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Abstract

Introduction: Neuromodulation has been used for walking difficulty as a therapeutic approach and, as
transcutaneous spinal direct current stimulation (TsDCS) is emerging as a novel tool for patients with neurological
disorders when combined with transcutaneous direct current stimulation (tDCS) and/or gait training, it seems to
have a promising effect; therefore, a systematic review may provide a better insight into the efficacy of the results.
This systematic review aims to assess the effects of TSDCS when applied in combination with different therapies
in neurological disorder patients. Methods: Databases (Pubmed, CENTRAL, and Web of Science) were used for
searching studies since inception. With the guidance of reviewers, one author extracted data. Two independent
reviewers assessed qualities of the randomized controlled trials (RCTs). Results: Five studies from an initial yield
of 256 studies met the inclusion criteria. TSDCS might improve walking capacity when combined with tDCS and/or
gait training in stroke (TsDCS with gait training and tDCS), cerebral palsy (tDCS with gait training), and cerebellar
ataxia (TsDCS with tDCS). Conclusion: The result suggests that more studies are needed for concluding the
therapeutic potential. Future studies should emphasize standard stimulation protocol and determining its efficacy
in other outcome parameters of gait and in patients with different neurological disorders.
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Introduction

In the last decades, noninvasive brain stimulation
(NIBS) has evolved to become a valuable tool in
both basic and clinical neuroscience. Various
methods of NIBS such as transcutaneous direct
current stimulation (tDCS), transcranial magnetic
stimulation (TMS), and transcranial electrical
stimulation (TES) have been widely used for
diagnostic, prognostic, and even therapeutic
applications in a broad range of neurological and
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psychiatric disorders. The rationale for using NIBS
techniques lies in the possibility to modulate, in a
targeted manner, the activity of different cerebral
and cerebellar cortical regions, as well as the
functional connections between these areas and
distant brain regions, also including subcortical
structures (Cosentino et al., 2018). When it comes to
neurorehabilitation interventions, the improvement of
the gait of the patient is an important consideration,
as locomotion is the most affected factor as well as
the main complication in neurological disorders
which further hampers the resettlement of social and
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professional aspects of human lives (de Paz et al.,
2019). The neural circuitry involved in the different
aspects of gait control is very complex and includes
the basal ganglia-cortical loops, the cerebellum, and
structures of the brainstem and the spinal cord. This
is why different approaches of NIBS have been
suggested for the treatment of gait disorders in a
variety of neurological disorders including
Parkinson’s disease, stroke, cerebellar ataxia,
multiple sclerosis, cerebral palsy, and spinal cord
injury (Cosentino et al., 2018). Preceding studies on
the result of tDCS on gait and lower limb function
have been indecisive, maybe because of the inability
of tDCS to stimulate the lower limb representation in
homunculus in reaching the locomotor network
(Awosika et al., 2019).

The use of noninvasive modulation of spinal neurons
by transcutaneous spinal direct current stimulation
(TsDCS) has been variously described. In healthy
people, cathodal TsDCS was recently found to
improve motor unit recruitment, likely consequent to
GABAergic system inhibition and direct postsynaptic
neuron overexcitation, and it has been proposed as
a novel therapeutic tool for managing conditions in
which motor unit recruitment is reduced (Picelli et al.,
2015). The segmental spinal physiology, ascending
lemniscal and nociceptive pathway can be
stimulated by applied direct current stimulation over
the T11 spinal region so it can be viable for
improving locomotor learning (Awosika et al., 2019).
As well established, neuromodulation can be done
at different levels of the spinal column according to
the task. For example, at T11-T12 lower extremity
movement is elicited as here lie the CPGs;
stimulation at T10-T11 tends to improve the
quadriceps activity, while neuromodulation at T12—
L1 stimulates the hamstring muscle activity (Megia
Garcia et al., 2020). At the spinal Ilevel,
transcutaneous spinal stimulation increases spinal
reflex activity similar to that obtained with epidural
stimulation. Compared to TsDCS which s
noninvasive, invasive spinal stimulation has more
localized effects, but both of them activate posterior
root fibers and stimulate the same region. Therefore,
noninvasive nature along with other similar
advantages (like that of invasive stimulation) makes
the use of TsDCS more demanding and widely
acceptable in clinical research (Shapkova et al.,
2020). In the context of searching, methods for
modulation of the spinal locomotor circuitry TsDCS
can be used with other interventions for improving its
efficacy, which might be limited when used alone,
and can entrain the activity-dependent plasticity of
spinal neuronal networks (Shapkova et al., 2020).
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As locomotion is one of the major complications in
patients with neurological disorders and referring to
neuromodulation as an intervention, tDCS has been
used for motor rehabilitation in various conditions
and has prominently proven to be effective in upper
extremity  rehabilitation;  unlike lower limb
rehabilitation, this can be due to the inability of tDCS
to stimulate the lower Ilimb representation in
homunculus in reaching the locomotor networks
comparative to upper limb, so transcutaneous spinal
stimulation has recently been introduced as a
therapeutic novel approach which works on
stimulating the central pattern generators (CPGs)
and supraspinal networks which may prove to
enhance the walking ability for patients with
neurological disorders. Hence, this review will
provide an insight regarding the combined effects of
TsDCS with tDCS and/or gait training used for
locomotion rehabilitation. Therefore, the main aim of
this review is to compare the combined effects of
TsDCS along with tDCS and/or gait training on
locomotor ability.

