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ABSTRACT

Objectives: This study was done to find the effect of multichannel transcranial direct current
stimulation (M-tDCS) on motor and cognitive outcomes in individuals with subacute survivors
by modulating the cortex of cognitive and motor functions simultaneously.

Methods: This is a two-group, randomized control trial conducted on 40-75-year-old stroke
individuals. A total of 14 participants were recruited from outpatient clinics in Punjab,
India. Random allocation of participants was done in both groups with n=7 in each group.
The experimental group received M-tDCS. Paretic hand training was done using SaeboFlex
and standard physiotherapy rehabilitation. Group B participants received similar treatment
except for the sham M-tDCS. The primary outcome measures focused on the assessment
of hand function upper extremity function and cognitive domains. Secondary outcome
measures focused specifically on the assessment of hand function, including grip strength,
pinch strength, and dexterity functions along with the assessment of quality of life assessment
and adverse effects associated with the application of transcranial direct current stimulation
(tDCS). Statistical analysis was done after four weeks using SPSS software, version 22 by a
statistician. One-way ANOVA and independent t-test were used to compute within-group and
between-group results at 95% CI and P<0.05.

Results: Comparison of the changes in scores between the experimental and control groups
revealed significant findings for the nine-hole peg test and grip strength whereas non-significant
findings for the rest of the outcome measures (P>0.05).

Discussion: There was a significant improvement in grip strength between the two groups,but
no improvement was observed in the individuation of digits in either group. The mean scores
of all the out- come measures changed, indicating clinical improvement in the proximal joints.
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Highlights

¢ An insight into the electrical interventions, like multichannel transcranial direct current stimulation (M-tDCS) aug-
menting, motor as well as cognitive functions simultaneously yielded better recovery in stroke individuals.

¢ Non-invasive interventions such as M-tDCS act as a complement to various therapeutic techniques used in stroke
rehabilitation and have the characteristics of ease of use, safety, and cost-effectiveness and have no adverse effects on
individuals.

Plain Language Summary

There has been a long-standing view that motor recovery remains incomplete and many post-stroke survivors live
with disability throughout their lives. Despite the continuous efforts of neuro-physiotherapists, there is still a degree
of difficulty in achieving full post-recovery. Hence, the present study was conducted, utilizing non-invasive Brain
Stimulation in the form of M-tDCS. In this trial, hemiparetic individuals were included as study participants selected
based on specific criteria. The experiment involved two groups: one receiving M-tDCS alongside standard physio-
therapy, and the other receiving sham-M-tDCS, where stimulation was discontinued after 30 seconds. Various outcome
measures were employed to assess the movement function of the arms and legs, and a mental state examination was
conducted using various outcome measures. Outcome assessments were conducted on day 0, day 15, and day 30, fol-

lowed by statistical analysis of the collected data.

Introduction

troke has emerged as a major public health

concern in the past decade, and its preva-

lence may continue to rise, especially

in developing countries due to shifts in

demographic profiles. Hence, stroke oc-
cupies a prominent position on the agenda of various
health-related issues facing the general public in the 21st
century. It represents an important area for general health
research, necessitating robust interventions aimed at
achieving high survival rates and enhancing the quality
of life for stroke survivors [1]. Among the varied symp-
toms, motor impairment ranks as one of the most preva-
lent deficits in stroke survivors (PABLO) [2], making
it a major contributor to physical and mental disability
among them. Motor recovery following stroke is one of
the key concerns of rehabilitation professionals.

To achieve optimal recovery and develop effective in-
tervention strategies for compensating for brain injury,
it is essential to harness the intrinsic capacity of viable
cortical networks. However, despite the implementation
of novel therapeutic approaches, the effect size of indi-
vidual interventions may sometimes be insufficient to
induce complete recovery [3].

