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Abstract: Background: Additional exercise therapy has been shown to positively affect acute stroke
rehabilitation, which requires an effective method to deliver increased exercise. In this study, we
designed a 4-week caregiver-supervised self-exercise program with videos, named “Self rehAbil-
itation Video Exercises (SAVE)”, to improve the functional outcomes and facilitate early recovery
by increasing the continuity of rehabilitation therapy after acute stroke. Methods: This study is a
non-randomized trial. Eighty-eight patients were included in an intervention group (SAVE group),
who received conventional rehabilitation therapies and an additional self-rehabilitation session
by watching bedside exercise videos and continued their own exercises in their rooms for 60 min
every day for 4 weeks. Ninety-six patients were included in a control group, who received only
conventional rehabilitation therapies. After 4 weeks of hospitalization, both groups assessed several
outcome measurements, including the Berg Balance Scale (BBS), Modified Barthel Index (MBI),
physical component summary (PCS) and the mental component summary of the Short-Form Survey
36 (SF-36), Mini-Mental State Examination, and Beck Depression Inventory. Results: Differences in
BBS, MBI, and PCS components in SF-36 were more statistically significant in the SAVE group than
that in the control group (p < 0.05). Patients in the SAVE group showed more significant improvement
in BBS, MBI, and PCS components in SF-36 as compared to that in the control group. Conclusions:
This evidence-based SAVE intervention can optimize patient recovery after a subacute stroke while
keeping the available resources in mind.

Keywords: stroke recovery; rehabilitation; physiotherapy; exercise delivery

1. Introduction

Stroke survivors are widely known to be easily deconditioned and hardly recover
their abilities to perform activities of daily living (ADLs) in a short period. Stroke remains a
leading cause of disability worldwide [1], with persistent neurological impairments which
lead to limited activities and serious deconditioning [2,3]. At post-stroke, the most common
and widely recognized impairment is motor weakness, and thereby, stroke rehabilitation
should focus on the recovery of movement impairments and related functions. Moreover,
patients who sustain severe strokes such as intracranial hemorrhage or ischemic brain
injury are often extremely physically deconditioned, primarily due to prolonged physical
inactivity. Therefore, setting goals and physical or occupational therapies are considered as
an essential point in the stroke rehabilitation field even though better therapeutic options
or appropriate duration remains debatable.
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It is important for stroke survivors to start rehabilitation treatment as early as pos-
sible [4,5]. Rønning reported that hospital-based rehabilitation in subacute phase stroke
survivors revealed significantly improved outcome measures rather than in the chronic
phase [6]. Since adherence to physical activities is critical to improve post-stroke rehabilita-
tion, patients should perform frequent and continuous exercises in their daily life [7]. In
addition, a dose-dependent effect of rehabilitation was observed on the functional improve-
ment of patients with stroke for the first 6 months post-stroke [8,9]. To increase patient
adherence and self-efficacy and to facilitate telerehabilitation and remote monitoring by the
rehabilitation team [10], exercise with e-health methods and combined with telerehabilita-
tion services supported patient- and caregiver-mediated exercises was developed [11–13].
There have been several reported pieces of research regarding additional exercise [8,9,14],
caregiver-mediated exercise delivery [12,15], exercise with e-health application [16], and
systematic reviews or meta-analysis [17–19]. Galvin [17] reported that additional exer-
cise therapy on the lower extremity showed significant improvement in walking speed.
Huang [17] revealed a dose-dependent effect of additional rehabilitation exercises on func-
tional improvement in subacute stroke survivors. Those researches have revealed that
increased intensity and adherence of rehabilitation exercises leads to better physical and
functional recovery. The advantages of these systems are their cost-effectiveness and easy
communication with patients to allow continuous rehabilitation, whereas their disadvan-
tages included the need for optimized rehabilitation programs according to the type of
disease, which is sometimes impossible due to high costs [11,13]. Furthermore, considering
that most patients with stroke and caregivers are aged people, they may find it difficult
to use specific electronic devices to perform sufficient exercises. Rehabilitation treatment
for subacute stroke patients is related to cost concerns. Alternative methods are needed to
increase the amount and continuity of exercise therapy without increasing healthcare costs
with easier accessibility [20,21]. Self exercise, i.e., patients perform the exercise themselves,
would be a promising choice.

