
INTRODUCTION

Stroke survivors often experience a variety of physical 
and cognitive dysfunctions. Of these, balance and gait 

disturbances are the most common problems that they 
encounter. Decreased mobility is one of their major con-
cerns [1]. In addition, they often have impaired proprio-
ception, causing them to depend on visual sense both 
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greatly and incorrectly. This can eventually lead to sen-
sory integration disorder, abnormal compensatory strat-
egies, inappropriate body response to interference, in-
ability to maintain stability, and decline in motor control 
skills. They are therefore vulnerable to post-stroke falls as 
well as poor quality of life (QOL) [2-4]. Post-stroke falls 
are one of the most common complications that place 
patients in danger during post-stroke rehabilitation [5]. 
Their prevalence in Western countries ranges between 
8.9/1000 and 15.9/1000 in patients/day [6,7]. A higher 
risk of post-stroke falls is closely associated with a vari-
ety of factors, including age of ≥60 years, female gender, 
poor balance, gait disorders, wheelchair confinement, 
confusion, attacks of syncope, symptoms of visuospatial 
hemineglect and dyspraxia, postural hypotension, and 
medication usage [8-10].

Both trunk movement and balance ability are key 
factors that are closely associated with the degree of 
functional independence in stroke survivors [11]. That 
is, trunk muscles are involved in the stabilization of 
proximal body segments during several balancing activi-
ties [12]. However, stroke survivors are characterized by 
impairments in trunk control that is needed for weight-
shifting capacity and equilibrium function [13]. In other 
words, they lack the ability to maintain even weight 
distribution on both feet due to their weakness of trunk 
muscles and impairments in trunk control [14]. More-
over, they are unable to perform functional activities 
due to decreased balance capacity [15]. Improvement in 
trunk control may therefore lead to improved balance ca-
pacity and better degree of activities of daily living (ADL) 
[12].

With increased demands on post-stroke rehabilitation 
and decreased length of hospital stay, new approaches 
are warranted to improve health-related quality of life 
(HRQOL) outcomes [16]. However, shorter length of 
hospital stay is associated with less access to post-stroke 
rehabilitation, potentially less recovery, and more bur-
den to the caregiver and family. It is therefore imperative 
that novel, more efficient, and cost-effective post-stroke 
rehabilitation strategies should be established [17]. Ac-
tive involvement of caregivers as a co-therapist termed 
as caregiver-mediated exercise (CME) is one of various 
methods for increasing the intensity of exercise therapy 
for post-stroke rehabilitation [18]. The concept of CME 
is not novel. In fact, it is common practice in pediatric 

neurological rehabilitation [19]. There is no denying that 
stroke survivors are psychologically burdened with post-
stroke outcomes on their caregivers’ role and functions. 
It has been suggested that caregivers are willing to be in-
volved in post-stroke rehabilitation [20].

Given the above background, we developed a CME 
protocol as a way to improve trunk control capacity, gait, 
and balance. The objective of this study was to assess its 
efficacy and safety in a single-institution setting. We also 
examined whether our CME protocol might be effective 
in diminishing concerns about post-stroke falls when 
there was an increase in its efficacy.

MATERIALS AND METHODS

The current single-center, prospective, randomized, 
observer-blind, controlled study was conducted in a total 
of 80 acute or subacute stroke survivors who were re-
ferred to us after treatment of acute hemiplegia at the De-
partment of Neurology or Neurosurgery between January 
2016 and February 2017.

Inclusion criteria for these patients were as follows: (1) 
patients aged 18 years or older, (2) patients with first-ever 
stroke, (3) patients who experienced a single ischemic 
or hemorrhagic stroke in the cerebral hemisphere as 
confirmed by computed tomography (CT) or magnetic 
resonance imaging (MRI) scans, (4) patients with post-
stroke duration <2 months, (5) patients with post-stroke 
hemiplegia with decreased stability of the trunk or lower 
limb, (6) patients with the Korean version of the Mini-
Mental State Examination (K-MMSE) scores ≥24 points, 
(7) patients who were able to keep static sitting balance 
for more than 2 minutes, (8) patients who were able to 
keep standing posture when receiving mild-to-moderate 
assistance.

