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Background. A major complication caused by stroke is poststroke fatigue (PSF), and by causing limitations in doing activities of
daily living (ADL), it can lower the quality of life. Objective. The present study is an attempt to examine the effects of vestibular
rehabilitation on BADL (Basic Activities of Daily Living), fatigue, depression, and Lawton Instrumental Activities of Daily Living
(IADL) in patients with stroke. Method. Patients with a history of stroke took part voluntarily in a single-blind clinical trial. The
participants were allocated to control and experimental groups randomly. The experimental group attended 24 sessions of
vestibular rehabilitation protocol, while the control group received the standard rehabilitation (including three sessions per
week each for around 60min). To measure fatigue, the Fatigue Impact Scale (FIS) and the Fatigue Assessment Scale (FAS)
were used. Depression, BADL, and IADL were measured using the Beck Depression Inventory-II (BDI-II), Barthel Index (BI),
and Lawton Instrumental Activities of Daily Living, respectively. All changes were measured from the baseline after the
intervention. Results. Significant improvement was found in the experimental group compared to the control group (p < 0:05)
in FIS (physical, cognition, and social subscales), FAS, BDI-II, BADL, and IADL. Moreover, the results showed small to
medium and large effect sizes for the physical subscale of FIS and FAS scores based on Cohen’s d, respectively; however, no
significant difference was found in terms of cognition and social subscales of FIS, BDI-II, BADL, and IADL scores. Conclusion.
It is possible to improve fatigue, depression, and independence in BADL and IADL using vestibular rehabilitation. Thus, it is
an effective intervention in case of stroke, which is also well tolerated.

1. Introduction

Fatigue is a very common poststroke complication, with a
prevalence of 16-74% [1, 2], which is considered one of the
symptoms of poststroke depression (PSD) [3]. However,
the fact that patients without depression frequently com-
plain of fatigue necessitates a study of “poststroke fatigue”
(PSF) as a specific syndrome [4].

The syndrome manifests itself as a sense of helplessness,
lack of energy, and excessive burnout. The syndrome is dif-
ferent from normal and nonpathological fatigue, which is
mostly because of the side effects of drugs, heavy exercise,
or diseases [4, 5]. This type of fatigue is a chronic condition
that may be the only symptom in stroke patients, even with
an excellent neurologic recovery, and may persist for many
years [1, 6].
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The PSF is associated with functional deficits and partic-
ipation restrictions in the activities of daily living (ADL) and
leads to a lower quality of life [7, 8]. In addition, the occur-
rence of fatigue during daily occupations is associated with
psychological disorders such as depression [9]. Therefore,
PSF is seen as a major complaint that needs more efficient
management in patients with stroke.

Several studies have been carried out to elaborate on the
mechanisms of PSF; however, the etiology is still unclear [10,
11]. One reason for this is the several factors in PSF and that
studies can only work on some of these factors to treat, pre-
vent, or manage PSF [12–14]. Studies on the sensory integra-
tion theory in patients with stroke have shown deficits in
sensory registration and modulation leading to restricting
their participation in daily occupations [15–17]. Disruption
of the central sensory-motor integration such as visual,
somatosensory, and vestibular systems leads to an unbal-
anced use of these senses by patients with stroke [18]. This
lack of integrated use can lead to inefficient postural control
that may be due to fatigue [16]. Visual, somatosensory, and
vestibular systems are the key elements of the central
sensory-motor integration, and it can be triggered positively
through vestibular rehabilitation [19]. As a training pro-
gram, vestibular rehabilitation contributes to sensory inte-
gration through modulating self-awareness, body, space,
and spatial navigation and reflex generation for oculomotor
and posture control by adaptation compensatory mecha-
nisms through repeating tasks [20].

Recent studies on stroke patients receiving vestibular
rehabilitation have shown an improvement in gait perfor-
mance, balance, and self-perceived health [21–24]. This
result is also supported in stroke patients, so that neurophys-
iological findings show that the vestibular cortical network is
strongly related to the rest of sensory and motor signals,
memory, attention, social cognition, and mental imagery
[25–27]. Moreover, long-term decrease in hemispatial
caused by subliminal galvanic vestibular stimulation
improves anticipatory postural adjustment (APA) and verti-
cal perception, which results in a quick and efficient perfor-
mance with less energy expenditure in stroke patients [28,
29]. In spite of all evidence, there is no study on using VR
programs to lower fatigue in stroke patients.