To date, researchers have dealt with the novelty of increasing the duration and amount
of exercise therapy. We developed this Self Rehabilitation Video Exercises (SAVE) pro-
gram as a novel strategy to deliver exercise efficiently in subacute stroke survivors. This
program consists of 28 videos of the therapist demonstrating self-exercises. Using those
patient-tailored videos, therapists educated patient-caregiver couples to perform exercises
with their full responsibility. Instead of teaching one of the family members [12] or using
telerehabilitation services [16], we encouraged both patient-caregiver couples to participate
in this program. Patients received rehabilitation treatments and continued their exercises
at the bedside, while their caregivers were educated on how to supervise and support
them. We also provided exercise videos providing proper visual guidance, which enable
patients to review their therapy sessions and continue unceasing rehabilitation treatment.
The intervention group performed a patient- and caregiver-mediated exercise program
in addition to conventional rehabilitation therapy compared with the control group who
received conventional rehabilitation therapy alone. We evaluated the effectiveness of the
additional SAVE program to improve functioning, disability, and health framework ac-
cording to WHO’s international classification after stroke compared with the conventional
rehabilitation in subacute stroke patients.

2. Materials and Methods
2.1. Participants

This study is a non-randomized trial. The inclusion criteria were as follows: (1) pa-
tients were diagnosed with the first-ever stroke with brain computed tomography or
magnetic resonance imaging; (2) patients were transferred to the Department of Rehabilita-
tion Medicine after 4–6 weeks after stroke; (3) patients were aged ≥ 18 years old; (4) patients
were vitally stable and kept in good general medical conditions to participate inpatient
rehabilitation; (5) patients should communicate with our rehabilitation team or physicians
and obey verbal commands; (6) a caregiver who is willing to participate in the program
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were also eligible. The exclusion criteria were as follows: (1) patients previously suffered
from head trauma, space-occupying lesions, cerebral metastatic disease, or central nervous
system infections; (2) patients had impaired cognition or vision loss or aphasia; (3) patients
were non-ambulatory before the stroke; (4) patients were diagnosed with osteoporosis or
compression fracture; (5) patients had severe musculoskeletal problems such as adhesive
capsulitis, knee osteoarthritis.

In the intervention group, a total of 227 patients met the inclusion criteria who were
admitted to Kyungpook National University Chilgok Hospital between October 2016
and December 2019. One hundred thirty-nine patients gave up intervention due to their
developing secondary comorbidities (ex. pneumonia, urinary tract infection) or poor
compliance. Finally, we included 88 patients as the intervention group (SAVE group). On
the other hand, the control group was a historical cohort and included 96 patients who
received the conventional rehabilitation therapy during inpatient in the Department of
Rehabilitation Medicine from January 2015 to August 2016 (Figure 1).
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Figure 1. The timeline of enrolment of participants. OT: occupational therapy; PT: physical therapy.

All patients generally received conventional rehabilitation therapy consisting of phys-
ical therapy (PT) and occupational therapy (OT). PT included lower extremities strengthen-
ing and range-of-motion exercises, sitting and standing balance training, stance and weight
transfer training, and gait training. It also included visual feedback or eye and body coor-
dination when the patient complained of sensory function impairment. OT included upper
extremities strengthening and range-of-motion exercises, hand fine motor training, in-hand
manipulation training, and activity training for daily living. It also included cognitive func-
tion improvement training and swallowing exercises. PT and OT sessions proceeded two
times a day, with each therapy taking 30 min per session for 4 weeks. Interventions were
largely derived from the Guide of Physical Therapist Practice [22]; therapeutic components
included both function-focus activities such as ambulatory training or ADL training, and
impairment-focus activities such as facilitation technique or perceptual-motor training.
Every patient was assigned to physical and occupational therapists to perform one-to-one
therapy during whole sessions in the rehabilitation unit. This study was approved by
the Institutional Review Board of Kyungpook National University Chilgok Hospital (No.
2018-08-011-002).