Inclusion criteria for caregivers were as follows: (1) 
caregivers who were able to understand instructions on 
CME, (2) caregivers who were motivated for CME, (3) 
caregivers who were medically stable, (4) caregivers who 
were physically able to perform exercises together with 
the patients.

Exclusion criteria for patients were as follows: (1) those 
with poor visual acuity, (2) those with severe aphasia, 
(3) those with neurological deficits due to causes other 
than cerebral infarction (e.g., multiple sclerosis, Parkin-
son disease, fractures, or congestive heart failure), (4) 
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those who had serious underlying medical conditions 
that might affect mobility training (e.g., unstable blood 
pressure), (5) those who had severe unilateral neglect, (6) 
those who had abnormalities of the vestibular system, (7) 
those who had musculoskeletal disorders that might af-
fect motor performance, (8) those who underwent ampu-
tation or joint replacement surgery within 6 months prior 
to the study participation, (9) those who used a cardiac 
pacemaker or a defibrillator, (10) those who received a 
nasogastric tube feeding, (11) those who used a urine or 
tracheal tube, (12) those who were uncooperative or un-
able to comply with instructions on CME, (13) those who 
were deemed to be ineligible for study participation ac-
cording to our judgment.

Exclusion criteria for caregivers were as follows: (1) 
those with serious comorbidities, (2) those who were not 
able to walk 100 m, stand, and/or keep their balance.

We therefore enrolled a total of 72 patients in the cur-
rent analysis. This study was approved by the Institution-
al Review Board of Konkuk University Chungju Hospital 
(No. KUCH-2017-04-009). All patients submitted a writ-
ten informed consent for study participation. The current 
study was conducted in accordance with the Declaration 
of Helsinki.

Patient evaluation and criteria
Depending on the type of post-stroke rehabilitation, 

patients were randomly assigned to either the trial group 
(n=35) or the control group (n=37) using a permuted 
block design. This was done by a study personnel who 
was blinded to details of the current study. In addition, 
CME was done by a physical therapist under the supervi-
sion of a physician who was not involved in the current 
study. In more detail, patients of the trial group received 
a 1-hour conventional post-stroke rehabilitation in the 
morning and did a 1-hour CME for 2 hr/day, 5 times a 

week for 4 weeks. Patients of the control group solely 
received a 1-hour conventional post-stroke rehabilita-
tion in the morning at 1 hr/day, 5 times a week for 4 
weeks. The conventional post-stroke rehabilitation was a 
multi-disciplinary, patient-specific intervention that was 
composed of physiotherapy, occupational therapy, and 
nursing care. It also included neuropsychological and 
speech therapy if needed. Various neurological treatment 
elements were combined, for which motor re-learning 
strategies as well as neuro-developmental recovery were 
considered as priority. CME was gradually performed. 
The frequency of its repetition was determined according 
to patients’ performance. Finally, compliance was moni-
tored using a self-reported diary during CME.

At baseline, patients received baseline assessment. 
They were evaluated for baseline characteristics and 
outcome measures prior to a 4-week post-stroke reha-
bilitation program. At 4 weeks, they were evaluated for 
changes in outcome measures from baseline. Differ-
ences in changes of outcome measures at 4 weeks from 
baseline were compared between the two groups (Fig. 1). 
They were also evaluated for the safety of our rehabilita-
tion program.

Evaluation tools
At both baseline and at 4 weeks, patients were evalu-

ated using the following scales.

Modified Barthel Index
A measure of ADL, Modified Barthel Index (MBI) rep-

resents the degree of independence of stroke survivors 
from any assistance. Its functional domains are com-
posed of bowel control, bladder control, as well as help 
with grooming, toilet use, feeding, transfers, walking, 
dressing, climbing stairs, and bathing [21].