With this introduction, the present work is an attempt to
examine the effects of vestibular rehabilitation training on
the fatigue in stroke patients. The main hypothesis of the
study is that a neurorehabilitation training such as vestibular
rehabilitation can attenuate fatigue as the primary outcome
and depression severity and independence in basic and
instrumental ADL as secondary outcomes in patients with
stroke.

2. Methods

The study was carried out as an interventional work based
on a single-blind clinical design. The participants were
selected through convenience sampling among stroke
patients who were army retirees and referred to Golestan
and Imam Reza Hospitals affiliated with AJA University of
Medical Sciences. After a pilot study and based on the exclu-

sion and inclusion measures, 32 participants were selected
and allocated to control and experimental groups randomly
(16 patients in each group). The interventions were per-
formed by a senior occupational therapist who was blind
to the grouping. This study was conducted between January
and May 2022.

2.1. Standard Protocol Approvals. The selected participants
signed an informed letter of consent, and the Ethical Com-
mittee of AJA University of Medical Sciences (IR.AJAUMS.-
REC.1400.245) and the Iranian Registry Center of the
Clinical Trials (IRCT20090904002415N3) approved the
study.

2.2. Sample Size and Randomization. According to the sam-
ple size estimation procedure, a pilot study was performed
with 6 subjects. Based on the results, the mean ± SD of the
Fatigue Impact Scale was 87.16 and 8.03, respectively. Using
the G∗Power 3.1 software in terms of 95% confidence level
and power 93% by considering α = 0:05 and β = 0:95 and
assuming two-tailed, the sample size was equal to 34
patients. Two patients were excluded during the study
(attrition rate = 5:88%), and finally, the study was performed
with 32 stroke patients. Participants were randomly allo-
cated (allocation ratio 1 : 1) to one of the two groups
(experimental group = 16 and control group = 16) with per-
muted block randomization method by the research
coordinator.

2.3. Participants. The participants were selected based on the
following inclusion criteria: stroke with unilateral hemiplegia in
the past 6 to 36 months ago, able to walk with no need to any
device or continuous physical support for the bodyweight or to
keep the balance (Functional AmbulationClassification ≥ 3),
and FatigueAssessment Scale ðFASÞ score ≥ 24 [30]. There
were also exclusion criteria, namely, cognitive problems that
might affect one’s ability to comprehend instructions (Mini-
Mental State Examination < 24) [31], severe aphasia, severe
unilateral spatial neglect, and neurological and orthopedic
comorbidities like significant osteoarthritis, particularly in the
lower limbs. Additionally, the participants reluctant to cooper-
ate during the study or those who had a change in their medi-
cation protocols were excluded (Figure 1).

2.4. Assessment Tools. The Fatigue Impact Scale (FIS) ques-
tionnaire was used to evaluate the various dimensions of
fatigue [32]. This instrument contains 40 items that assess
functional limitations due to fatigue in three fields of every-
day life, including cognitive functioning (10 items), physical
functioning (10 items), and psychosocial functioning (20
items). The questions are designed based on a Likert’s five-
point scale (4 = extreme problem,…, 0 = no problem). The
total score of the tool ranges from 0 to 160, and the total
score of the domains ranges from 0 to 80 for psychosocial
functioning and from 0 to 40 for physical and cognitive
functioning. Higher scores indicate greater limitations in
functioning [33]. The Persian version of the FIS (FIS-P)
has been psychometrically evaluated in patients with stroke.
The intraclass correlation (ICC) values for interrater reliabil-
ity on the cognitive subscale, social subscale, physical
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subscale, and total score were 0.86, 0.95, 0.89, and 0.98,
respectively. In addition, the test-retest reliability values
were equal to 0.78, 0.92, 0.86, and 0.93, respectively. The
Cronbach’s alpha of the FIS-P was equal to 0.95, i.e., a high
reliability [34].

