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Abstract
Objectives: Progressive resistance training can successfully target functional decline in healthy older communitydwelling adults. There are concerns about the safety and acceptance of its use in frail older populations. The
aim of this study was to evaluate the feasibility of using progressive resistance training in an older, post-acute,
inpatient setting. Methods: A randomised controlled feasibility study was conducted. Appropriate older inpatients
undergoing post-acute rehabilitation were recruited. Feasibility measures examined were safety, recruitment,
outcome measurement, adherence and retention rates and satisfaction. A range of clinical measures were used
to capture changes in body structure and function, activity and participation. Assessments were performed on
admission to the study and six weeks later. Results: A sample of 33 patients were included and randomised to the
treatment group (n=16) or the control group (n=17). There were no serious adverse events, adherence rates were
63% and retention rates were 82%. While both groups improved between time 1 and 2, there were no significant
differences in clinical measures between the groups. Conclusion: Progressive resistance training is a safe and
acceptable intervention for use with this population. Further work on the effectiveness of progressive resistance
training in this setting is now required.
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Introduction
The process of ageing can cause deterioration in
cardiovascular fitness, strength, postural stability, flexibility
and psychological function which can lead to a decline in
functional performance1. A further decline in function is
common following an acute hospital admission due to the
presence of an acute medical condition, polypharmacy,
nutritional deficiencies2, low physical activity and bedrest
which are all common in hospitalised older patients3. This
inactivity can have detrimental effects on muscle mass,
strength and physical function. Post-acute rehabilitation is
a combination of recovery, recuperation and rehabilitation
whose function is to further the goals of acute care4. It
aims to provide continuing interdisciplinary care to prevent
premature institutionalisations and reduce unnecessary
hospital readmissions5.
Resistance training (RT) is the most effective intervention
in slowing down this decline and increasing muscle mass and
http://www.jfsf.eu
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strength even in a frail older population6. Older adults can
achieve similar gains to younger adults with RT1 and have
demonstrated substantial adaptive plasticity in skeletal
muscle and the neuromuscular system7,8.
Progressive resistance training (PRT) is a type of
exercise where “participants exercise their muscles against
some type of resistance that is progressively increased as
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their strength improves”9. PRT has been shown to be well
tolerated and have many benefits, including an increase in
muscle mass and strength10 and functional performance11 in
healthy community-dwelling older adults. There is currently
a shortage of available evidence investigating the feasibility
and effects of using PRT as a rehabilitation intervention
in an older, post-acute, inpatient population. It has been
recommended that frail or recently medically unwell older
people should be closely monitored for adverse responses
to PRT, such as musculoskeletal complaints, as this has
not been well documented previously9. Examining the
feasibility of tailored exercise programmes is critical in the
safe implementation of these programmes in a post-acute,
inpatient setting.
Previous research in this post-acute rehabilitation
unit examined outcomes following six weeks of inpatient
rehabilitation and showed that frail older inpatients improved
in aspects of functional mobility, balance, exercise tolerance,
health-related quality of life (QoL), frailty and ability to
perform activities of daily living (ADLs). However, lower limb
(LL) strength was shown not to improve significantly12.
As older people make up the biggest segment of the
population participating in rehabilitation, meeting their
needs adequately is a challenge for rehabilitation services.
It is vital that safe and effective interventions are employed
to optimise the rehabilitation outcomes of this population.
The aim of this study was i) to investigate the feasibility and
acceptability of implementing PRT in an older, post-acute,
inpatient population and ii) to evaluate changes in strength,
function and QoL following six weeks of PRT.

Materials and methods
Study design
This was a Phase 1 prospective, single-blinded,
randomised controlled feasibility study exploring the
potential for a future randomised controlled trial in the
context of a post-acute inpatient physiotherapy service
for older service users. Bowen’s framework for feasibility
studies13 and recent guidelines for reporting feasibility
studies were applied14 and the Medical Research Council
framework for complex interventions was followed15. The
study was registered on ClinicalTrials.gov NCT02141126.
The trial received ethical approval from the local research
ethics committee.