Study
participants

Randomization

Session 1 Session 2

Trial group
Conventional rehabilitation

(1 hr in the morning)

Control group
Conventional rehabilitation

(1 hr in the morning)

5 times
x

day
x

4 weeks

Trial group
Caregiver-mediated exercise

(1 hr in the afternoon)

Control group
No treatment

Fig. 1. Study schema.
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Functional Ambulation Categories
Functional Ambulation Categories (FAC) is commonly 

used to assess the ambulation status of stroke survivors 
based on a 6-point scale by measuring the degree of sup-
port they require during walking irrespective of the use of 
an orthosis [22].

Berg Balance Scale
Berg Balance Scale (BBS) is a measure of static and dy-

namic balance of patients with stroke [23].

Trunk Impairment Scale
Trunk Impairment Scale (TIS) is a measure of the trunk 

function of stroke survivors. It is composed of three sub-
scales with a total possible score (TIS-T) of 23 points: 
static sitting balance (TIS-S; 3 questions with a total pos-
sible score of 7 points), dynamic sitting balance (TIS-D; 
10 questions with a total possible score of 10 points), and 
coordination (TIS-C; 4 questions with a total possible 
score of 6 points), with higher TIS score indicating higher 
degree of trunk balance [24].

Fall Efficacy Scale-International
Fall Efficacy Scale-International (FES-I) is a measure of 

fear of falling (FOF). FOF is defined as an ongoing con-
cern about falling, thus restricting ADL. Its scores range 
between 16 and 64 points, with higher FES-I score indi-
cating higher degree of FOF [25].

Efficacy outcome measures and assessment
Changes in MBI, FAC, BBS, and TIS scores at 4 weeks 

from baseline served as primary outcome measures. Cor-
relations of primary outcome measures with changes in 
FES-I scores at 4 weeks from baseline in the trial group 
served as secondary outcome measures. For efficacy as-
sessment, we compared differences in changes in efficacy 
outcome measures at 4 weeks from baseline between the 
two groups. We also performed intent-to-treat (ITT) and 
per-protocol (PP) analyses.

The ITT set comprised all enrolled patients who were 
given randomization number except the following pa-
tients: (1) those who did not meet inclusion/exclusion 
criteria at screening visit, (2) those who did not receive 
treatment, and (3) those who did not receive efficacy 
analysis. 

The PP set comprised all ITT patients who completed 

the current study without seriously violating the study 
protocol except the following patients: (1) those who did 
not submit a written informed consent, (2) those who 
were not evaluated for the efficacy at 4 weeks, (3) those 
who underwent procedures or treatments that might af-
fect results of the efficacy analysis (including prohibited 
concomitant medications) during the study period, and 
(4) those who seriously violated the study protocol ac-
cording to our judgment.

Safety outcome measures and assessment
Treatment-emergent adverse events (TEAEs) served as 

safety outcome measures. The safety set comprised all 
patients who were enrolled in the current study and re-
ceived safety analysis after the treatment.

CME protocol
Our CME protocol consisted of three phases: exercise in 

lying, sitting, and standing positions.

Phase 1 - Exercise in a lying posture
Lying in bed and looking at the ceiling, patients placed 

a balance pad underneath the pelvis to bend both knees 
and to touch the sole on the bed. Then they spontane-
ously place both hands on the chest and perform weight 
transfer by alternating left and right hands for 3 seconds. 
Lying in bed and looking at the ceiling, patients bent both 
knees and placed both soles on the balance pad. Then 
they spontaneously place both arms straight beside the 
body. They lifted the hip with both hip joints extended. 
They kept this posture for 3 seconds.

