified and 
ROBERT® is approved as a Class IIa medical device in 
compliance with the medical device directive (93/42/
EEC) [12]. The use is within the scope of what the device 
is developed for.

Adverse event reporting and harms {22}
Some patients may experience short-term, slight redness 
of the skin where the robot accessory has been located. If 
the robot accessory has been tightened too much or for a 
long time, the patient’s toes may begin to feel numb. This 
stops shortly after the accessory is removed.

Adverse events (AEs) are defined as any untoward or 
unfavourable medical occurrences associated with the 
subject’s participation during the research. All AEs will 
be recorded in detail. Once any adverse reaction occurs 
during robot training, the training will be stopped imme-
diately. Serious AEs will be reported to the Danish Medi-
cines Agency, the study principal investigator, and the 
manufacturer immediately, and appropriate measures 
will be initiated instantly. The Danish Medicines Agency 
will determine whether the AE is likely to have been asso-
ciated with the experimental robot training and whether 
it is necessary to break the blinding codes.

Frequency and plans for auditing trial conduct {23}
No formal auditing is planned for this trial. However, 
the trial is audited in an ongoing manner to ensure 
patient safety. Every 6 months, there will be a report on 
the recruitment rate, data quality, protocol deviations, 
and adverse events. In case of serious adverse events, 
these will be sent for audit within 2  weeks. The events 
are audited independently from the trial investigators by 
The Regional Scientific Ethical Committee of Southern 
Denmark.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethical 
committees) {25}
Any changes or amendments in protocol will be reviewed 
by the whole study group and be approved by the local 
ethics committee. Any modifications will be reported, 
and the trial protocol will be updated.

Dissemination plans {31a}
The results will be disseminated to the scientific com-
munity and relevant groups via publications in scientific 
journals, presentations at conferences, and reporting of 
the results in databases (ClinicalTrials.gov) and on social 
media.

Discussion
If our study finds that the use of a training robot improves 
the functional status of older people following hospi-
talisation it may have a major impact on the individual 
patient due to increased wellbeing and a higher level of 
independency. In addition, society will benefit due to a 
potential decrease in the need of care in the municipality 
following discharge from the hospital. It is expected that 
the majority of older people admitted to medical wards 
benefit from the training robot and thus experience 
positive gains from this training. In this way, the study is 
expected to help change clinical practice for optimal in-
hospital rehabilitation of older persons.

Limitations
Limitations of the study can be divided into (1)“inclusion 
limitation” and (2) “design limitations”. (1) The assessed 
group of patients in the current study are characterised 
by high age, frailty, multimorbidity, and polypharmacy 
upon their acute illness. It might therefore be expected 
that only a few patients will accept participation. How-
ever, in our pilot study, 74% of the approached patients, 
accepted to participate. In the current study, only 25% 
acceptance is required to have enough power to complete 
the study. (2) In order to minimise bias, we have designed 
an investigator-blinded placebo-controlled study where 
both patient groups perform training with the robot. 
Whether we can ensure blinding to allocation group 
for each participant during their study participation is 
uncertain. However, blinding for outcome performers 
and data analysis will be kept.

Trial status
Protocol version: December 5, 2023.

Ethical approval: June 29, 2021 (Project-ID: S-20210029)
Recruitment initiation: January 5, 2023
Anticipated recruitment finalisation: May 31, 2024
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