The human brain is a complex network of multiple
cortical networks. Brain stimulation modulates network
activity. However, targeting a single area of the brain

may not yield satisfactory results [4]. The restoration of
motor functions relies on the viability of various circuits
connecting the hemispheres, with motor networks close-
ly interacting with nearby cognitive networks. Hence,
the influence of cognitive networks on motor recovery
is significant and cannot be overlooked. Motor learning
exhibits a strong association with various cognitive do-
mains. The same principle can be applied by targeting
more than one corresponding neuronal circuit in the ce-
rebral cortex via neuro-modulation [5].

Neuro-modulation is achieved by applying a weak
electric current, which causes the activation or deactiva-
tion of excitable tissue, leading to improved patient out-
comes. Transcranial direct current stimulation (tDCS)
is one of the key neuromodulation tools with therapeu-
tic benefits in post-stroke rehabilitation. Many authors
have successfully used tDCS in their studies. However,
in most of the trials, the authors provided tDCS over a
single cortical region at different time periods to get the
desired outcome [6]. Some authors have also stated that
tDCS may have better results with a better understanding
of neural networks and their connections with adjacent
regions along with conventional rehabilitation. Hence,
the aim of the current trial was to investigate the effect of
multichannel transcranial direct current stimulation (M-
tDCS) on global recovery following stroke.

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.
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Table 1. The schedule of the research process
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Enrolment Allocation

Intervention Period

O week Oweek ["week zndweek 3’e¢week 4" week
Time point
Enrolment
Eligibility Screening
Informed Consent
Clinical evaluation, Selection Criteria
Allocation X
Interventions
Multichannel Transcranial Direct Current Stimulation X X X X
Sham-Multichannel Transcranial Direct Current Stimulation X X X X
Assessment
Demographic Characteristics X
Fugl Meyer Assessment -Upper Extremity X X X
Nine H ole Peg Test X X X
Grip Strength (Jamar Hand held Dynamometer r) X X X
Pinch Strength (Hydraulic Pinch Gauge) X X X
Montreal Cognitive Assessment X X X
Stroke Specific Quality of Life X X X
tDCS Adverse Effect Questionnaire X X

tDCS- Transcranial Direct current stimulation

Materials and Methods
Participant screening and recruitment

The present study was a prospective, parallel-group,
double-blinded randomized controlled trial. Stroke sur-
vivors in the age range of 40-75 years were selected from
neuro-physiotherapy rehabilitation units/centers in Patia-
la City of Punjab, India from January 2020 to December
2021. Thirty-five individuals were screened, of whom 14
individuals fulfilled the eligibility criteria of the study.
The participation schedule was prepared according to the
guidelines of intervention trials (Table 1) [7].

[ranian [flehabilitation Blournal
Eligibility Criteria
Inclusion criteria

Participants were selected as per the following criteria:
Both male and female individuals, medically diagnosed
with cortical stroke (ischemic), age between 40 and 75
years, preserved range of motion of the wrist (approxi-
mately 10 degrees), modified Ashworth scale grade <2
(in major muscle groups in the upper extremity and low-
er extremity), mini-mental state examination (MMSE)
score between 18-23, and those with ambulatory care.

Exclusion criteria

Individuals who did not meet the inclusion criteria were
excluded from the study. Exclusion criteria included:

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.
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Assessed for eligibility
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Excluded (n=46)

c _

g (n=60) Not meeting inclusion
= critria (n=36)

[ Refused to participan
] (n=10...)

Randomized (n=14) Other reason (n=nil)

- Allocinod in intervention (n=07) Allocinod in intervention (n=07)

2 Received coned intervention (n=07) Received coned intervention (n=07)

5] Allocation Allocation

o Did not receive all located intervemion Did not receive all located intervemion
< (give reasons) (n=nil) (give reasons) (n=nil)

. Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)

S . . . . .

> Discomiuued intervention (give reasons) Discomiuued intervention (give reasons)
5]

3 (n=0) (n=0)

[N

" Analysed (n=07) Analysed (n=07)
2 Excluded From analysis (give reasons) Excluded From analysis (give reasons)

g (n=0) (n=0)

Figure 1. Flow chart of the study protocol

Medical diagnosis of hemorrhagic stroke; history of
neurological disorders other than stroke; musculoskel-
etal disorders affecting upper or lower extremity motor
function; visual analog scale score exceeding 4 in the up-
per or lower extremity; individuals with psychosomatic
illnesses; medically unstable individuals with a history
of cardiovascular or respiratory illnesses; systemic ill-
nesses; presence of metallic implants; pregnancy; un-
controlled hypertension; previous participation in any
other pharmacological or rehabilitation study; sensory
disorders; lack of interest in participating in the study.