Phase 2 - Exercise in a sitting posture
A balance pad was placed on the bed for patients to sit 

on it. To make sure that both soles completely touch the 
ground, they had the height of the bed adjusted. Lifting 
both arms straight and having them softly held by a care-
giver, they kept the posture for 3 seconds while perform-
ing weight transfer to left, right, and posterior directions. 
Patients perched on the bed. After placing a balance pad 
on the ground, patients completely touched both soles 
on it. After lifting both arms and then straightening them 
side by side, they had them softly held by a caregiver. 
Stepping on the pad slowly and keeping their balance, 
they performed complete standing exercise followed by 
slow sitting.
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Phase 3 - Exercise in a standing posture
Stepping on the pad, patients straightened both arms 

side by side and had them softly held by a caregiver. With 
eyes closed, they kept their balance on the pad. For safety 
reasons, however, they performed exercise beside the 
bed. They could immediately sit on the bed whenever 
their posture became unstable. Stepping on the pad, pa-
tients straightened both arms side by side and had them 
softly held by a caregiver. Then they bent or extended 
both knees slowly. They were not allowed to precede 
their knee to the tip of the foot. For safety reasons, they 
performed the exercise beside the bed. They could im-
mediately sit on the bed whenever their posture became 
unstable.

Rationale of sample size estimation
We estimated the sample size using PASS version 12 

(NCSS, Kaysville, UT, USA) as previously described [26]. 
We hypothesized that the degree of changes in the TIS 
at 4 weeks from baseline would be 3.37 in the trial group 
and 1.25 in the control group. In addition, we hypoth-
esized that the standard deviation would be 3 based on 
its maximum value (=2.76). Considering a significance 
level of 5%, a statistical power of 80%, and a drop-out rate 
of 30%, we estimated the sample size to be 42 per group.

Statistical analysis
All data are expressed as mean±standard deviation. 

Statistical analysis was done using SPSS version 18.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Differences in 

changes of efficacy outcome measures at 4 weeks from 
baseline between the two groups were analyzed using 
unpaired t-test. We also performed linear regression 
analysis to identify correlations of primary outcome 
measures with changes in FES-I scores at 4 weeks from 
baseline. A p-value of less than 0.05 was considered sta-
tistically significant.

RESULTS

Baseline characteristics of patients
The 80 recruited patients were initially assigned to the 

trial group (n=40) and the control group (n=40). Of these 
patients in the trial group, 2 and 3 discontinued the study 
because of discharge and non-compliance, respectively. 
Of patients in the control group, 3 discontinued the study 
because of discharge. Therefore, 35 and 37 patients were 
assigned to the trial group and the control group, respec-
tively. The study flow chart is shown in Fig. 2.

Our clinical series of patients consist of 39 men and 33 
women whose mean age was 59.7±6.3 years old. They had 
a mRS score of 3.6±0.5, an NIHSS score of 4.8±2.4 points, 
a time from the onset of stroke to CME of 10.8 days, and a 
K-MMSE score of 26.6±1.3 points. Baseline characteristics 
of these patients are represented in Table 1.

Primary efficacy outcomes
As shown in Table 2, there were differences in changes 

in outcome measures at 4 weeks from baseline between 
the two groups. There were significant differences in 

Assessment for eligibility (n=80)

Randomization (n=80)

Trial group (n=40) Control group (n=40)

Final analysis (n=35) Final analysis (n=37)

Discharge against medical advice (n=2)
Non-compliance (n=3)

Intent-to-treat (ITT) set (n=35)
Per protocol (PP) set (n=35)

Safety set (n=35)

Discharge against medical advice (n=3)

Intent-to-treat (ITT) set (n=37)
Per protocol (PP) set (n=37)

Safety set (n=37)
Fig. 2. Study flow chart.
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changes in MBI, FAC, BBS, TIS-T, TIS-D, TIS-C, and FES-
I scores at 4 weeks from baseline between the two groups 
(all p<0.0001). There was no significant (p=0.0755) differ-
ence in changes in TIS-S scores at 4 weeks from baseline 
between the two groups.