Methods

Search Strategy

This review was done as per the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. It is registered in
Prospero with the registration number
CRD42021235579. We developed a search strategy
to identify studies that elucidated the effects of
TsDCS combined with different therapies on
locomotor ability in neurological disorders. A
systematic search was performed on the electronic
databases MEDLINE (accessed via PubMed),
CENTRAL (Cochrane Library Central Register of
Controlled Trials), and Web of Science, starting from
the earliest records available. Random Search items
used were a combination of keywords (i.e., TsDCS,
transcutaneous spinal cord stimulation, noninvasive
spinal direct current stimulation, gait, walking)
entered in various combinations. The keywords were
combined with Boolean operators “OR” and “AND” to
yield more focused results. The PRISMA flowchart is
depicted in Figure 1.

Eligibility Criteria

Criteria for inclusion comprised of randomized
controlled trials (RCTs) published in the English
language. Subjects had to be diagnosed with the
pathology of the central nervous system. Studies
using TsDCS combined with other interventions and
having locomotor parameters as outcome measures
were included, whereas studies examining the effect
of TsDCS on other outcomes such as upper limb
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motor function, pain, and spinal reflexes were healthy subjects and animal models were excluded.
excluded. Furthermore, research using other forms No sample size restriction was applied.
of invasive spinal stimulation or neuromodulation on

Figure 1. Prisma Flowchart Diagram.

Results identified through database searches
Pubmed = 142

CENTRAL =35

Web of Science = 79

Total = 256

N = 53 duplicates
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Records screened by reading titles n = 203
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« Different intervention = 67
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® Different outcome n = 11
h 4 Different intervention = 21

Full text articles n = 11 Ongoing trials = 3
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Quality Assessment of Included Trials

For assessing the quality of all selected RCTs, we
have used an 11-point PEDro scale which evaluates
the methodological quality. It assesses based on the
criteria that each point system is either “Yes” or “No”
answers. The scoring is such that 9-10 signifies
studies of high quality, 6-8 good quality, 4-5
moderate, and below 4 poor quality. Two authors
independently assessed the quality of retrieved
RCT. Any conflict was resolved by a third author.

NeuroRegulation

The total score for the methodological quality is
depicted in Table 1.

Data Extraction

Data on the characteristics of the trial (author, year
of trial conduction, design, and duration), the
participants (information on diagnosed condition),
and intervention (the device used, duration,
dosimetry, and safety) were extracted and depicted
in Table 2, and summarized results are depicted in
Table 3.