Participant allocation

All subjects received participant information sheets in
their local language and written consent was taken from
them before the study. Complete information was given
to participants about the objectives of the study, study
procedure, and major/minor risks and/or benefits. Par-
ticipants were also told that their enrolment was entirely
voluntary and that they had the full right to withdraw
from the study at any stage.

Randomization, allocation, and blinding

Out of 35 individuals, 14 participants were recruited
for the trial. The investigator prepared a randomization
schedule before the start of the study using a computer-
generated random list of participants. Random alloca-
tion of participants was done, with 7 individuals in each

Mranian Fehabilitation Mournal

group. The computer-generated list was sealed in an
opaque envelope and given to a third person who had
no direct or indirect involvement in the study. The par-
ticipants and assessors were blinded to the intervention
and allocation throughout the entire study process. The
schematic consolidated standard of reporting trials flow
chart for the study protocol is shown in Figure 1.

Enrolment and baseline measurements and clini-
cal trial registration

The demographic profile of the participants included
their names, age, and gender. Baseline data of all the
participants were documented, which included their
mechanism of stroke, stroke duration, hemiparetic side,
participant handedness, MMSE score, and the National
Institutes of Health Stroke Scale (NIHSS) score. The
Standard protocol items: Recommendations for Inter-
ventional Trials (SPIRIT) statement was used for docu-
menting the schedule of study participants. The enrol-
ment process was initiated from January 2020 onwards.

Interventions
M-tDCS procedure

Participants in the experimental group were given
M-tDCS on the underlying scalp region using sponge
electrodes, soaked in saline water. tDCS was done over
the corresponding points of the dorsolateral prefrontal

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.
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Table 2. Conventional rehabilitation

Activities

Exercises

Passive/Active ROM

Weight bearing & supportive
reaction

Reaching activities

Grasping, Holding & Release

Passive ROM: Wrist/elbow/shoulder, self or by family member
Active/assistive ROM: wrist/ elbow/ shoulder bilateral with dowel, cane
Active ROM: wrist/elbow/shoulder in sitting and standing

Active ROM with resistance: wrist/elbow/shoulder in sitting and standing.

Seated weight bearing (forearms on tabletop) with affected upper extremity

Extending arms, seated or standing with bilateral upper extremity weight bearing on table
Extended arms with transitional movements: side lying to sit, sit to stand, dips

Extended arms and wrist/hand on wall from anterior and lateral, progress to wall push up
Extended arms and wrist/hand on wall with change in base of support; example: weight shifting,
single lower extremity support, lateral wall walking

Forward supported reach bilaterally with cane on tabletop (elbow extension)

Forward supported reach with shoulder elevation, elbow/wrist extension Reaching against gravity in
frontal and sagittal planes

Reaching overhead with active wrist/hand movements

Dynamic reaching to a target;: catch a ball

Maintaining digit extension with weight bearing

Grasp, hold and release containers with gravity minimized (on table)

Pick up and move/release small object on table

Pick up and move/release large objects without proximal support

Incorporate key and pinch grips in hold and release including stacking, lifting and overhead activity

Dressing, Grooming Activity

Carrying objects with bilateral upper extremities
Opening bottles, stabilizing with paretic extremity for reaching

Writing, Drawing,

Upper extremity ADL Manipulating small objects

Folding towels, vacuuming, sweeping, hanging towels, setting table

Self-feeding
Pre-work activities

ADL: Activities of Daily Living, ROM: Range of Motion

[ranian Rehabilitation Mournal

Protocol adopted from Alon G, Levitt AF, Mccarthy PA. Functional Electrical Stimulation Enhancement of Upper Extremity
Functional Recovery During Stroke Rehabilitation: A Pilot Study. Neurorehabil Neural Repair. 2007,21(3):207-15.