2.2. Self Rehabilitation Video Exercises Program

The content of the SAVE program consisted of 4-weeks of exercise therapy, executed
with a caregiver, in addition to the conventional rehabilitation therapy. Harris et al. re-
ported that only a 4-week additional self-administered exercise program resulted in greater
improvement in upper limb function in subacute stroke patients [23]. Galvin et al. de-
signed an 8-week additional exercise program and reported significant improvement in
functional recovery [12]. Instead of designing an 8-week program, we designed a 4-week
additional intervention program with nearly doubled exercise time, 35 min [12] to 60 min.
The SAVE program was facilitated by a trained physical therapist during weekly sessions.
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The therapist could choose four exercise program categories, consisting of 28 videos aimed
at improving strength, balance, and mobility (Figure 2). Each video-recorded therapist
demonstrated proper body position and exercise in detail. We inserted Korean subtitles in
every video to deliver content accurately (Figure 3).
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Figure 3. Self Rehabilitation Video Exercises video program. (a) Hip muscle stretching exercise; (b) bridge exercise.

For each patient, exercises were blended into a patient-tailored, customized training
regimen associated with patient goals. Patient–caregiver couples were inspired to contact
their therapist after daily exercise sessions. After the first therapy sessions, physicians and
therapists held team conferences and selected a patient-tailored set of exercises for each
patient. Patients and their caregivers watched the selected exercise videos and were trained
to perform the selected exercises at least five times a week for 60 min when they returned
to their ward. We sent those selected videos to patients’ or caregivers’ smartphones, and
they downloaded and watched those videos and exercised as instructed. Before starting
every therapeutic session, the therapist checked and provided feedback on their exercises.
Every week, or when the patient achieved their goals, the therapist assigned next-level
exercises depending on the patient’s progress. This meant that patients performed 20 h of
caregiver-mediated exercises in addition to conventional rehabilitation therapies during
the 4-week intervention period. All physical and occupational therapists were thoroughly
trained following a training course.
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Participants in the control group received conventional rehabilitation therapies. Since
the therapeutic sessions are designed according to patient goals, no restrictions were ob-
served with respect to the content, time, or duration of the rehabilitation therapy. Task and
context specificity are important aspects of PT after stroke. With this, current guidelines in-
dicated that exercises to improve functional outcomes such as physical condition, standing
or gait balance, and walking competence are recommended.

2.3. Outcome Measures

The primary outcome measurements used were Berg Balance Scale (BBS), Mini-Mental
State Examination (MMSE), Modified Barthel Index (MBI), physical component summary
(PCS), and the mental component summary (MCS) of the Short-Form Survey 36 (SF-36),
and Beck Depression Inventory (BDI) according to the WHO’s International Classification
of Functioning, Disability, and Health (ICF).

First, the functioning domain was assessed using BBS [24] and MMSE [25]. The BBS
consists of a five-point ordinal scale ranging from 0 to 4 in 14 static and dynamic balance
items [24]. In addition, the MMSE is a 30-point questionnaire that is widely used in clinical
settings to measure cognitive impairment. We used the Korean version of the Mini-Mental
State Examination, K-MMSE [25].

Second, the disability domain was assessed using MBI [26]. The MBI is an ordinal
measure of performance in activities of daily living (ADL). We used the Korean version of
the MBI, whose reliability and validity has been proven [27].