Table 1
Depicting the Quality of RCTs
Article Benussi et al., Picelli et al., Picelli et al., Picelli et al., Solopova et
2018 2015 2018 2019 al., 2017
Eligibility Criteria Yes Yes Yes Yes Yes
Random Allocation Yes Yes Yes Yes Yes
Concealed Allocation No Yes Yes Yes Yes
Group Similarity at Baseline Yes Yes Yes Yes Yes
Blinding of Subjects Yes Yes No No No
Blinding of Therapist Yes Yes Yes Yes No
Blinding of Assessor Yes No Yes Yes No
Dropouts < 15% Yes Yes Yes Yes Yes
Intention to Treat Analysis Yes Yes Yes Yes Yes
Between-group Differences Reported No Yes Yes Yes No
Point Estimate and Variability Reported Yes Yes No No Yes
Total Score 8 9 8 8 6
Quality Good Excellent Excellent Excellent Good
Table 2
Showing the Characteristics of the Selected Article
Article Benussi et al., Picelli et al., Picelli et al., Picelli et al., Solopova et al.,
2018 2015 2018 2019 2017
Pathology; N = 20; _ N = 30; stroke N = 20; ch_ronic N = 40; supratentorial N = 28 (~9 years);
N participants gfigdegeneratlve stroke patients stroke \év;rsl yspastlc cerebral
Design Double—_blind, A pilot, QOubIe—innd, A pilot, Single-center, Randomizec_i
(r:a:)r;]ctirc;rlrlléz;d, sham- rcect)rrl]ctirc;rlrllézdetc:ial single—plind, single-blind controlled trial
crossover trial randomized RCT

controlled trial
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Table 2

Showing the Characteristics of the Selected Article

Area of
Application of
TsDCS and
TsDCS
Parameters
(Current Density;
Duration)

Interventions

Variables

Duration of
Intervention

Anode placed on
scalp over
cerebellum area (2
cm under inion),
and cathode placed
over spinal lumbar
enlargement (2 cm
under T11).
Constant current of
2 mA.

Two arms:
Group 1 -
TsDCS +tDCS

Group 2 —
Sham stimulation

SARA, ICARS, 9-
Hole Peg Test, 8-
Min Walking Time

5 days/week for 2
weeks. A follow-up
evaluation was
performed at 1 and
3 months with a
crossover washout
period of 3 months.

At T9 to T11,
Intensity = 2.5 mA
and applied for 20
min during RAGT.
Current ramped up
to 2.5 mA over a 10-
s interval and then
similarly ramped
down at the end of
the stimulation.
Current density was
0.071 mA/cm?and
total charge density
was 0.09 C/cm?.

Three arms:
Group 1 —
Anodal tDCS +
Sham TsDCS

Group 2 —
Sham tDCS +
Cathodal TsDCS

Group 3 —
Anodal tDCS +
Cathodal TsDCS

6MWT, FAC, MI,
AS, SGP

Ten 20-min RAGT
sessions, 5
days/week (from
Monday to Friday)
for 2 consecutive
weeks

Intensity = 2.5 mA
and applied for 20-
min during RAGT
(online stimulation),
combined with
central nervous
system stimulation.
Cathode placed over
spinous process of
the 10th thoracic
vertebra (from 9th to
11th) and anode
placed above
shoulder of
unaffected
hemibody.

Two arms:

Group 1 —
Anodal tDCS +
TsDCS + gait
training

Group 2 —
Cathodal tDCS +
TsDCS + gait
training

6MWT, selected as
a measure of
walking capacity;
FAC,

MI, AS; SGP,
evaluated with the
GAITRite system

20-min RAGT
sessions, 5
days/week, for 2
consecutive weeks

Intensity of TsDCS
set at 2mA and
applied for 20 min
during RAGT (online
stimulation). For
patients allocated to
Group 1, cathode
positioned over
contralesional
cerebellar
hemisphere.

Two arms:
Group 1 —

Contralesional
tDCS + TsDCS

Group 2 —

Ipsilesional tDCS +
TsDCS

6MWT, FAC, MI, AS,
SGP

Ten 20-min RAGT
sessions, 5
days/week, for 2
consecutive weeks

Transcutaneous SCS
delivered using 2.5-
cm round electrodes
placed midline at T11,
and L1 spinous
processes as
cathodes.

Biphasic rectangular
1.0-ms pulses (30
Hz), modulated
frequency of 10 kHz
were used. Intensity =
10-50 mA for most
children.