cortex (DLPFC), specifically F3/F4, and the primary
motor cortex (PMC), i.e. C3/C4 of the affected hemi-
sphere. The tDCS montage was selected based on the
10-20 EEG international classification system. Stimula-
tion was administered at the intensity of 2 mA for 20
minutes, five sessions per week for a total of four weeks

[8] (Figure 2).
Sham M-tDCS procedure

Participants in the control group were seated in a com-
fortable position, and all contraindications for the ap-
plication of tDCS were confirmed. The placement of
tDCS electrodes was done exactly as in the experimental
group. The 10-20 EEG electrode placement method was
followed, with electrodes positioned over (C3/C4) and
(F3/F4) points corresponding to the motor cortex and
dorsolateral prefrontal cortex. tDCS was initiated at an
intensity of 1.2 mA, which was then reduced to zero after
30 seconds from the start of stimulation. The electrodes
were kept in their respective places for 20 minutes.

Controlled intervention

Participants of the experimental and control groups
received standard physical therapy rehabilitation in ad-
dition to a) SaeboFlex training for hand and b) Bank of
exercises (Table 2).

Saeboflex training

This is a movable hand and digit orthosis customized
with a fabricated wrist support. It includes a forearm sup-
port fixed to a dorsal hand platform, which also features
spring attachments. Each participant wore this orthosis
on their paretic side and was instructed to perform vari-
ous tasks involving grasping and picking up a sponge
ball (7.6 cm in diameter, weighing <60 g).

The activities included were: a) Participant sat in a
position and were instructed to shift the ball from their
paretic side foot to the table, b) Following a diagonal
pattern, participants were told to shift the ball from the
unaffected side to the paretic side, ¢) The previous activ-

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.
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Figure 2. Location of the C3/C4 and F3/F4
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Note: 1) Measuring the distance between Nz and Iz; 2) Locating Cz at the midpoint between Nz and Iz; 3) Locating T3 and
T4 at 10% up from Al and A2; 4) Locating L-PMC at C3 at the midpoint of the distance between T3 and Cz and R-PMC (C4)
at the midpoint between T4 and Cz. DLPFC: 5) Locating Fpz at 10% of the distance between Nz and Oz at 10% up from Iz; 6)
Measuring the distance between Fpz and Oz; 7) Locating Fp1 and Fp2 at 5% of the total circumstance of the head across Fpz-Oz
and O1 and O2 at 5% of the total circumstance of the back of the head across Fpz-Oz; 8) Locating a point at 10% distance from
Fpl toward left ear as F7 andn 10% of the distance from Fp2 toward right ear as F8; 9) Locating Fz at the midpoint between
Fpz and Cz, further locating L-DLPFC, i.e. F3 and R-DLPFC, i.e. F4 at the midpoint of F7 and Fz and F8 and Fz, respectively

ity was repeated in a standing position, d) In the stand-
ing position, participants were instructed to shift the ball
on a table from left to right, ) In the standing position,
participants shifted the ball from right to left on table,
f) Grasping and releasing the ball from front to back on
the table, g) Grasping and releasing the ball from front
to back on the table, h) Grasping and releasing the ball
following a diagonal pattern on a table while standing,
1) Shifting the ball between two cups placed on a table.
Each activity was done for 5 to 6 minutes [9].

Primary outcome measures

The primary outcome measures of the present study
were the Fugl-Meyer assessment (FMA) score and the
Montreal cognitive assessment (MCA) score.

Fugl-meyer assessment (FMA)

This is an impairment index that is used for the assess-
ment of the physical performance of stroke survivors. It
has four domains, including motor domain, sensory do-

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.
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main, joint range of motion, and joint pain and balance.
A three-point scale was used to score each domain [10].

Montreal cognitive assessment (MCA)

It was used to examine the cognitive functions of stroke
survivors. It is a quick assessment tool that examines
various cognitive domains, like memory (immediate
memory), attention, language, visuospatial characteris-
tics and concentration, and spatial and temporal orienta-
tion. The cumulative score ranges between 0 and 30. The
maximum score indicates the good cognitive state of an
individual [11].