The Fatigue Assessment Scale (FAS) questionnaire was
used to evaluate symptoms of fatigue [35]. This self-report
questionnaire has 10 items designed based on Likert’s 5-
point scale (1 = never,…, 5 = always). The total FAS score
ranges from 10 to 50, so that the higher the score, the higher
the fatigue. Despite other similar measures (such as the
Fatigue Impact Scale), the FAS approaches fatigue as a uni-
dimensional construct without diverse factors. The cut-off
point for fatigue in stroke patients was set at 24 based on
the FAS [30]. As to internal consistency of the Persian ver-

sion, Cronbach’s alpha coefficient for physical and mental
fatigue was 0.945 and 0.896, respectively [36, 37].

Beck Depression Inventory-II (BDI-II) was used to exam-
ine depression severity [38]. The BDI-II includes cognitive,
motivational, emotional, and physiological dimensions. This
scale includes 21 items about the respondent’s feelings in
diverse situations over the past week, and the items are scored
from 0 to 3. The BDI-II demonstrated a significant test-retest
reliability (r = 0:64) and a positive internal consistency
(alpha = 0:92) in the Iranian population [39].

To measure the performance of patients in terms of basic
ADL (e.g., grooming, bowel and bladder function, feeding, toi-
let use, mobility, dressing, transfer, steps, and taking bath),
Barthel Index (BI) was used. The tool score ranges from 0
(complete dependency) to 100 (completely independence)

Attrition (n = 2)

Enrollment Assessed for eligibility (n = 156)

Excluded (n = 120)

- Not meeting inclusion criteria (n = 102)

- Declined to participate (n = 16)

- Participate in other studies (n = 2)

Eligible participants (n = 34)

Randomized (n = 32)

Allocation

- Allocated to interventional group (n = 16) - Allocated to controlgroup (n = 16)

- Received allocated intervention (n = 16) - Received allocated intervention (n = 16)

- Did not receive allocated intervention (n = 0) - Did not receive allocated intervention (n = 0)

Analysis

Analyzed (n = 16) Analyzed (n = 16)

- Excluded from analysis (n = 0) - Excluded from analysis (n = 0)

Figure 1: Flowchart of the study.
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[40]. The reliability of the Persian version of BI is significant at
0.938, and it has a good validity in Iranian population [41].

Lawton Instrumental Activities of Daily Living Scale was
used to examine activities like shopping, using mobile phone,
housekeeping, food preparation, laundry, transportation,
adhering to medication, and handling financial affairs. The
tool score ranges from 0 for dependence and low function to
8 for independence and high functioning [42]. Studies have
supported test-retest reliability of the Persian version of the
Lawton IADL Scale (r = 0:96) in Iranian population [43].

2.5. Interventions. Vestibular rehabilitation practices were
carried out by the participants in the experimental group
for around 60min at all sessions three days per week. The
vestibular rehabilitation exercises consisted of workout on
trampoline, firm surface, foam, and a balance board with
eyes open and close; sideways, upward, and downward head
motions; throw and catch ball with alterations in the center
of gravity; walking while moving the head; and moving a ball
in hands from side to side. Oculomotor exercises would be
carried out for around 10min every session [19, 44] (Appen-
dix A). On the other hand, the control group in this study
received 24 sessions of conventional rehabilitation interven-
tions for about 60 minutes (three times a week) including
stretching, strengthening, and range of motion exercises for
the limbs and trunk based on the stroke rehabilitation guide-
lines [45]. The patients were allowed to rest during the train-
ing if they felt tired.

2.6. Statistical Analysis. Data analyses were done in SPSS
(v20.0) (SPSS Inc., Chicago, IL, USA). The Mann–Whitney
U test was used for BADL and IADL variables. In addition,
FIS, FAS, and BDI-II were analyzed by independent sample t
-tests. The total scores of FIS, FAS, BDI-II, BADL, and IADL
were normally distributed. Wilcoxon signed rank test and
paired t-tests were used for comparing the variables in both
intervention and control groups (p = 0:05). The significance
level was modified familywise for multiple comparisons
using the error-rate method. Cohen’s d was obtained and
interpreted as 0.20 referring to a small effect, 0.50 referring
to a medium effect, and 0.80 referring to a large effect [46].