Two arms:

Group 1 —
TsDCS +
Locomotor training

Group 2 —
Locomotor training

Modified AS; L-ROM
test, as directed by
Lokomat software;
L-FORCE test of
Lokomat software

15 training sessions,
combined with TsDCS
over 3 weeks

Note. RAGT = robot-assisted gait training; 6MWT = 6-Min Walk Test; FAC = Functional Ambulation Category; MI = Motricity
Index leg subscore; AS = Asworth scale; SGP = Spatiotemporal gait parameter; SARA = Scale for Assessment and Rating of
Ataxia, ICARS = International Cooperative Ataxia Rating Scale.

Results

We developed a search strategy and included three
databases. 256 studies were yielded, out of which
142 were in PubMed, 35 in CENTRAL, and 79 in the
Web of Science. After removing 53 duplicates, 203
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remained. On screening of titles and

abstracts, 11 full-text articles were retrieved from the
remaining and, finally, 5 were selected as per
inclusion criteria. Table 3 shows the most relevant

characteristics of selected articles.
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Table 3
Showing the Results of Selected RCTs

Article Results

Benussi et al.,, 2018 by cerebellar structures.
Picelli et al., 2015
Picelli et al., 2018

Picelli et al., 2019

Solopova et al., 2017

Cerebello-spinal tDCS decreases signs in ataxia patients and restores motor cortex inhibition

Anodal tbCS when used with cathodal TsDCS might be beneficial for enhancing the effects of
robotic gait training in chronic stroke.

Cathodal tDCS over contralateral cerebellar hemispheres when used along with cathodal
TsDCS may be beneficial to enhance the effects of robot-assisted gait training in chronic stroke.

Cathodal tDCS over contralateral or ipsilateral cerebellar hemisphere when used along with
cathodal TsDCS might improve gait with similar effects in both combinations in stroke patients.

The gait ability can be significantly enhanced with TsDCS when combined with locomotor
training comparative to locomotive training alone.

Participants

The sample that is part of this review was comprised
of a total of 141 patients with different types of
pathologies: 93 subjects with chronic stroke in three
studies (Picelli et al., 2015, 2018, 2019), 28 subjects
with cerebral palsy (Solopova et al., 2017), and 20
subjects with neurodegenerative ataxia (Benussi et
al., 2018).

Stimulation Patterns and Parameters of TsDCS
In terms of electrode size for TsDCS, it was 23.75
cm? (Picelli et al., 2018, 2019), 35 cm? (Picelli et al.,
2015), 8 x 6 cm? (Benussi et al., 2018), and 5 x 8
cm? (Solopova et al., 2017), respectively. In three of
the studies, the cathode was placed over the
spinous processes of the thoracic vertebra (from 9th
to 11th) and the anode was placed above the
shoulder of the unaffected hemibody (Picelli et al.,
2015, 2018, 2019); in the other two studies, the
cathode was placed midline at T11l and at L1
spinous processes (Solopova et al., 2017) and was
placed over the spinal lumbar enlargement (2 cm
under T11; Benussi et al., 2018).

The current intensities for cathodal TsDCS were 2.5
mA (Picelli et al., 2015, 2018, 2019), 10 to 50 mA
(Solopova et al., 2017), and 2.0 mA (Benussi et al.,
2018), respectively, and current density was 0.071
mA/cm (Picelli et al., 2015, 2018, 2019), whereas
the total charge density was 0.09 C/cm? (Picelli et
al., 2015, 2018, 2019) and 0.042 mA/cm? (Benussi
et al.,, 2018) for respective studies. As far as the
duration of TsDCS was concerned, the sessions
were 20 min for all studies (Benussi et al., 2018;
Picelli et al., 2015, 2018, 2019; Solopova et al.,
2017).
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All of the included studies used TsDCS along with
other therapies, such as TsDCS with tDCS and gait
training (Picelli et al., 2015, 2018, 2019), cerebellar
tDCS with TsDCS (Benussi et al., 2018), and TsDCS
with locomotor training only (Solopova et al., 2017).