Secondary outcomes
Nine-hole peg test (NHPT)

This test is a time-based test used to quantify the dexter-
ity performance of individuals. The test requires a square
board having nine holes and nine pegs. Participants were
directed to pick pegs one by one from the container and
put them in the holes as quickly as possible and then re-
move those pegs and put them back in the container. The
time is measured in seconds [12].

Stroke-specific quality of life

This scale was used to measure the quality of life of
stroke survivors. It is a standard valid scale, with a re-
liability coefficient of 0.92 that consists of 12 different
items. Each item is grouped into subscales. There are
two subscales based on the physical domain and psycho-
logical domain, with a total of 49 items. Each item was
scored in 1-5 range. The score ranges from 49 to 245.
High scores signify a good quality of life [13].

Grip strength measurement

JamarTM hand dynamometer was used to measure
grip strength. Participants were positioned in an upright
sitting position, relaxed and comfortable while holding
the dynamometer in their paretic hand. Grip strength
was measured in kilograms. Three measurements were
taken, and the highest value among them was used for
analysis [14].

Pinch strength measurement

For pinch strength measurement, the Jamar hydraulic
Pinch Gauge was employed for each participant. The
guidelines of the American Society of Hand Therapists
(ASHT) were used to determine the participant’s posi-
tion. Pinch strength was documented in kilograms for

March 2024, Volume 22, Number 1

the key pinch, tip to tip pinch, pulp pinch, and three jaw
chuck pinch of the affected hand. three separate trials
were conducted, and the participant’s highest score was
recorded [15].

Results
Statistical analysis

In the present trial, an independent researcher per-
formed the data management and statistical analysis.
The independent researcher was blind to all the group
allocations. Descriptive statistics were computed for the
outcome measures relevant to the study. Depending on
the type of variables, differences between groups were
evaluated using chi-square and student t-tests. SPSS,
software, version 20 Windows 10 home edition was
used to analyze the collected data in this study. An in-
dependent t-test was conducted to compare the demo-
graphic characteristics of the participants between the
two groups. To minimize type 1 error, the alpha value
was kept <0.05. Within the intervention group and the
control group, analyses were performed using the one-
way analysis of variance (ANOVA) method. The com-
parison between the two groups was conducted using an
independent t-test [16].

Baseline characteristics

Baseline characteristics included demographic profile,
and clinical characteristics of the participants. Demo-
graphic profile included Age and gender distribution
of the participants and clinical characteristics included
MMSE and NIHSS Scores as illustrated in the Table 3.

In this trial, a total of 14 participants were recruited
with n=7 in each group. No statistically significant dif-
ference was found between participants’ characteristics
and the flow of the trial between the groups (P>0.05)
(Table 1). The pilot trial included a total of 14 stroke sur-
vivors, randomly allocated into two groups with n=7 in
each group. The mean age of participants in group A was
55.00+8.67 and in group B was 54.00+6.24 years. Ini-
tial mental screening of participants in both groups was
conducted using MMSE. The mean MMSE score of the
experimental group was 19.85+1.67 and that of the con-
trol group participants was 19.85+1.95. The NIHSS was
applied to find the stroke severity. The NIHSS score for
participants in the experimental group was 16.14+1.34,
and for the control group, it was 16.71£2.42. Demo-
graphic variables also included the distribution of par-
ticipants based on their gender, dominance, and paretic

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.
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Table 3. Demographic data of the participants
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Mean1SD/No. (%)

Variables
Group A Group B
Age (y) 55.0048.67 54.00+6.24
MMSE score 19.85+1.67 19.85+£1.95
NIHSS score 16.14+1.34 16.71+2.42
Male 04(57) 06(86)
Gender
Female 03(43) 01(14)
Right 04(57) 06(86)
Handedness
Left 03(43) 01(14)
Right 06 03(43)
Paretic side
Left 01 04(57)

[ranian Fehabilitation Mournal

Abbreviation: MMSE: Mini-mental state examination; NIHSS: National institutes of health stroke scale.

