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Abstract
Background: A hip fracture is a serious event for older adults, given that approximately 50% do not regain their habitual level of physical
function, and the mortality rate is high, as is the number of readmissions. The gap in healthcare delivery, as separated into two �nancial and
self-governing sectors, might be a contributing cause of inferior rehabilitation and care for these patients. Therefore, we aim to assess the
effect of continuous and progressive rehabilitation and care across sectors for older adults after hip fracture.

Methods/design: The project is designed as a stepped-wedge cluster-randomised controlled trial. The study population of patients are older
adults 65 years of age and above discharged after a hip fracture and healthcare professionals in primary and secondary care (municipalities
and hospitals). In addition, health care professionals from different sectors (hospital and municipalities) will be engaged in the
empowerment-orientated praxis, through a workshop for health care professionals with knowledge sharing to the older adults using a digital
health application (app). The rehabilitation intervention consists of 12 weeks progressive resistance exercises initiated 1-2 days after
discharge. To improve communication across sectors, a videoconference involving the patient and physiotherapists from both sectors, will be
conducted.

At Day 3 after discharge, an outreach nurse performs a thorough assessment including measurement of vital signs. A hotline to the hospital
for medical advice is a part of the intervention. The intervention is delivered as an add-on to the usual rehabilitation and care, and it involves
one regional hospital and the municipalities within the catchment area of the hospital.

The primary outcome is a Timed Up and Go test eight weeks post-surgery

Discussion: Using a stepped-wedge design, the intervention will be assessed as well as implemented in hospital and municipalities, hopefully
for the bene�t of older adults after hip fracture. Furthermore, the collaboration between the sectors is expected to improve.

The study is approved by the Regional Scienti�c Ethics Committees of Southern Denmark (S-20200070) and the Danish Data Protection
Agency (20-21854). Clinical Trial Identi�er (NCT04424186) https://clinicaltrials.gov/ct2/show/NCT04424186.

Background
A hip fracture is a serious event for older adults since approximately 50% do not regain their habitual level of physical function thus, acquiring
new or additional need for care (1, 2). Furthermore, when compared to an age-matched group the one-year mortality is increases threefold and
the quality of life is reduced (2, 3). The 30-day readmission rate after a hip fracture is as high as 16–19% (4, 5).

For older adults, it is well-known that poor mobilisation and reduced activity during and after hospitalisation trigger loss of muscle mass
which leads to increased mortality (3) and fatigue (6–9). To reduce mortality, early detection of illness and complications has been shown to
be important, as has su�cient pain management (10, 11). Insu�cient pain management has been found to increase the risk of
complications, morbidity, and mortality and also impede physical activity (12). Nevertheless, continuous and progressive rehabilitation, as
well as the detection of critical illness and complications, are lacking across the sectors in a healthcare system divided into two �nancial and
self-governing sectors.

In Denmark, average length of stay is 5–7 days for hip fracture patients (11). Rehabilitation in the primary sector must be initiated within
seven days after discharge. However, usual care does not include systematic assessment including vital signs measurement. Furthermore,
various exercise regimes are used depending on sectors and the regimes are usually not speci�ed in terms of intensity or progression (13).
Communication and cooperation between sectors is also lacking, although the older adults express a need for increased involvement (14).

To impede functional decline and lower mortality and readmission rates, continuous and progressive rehabilitation and care across sectors is
needed. This study introduces an empowerment-orientated praxis focusing on continuous rehabilitation and care, as well as optimised
communication and cooperation between sectors.

Aim
This study aims to assess the effect of continuous and progressive rehabilitation and care across sectors for older adults following a hip
fracture.

Methods

Trial Design
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The protocol describes a cluster-randomised stepped-wedge trial. It has a superiority design, a 1:1 allocation ratio and the time interval for
each step is set to three months, as illustrated in Figure 1. The study protocol follows the Standard Protocol Items: Recommendations for
Interventional trial the SPIRIT checklist was used, see additional �les (15, 16). A trial registration dataset is reported in Table 1.