Third, the health domain was assessed using the PCS and MCS of the SF-36, and
the Beck Depression Inventory (BDI). The SF-36 is a widely used and patient-reported
measure of health status [28]. PCS comprises four physical domain subscales: physical
functioning, role functioning-physical, bodily pain, and general health. In addition, MCS
has four mental domain subscales: vitality, social functioning, role functioning-emotional,
and mental health. We used the Korean version of the SF-36 for its reliability and validity,
which has been proven. Moreover, BDI is a 21-questionnaire that is widely used to measure
the severity of depression. We used the Korean version of the BDI [29].

These outcomes were administered at baseline (T0) and post-intervention (T1) at
4-week follow-up. All the measurements were being assessed by expert physiotherapists
who were specialized in assessments and physical evaluation. Every patient underwent
those assessments every 4 weeks by the experts, and those experts were not informed
whether the patient is under certain research groups or not. All assessments were completed
using a standardized assessment kit. We compared T0 and T1 in each group using the
paired t-test. Changed values, defined by the change from baseline to post-intervention,
were compared between the two groups using the Student’s t-test. We used SPSS version
15.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Demographic characteristics showed no significant differences between the two
groups at baseline (T0) (Table 1). For within-group comparisons, both groups showed sig-
nificant improvement in BBS, MBI, and PCS of the SF-36 component and MMSE scores after
the 4-week rehabilitation therapy (Table 2). Comparing the initial and post-intervention
outcome measurements, the changed values were defined by the change from pre- to
post-intervention from each group, and the SAVE group showed significant improvement
in BBS, MBI, and PCS of the SF-36 scores compared to the control group after the 4-week
interventional program (Table 3). Primary outcome measures about physical ability, BBS,
and PCS of SF-36 component showed a significant difference as compared to the control
group. Moreover, MBI, which is about the functional ability of a patient, also showed a
significant difference due to improved physical abilities.
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Table 1. Clinical characteristics in control and SAVE groups at baseline (T0).

Baseline Variables Control
(N = 96)

SAVE
(N = 88) p-Value

Sex 0.949
Male, N (%) 53 (55%) 49 (56%)
Female, N (%) 43 (45%) 39 (44%)

Age 61.9 ± 17.3 60.8 ± 14.8 0.644
Duration from onset (Days) 44.95 ± 10.84 46.40 ± 11.10 0.540
BBS 26.64 ± 20.79 28.05 ± 18.31 0.498
MBI 49.87 ± 29.43 50.46 ± 24.15 0.835
BDI 14.45 ± 11.60 12.08 ± 10.30 0.082
MMSE 22.88 ± 7.84 23.86 ± 6.15 0.193
SF-36

MCS 29.83 ± 10.41 30.02 ± 11.06 0.376
PCS 35.56 ± 11.84 34.28 ± 9.48 0.890

N, the number of patients; mean ± SD, mean ± standard deviation. BBS, Berg Balance Scale; BDI, Beck Depression
Inventory; MBI, Modified Barthel Index; MMSE, Mini-mental State Examination; MCS, Mental Component
Summary of the Short Form (SF)-36 health survey; PCS, Physical Component Summary of SF-36 health survey.

Table 2. Outcome measures in balance function, activities of daily life, the severity of depressive mood, and cognitive
function at baseline (T0) and post-intervention at 4-week follow up (T1).

Outcome
Measure

Control (N = 96)
p-Value (95% CI)

SAVE (N = 88)
p-Value (95% CI)

T0 T1 T0 T1

BBS 26.64 ± 20.79 33.56 ± 20.04 0.000 *(−11.92 to −7.36) 28.05 ± 18.31 39.88 ± 16.70 0.000 *(−14.48 to −9.73)
MBI 49.87 ± 29.43 59.24 ± 26.79 0.000 *(−14.00 to −9.08) 50.46 ± 24.15 66.45 ± 23.03 0.000 *(−22.66 to −15.41)
BDI 14.45 ± 11.60 14.73 ± 12.18 0.157 (−6.32 to 0.86) 12.08 ± 10.30 9.20 ± 9.18 0.087 (−2.21 to 4.31)