Group A: Intervention group, Group B: Control group.

side. Additional information about the descriptive char-
acteristics is provided in Table 3.

Effects of the interventions

Within the intervention group, the comparison has
shown significant results for Fugl-Meyer assessment of
the upper extremity (FMA-UE) (F=24.26), Fugl-Meyer
assessment of the lower extremity (FMA-LE) (F=4.46),
MOCA (F=8.27), and SSQOL (F=6.24) at P<0.05. How-
ever, non-significant findings were observed for the out-
come measures used to assess hand function, including
NHPT (F=2.23), grip strength (F=0.89), chuck pinch
strength (F=1.23), key pinch strength (F=1.86), Tip to
Tip pinch strength (F=2.09), and pulp pinch strength
(F=1.11) (P>0.05) (Table 4).

Within the control group, the comparison has shown
significant results for FMA-UE (F=7.18), FMA-LE
(F=25.28), MOCA (F=11.73), SSQOL (F=20.91), and
pulp pinch strength (F=3.5) with P<0.05. However,
non-significant results were observed for the outcome
measures related to hand function assessment, includ-
ing NHPT (F=1.12), grip strength (F=0.22), chuck pinch
strength (F=2.33), key pinch strength (F=2.00), and tip
to tip pinch strength (F=0.87) (P>0.05) (Table 5).

The intergroup comparison showed non- significant
results for each outcome variable i.e. FMA-UE (t=1.63,

P=0.140), FMA-LE (t=0.99, P=0.35), MOCA(t=1.05,
P=0.32), SSQOL (t=1.07, P=0.30), NHPT (t=1.09,
P=0.29), grip strength (t=0.47, P=0.64), chuck pinch
strength (t=1.62, P=0.13), key pinch strength (t=0.42,
P=0.68), pulp pinch strength (t=1.16, P=0.26), and tip to
tip pinch strength (t=3.5, P=0.12) (Table 6).

Discussion

A total of 14 participants were recruited in the pres-
ent trial. Participants were randomly allocated into two
groups, with n=07 in each group. In the experimental
group, participants received intervention with multi-
channel tDCS, FES application on the affected lower
limb, and exercises. They also wore the Saebo Flex
on the affected hand during exercises and underwent
standard physical therapy rehabilitation. In the control
group, participants received sham M-tDCS and the rest
of the intervention was the same as that given to the ex-
perimental group.

The motor cortex controls the movements of individual
digits and also coordinates the synergy of multiple digits.
The cortical organization does not have separate areas
for the representation of each digit; hence, it is difficult
to achieve individual movements of single digits and
much easier to move multiple digits together [17, 18].
Following a stroke, even when sufficient strength recov-
ers in the upper extremity, the relative lack of individual

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.
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Table 4. Comparison of the study measures in the intervention group
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MeantSD

q MD

Variables Day 0 Day 15 Day 30 (0-30 Day) P
FMA-UE of the upper extremity (score) 68.71+5.96 81.14+4.18 88.00+5.44 19.28 24.26 <0.05
FMA-UE of the lower extremity (score) 61.71+9.46 67.71+8.19 74.42+5.76 12.71 4.46 <0.05
MCA (score) 19.14+1.67 20.42+0.78 22.28+1.70 3.14 8.27 <0.05
NHPT (2™ score) 297.28+63.23 270.85+66.34 225+64.65 72.28 2.23 >0.05
SSQOL (score) 105.57+22.74 124+16.83 139.57+13.15 34.00 6.24 <0.05
Grip strength (kg) 6.02+1.5 6.35+1.5 7.0241.2 1.00 0.89 >0.05
Key pinch strength (kg) 3.77+0.86 4.08+0.89 4.62+0.75 0.85 1.86 >0.05
Chuck pinch strength (kg) 3.810.62 3.97+0.49 4.28+0.63 0.48 1.23 >0.05
Pulp pinch strength (kg) 2.51+0.59 2.77+0.76 3.02+0.55 0.51 1.11 >0.05
Tip to tip pinch strength (kg) 2+0.61 2.31+0.62 2.74+0.79 0.74 2.09 >0.05

Mranian [ehabilitation Mournal

Abbreviation: FMA-UE: Fugl-meyer assessment; MD: Mean difference; NHPT: Nine-hole peg test; MCA: Montreal cognitive
assessment; SSQOL: Stroke specific quality of life scale.

digit movement makes fine manipulation difficult for the

survivors, and this deficit persists forever [19].