Patient selection and setting
A convenience sample of consecutive patients admitted
to three 18-bedded rehabilitation wards in a large urban
teaching hospital between July 2013 and June 2014
were invited to participate. They represented a sample of
heterogeneous older adults with multiple co-morbidities.
Participant recruitment occurred within 72 hours of
admission to the rehabilitation service. Participants were
identified from a daily medical ward list and eligibility
for participation was confirmed through communication
15

with treating physiotherapists. Inclusion Criteria: patients
admitted for rehabilitation with an expected length of stay
(LOS) of six weeks in the rehabilitation unit, >65 years of age,
able to achieve a sit-to-stand (STS) transfer independently
and to stand independently with the use of the parallel bars in
the physiotherapy gym, be medically stable (as determined
by their treating consultant) and be able to give informed
consent. Exclusion criteria: patients unable to follow onestage commands, acute pain or fracture and those who were
admitted with a recent diagnosis of stroke.

Recruitment process
Appropriate patients were approached by a gatekeeper
and given a study invitation letter and participant information
leaflet with 48 hours to consider involvement in the study.
Written informed consent was obtained prior to enrolment
in the study. Outcome measurement was performed
at entry to the study (T1) and again at six weeks (T2).
Following completion of the T1 assessments, patients were
randomised into two groups, progressive resistance training
(PRT) or control (CON). Patient allocation was stratified
based on age, gender and muscle strength (knee extension)
using the technique of minimisation, which was performed
using Microsoft Excel® 2003 software. Stroke patients were
excluded due to the need to additionally stratify based on the
criteria of initial stroke severity, stroke type and time since
stroke which would not have been feasible in such a small
sample. The CON group received usual care physiotherapy
five days per week. Usual care physiotherapy delivered by
existing physiotherapy staff members, included balance and
gait training and endurance exercise but did not routinely
include LL PRT.

Intervention
The PRT group received usual care physiotherapy as
well as twice weekly tailored PRT for the LLs. PRT sessions
were delivered by the lead researcher (SAC) in a supervised
class (usually with 2-3 patients) with a circuit-type setting,
lasting approximately 45 minutes and included warm-up and
cool-down periods. Exercises were tailored to each patient.
Four exercises were included - bilateral hip flexion and
abduction using ankle weights and STS and heel raises using
a weighted vest. Ankle weights: moderate-intensity 65%16
of participant’s 1-Repetition Maximum (1RM) was used. The
1RM was determined using submaximal strength testing
at the beginning of Week 1 and was re-assessed at the
beginning of Weeks 3 and 5 to progress exercise intensity.
Weighted vest: this was calculated at 5-7% of body weight
as used in previous research17. The weight prescribed in the
weighted vest was calculated at 5% of body weight at the
beginning of Week 1 and increased to 7% at the beginning
of Week 4. Hip flexion and abduction exercises and heel
raises were performed in standing, holding onto the parallel
bars. STS was performed from a chair 45 cm in height.
Participants were instructed to stand up from the chair,
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using the armrests if required, to come to a full standing
position and to return to a seated position in a controlled
manner. Participants were encouraged to maintain good
posture throughout the exercises to ensure specific muscle
group activation. All exercises were performed in a slow and
controlled manner to ensure the correct technique. A rest
period of one minute was given between each set. There was
at least one day of rest between PRT sessions. PRT sessions
occurred twice per week, meaning four PRT sessions over
a two-week period. Repetitions and sets were progressed
over a two-week period as follows: Session 1-15 repetitions
x 2 sets, session 2-15 repetitions x 3 sets, session 3-20
repetitions x 2 sets, session 4-20 repetitions x 3 sets.

Demographic baseline information, discharge destination
and LOS were recorded. Baseline mobility and transfer status
was recorded at T1 and T2.

isometric contraction held for three to five seconds. Height
was measured from ulna length20, weight was measured
using body composition scales (Tanita SC-331S Total Body
Composition Analyser), and BMI was calculated using these
measures. Skeletal muscle mass was calculated using a
validated equation based on bioelectrical impedance analysis
from the body composition scales. Participants were required
to stand on the body composition scales in their bare feet,
without holding onto any support, for 30 seconds21.
Measures of activity - The TUG was used to test basic
functional mobility22. The CFS is a measure of frailty based on
clinical judgement23. It is an ordinal scale which ranges from
1 to 9, with 1 indicating ‘very fit’ and 9 indicating ‘terminally
ill’. The SNT is a strong predictor of declining ADL ability and
mobility in older adults24 and is a clinically relevant measure
of LL strength25.
Measures of participation - Health-related QoL was
assessed using the EQ-5D26.