MMSE 22.88 ± 7.84 25.26 ± 6.48 0.000 *(−3.39 to −1.85) 23.86 ± 6.15 25.76 ± 5.12 0.000 *(−2.88 to −1.29)
PCS 29.83 ± 10.41 32.29 ± 10.93 0.026 *(−7.70 to −0.51) 30.02 ± 11.06 36.40 ± 10.13 0.000 *(−19.98 to −6.02)
MCS 35.56 ± 11.84 37.32 ± 11.37 0.803 (−22.94 to 19.32) 34.28 ± 9.48 38.53 ± 10.19 0.074 (−9.39 to 0.45)

Each cell represents the mean ± standard deviation. * represents a significant difference within-group comparison between T0 and T1
(p < 0.05). BBS, Berg Balance Scale; BDI, Beck Depression Inventory; MBI, Modified Barthel Index; MMSE, Mini-mental State Examination;
MCS, Mental component summary of the Short-Form Survey 36 (SF-36); PCS, Physical component summary of SF-36.

Table 3. The raw and change values in balance function, activities of daily life, the severity of depressive mood, cognitive
function, and quality of life at pre-intervention (T0) and post-intervention at 4-week follow up (T1).

Outcome
Measure

Control (N = 96) SAVE (N = 88)
p-Value (95% CI)

T0 T1 ∆ T1-T0 T0 T1 ∆ T1-T0

BBS 26.64 ± 20.79 33.56 ± 20.04 7.98 ± 10.47 28.05 ± 18.31 39.88 ± 16.70 12.12 ± 12.45 0.002 *(−6.76 to −1.52)
MBI 49.87 ± 29.43 59.24 ± 26.79 11.97 ± 17.20 50.46 ± 24.15 66.45 ± 23.03 11.80 ± 15.27 0.001 *(−8.35 to −2.12)
BDI 14.45 ± 11.60 14.73 ± 12.18 0.70 ± 8.08 12.08 ± 10.30 9.20 ± 9.18 2.80 ± 9.00 0.108 (−0.46 to 4.66)

MMSE 22.88 ± 7.84 25.26 ± 6.48 2.03 ± 1.91 23.86 ± 6.15 25.76 ± 5.12 3.63 ± 3.21 0.760 (−0.66 to 0.91)
PCS 29.83 ± 10.41 32.29 ± 10.93 2.50 ± 8.81 30.02 ± 11.06 36.40 ± 10.13 7.16 ± 10.24 0.013 *(−8.33 to −0.99)
MCS 35.56 ± 11.84 37.32 ± 11.37 4.42 ± 11.18 34.28 ± 9.48 38.53 ± 10.19 3.07 ± 12.70 0.561 (−3.23 to 5.93)

Each cell represents the mean ± standard deviation. * represents a significant difference between intervention and control group in ∆ T1-T0
(p < 0.05). BBS, Berg Balance Scale; BDI, Beck Depression Inventory; MBI, Modified Barthel Index; MMSE. Mini-mental State Examination;
MCS, Mental component summary of the Short-Form Survey 36 (SF-36); PCS, Physical component summary of SF-36.

4. Discussion

In this study, both groups showed significant improvement in BBS, MBI scores after
the 4-week rehabilitation therapy. Moreover, in the SAVE group of individuals with acute
stroke, additional video-based self-mediated therapy significantly improved the physical
ability, balance, and functional ADLs as compared to the conventional rehabilitation
therapy alone. The SAVE intervention resulted in about 12-point improvement in BBS
score. Lower limb strengthening exercise [24] and core strengthening exercise [25,26] were
responsible for significant BBS improvement in subacute stroke survivors. A change of
BBS points more than six is considered to be a significant improvement in acute stroke
rehabilitation [27,28]. The significant difference in exercise time by oneself or with a
caregiver might explain these significant treatment effects. Reviewing every session in
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person and practicing together with a caregiver led to a positive effect on the physical
functioning of patients. These differences in efficacy were most evident in post-intervention
and highly improved functional states under the same hospitalization period that may
facilitate the transition from the inpatient rehabilitation center to the home environment,
which will reduce further expenses. Although Vloothuis et al. reported no differential
effects with respect to functional outcome measures [13], our results are compatible with
that of previous studies in which a significant improvement was shown in participants
after an additional focused exercise therapeutic program [29,30].