Combined Therapies Protocol

Transcranial Direct Current Stimulation (tDCS)
Parameters. Among the five studies, four combined
tDCS with TsDCS (Benussi et al., 2018; Picelli et al.,
2015, 2018, 2019). In one study, the electrode size
was 7 x 5 cm, 35 cm?, and the anode was placed on
a motor area as per EEG system on ipsilesional area
and cathode over another side. For anodal tDCS
stimulation, the current intensity was 2 mA for 20
min (along with gait training) and charge density was
0.07 C/cm? (Picelli et al., 2015); while in another
study, the electrode size was about 4 cm in
diameter, 12.56 cm? in area, and the anode was
placed on the ipsilateral side over the motor cortex
(M1), as per EEG only, and the cathode was
positioned over the orbit of the other side (Picelli et
al., 2018). In another included trial (Picelli et al.,
2019), the electrode size was similar to the
previously mentioned study (Picelli et al., 2018), but
the cathodal electrode was placed over the
cerebellar hemisphere while the anode was over the
buccinator muscle on the same side (Picelli et al.,
2019). The current intensity, which was 2 mA, and
the duration of 20 min were the same for all three
studies (Picelli et al., 2015, 2018, 2019). In the
fourth study, the anode was placed over the
cerebellar region (electrode size 7 x 5 cm?, current
density 0.057 mA/cm?) and used tDCS as an
additional therapy with TsDCS (Benussi et al.,
2018).

doi:10.15540/nr.8.2.112
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Gait Training Protocol. The gait training was
combined in four studies with TsDCS intervention
(Picelli et al.,, 2015, 2018, 2019; Solopova et al.,
2017), and in three studies among them, the criteria
were similar. The robot-assisted gait training was
divided into two parts: first 10% weight was
supported for 10 min and speed was 1.5 km/hr, then
speed was increased to 2 km/hr and no body weight
was supported for the next 10 min (Picelli et al.,
2015, 2018, 2019). In one study (Solopova et al.,
2017), the duration of locomotor training was 40 min
at a treadmill speed of around 1 km/hr and the
stimulation was switched off after 20 min.

Sham Group/Other Comparison Group Protocols
In all five selected studies, the experimental group
was either compared to the control group (Solopova
et al., 2017) or with other intervention groups (sham
stimulation or stimulation over the contralateral side;
Benussi et al., 2018; Picelli et al., 2015, 2018, 2019).
The protocol parameters for sham tDCS in one of
the studies was that it was applied for 2 min in
starting and 30 s in ramp down fashion at the end at
the same intensity as anodal stimulation (Picelli et
al., 2015); while in the other two studies, the tDCS
placement was over the contralesional side for
comparison (Picelli et al., 2018, 2019).

One included study (Benussi et al., 2018) reported
the electrode positioning was similar to the
experimental group, but the current was ramped
down after 5 s. Additionally, a reference group was
also included in which TMS was applied on healthy
controls. The parameters for TMS were that the coll
was placed over the motor cortex area and the
handle was directed at 45 degrees laterally and
posteriorly to the longitudinal plane (Benussi et al.,
2018). While only in a single study, the control group
received only locomotor training with Lokomat
(Hocoma AG, Switzerland) for 40 min without
TsDCS (Solopova et al., 2017) and was compared
to the experimental group that received both gait
training and TsDCS.

Recorded Variables and Their Effect

Patients were evaluated before treatment (TO),
immediately after treatment (primary endpoint; T1),
at 2 weeks (T2), and at 4 weeks (T3) of follow-up in
three studies (Picelli et al., 2015, 2018, 2019). In
another included trial, the assessment was taken as
in the first phase, at baseline, at 2 weeks after
stimulation, at 1 month, and 3 months (Benussi et
al., 2018), while the fifth study evaluated before and
after comparisons with no follow-up (Solopova et al.,
2017).
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Walking Capacity. The most used scales were the
6-Min Walk Test (6MWT; Picelli et al., 2015, 2018,
2019), SARA (Scale for Assessment and Rating of
Ataxia), and ICARS (International Cooperative
Ataxia Rating Scale; Benussi et al., 2018), and
GMFM-88 (Solopova et al., 2017) for evaluating the
walking capacity in different neurological conditions.
Two studies showed a statistically significant
difference between groups at TO, T1, and T2 follow-
ups but were not maintained at T3 follow-up (Picelli
et al., 2015, 2019). In one included trial (Solopova et
al., 2017), the change in total GMFM-88 score was
significantly correlated with the increase of walking
(dimension E in GMFM-88). Similarly, another study
(Benussi et al., 2018) reported improvement in
SARA and ICARS scores in terms of gait between
groups, but one included trail (Picelli et al., 2018)
scoring did not differ between the two groups.