The recovery following a stroke is a plasticity-depen-
dent process. Non-invasive brain stimulation interven-
tion, i.e. tDCS is one of the effective therapies used as an
adjunct to stroke rehabilitation. It is a neuromodulation

Table 5. Comparison of the study measures in the control group

+
Variables Meanss (0-3“(;IDDay) P
Day 0 Day 15 Day 30
FMA-UE of the upper extremity (score) 76+9.34 83.5718.40 96.14+12.03 20.14 7.18 <0.05
FMA-UE of the lower extremity (score) 68.57+3.40 75.85+2.19 78.42+2.29 9.85 25.28 <0.05
MCA (score) 19.42+1.13 21.28+0.75 22.28+1.3 2.85 11.73 <0.05
NHPT (second score) 232.20+54.06 213.43+48.92 193+42.19 39.00 1.12 >0.05
SSQOL (score) 108.29+8.28 121.14+8.14 148.14+16.61 39.85 20.91 <0.05
Grip strength (kg) 6.82+1.70 6.97+1.55 7.38+1.53 0.55 0.229 >0.05
Key pinch strength (kg) 4.240.54 4.54+0.5 4.77+0.49 0.57 2.00 >0.05
Chuck pinch strength (kg) 4.48+0.42 4.6240.42 4.91+0.25 0.51 2.33 >0.05
Pulp pinch strength (kg) 3.42+0.37 3.68+0.38 3.94+0.32 0.45 3.5 <0.05
Tip to tip pinch strength (kg) 2.7740.53 2.9740.62 3.2240.76 0.45 0.8 >0.05

[ranian Rehabilitation Mournal

Abbreviation: FMA-UE: Fugl-meyer assessment; MD: Mean difference; NHPT: Nine-hole peg test; MCA: Montreal cognitive
assessment; ; SSQOL: Stroke specific quality of life scale.
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Table 6. Comparison of the study measures between the experimental and control groups

Variables Mean:SD T P
Experimental Control
FMA-UE of the upper extremity (score) 88.0015.44 96.14+12.03 1.63 0.140
FMA-UE of the lower extremity (score) 74.42+5.76 78.42+2.29 0.99 0.351
MCA (score) 22.28+1.70 22.28+1.38 1.05 0.324
NHPT (second score) 225+64.65 193+42.19 1.09 0.298
SSQOL (score) 139.57+13.15 148.14+16.61 1.07 0.307
Grip strength (kg) 7.0241.2 7.38+1.53 0.47 0.644
Key pinch strength (kg) 4.62+0.75 4.77+0.49 0.42 0.683
Chuck pinch strength (kg) 4.28+0.63 4.91+0.25 1.62 0.135
Tip to tip pinch strength (kg) 2.74+0.79 3.2240.76 3.5 0.126
Pulp pinch strength (kg) 3.02+0.55 3.94+0.32 1.16 0.266

Mranian [ehabilitation Mournal

Abbreviation: FMA-UE: Fugl-meyer assessment; MD: Mean difference; NHPT: Nine-hole peg test; MCA: Montreal cognitive

assessment; SSQOL: Stroke specific quality of life scale.

method to modulate the brain plasticity. What sets the
present trial apart is the provision of M-tDCS in addi-
tion to physiotherapy interventions using SacboFlex and
standard physical therapy rehabilitation for subacute
stroke survivors.