Outcome Measures

Sample size

Measures of Feasibility: Primary outcomes were based
on the feasibility of the intervention and data collection
across the study period and included:
1) Safety: Monitored using adverse events records following
the PRT interventions.
2) 
Recruitment: Identified using the number of patients
transferred to the rehabilitation unit during the
recruitment period.
3) 
Outcome Measurement: Suitability, appropriateness,
timeliness.
4) 
Adherence Rates: Evaluated using weekly attendance
records.
5) 
Retention Rates: Evaluated using the proportion of
participants who attended for T2 assessment against the
proportion who attended for T1 assessment.
6) Satisfaction: Evaluated using a non-validated satisfaction
questionnaire, designed specifically for use in this study.

This was a feasibility study therefore no formal power
calculation was carried out. Part of this feasibility study was
to assess whether enough participants could be recruited
and retained in the study and outcome data generated to
inform the potential for a future Phase II study. We did not
power the study for specific outcomes but aimed to recruit
40 participants with the goal of retaining 30 to follow-up.
The sample size was deemed to give sufficient insights into
the intervention implementation and data collection process,
and sufficient data to conduct meaningful analysis and to be
relevant for sample size calculation for a future randomised
study. The attrition rate varies between 13% and 21% as
demonstrated by previous studies27,28.

Descriptive measures

Physical performance and daily activity
Secondary outcome measures evaluated changes in
impairment (grip strength and LL strength, height, weight and
Body Mass Index (BMI)), activity (Timed Up and Go Test (TUG),
Clinical Frailty Scale (CFS), Stair Negotiation Test (SNT)) and
participation (Euro Qol-5D (EQ-5D)). During the course of
the study, there were two blinded Physiotherapy assessors
and two blinded Clinical Nutrition assessors. Depending on
functional status and level of assistance needed, assessments
took between 45 and 60 minutes to complete.
Measures of impairment - Grip strength was
measured using a dynamometer (SAEHAN Hydraulic hand
Dynamometer, model SH5001). The mean score of three
attempts was used [18]. LL strength was measured using
a hand-held dynamometer (HHD) (MICROFET 2, Hoggan
Health Industries) using a standardised procedure19. For the
purpose of this study, the ‘Make Test’ was used. This is an
16

Data analysis
Baseline demographic and outcome variables were
described at all assessment times. Information on missing or
incomplete data from all outcome measures was reviewed.
Although not powered for effectiveness, tests were completed
with a 0.05 level of significance. Data was coded and collated
in a Microsoft Excel® Version 22 spreadsheet and Stata 12
was used for statistical analysis. Descriptive statistics were
primarily used. The distribution of the data was assessed
and, where appropriate, parametric methods were used in
analysis. Two sample t-tests were used to compare groups
and paired t-tests were used for within group comparisons.
The non-parametric equivalent was used where data was not
normally distributed. A significance level of p<0.05 was set.
Due to the small sample size, only those who had a value for
T2 were included in data analysis. The data from the outcome
variables was quantitative and consisted of a combination
of nominal, ordinal, ratio and interval data. Data was tested
for normality using the Shapiro-Wilk test. The independent
t-test or Mann-Whitney test, where appropriate, was used to
test for differences between treatment groups.
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Figure 1. CONSORT diagram demonstrating patient flow through the study.

Results
Participant description
One hundred and thirty-four patients were admitted to the
rehabilitation service between July 2013 and June 2014.
Of these, 37 were eligible for inclusion in the study and 33
agreed to participate. Twenty-seven patients completed the
assessments at T1 and T2. The flow of patients through the
study is presented in Figure 1. Baseline demographic data
and clinical characteristics are presented in Table 1. The
sample was a heterogeneous group of mildly frail, older
inpatients. The median age was 82.9 years and there was
an equal distribution of male and female across the entire
sample. The sample was dependent in relation to mobility
on admission to the rehabilitation service, while many had a
history of hip fracture, immobility and falls. The majority of
the sample lived alone prior to admission.
17

The mean length of time in the acute hospital setting
before transfer to the inpatient rehabilitation unit was 33.9
days (SD 27.5) for the CON group and 32.8 days (SD 28.4)
for the PRT group. The mean LOS in the rehabilitation unit
was 85.4 days (SD 80.2) for the CON group and 67.6
days (SD 30.9) for the PRT group. These values were
not statistically significant. The mean number of routine
physiotherapy visits received by the CON group was 21.5
(SD 7.4) and 21.6 (SD 6.9) for the PRT group. The mean
number of PRT interventions received by the PRT group was
7.6 (SD 3.63). Discharge destination was recorded for each
participant who completed the T1 assessment (Table 2).