However, we found no differential effect with regard to outcome measures of psy-
chosocial components such as MMSE, BDI, and MCS of SF-36. According to previous
studies, the incidence of anxiety in patients with stroke is significantly higher than that
in healthy age-matched controls [31], and caregiver-mediated exercises seem to have a
positive effect on the quality of life of patients [13]. Depression, psychosocial stress, and
anxiety are major symptoms in stroke survivors [32] and may persist for years [33–35].
The psychosocial components significantly deteriorate quality of life for a prolonged pe-
riod [34,36]. This might explain the lack of effects found on psychosocial stress and anxiety
measures in this study [37,38].

In addition, post-stroke fatigue can also explain the lack of effects on psychosocial
outcome measures. Fatigue is a common and major problem after stroke, with previously
reported 38% to 77% ranging frequencies [39], considered as one of the worst sequelae of
stroke [40] and has an enervating influence on ADL [41,42]. Fatigue is an independent
factor concerned with health-related quality of life in patients with stroke [42], and reported
levels of post-stroke fatigue are high and remain fairly stable over time. According to
previous studies, a significant relationship was found between depression and post-stroke
fatigue both in cross-sectional [40,43,44] and longitudinal analyses [45–48]. Fatigue levels
remaining stable over time in post-stroke patients [49] also explain the lack of effects on
psychosocial outcome measures in this study.

This study has several limitations. First, we intended 1200 min of additional exercise
time by the patient–caregiver couples; however, some patients in the control group also
reported additional exercise time by themselves or performed exercises with a caregiver.
Therefore, there might have been insufficient treatment in improving other functional out-
come measures. This type of contamination is often observed in stroke rehabilitation trials
which require a long-term period of recruitment of several years to conclude [13,50,51]. In
addition, we provided an exercise diary to participants and encouraged them to record their
daily achievements. The therapist in charge checked the progress prior to the treatment ses-
sion every day, but we did not investigate the achievement rate of participants separately.

Second, the incidence of depression in stroke patients’ caregivers in previous stud-
ies [52] was significantly higher than that in healthy controls, and anxiety symptoms are pre-
dictors of long-term burden and emotional problems among caregivers [53]. Kalra et al. [54]
suggested that the use of a well-structured program of activities under supervision by
professional rehabilitation teams during the hospitalization period may serve to autho-
rize consenting informal caregivers in their future role by instructing them in relevant
skills. Mant et al. [55] also reported that additional family support after stroke significantly
boosted social activities and also improved the quality of life of caregivers. In this study,
we only focused on the rehabilitation of patients with stroke, and further studies should be
conducted to follow-up patients with stroke and their caregivers.

Third, this study was a non-randomized trial that did not exclude the risk of selection
bias and performance bias. Finally, since all the patients were able to follow our instruc-
tions, eligible participants with better compliance were included. This biased distribution
might affect better outcome measurements. Future trials should take account of a random-
ized controlled design with a longer-term follow-up. Ultimately, inclusion and clinical
assessments should include patients with acute stroke and also their caregivers.
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5. Conclusions

Additionally, SAVE showed significant improvement in physical and functional abili-
ties compared to only conventionally inpatient rehabilitation therapy in subacute stroke
patients. This SAVE program which is designed to deliver patient-tailored exercise, can
optimize patient recovery after subacute stroke while keeping the available resources in
mind. In this study, the SAVE program facilitated unceasing rehabilitative exercises with
higher patient adherence, which is important in post-stroke recovery. The most important
thing is the incorporation of exercise into the patient’s daily life in order to maintain their
therapy until the next session, thereby erasing boundaries between exercise and daily life.
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