3. Results

In total, 32 male patients completed the intervention pro-
grams. As listed in Table 1, the experimental group (mean
age 58.27) and control group (mean age 61.61) had no sig-
nificant difference in terms of demographic variables (age,
educational level, marital status, blood pressure, diabetes,
cardiac disease, affected limb, and time since stroke) and
clinical characteristics (FIS, FAS, BDI-II, BADL, and IADL)
of the participants at baseline (p > 0:05).

The results of paired t-tests in the experimental group
revealed a significant decrease in both the total scores of FAS
and all subscales (physical, cognition, and social) of FIS
(p < 0:001); however, no difference was observed in the con-
trol group. In addition, the experimental group had a signifi-
cant change in terms of BDI-II scores (p < 0:05), while there
was no significant change in the control group (p > 0:05).

Furthermore, and compared to the control group, the
results of the Wilcoxon signed rank test showed that there
was a significant change in BADL and IADL scores in the
experimental group (p < 0:05 and p > 0:05).

Independent sample t-tests revealed a significant differ-
ence in the physical subscale of FIS (p < 0:05, effect size =
0:38) and FAS (p < 0:05, effect size = 1:34) scores between
the two groups after the treatments (Table 2).

4. Discussion

The effects of vestibular rehabilitation exercises on fatigue
rate, depression severity, and independence in the instru-
mental and basic everyday activities in patients with stroke
were examined.

The primary variable in this study was a change in
fatigue, and it was improved in the experimental group by
8.61 and 5.22 in terms of FIS (total) and FAS compared to
0.28 and 0.27 in the control group (p < 0:001). Furthermore,
the results indicated small to medium and large effect sizes
of the vestibular rehabilitation program on the physical sub-
scale of FIS and FAS scores between the two groups based on
Cohen’s d effect sizes, respectively. This is the first study on,
as far as the authors know, the probable effects of vestibular
rehabilitation on fatigue in patients with stroke. Thus, it is
not possible for us to make a comparison with other studies;
still, Abasi et al. and Hebert et al. examined the role of ves-
tibular rehabilitation in fatigue in Parkinson’s and MS
patients, respectively [47, 48]. The purpose of this study
was not to examine the underlying mechanism of fatigue
improvement. The results give us a clearer picture of the
neural adaptation after stroke [49]. In the case of damage
to the central nervous system, sensory adaptation occurs,
and this procedure creates a pattern of sensory dependence
[25, 50]. It seems that vestibular exercises improve central
nervous system adaptation and reduce the pattern of sensory
dependence, thus reducing the patient’s overreliance on the
visual and somatosensory systems to make a more use of
the vestibular system [29]. Therefore, with resensory inte-
gration, a balance is struck between the brain’s capabilities
leading to reduced fatigue and less energy expended on daily
tasks. Electroneurophysiological evidence showed abnormal
connectivity of supplementary motor area (SMA) and pri-
mary motor cortex (M1) in stroke patients [51]. The results
indicate that by stimulating the supplementary motor area
(SMA) using vestibular training in dynamic conditions with
no visual differences, we may be able to reorganize SMA-to-
M1 connectivity patterns along with generating a sensory-
motor gain, which helps improving the anticipatory postural
adjustment (APA) and achieving a higher performance in
doing everyday activities [52]. These results are consistent
with Tramontano et al. and Mitsutake et al. who showed that
vestibular rehabilitation in patients with stroke had positive
effects on patients’ postural control and balance in walking
[21, 23]. Probably, keeping the balance following vestibular
therapy requires less energy, and this can improve post-
stroke physical fatigue. A high level of cognition and mild
depression score of participating stroke patients might be
one explanation for no difference between the groups in
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cognitive and social subscales of FIS. It seems that to
improve all dimensions of fatigue, it is better to consider
all aspects of occupational performance such as the person,
environment, and activity components during rehabilitation
interventions. In general, as PSF is a modifiable variable,
rehabilitation professionals in rehabilitation centers need to

manage poststroke fatigue in addition to providing necessary
interventions to improve participation in various contexts.