Measures of feasibility
1) Safety: There were no serious adverse events for
those participating in the PRT group. Three mild to moderate
musculoskeletal adverse events were reported by three
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CON (n=17)
N (%)

Characteristic

PRT (n=16)
N (%)

Gender

Male

8 (47.1)

8 (50.0)

Age

Median age

82.7 (6.3)

83.1 (6.1)

Presenting diagnosis

Falls
Hip fracture
Pubic ramus fracture
Other (vertebral fracture,
gastrointestinal, cardiac,
oncology)

5 (29)
1 (6)
3 (18)
8 (47)

10 (62)
2 (13)
0 (0)
4 (25)

Mobility on admission to rehabilitation

IND
IND + walking stick
IND + walking frame
Supervision
Assistance

0 (0)
1 (6)
4 (23)
9 (53)
3 (18)

0 (0)
1 (6)
4 (25)
5 (31)
6 (38)

Transfers on admission to rehabilitation

IND
Supervision
Assistance

7 (41)
4 (23)
6 (34)

4 (25)
7 (44)
5 (31)

Social History

Lives alone
Lives with family
Other

10 (58.8)
5 (29.4)
2 (11.8)

10 (62.5)
6 (37.5)
0 (0)

KG

Mean (SD)

Mean (SD)

Grip (R)

12.69 (7.37)

13.87 (6.56)

Grip (L)

11.29 (7.15)

11.2 (5.58)

HA (R)

5.77 (2.35)

4.97 (2.44)

HA (L)

5.25 (1.45)

4.92 (2.29)

HF (R)

5.48 (2.63)

4.54 (1.66)

HF (L)

4.89 (1.41)

4.71 (1.93)

HE (R)

6.12 (2.08)

6.19 (2.65)

HE (L)

6.24 (2.08)

6.19 (2.39)

KE (R)

5.55 (2.34)

5.2 (2.15)

KE (L)

5.35 (1.99)

5.33 (2.31)

AP (R)

6.09 (3.36)

4.77 (2.21)

AP (L)

5.36 (2.26)

4.64 (2.38)

AD (R)

4.33 (2.48)

3.52 (1.67)

AD (L)

4.04 (1.75)

3.11 (1.54)

Comorbidities

5.4 (2.1)

3.3 (1.5)

BMI

23.19 (3.31)

24.65 (3.61)

Muscle Mass (KG)

42.19 (8.85)

46.97 (6.71)

TUG (s)

46.03 (29.35)

57.18 (29.22)

SNT Ascent (s)

16.04 (16.3)

13.13 (5.14)

SNT Descent (s)

18.11 (16.71)

15.74 (6.09)

CFS (/9)

5.35 (1.27)

5.62 (1.09)

EQ-5D VAS (/100)

50 (22.64)

61.87 (20.89)

CON=control group, PRT=progressive resistance training group, IND=independent, SD=standard deviation, KG=kilograms, (R)=Right, (L)=left,
HA=hip abduction, HF=hip flexion, HE=hip extension, KE=knee extension, AP=ankle plantarflexion, AD=ankle dorsiflexion, BMI=body mass index,
TUG=Timed Up and Go, s=seconds, SNT=Stair Negotiation Test, CFS=Clinical Frailty Scale, EQ-5D VAS=EuroQol 5D Visual Analogue Scale.
Table 1. Baseline demographic data and clinical characteristics of participants (n=33)
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Discharge Destination

CON (n=17) N (%)

PRT (n=16) N (%)

Home

5 (29.4)

3 (18.8)

Home with follow-up in Primary Care

5 (29.4)

6 (37.5)

Long Term Care

2 (11.8)

5 (31.3)

Other hospital

2 (11.8)

0 (0)

Deceased

3 (17.6)

2 (12.5)

CON=control group, PRT=progressive resistance training group.
Table 2. Discharge destination of participants.