Trial setting
The trial will involve a regional hospital in Denmark and the municipalities in the hospital’s catchment area, all of them serving a mixed urban
and rural population. Two of the municipalities will be divided into two clusters to account for the unequal population size. Services within
hospitals and municipalities are free of charge in Denmark, and the responsibility for rehabilitation is shared between sectors (17). At the time
of discharge, older adults with a medically assessed need for rehabilitation are offered a referral for municipal rehabilitation (17).

Eligibility criteria
The trial will include older adults 65 years of age and older, admitted to the ortho-geriatric ward with a hip fracture and residing in one of the
municipalities. Other inclusion criteria are patients orientated in time and place, able to speak and understand Danish. Patients discharged to
permanent residence in nursing homes or patients with competing diseases disabling relevant conversation, such as progressed dementia, or
receiving palliative care, will be excluded.

Usual rehabilitation and care in the primary and secondary sectors
After admission to the emergency department, patients with a hip fracture are transferred to an ortho-geriatric ward. During hospitalisation,
the patients are examined by an orthopaedic surgeon and a geriatric specialist. Mobilisation and rehabilitation are initiated within 24 hours
post-surgery and performed along with vital signs measurement for the early detection of critical illness and complication, throughout the
entire hospitalisation period. A physiotherapist is responsible for rehabilitation which comprises walking, exercise and an instruction to a self-
training programme. The Cumulated Ambulation Score (CAS) (18) is assessed daily and the need for walking aids is continuously evaluated.
The rationale for usual praxis during admission is that early mobilisation and exercise, as well as early detection of critical illness, provide an
optimal basis for regaining walking ability and reducing mortality.

In the primary sector, rehabilitation can involve single professions or be interdisciplinary and can take place in the patient’s own home or at a
rehabilitation centre. The majority of patients with a hip fracture receive activity-based rehabilitation, e.g. gait, walking on stairs, and sit-to-
stand at home, typically twice a week for 6–8 weeks. Care in the primary sector follows the plan prescribed by the hospital. Any treatment
changes have to be prescribed by the general practitioner.

In the municipalities, restorative care is used to restore and maintain activities of daily living (ADL). The older adults’ motivation for
rehabilitation is obtained by using the ADL tasks they wish to be able to carry out as an exercise.

Intervention
The intervention will be offered to the intervention group in addition to the usual exercise and care. The intervention is comprehensive and
includes rehabilitation, empowerment and care. The duration of the intervention will be 12 weeks (post-surgery). The basis for the intervention
is that continuous and progressive rehabilitation, as well as early detection of critical illness and complication during and after
hospitalization, will improve the older adults’ physical performance. The older adults are expected to be motivated by an empowerment-
orientated praxis (19).

Within the �rst two weeks after discharge, rehabilitation in the primary sector comprises �ve rehabilitation sessions. This will be followed by
supervised rehabilitation twice a week for another 10 weeks. The rehabilitation in both sectors will follow a progressive rehabilitation
programme including resistance exercise. Progression of resistance follows the national guideline for hip fractures which suggest resistance
is added at 3 sets of 15 unweighted repetitions and progresses to 3 sets of 8 repetitions maximum (11). For patients with a CAS≥ 4,
rehabilitation in a municipal rehabilitation centre will be recommended; alternatively, the resistance exercises will be performed at home with
wrist weights. Except for the sit to stand exercise, the older adults will be requested to perform the exercises as often as possible, preferably
three times a week. The exercise sit-to-stand as many times as possible will be recommended after each of the three main meals a day (20).

In the municipalities, nurses will visit the older adults on the third day after discharge to measure vital signs. Vital signs consist of early
detection of illness or complications and pain management, e.g. blood pressure, pulse, respiratory frequency, saturation, consciousness,
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temperature and saturation combined with measurement of C-reactive protein and haemoglobin.

An empowerment-orientated practice requires a change in the healthcare professionals’ approach towards seeing the older adults as a partner
capable of acting and taking responsibility (21). To implement the empowerment-orientated praxis, two initiatives are used: �rst, the patients
will be given access to knowledge (21). The older adults will receive a training suitcase containing the rehabilitation regime, training
equipment, and a guide to a digital healthcare app. The app contains videos and informative interviews with doctors and nurses from the
ortho-geriatric ward and health professionals from the municipalities (22, 23). Second, health professionals will participate in a workshop
where they will learn about empowerment and how to use it. During the workshop, the health professionals will also be informed on the
importance of strength training and measuring vital signs and pain and introduced to the rehabilitation regime. The intervention is described
using the Template for Intervention Description and Replication (TIDieR) (24) Table 2.