Secondary efficacy outcomes
In the trial group, primary outcome measures had sig-

nificant inverse correlations with changes in FES-I scores 
at 4 weeks from baseline (Fig. 3).

Safety outcomes
There were no TEAEs in our series.

DISCUSSION

The goal of post-stroke rehabilitation is to raise the de-
gree of independence of ADL. Risk factors of post-stroke 
falls and standing balance are important predictors of 
functional recovery and gait capacity. They play a key role 
in determining ADL [27,28]. According to a review of pre-
vious published studies in this series, approximately 75% 
of stroke survivors achieved a recovery of independent 
standing-balance capacity. However, they persistently 
presented with weight-bearing imbalance and increased 
postural sway as well as impaired weight-shifting capac-
ity. Therefore, the key goal of post-stroke rehabilitation is 
to improve balance capacity, for which a variety of exer-
cise interventions have been used [29].

In our trial, we found that changes in MBI, FAC, BBS, 
TIS-T, TIS-D, TIS-C, and FES-I scores at 4 weeks from 
baseline showed significant differences between the two 
groups (all p<0.0001). However, there was no significant 
(p=0.0755) difference in changes in TIS-S scores at 4 
weeks from baseline between the two groups. This might 
be because we enrolled patients who were able to keep 
static sitting balance for more than 2 minutes.

Table 1. Baseline characteristics of patients

Trial 
group

(n=35)

Control 
group

(n=37)
Age (yr) 60.1±6.4 59.3±6.4

Sex

      Male 19 20

      Female 16 17

mRS 3.6±0.5 3.6±0.5

NIHSS 4.9±2.3 4.8±2.4

Time from the onset of 
  stroke to the CME (day)

10.0±1.8 10.0±1.9

K-MMSE 26.7±1.2 26.5±1.4

Type of stroke

      Ischemic 22 25

      Hemorrhagic 13 12

Side of hemiplegia

      Right 18 16

      Left 17 21

Values are presented as mean±standard deviation or num-
ber.
mRS, modified Rankin Scale; NIHSS, National Institutes 
of Health Stroke Scale; K-MMSE, Korean version of Mini-
Mental State Examination; CME, caregiver-mediated ex-
ercise.

Table 2. Efficacy outcomes

Trial group (n=35) Control group (n=37)
p-value

Baseline 4 weeks Baseline 4 weeks
MBI 35.5±4.6 63.3±6.3 36.2±5.3 58±7.0 <0.0001*

FAC 1.2±0.4 2.7±0.5 1.3±0.5 2.3±0.5 <0.0001*

BBS 12.5±2.8 29.1±3.6 13.8±2.8 25.8±3.3 <0.0001*

TIS-T 13.5±1.8 17.4±1.9 13.7±1.9 15.8±1.8 <0.0001*

TIS-S 5.5±0.5 6.4±0.5 5.6±0.5 6.2±0.4 0.0755

TIS-D 5.4±0.8 7.0±0.7 5.5±0.8 6.3±0.7 <0.0001*

TIS-C 2.5±0.6 4.0±0.8 2.6±0.6 3.3±0.7 <0.0001*

FES-I 52.2±3.0 35.4±5.5 51.4±3.8 41.3±6.1 <0.0001*

Values are present as mean±standard deviation.
MBI, Modified Barthel Index; FAC, Functional Ambulation Category; BBS, Berg Balance Scale; TIS, Trunk Impairment 
Scale; FES-I, Fall Efficacy Scale-International.
*p<0.05 by unpaired t-test.
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Caregivers are involved in ADL of stroke survivors. Ac-
cording to current clinical practice guidelines, caregivers 
are recommended to be actively involved in post-stroke 
rehabilitation for the promotion of their functional recov-
ery [30,31].