different participants. Two participants each reported one
episode of back pain and one participant reported one episode
of thigh pain. One of these participants chose to discontinue
the intervention due to the aggravation of already present
back pain. The other two participants were happy to continue
in the study.
2) Recruitment: One hundred and thirty-four patients
were admitted to the rehabilitation unit during the
recruitment period. Only 28% of these were eligible to
participate due to the study exclusion criteria - this included
43% who were stroke presentations, 14% had a predicted
LOS of less than 6 weeks, 9% were unable to follow onestage commands. Of the 37 patients who were eligible to
participate, 33 patients gave informed consent. The number
of eligible patients who agreed to participate in the study
was high (89%). Reasons given for those who declined to
participate were: 1) family members were concerned about
their older relative undertaking RT exercises and 2) patients
did not want to participate.
3) Outcome Measurement: HHD - During the recruitment
phase, a second blinded physiotherapy assessor joined the
study. There were noticeably higher T1 values during this
time. Inter-rater reliability testing was performed between
the two blinded physiotherapy assessors using HHD.
Reliability was poor (Interclass Correlation 0.006-0.802)
for most of the muscle groups. To ensure maximum intrarater reliability, the same assessor performed both the T1
and T2 assessments on the participants that they tested.
The TUG, CFS, SNT and EQ-5D proved to be quick and easy
to use in this patient cohort. Skeletal muscle mass was
only measured on 23 participants at T1. This was due to a
variety of reasons. Pacemakers were contra-indicated and
several participants were unable to stand unaided for the 30
seconds required to perform measurements.
4) Adherence Rates: The mean number of PRT
interventions received by the intervention group was 7.6 (SD
3.63) which equates to the delivery of 63% of the possible
total number of intervention sessions. The remainder of the
intervention sessions were not delivered for a variety of
reasons. Two patients became medically unwell, two patients
had achieved their optimal rehabilitation potential and had
19

been discharged home early and two patients dropped out
of the study.
5) Retention Rates: This evaluated the proportion of
participants who attended for T2 assessment against the
proportion who attended for baseline assessment. The T2
assessment was not completed for four participants (23%)
of the CON group and two participants (12%) of the PRT
group. Of the six participants who did not receive a T2
assessment, one had been transferred to another hospital
to continue their rehabilitation, three had been discharged
home and declined to come back for reassessment and two
had been transferred to another ward as they had become
medically unwell.
6) Satisfaction was evaluated using a non-validated
satisfaction questionnaire with nine participants - 4 PRT and
5 CON. One participant from the PRT group said that they
would not participate in the study again, as he felt that he
did not benefit from being in the study. Other participants
reported that they were very satisfied with their overall
involvement in the research process and those that were
in the PRT group reported benefits in strength and balance
following the intervention, including an improved ability to
perform their ADLs.

Physical performance and daily activity
Measures of Impairment
There was no significant difference in the change in
median scores from T1 to T2 in the two groups in grip
strength (Table 3). The only significant change in LL strength
between the two groups was an improvement in left ankle
dorsiflexion strength in the PRT group. There was no
significant difference in the change in median scores from T1
to T2 in the two groups in skeletal muscle mass (Table 3).
Measures of activity
There was no significant difference in the change in
median scores from T1 to T2 in the two groups in measures
of activity (Table 3). TUG - The median TUG score at T2 was
32 seconds for the CON group and 31.42 seconds for the
PRT group. SNT - The median SNT Ascent score at T2 was
7.7 seconds for the CON group and 7.16 for the PRT group.
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Dynamometry (KG)
Grip (R)
Grip (L)
HA (R)
HA (L)
HF (R)
HF (L)
HE (R)
HE (L)
KE (R)
KE (L)
AP (R)
AP (L)
AD (R)
AD (L)
Skeletal Muscle Mass
(KG)
TUG (s)
SNT Ascent (s)
SNT Descent (s)
CFS (/9)
EQ-5D VAS (/100)

CON=13
PRT=14

T1 Median
(Min, Max)

T2 Median
(Min, Max)

T2-T1 Median
(Min, Max)

CON

9.8 (3.5, 29.3)

12 (5, 29)

1.40 (-6.00,4.70)

PRT

15.7 (2, 22.7)

14.3 (2, 25.7)

0.70 (-7.70,7.30)

CON

10.7 (2, 25.7)

9.7 (3.3, 25.7)

1.30 (-5.30,6.70)

PRT

12.7 (1.7, 23.3)

14.3 (3.3, 17)

0.30 (-9.00,8.00)

CON

6.1 (2.5, 9.9)

4.5 (3.1, 12.1)

0.90 (-2.70,5.10)

PRT

4.55 (1.6, 9.7)

6.35 (2.5, 11.8)

1.45 (-1.40,7.30)

CON

5.1 (2.8, 7.5)

4.1 (2.3, 9.3)

0.20 (-2.60,3.40)

PRT

4.7 (1.4, 9.1)

5.4(2.5, 10.8)

0.40 (-2.50,5.50)

CON

4.5 (2.3, 12.3)

4.4 (2.7, 11)

0.40 (-9.10,3.40)

PRT

4.3 (1.9, 8.4)