Primary outcomes
The primary outcome for physical function is Timed Up and Go (TUG) eight weeks after discharge As the study is organised across two
sectors the CAS score measured 30 days after discharge makes a second primary outcome (25).

TUG is a valid and reliable test that measures the time it takes a person to get up from a chair with an armrest, walk three meters, return to the
chair, and sit (26). The standard error of measurement (SEM) for patients with hip fractures is 11 % (13). It is hypothesised that patients in the
intervention group will achieve a signi�cantly reduced TUG score compared to usual care.

The CAS assesses mobility by a) getting in and out of bed, b) sit to stand c) gait with a usual walking aid. It is hypothesised that a
signi�cantly larger number of patients in the intervention group will have a CAS=6 at 30 days post-surgery compared to the control.

Secondary outcomes
Physical Function will also be measured using New Mobility Score (NMS, 0–9), and the 30-sec sit-to-stand test (30s-CST). The NMS assesses
the patients’ gait inside, outside, and during shopping (27) and the 30s-CST is a valid test that assesses lower body strength (28, 29).

Activities of daily living will be measured using Barthel-20 (0–20), which is a validated tool used to assess the patients’ need for help to
perform activities of daily living (30, 31).

Other Outcomes
Physical Function is measured using Handgrip Strength (HGS) which is a biomarker for ageing (32).

Activities of daily living will be measured using Composite Physical Function (CPF, 0–24). CPF assesses the patients’ need for help to basic
and instrumental activities of daily living (33).

Pain will be assessed using the four-point Verbal Rating Scale (VRS, no pain, slight pain, moderate pain, and severe pain)(34).

Readmission will be measured 30 days after discharge

Mortality will be assessed as an event 30 days after discharge and within the �rst year.

Quality of life and Pain will be measured using the EuroQol �ve-dimension questionnaire (EQ-5D). EQ-5D is a standardised questionnaire,
used to assess the patients’ health-related quality of life and function (35).

Empowerment will be assessed using the Patient Activation Measure (PAM)(36). PAM includes thirteen questions addressing prevention and
lifestyle changes.

Fatigue will be assessed using the Brief Fatigue Inventory (BFI) (37).

Collaboration between health professionals will be assessed using a questionnaire designed by Joint Action Analytics to measure relational
capacity (38) The questionnaires will be distributed before workshops and three months after the workshop.

Costs information will be collected for a cost–utility analysis (39). Data from registries, municipalities and hospitals is gathered
retrospectively while information on carers’ and volunteers’ expenses in assisting the older adult in activities of daily living is gathered
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prospectively.

Costs information and information on the number of supervised training sessions, activity level, pain, place of rehabilitation and the number
of self-training sessions will be collected every two weeks for 12 weeks. The patients will be equipped with a diary as a memory aid.

Participant timeline
A timeline and a description of the speci�c data collected at each time point are presented in Table 3.

Sample size
The annual enrolment of patients with hip fractures to the speci�c hospital is approximately 335. Of these, presumably 55% will meet the
inclusion criteria equivalent to nine patients per cluster every quarter. Up to 20% are expected to drop out due to frailty. Based on these
assumptions, it is expected that approximately seven patients per cluster will be recruited every three months for the trial. With �ve clusters
the expected inclusion period is 18 months.

The power calculation for the TUG is based on a reduction on 25% (40) and an estimated TUG score at discharge on 21.1 sec (9.2) (41, 42).
Power = 89% Interclass coe�cient (ICC) =0.01 and α 0.05.

For CAS the power calculation is based on a 30% increase in the proportion of older adults who, 30 days post-surgery have a CAS score=6,
power = 90%.

Recruitment
All older adults admitted to the ortho-geriatric ward will be assessed for inclusion consecutively by project assistants who are also
responsible for obtaining informed consent.

Allocation
Randomisation will be performed by opening a sequentially numbered opaque envelope every three months. A person with no patient contact
and unfamiliar with the project will undertake this job. The envelopes will be prepared in advance using a balanced internet-based
randomisation list (43).