It has been shown that CME is both efficacious and 
cost-effective in improving functional recovery of stroke 
survivors [32]. Prospective, randomized controlled trials 
have demonstrated the efficacy of CME in stroke survi-
vors. Vloothuis et al. [1] have conducted an observer-
blind, randomized controlled trial to assess the efficacy 
and cost-effectiveness of an 8-week CARE4STROKE pro-
gram in a total of 66 stroke survivors, showing that the 
intensity of CME is increased through e-health support. 

These authors have suggested that CME would be effec-
tive in improving functional outcomes, providing early 
supported discharge, and reducing the cost [1]. Wang et 
al. [33] have also conducted a single-blind, randomized, 
controlled trial to assess the efficacy of a 12-week care-
giver-mediated, home-based intervention in improving 
physical functions and social participation in a total of 51 
patients with chronic stroke, showing that it is an effec-
tive modality. Caregivers are relatively more intensively 
involved in CME. This might have increased caregiver 
burden. There are also contradictory reports showing 
that CME does not increase the caregiver burden [33,34]. 
Wang et al. [33] have analyzed caregiver burden using 
the Caregiver Burden Scale, showing that CME does not 
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have significant effects on caregiver burden at endpoint. 
This might be due to caregivers’ high levels of knowledge 
about patients’ physical performances. These authors 
have also found that caregiver burden is closely associat-
ed with caregivers’ psychological distress, the amount of 
exercise rehabilitation, and the degree of patients’ physi-
cal impairment [33].

Limitations of the current study are as follows: (1) we 
evaluated a small series of patients; (2) we conducted 
the current study with short periods of time; (3) we only 
evaluated patients who were hospitalized at a single, 
tertiary medical institution. We could not therefore com-
pletely rule out the possibility of selection bias. (4) We 
failed to consider NIHSS or mRS scores when assessing 
the efficacy of our CME protocol. A phase I or II clinical 
trial needs to be conducted to clarify mechanisms of a 
certain intervention. A phase III trial is also needed to 
assess its efficacy considering NIHSS or mRS scores in 
the assessment of treatment effect to determine indica-
tions of our CME protocol. (5) We failed to consider risk 
factors of post-stroke falls in enrolled patients. (6) We 
failed to completely assess treatment compliance. Stroke 
survivors are more likely to practice motor activities dur-
ing supervised exercise [35]. In the current study, the 
additional CME was delivered in the evening outside of 
routine physiotherapy hours. This enabled stroke survi-
vors to participate in their routine rehabilitation program 
during the day and their caregivers to continue with their 
daily working schedule. Moreover, effects of CME on 
caregivers deserve special attention, including their anxi-
ety, depression, QOL, fatigue, and self-efficacy. (7) There 
was a difference in the treatment dose between the two 
groups. There might be a dose-response relationship be-
tween CME and outcome measures which has been sup-
ported by previous published studies [36-39]. Currently, 
there is limited evidence supporting the dose-response 
relationship in post-stroke CME [1]. This deserves further 
studies.

To summarize, our results are as follows: (1) there were 
significant differences in changes in MBI, FAC, BBS, TIS-
T, TIS-D, TIS-C, and FES-I scores at 4 weeks from base-
line between the two groups (all p<0.0001). (2) There was 
no significant (p=0.0755) difference in changes of TIS-S 
scores at 4 weeks from baseline between the two groups. 
(3) MBI, FAC, BBS, and TIS scores had significantly in-
verse correlations with FES-I scores in patients receiving 

CME. (4) There were no TEAEs in our series.
In conclusion, our results indicate that our CME proto-

col is an effective and safe modality in improving the de-
gree of independence, ambulation status, dynamic and 
static balance, trunk function, and concerns about post-
stroke falls in stroke survivors. Our results also showed 
that there was a decrease in FES-I scores when there 
was an increase in MBI, FAC, BBS, and TIS scored. Thus, 
multi-disciplinary approaches are needed to develop an 
algorithm to minimize risks of post-stroke falls. Further 
large-scale, long-term, multi-center studies are warrant-
ed to confirm our results.
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