4.95 (2.7, 9.9)

0.7 (-3.8, 2.7)

CON

4.3 (2.8, 7.4)

4.6 (2.5, 8.2)

0.1 (-1.3, 2.6)

PRT

4.5 (2.2, 9.5)

5.05 (3.1, 7.8)

0.8 (-3.4, 3.4)

CON

5.7 (3.5, 10.6)

6.4 (4.4, 10.6)

0.6 (-3.6, 4.8)

PRT

6 (2, 10.6)

7.05 (2.5, 11)

1.3 (-5.8, 5.4)

CON

5.5 (3.1, 10.5)

5.8 (4.2, 10.3)

-0.6 (-3.4, 3.5)

PRT

6.2 (2, 10.8)

7.05 (3.4, 11.3)

0.3 (-2.1, 4.9)

CON

5.6(2, 9.5)

5.7 (2.3, 11.7)

0.5 (-2.8, 4.2)

PRT

5.35 (1.9, 9.9)

5.7 (2.7, 10.5)

0.2 (-3.1, 3.8)

CON

5 (1.6, 8.2)

5.3 (3, 11.1)

0.2 (-1.6, 3.5)

PRT

5.5 (1.8, 10.6)

5.7 (2.5, 10.5)

0.2 (-3.2, 3.5)

CON

4.7 (2.1, 15.4)

4 (1.9, 10.9)

-0.9 (-4.5, 2.6)

PRT

3.9 (2, 9.4)

5 (1.7,11)

-0.3 (-21, 4.3)

CON

4.2 (2.9, 10.7)

5 (1.9, 10.5)

-0.2 (-3.7, 4.4)

PRT

4 (1.6, 10.7)

4.3 (2.5, 10)

-0.2 (-2.3, 3.8)

CON

3.4 (1.8, 10.6)

3.8 (2.1, 9.4)

-0.3 (-1.9, 1.9)

PRT

3 (1.9, 7.3)

3.7 (1.8, 6.8)

-0.1 (-3.8, 3.9)

CON

3.6 (1.8, 8.1)

3.6 (2, 7.6)

-0.3 (-3.6, 1.6)

PRT

2.65(1.6, 7.1)

4.1 (2, 7)

0.7 (-1.2, 3.3)

CON

39.9 (31.7, 60.7)

38.8 (31.9, 48)

0 (-11.5, 14.1)

PRT

45.5 (35.6, 55.4)

44.1 (38.5, 54.6)

0.4 (-3.9, 2.9)

CON

37.96 (17.13, 129)

32 (17.2, 104)

-12.4(-60.8,51.6)

PRT

49.82 (22.2, 125)

31.42(18.95,136)

-12.8(-74.3,59.0)

CON

13 (3.1, 70)

7.7 (4, 22.6)

-2.7 (-62.1, 6.3)

PRT

11.6 (6.1, 25.93)

7.16 (4.15,20.62)

-4.9 (-11.6, 4.7)

CON

13.45 (4.9, 75)

10.2 (3.58, 25)

-2.7 (-64.8, 16.1)

PRT

15.11 (7, 32.2)

8.45 (5.3, 42.7)

-4.8 (-15.5, 22.7)

CON

6 (3, 7)

5 (3, 7)

0 (-1, 0)

PRT

6 (4, 7)

5 (4, 6)

0 (-2, 1)

CON

50 (0, 90)

60 (50, 90)

10(-20,60)

PRT

60 (30, 100)

70 (40, 100)

0 (-25, 55)

p
0.681
0.472
0.234
0.382
0.645
0.645
0.512
0.099
0.752
0.789
0.207
0.544
0.697
0.027*
0.655
0.923
0.734
0.961
0.550
0.156

T1=Assessments at entry to the study, T2=Assessment at six weeks, CON=control group, PRT=progressive resistance training group, (R)=Right, (L)=left,
KG=kilograms, HA=hip abduction, HF=hip flexion, HE=hip extension, KE=knee extension, AP=ankle plantarflexion, AD=ankle dorsiflexion, s=seconds,
TUG=Timed Up and Go, SNT=Stair Negotiation Test, CFS=Clinical Frailty Scale, EQ-5D VAS=EuroQol 5D Visual Analogue Scale.