Blinding is not possible as the health professionals need to know the older adults who are citizens in a municipality randomised to
intervention. Due to the visibility of intervention, this is not possible to the assessor either. Only health professionals in the primary sector
assigned for the workshop will have contact with the older adults assigned for intervention. Also, at the time of the procedure, they will ensure
that the collection of data at admission and eight weeks later is not performed by the same project assistant, and the same applies for the
following collection of data.

Data collection
Data collectors collect data at 8 weeks, 12 weeks, and 6 months through home visits. Inter-rater reliability will be investigated. In case of drop-
out, the reason for this will be examined.

Data management
All data will be stored on secured servers in the region of Southern Denmark and data will be entered prospectively.

Statistical analysis
In the descriptive analyses, intervention and controls will be described and compared to assess homogeneity. Categorical variables will be
compared using chi-square tests and student’s t-test or log-rank test will be used for continuous variables depending on the distribution
(normal or not).
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The analyses of outcomes follow the intention-to-treat principle. Missing outcomes will be imputed with multiple imputation (44). For non-
adherence to protocol, non-response analyses will be performed for excluded patients and non-completers. A per-protocol analysis will be
conducted as a sensitivity analysis.

The effect of the intervention for continuous variables will be assessed using a linear mixed model with a random effect for each cluster and
a �xed effect for each step of the stepped wedge model.

Categorical and ordinal data will be analysed using either a logistic or an ordinal logistic model. The experiences of the healthcare
professional will be examined with a paired student’s t-test.

As an ancillary analysis, differences in effect pending on clusters will be examined.

Discussion
The project aims to improve physical function in older patients after hip fracture. It is hypothesised that patients in the intervention group will
gain a signi�cantly improved physical function compared to patients following usual care.

Besides the above-mentioned improved physical function, it is important to accentuate that the study operates across sectors and
organisational conditions on which the design is based. A clear advantage of the cluster-randomised stepped-wedge design is the
implementation of the intervention at the end of the trial municipalities and hospital. By randomising in clusters and introducing incremental
rollout, issues such as impaired organisational commitment should be met (45). Furthermore, the design has been used in previous trials
working in the primary and secondary sectors (45, 46). At the end of the project, the intervention is implemented offering a manual for how
interventions may be implemented in other hospitals and municipalities (47). A drawback of the design is the risk of unequal exposure to
seasonal trends.

The implementation of the intervention might pose some challenges due to the needed organisational changes. Therefore, a pilot test is
performed to acquire experience on how the intervention is delivered. Furthermore, procedures to monitor the delivery of the intervention have
been set up, in terms of structured telephone interviews every two weeks. We expect the physical presence of the training suitcase will help
empower patients and health professionals. Data on older patients’ activity levels and function enable the evaluation of possible
associations between functional improvement and an increase in the level of activity.

Trial Status
Protocol version number 1 10.11.2020. Initiation of recruitment 01.10.2020 approximate recruitment completion date 01.04.2022. Is case of
signi�cant amendments an updated version with data and version number will be published. 
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Data category  Information 

Primary registry and trial identifying
number

CliniCaltrial.gov NCT04424186

Date of registration in primary
registry

09.06.2020 

Source(s) of monetary or material
support

Lillebaelt Hospital – University Hospital of Southern Denmark

Primary sponsor  Lillebaelt Hospital – University Hospital of Southern Denmark

Secondary sponsor(s) Municipalities in the catchment area 

Contact for public queries IHB JAI (Email) 

Contact for scienti�c queries IHB JAI (Email) 

Public titel ‘Rehabilitation for Life’ 

Scienti�c title Rehabilitation for life: the effect on physical function of rehabilitation and care in older adults
after hip fracture 

 

Countries of recruitment Region of southern Denmark 

Health condition(s) or problem(s)
studied

Hip fractures in older adults 

Key inclusion and exclusion criteria Inclusion: older adults (>65) admitted to orthogeriatric ward with a hip fracture

Exclusion: terminal, inability to communicate (dementia) og resident in elder care center

Study type cluster-randomized stepped-wedge trial clinical trial 

Date of �rst enrolment October 2020

Target sample size 330

Recruitment status Recruiting 

Primary outcome(s) Timed Up and Go and Cumulated ambulation score 

Key secondary outcomes 30sec chair to Stand test, new mobility score and Barthel-20. 