The second variable of our study was the severity of
depression. Changes in BDI-II scores for the experimental
group were significant. These changes are consistent with
the known association between depression and fatigue

Table 1: Demographic, clinical characteristics, and group differences of the participants in experimental (n = 16) and control (n = 16)
groups at baseline.

Variables Experimental group (n = 16) Control group (n = 16) p value

Age (years), mean (SD) 58.27 (9.58) 61.61 (7.64) 0.25∗∗

Educational level
12 years (n (%)) 3 (8.3) 2 (5.5)

0.63∗
Above 12 years (n (%)) 15 (41.6) 16 (44.4)

Marital status
Single (n (%)) 3 (8.3) 2 (5.5)

0.63∗
Married (n (%)) 15 (41.6) 16 (44.4)

Affected limb
Right (n (%)) 10 (27.7) 8 (22.2)

0.50∗
Left (n (%)) 8 (22.2) 10 (27.7)

Diabetes mellitus
Yes (n (%)) 6 (16.6) 2 (5.5)

0.10∗
No (n (%)) 12 (33.3) 16 (44.4)

Blood pressure
Yes (n (%)) 7 (19.4) 5 (13.8)

0.48∗
No (n (%)) 11 (30.5) 13 (36.1)

Cardiac disease
Yes (n (%)) 2 (5.5) 7 (19.4)

0.054∗
No (n (%)) 16 (44.4) 11 (30.5)

Time since stroke (months), mean (SD) 19.61 (5.05) 19.38 (6.17) 0.67∗∗∗

FIS total score mean (SD) 70.38 (13.87) 72.55 (19.84) 0.70∗∗

FAS mean (SD) 28.38 (2.78) 29.88 (3.72) 0.18∗∗

BDI-II mean (SD) 12.33 (6.56) 12.44 (4.78) 0.95∗∗

Barthel Index mean (SD) 85.83 (8.61) 85.00 (8.57) 0.84∗∗∗

Lawton ADL mean (SD) 6.50 (1.46) 6.94 (1.43) 0.32∗∗∗

∗Chi-square test (α). ∗∗Independent t. ∗∗∗Mann–Whitney U . Abbreviations: FIS = Fatigue Impact Scale; FAS = Fatigue Assessment Scale; BDI-II = Beck
Depression Inventory-II.

Table 2: The within-group and between-group analyses of the Fatigue Impact Scale, Fatigue Assessment Scale, Beck Depression Inventory-
II, Barthel Index, and Lawton ADL Scale in two groups, the experimental group (16 patients received vestibular rehabilitation interventions)
and the control group (16 patients received conventional rehabilitation interventions).

Variables

Experimental group
Within
group p

Control group
Within
group p

Between groups after treatment

Baseline
mean (SD)

Outcome
mean (SD)

Baseline
mean (SD)

Outcome
mean (SD)

Mean
difference

(SE)
p value

Effect
size

FIS

Physical 25.0 (5.11) 21.16 (6.11) 0.000∗ 28.11 (8.43) 27.88 (8.50) 0.042∗ 6.72 (2.46) 0.01∗∗∗ 0.38

Cognitive 7.77 (2.23) 6.88 (2.44) 0.000∗ 7.05 (2.97) 7.05 (2.97) 1∗ 0.16 (0.90) 0.85∗∗∗ —

Social 37.61 (8.81) 33.72 (9.92) 0.000∗ 37.38 (9.03) 37.38 (8.99) 1.00∗ 3.66 (3.15) 0.25∗∗∗ —

Total 70.38 (13.87) 61.77 (16.73) 0.000∗ 72.55 (19.84) 72.27 (19.83) 0.056∗ 10.50 (6.11) 0.95∗∗∗ —

FAS 28.38 (2.78) 23.16 (3.32) 0.000∗ 29.88 (3.72) 29.61 (3.77) 0.096∗ 6.44 (1.18) 0.000∗∗∗ 1.34

BDI-II 12.33 (6.56) 9.05 (5.59) 0.001∗ 12.44 (4.78) 12.33 (4.88) 0.163∗ 3.27 (1.75) 0.070∗∗∗ —

BI 85.83 (8.61) 87.77 (7.90) 0.038∗∗ 85.00 (8.57) 85.27 (8.65) 0.317∗∗ -2.50 (2.76) 0.37∗∗∗ —

Lawton ADL 6.50 (1.46) 7.66 (1.53) 0.005∗∗ 6.94 (1.43) 7.05 (1.39) 0.157∗∗ -0.61 (0.48) 0.21∗∗∗ —