Table 3. Changes in grip strength and LL dynamometry, skeletal muscle mass, TUG, SNT, CFS and EQ-5D VAS from initial to final assessment (n=27).
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The median SNT Descent score at T2 was 10.2 seconds
for the CON group and 8.45 for the PRT group. CFS - The
median CFS score at T2 was 5 for both groups.
Measures of participation
EQ-5D - While all sections of the EQ-5D were completed,
the visual analogue scale (VAS) properties support
quantitative analysis, and was used in the analysis. The
maximum score for the EQ-5D - VAS is 100. The median
EQ-5D - VAS score at T2 was 60 for the CON group and
70 for the PRT group. There was no significant difference in
median scores from T1 to T2 in the EQ-5D-VAS between the
two groups (Table 3).

Progression of intensity in the PRT group
During the course of the study, participants in the PRT
group (n=16) demonstrated a mean increase in their 1RM
in right hip abduction of 73%, left hip abduction of 72%,
right hip flexion of 70% and left hip flexion of 57%. This in
turn lead to an equivalent increase in the prescription of the
load used in the ankle weights. Training weights used varied
greatly which reflected the diverse range of muscle strength
of the participants.
The prescription and progression of resistance used in
the weighted vest was calculated as a percentage of body
weight. The starting weight used at Week 1 was 5% of body
weight, this was progressed to 7% of body weight at Week
4. The mean load in the weighted vest increase from 3.1 kgs
to 4.49 kgs.