Table 2. Description of intervention and comparator using Tidier
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  Rehabilitation for life   Usual rehabilitation and care   

WHY Continuous and progressive rehabilitation as well as early detection of
critical illness and complication during and after hospitalization, will
improve the older adults’ physical performance and decrease mortality.  

Knowledge empowers the older adult and facilitate a change in mindset
among health professionals. 

Activity based rehabilitation restore and
maintain activities of daily living. 

The older adults need to regain functions
creates motivation.   

 

 

.

 

WHAT 

 

25 rehabilitation session with a physiotherapist over 12 weeks of these 5
within two weeks from discharge, is planned. 

 

A virtual meeting between physiotherapist in primary and secondary sector
and older adult is conducted on the 2 rehabilitation session after
discharge. 

 

The suitcase contain knowledge and equipment the older adults need to
take responsibility and perform daily exercises.

Health professionals participate in a workshop

 

Early detection of critical illness and complications performed day 3 after
discharge.

The older adult general amount of
rehabilitation is appoximatly1-2
rehabilitation sessions a week for 6-8
weeks.

Care has to be prescribed. 

 

 

WHO
PROVIDE

Physiotherapists, nurses, and Social- and Health assistants. Physiotherapists, nurses, social- and Health
assistants

 

HOW Face to face, virtual meetings and App Face to face  

WHERE Ortho-geriatric ward, the patients home, and in the rehabilitation centers. Ortho-geriatric ward, the patients home, and
in the rehabilitation centers.

WHEN and
HOW
MUCH

 

Week 1-2 after discharge:

- Five training sessions with a physiotherapist, duration up to 60 minutes. 

-One virtual meeting duration 30 minutes 

-vial measurements, duration up to 45 minutes. If necessary one follow-up
meeting with the municipal emergency nurse assessment, duration up to 45
minutes.   

Week 3 – week 12 after discharge:

 2 weekly rehabilitation session with a duration up to 45 minutes is
planned.

During admission: rehabilitation in the
ortho-geriatric consist of a daily session
with a physiotherapist duration of 30
minutes. 

Week 1 after discharge: 

1 rehabilitation session duration up to 45
minutes.

Week 2-8 after discharge: 

-1 or 2 weekly sessions of rehabilitation
duration 45 minutes. 

 

TAILORING

      

Patients with a CAS score ≥4 receive rehabilitation at a rehabilitation
center. Progression follows the national guidelines(11).   

The patient rehabilitate at home or at a
rehabilitation center, pending on an
individual assessment.

Table 3. forms and procedures adapted from the SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical trials (16)
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      Post allocation

Time point              

Activity/assessment Enrollment –
t1 

Allocation

0 

In-
hospital

t1

 2
weeks

t2

4
weeks

t3

8
weeks

t3

12
weeks

t4 

6
months

t5

12
months

t6

event

Eligibility screen 

Informed consent 

Allocation 

Demography

X

X

 

 

X

 

    

 

 

    X*

             

TUG          X*     X X  X    

CAS       X   X          

Barthel-20       X     X X  X X  

NMS       X     X X X X  

HGS         X*     X X X X  

30s-CST         X*     X X X X  

EQ5D       X     X X X X  

CPF       X     X X X X  

VRS       X X X X X X X  

PAM        X*     X X X X  

BFI            X X X X  

Care       X X            

Co-morbidity      X              

Bioimpedance     X       X      

Operation     X              

Re-operation                   X

Re-admission                    X

Mortality                   X

TUG, Timed Up and GO. CAS, Cumulated Ambulation Score. Barthel-20, Barthel 20 item index. NMS, New Mobility Score, 30s-CST, 30 second
Chair Stand Test. EQ5D, EuroQol-5 domain. CPF, Composite Physical Function. HGS, Hand Grip Strength. VRS, Verbal Rating Scale. BFI, Brief
Fatigue Inventory. Care covers early detection of illness, complications and pain management e.g. blood pressure, pulse, respiratory
frequency, saturation, consciences, temperature and saturation. 

*marked will be measured at discharge

Figures
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Figure 1

Overview of the clusters and the cross over from control to intervention.
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