The concurrent presence of motor and cognitive defi-
cits among stroke survivors has a negative effect on their
daily routines. To the best of the researcher’s knowledge,
most clinical trials have focused on either motor defi-
cits or cognitive deficits separately [20]. Therefore, the
authors of this trial made an attempt to establish the ef-
ficacy of M-tDCS while targeting both motor and cog-
nitive cortices simultaneously, alongside physiotherapy
interventions using SaeboFlex and conventional care.
Peripheral stimulation was also administered to enhance
the positive impact created by the M-tDCS application.

The comparative analysis of the change scores be-
tween the experimental and control groups revealed sig-
nificant findings for NHPT and grip strength, whereas
non-significant findings were observed for the rest of the
outcome measures. The non-significant findings might
be attributed to certain factors that hinder the full inte-
gration of M-tDCS stroke rehabilitation. The first factor
is the small sample size in the present study, where 14
participants were selected with n=7 in each group. The
second factor could be the heterogeneity of participants,

like the type of lesion, post-stroke severity, and anatomi-
cal factors, like the head size of the participants, which
could have limited the efficacy of the intervention.

The results of this trial were similar to those of Heller
et al. In their study, significant changes were seen in
the grip strength and ability to manipulate objects [18].
Similarly, in another study, grip strength improved sig-
nificantly compared to the dexterity function of the hand.
They concluded that it is a very common finding to see
significant improvement in grip strength, which helps
stroke survivors complete power grip tasks, even though
they may still struggle to move individual digits [21].

Experimental group intervention

The within-group analysis of the experimental group re-
vealed significant findings for all the outcome measures
of the trial. To the best of the investigator’s knowledge,
there is no study available, in which the effect of M-tDCS
has been investigated on motor recovery in stroke. Most
of the existing literature focuses on conditions such as
disorders of consciousness and Parkinson’s disease [5].
The findings of the present study are similar to the study
done on Parkinson’s patients, where improvement was
observed in the motor function of the lower extremities
[5]. However, there is a lack of literature on the applica-
tion of M-tDCS in the stroke population.

Midha D & Arumugam N. Effect of Multichannel Transcranial Direct Stimulation on Global Recovery in Stroke Survivors. IRJ. 2024; 22(1):95-106.



http://irj.uswr.ac.ir/

Iranian [Ziehabilitation Blournal

Control group intervention

The participants in the control group received sham
M-tDCS, in which the stimulation intensity was dropped
to zero 30 seconds after it started, along with periph-
eral stimulation using Saeboflex training and standard
physiotherapy care. The within-group analysis of the
experimental group revealed significant findings for all
the outcome measures of the trial. The findings of this
trial were similar to a trial done by Franck et al. who
stated that individuals with subacute stroke show great
improvement in their functional activities and activities
of daily living with appropriate physiotherapy care and
use of arm orthosis [21]. The Saeboflex orthosis facili-
tates quick training of grasp and release activities, which
improves the motor function of the upper limb. It con-
sists of a wrist orthosis that supports the paretic hand,
with a spiral forearm support attached to the dorsum of
the affected hand, along with two spring attachments.
Individual finger sleeves are connected to the springs to
provide support for finger extension [22].

Safety and adverse effects following M-tDCS

During the course of the study, no potential adverse ef-
fects were reported by the participants during and im-
mediately after the application of M-tDCS. However,
transient side effects in the form of mild itching, lack
of sleep, and mild redness were observed in some par-
ticipants. These side effects did not pose any medical
emergency and indicate the safe applicability and toler-
ability of M-tDCS at an intensity of 1.2 mA when NIBS
guidelines are appropriately followed [23].

Future scope

Large-scale trials are needed with participants who
have UCP to establish the effects of M-tDCS on motor
recovery in the upper extremities. Different trials could
also be conducted by combining multiple sessions of
anodal tDCS with motor training. There is significant
scope for trials aimed at establishing various parameters,
like tDCS dosage, stimulation timing, and montage in
different age groups.

Conclusion

The current study concludes that there was a significant
improvement in grip strength between the two groups,
but no improvement was observed in the individuation
of digits in either group. The mean scores of all the out-
come measures changed, indicating clinical improve-
ment in the proximal joints.
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