Notes: data were presented as mean (standard deviation) and mean difference (Std. error difference). ∗Paired t-test. ∗∗Wilcoxon signed rank test. ∗∗∗

Independent t. Abbreviations: FIS = Fatigue Impact Scale; FAS = Fatigue Assessment Scale; BDI-II = Beck Depression Inventory-II; BI = Barthel Index;
Lawton ADL = Instrumental Activities of Daily Living.
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following stroke [53, 54]. It should be noted that in the com-
parison between the groups after treatment, no significant
difference was found in depression. A small sample size
might be one explanation for this. Other possible explana-
tions might be the time since stroke onset along with cogni-
tion ability and their interaction with poststroke depression
(PSD) in our study [55–57]. Additionally, it should be noted
that the mean depression scores before the interventions
were in the mild range and potentially affected our findings.
Moreover, the vestibular rehabilitation protocol may need to
be revised and seen in the form of purposeful and meaning-
ful activities that creates more motivation in stroke
patients [58].

The third major finding of this study was that the exper-
imental group improved significantly in terms of indepen-
dence in basic and instrumental ADL; however, the
difference was not significant between the groups following
the treatment. Our findings in the experimental group are
consistent with Dai et al. who showed that vestibular exer-
cise in unilateral neglect patients with the right hemispheric
stroke improved ADL, neglect, and balance over time [59].
On the other hand, Hansson et al. showed that after receiv-
ing vestibular rehabilitation, stroke patients had improve-
ments in terms of self-rated health such as self-care,
mobility, usual activities, pain and discomfort, and depres-
sion anxiety measured with EuroQol-5D (EQ5D); however,
the difference between the experimental and control groups
was not significant [24]. The small sample size and high level
of patients’ function might be an explanation for no differ-
ence between the groups. Moreover, we recommend that
vestibular exercises can, to some extent, affect the ADL;
however, to be more effective, it is better to consider
patients’ priorities regarding daily occupations and roles.

5. Conclusions

Vestibular rehabilitation was beneficial for fatigue, depres-
sion, and ADL in patients with stroke. In addition, the inter-
vention is safe, inexpensive, and easy to implement at the
clinic and house using simple tools. Thus, it is recommended
for resource-poor and resource-rich societies.

6. Study Limitations and Suggestions

One of the limitations of this study was that it was not pos-
sible to blind the participants to their treatment status. In
addition, the study included only patients who had high
levels of cognition as well as functional capabilities and at
least 6 months passed since their stroke. Therefore, these
results could not be generalized to all stroke patients. All
participants in the study were male retired armed personnel
with stroke, and women were not included in the survey,
which is one of the reasons for the small sample size of the
study.

Future works can adopt a longer follow-up phase to
achieve more reasonable outcomes to support the effects of
vestibular rehabilitation exercises in stroke patients. In addi-
tion, considering the associations between sleep, fatigue, and

depression in stroke patients [60, 61], the poststroke sleep
pattern should also be included as one of the study variables.

Appendix

A. Vestibular Rehabilitation Protocol

A.1. Static Position: Standing and Half Kneeling

(i) Firm surface

(ii) Foam surface

(iii) Trampoline

(iv) Tilt board

Each item was performed with open and closed eyes and
head rotations to each side as well as throwing and catching
a ball.

A.2. Dynamic Position: Walking

(i) Tandem gait forward and backward

(ii) Walking with a ball in hand and turning side to side
as well as tracking the ball

(iii) Stop and start walking, rotating 180 degrees in the
direction as well as standing on one leg while it
was ordered

A.3. Oculomotor Training

(i) Saccade: rapid eye movement between 2 objects in 4
directions (horizontal, vertical, and 2 diagonal
directions)

(ii) Smooth pursuit: tracking an object in 4 directions,
while the head is stable

(iii) Vestibuloocular movements: rotating the head side
to side, up, and down, while gazing at a subject
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