Discussion
This feasibility study aimed to examine the feasibility of
employing PRT as an intervention in this patient cohort, under
the headings of safety, recruitment, outcome measurement,
adherence, retention and satisfaction. The intervention
appeared to be safe, while there were no serious adverse
events for those participating in the intervention group,
three mild to moderate musculoskeletal adverse events
were reported by three different participants. This agrees
with previous research. Previous studies examining early
rehabilitation programmes in the acute hospital setting,
but not specifically PRT, reported few adverse events in the
intervention groups with no significant differences when
compared to the control groups29,30. No adverse events
were reported in previous RCTs looking at PRT in an older
inpatient population27,28.
Due to the setting of the study, a post-acute rehabilitation
unit, patient turnover was lower than in an acute ward which
resulted in a low recruitment rate. During the period of
recruitment, 134 patients were admitted to the rehabilitation
unit. Due to study exclusion criteria, 72% were not eligible
for the study. Over half of these were stroke presentations
or had a predicted length of stay of less than 6 weeks. While,
just over a quarter of patients (28%) who transferred to the
rehabilitation unit were eligible for inclusion in this feasibility
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study, 89% of these agreed to participate in the study. This
high rate of acceptance was unexpected as participants
were aware that if they were randomised to the intervention
group, that they would be receiving PRT. This is much higher
than the 54% of participants who consented to participate
in a similar study28.
A range of outcome measures were used in the feasibility
study to capture strength and physical performance. HHD
was used to assess LL muscle strength. This outcome
measure has previously been shown to be reliable in an
older population31 and the author found this outcome
measure to have good intra-rater reliability in a previous
study12. However, following the addition of a second blinded
Physiotherapy assessor, there were noticeable variations
in measurements and inter-rater reliability was poor for
the majority of muscle groups tested. Tester strength is as
important a determinant of reliability as the characteristics
of the sample being tested32 and may have been a potential
factor in the poor inter-rater reliability results. The author
would recommend a single assessor to ensure optimal
reliability when using the HHD in future studies. This outcome
measure was also time-consuming, taking 15-20 minutes
per participant. Skeletal muscle mass measurement, using
bio impedance scales, could only be performed on 70%
of participants at T1, the main reason for not being able
to perform the test was the participants’ inability to stand
unaided on the scales. Other outcome measures used;
TUG, SNT, CFS and EQ-5D have previously been shown to
have good reliability and validity in older populations. They
were found to be quick and easy to use for the purpose of
this feasibility study. Both groups demonstrated gains in
all measures of activity and participation, and the majority
of the dynamometry scores after a period of six weeks of
inpatient rehabilitation. However, there were no statistically
significant differences between the two groups. A post-hoc
power calculation was performed which determined that
100 participants (50 per group) would be required to test
the efficacy of the intervention in a future study (assuming
power of 80% and alpha of 5%).
Adherence rates were affected by the post-acute nature
of the patient cohort in the feasibility study. Two patients
became medically unwell and were transferred to another
ward for medical management, while two patients had
achieved their optimal rehabilitation potential earlier than
six weeks and had been discharged home early. A further
two participants dropped out of the study. Similar adherence
rates were reported in a previous study29 but this was much
lower than the 96% adherence rate reported in another
study27 both examining exercise programmes in an older
inpatient population. Similar reasons were given for reduced
adherence rates. Retention rates examined the number of
participants who attended for T2 assessment compared
with those who attended for baseline assessment. Retention
rates were also affected by the nature of the patient
cohort, three participants declined the T2 assessment, two
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participants were medically unwell and one participant had
been transferred to another hospital. Nine of the participants
completed a satisfaction questionnaire. Satisfaction rates
were high with only one participant reporting that they
would not engage in the study again. Participants from
the intervention group also reported perceived benefits in
strength and balance following the intervention, including an
improved ability to perform their daily activities.
As previously discussed, there is a scarcity of research
performed which explores PRT as an intervention in an
older post-acute inpatient population. For this reason, it is
important to tailor PRT to the participant cohort. The cohort
in this study was mildly frail, deconditioned and demonstrated
limitations in mobility and balance. Therefore, in order to
enable participation and ensure patient safety, the exercises
were performed either standing from a chair or holding onto
the parallel bars in the physiotherapy gym. Gains in muscle
strength and function in older inpatient cohorts have been
reported following a series of bed-based29,33 and chair-based
PRT34,35, indicating that this intervention can be tailored to
suit all levels of mobility, balance and dependency. Similarly,
if this patient group achieved independent mobility and were
followed up in a community setting, the exercises could be
progressed to include more functional tasks, for example,
using the weighted vests while practicing stairs or including
ankle weights during gait re-education, as seen in previous
research36,37.
The American College of Sports Medicine have
recommended a prescription of PRT for older adults of at
least two days per week, between moderate to vigorous
intensity38. This feasibility study employed PRT of twiceweekly, moderate intensity (65% of 1RM) exercise in
addition to usual care physiotherapy, up to five days per
week. Submaximal testing performed at the beginning of
weeks 1, 3 and 5 ensured that the load was progressed
every two weeks, while the number of repetitions and sets
was also progressed. Previous authors recommended
submaximal testing instead of 1RM testing for older adults
to reduce the risk of injury39. This prescription was shown
to be safe and well tolerated by the older inpatients in this
feasibility study. Significant gains of between 57% and 73%
were demonstrated in the loads which participants were able
to lift in the ankle weights over the course of the study. As
mentioned previously, there is a lack of good quality evidence
in the optimum prescription of PRT in this patient cohort.
However, this study has shown that PRT was well-tolerated
by this patient group, with no serious adverse events and
the class format was easily incorporated into routine clinical
practice. Following their inpatient rehabilitation, the sample
remained a frail group with lower functional mobility and
grip strength scores when compared with their age-matched
community-dwelling peers40. This study demonstrates that
PRT is a safe and feasible intervention even for this cohort.
The duration of our study intervention (6 weeks) was
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based on previous research in the unit where the average
length of stay (LOS) was 6 weeks12. There is an increasing
emphasis on reducing inpatient LOS and performing
post-acute rehabilitation in a community or day hospital
setting. However, the participants were likely deconditioned
following a lengthy LOS in the acute hospital (33.9 days for
the CON group and 32.8 days for the PRT group) hence the
slower responses to the intervention. It would be preferable
to have a longer duration, at least 8-10 weeks, and consider
a programme that would transition from the hospital to the
community/ day hospital setting. A systematic review of
early rehabilitation programmes, found that between 14%
and 48% of admitted patients met the inclusion criteria to
be enrolled in the programmes, and between 3% and 19%
of the patients were not willing to participate41. However,
most of these studies were trying to recruit patients within
1-2 days of acute hospital admission. Another study found
that trying to recruit from the acute hospital setting was not
feasible, with only 2% of their sample recruited from this
setting, the remainder were recruited post discharge42.

Limitations
Due to the nature of the patient cohort, the rate of
recruitment was slow and there was missing data at both
T1 and T2. Issues arose during the study regarding interrater reliability of HHD testing. The authors recommend that
a single assessor is used to ensure optimal reliability of this
outcome measure. Due to the small sample size, conclusions
cannot be made about the efficacy of the intervention. A
larger multi-centre RCT is recommended to determine
efficacy and optimal exercise dosage.

Conclusion
PRT has been shown to be a safe and acceptable
intervention in an older post-acute inpatient population.
However, its effectiveness is unclear and further research is
required. The focus of post-acute rehabilitation is changing,
with the emphasis being placed on providing rehabilitation
in the community. Future research on PRT should include
collaboration between acute and primary care settings, with
participants continuing with their PRT after discharge from
the hospital setting.
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