Spasticity. The modified Ashworth scale was used
mainly in all included studies for spasticity
assessment (Picelli et al., 2015, 2018, 2019;
Solopova et al., 2017). In four studies, there was no
change in spasticity between groups (Picelli et al.,
2015, 2018, 2019; Solopova et al., 2017).

Lower Limb Strength. The lower limb strength was
assessed by the Motricity Index (MI) leg subscore in
all three studies (Picelli et al.,, 2015, 2018, 2019).
Though in two studies there was no improvement
found between the groups at T1-TO, T2-TO, T3
follow-up (Picelli et al., 2015, 2019), in a single
study, there was a significantly greater improvement
in affected lower limb motricity (Picelli et al., 2018).

The Cadence of Stride and Single/Double
Support Ratio. Three studies assessed cadence
and single/double ratio by GAITRite system (CIR
Systems, Inc., Franklin, NJ; Picelli et al., 2015, 2018,
2019). Though in two studies there was no
improvement in cadence and single/double support
ratio (Picelli et al., 2018, 2019), in one included
study (Picelli et al., 2015), significant differences in
cadence were found between the groups at the T1—
TO and T2-TO follow-ups but not at the T3-TO
evaluation. Also, no significant difference in the ratio
between single and double support duration was
found between the groups at the T1-TO, T2-TO, and
T3-TO follow-up.

Discussion
This systematic review aimed to determine the
effectiveness of TsDCS combined with tDCS and/or

gait training on locomotor rehabilitation in
neurological disorders. To the best of our
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knowledge, this is the first systematic review based
on data from 141 participants evaluating the effects
of TsDCS with tDCS and/or gait training on gait
rehabilitation in patients with neurological disorders.
Out of the five RCTs, four studies (Benussi et al.,
2018; Picelli et al., 2015, 2019; Solopova et al.,
2017) showed that TsDCS along with tDCS and/or
gait training improves walking capacity in patients
with neurological disorders. However, one study
(Picelli et al., 2018) did not show any improvement
in walking ability, which is the primary outcome, and
regarding the secondary outcomes, there are
inconclusive results as not all studies have shown
significant changes. Specifically, no improvement in
spasticity in was any of the studies (Benussi et al.,
2018; Picelli et al., 2015, 2018, 2019; Solopova et
al., 2017), while cadence (Picelli et al., 2015) and
single and double support ratio (Picelli et al., 2018)
showed an improvement in respective studies.
Overall, our review suggests that TsDCS helps in
improving the efficacy of tDCS with/or gait training
for promoting walking ability.

In all included studies, the current intensity of
TsDCS ranges from 2.0 to 2.5 mA, except in one
study by Solopova et al. (2017), in which it is 10 mA
to 50 mA; the treatment session was 20 min in all
studies. However, the current density is used in
varied patterns. The site for application is from T9 to
T11-L1 in all included studies (Benussi et al., 2018;
Picelli et al.,, 2015, 2018, 2019; Solopova et al.,
2017) and none of the assessed studies reported
adverse effects. TsDCS with anodal tDCS has
shown to improve the gait in post-stroke patients, as
improvements in walking function have been
associated with changes in the activation of cortical
areas involved in motor control and strengthening of
descending input from the brain (Picelli et al., 2015);
while in another study also on stroke population
(Picelli et al.,, 2019), TsDCS was combined with
cathodal tDCS and stimulation effects were
compared between lesional and contralesional
sides. Both have shown to improve walking capacity,
and no superiority was found in between ipsilesional
and contralesional application of cerebellar tDCS
combined with TsDCS, as both equally improve
walking ability. This can be due to the peculiar
bilateral representation of gait function (walking is
associated with activation of the primary motor
cortex bilaterally, the supplementary motor area, and
somatosensory cortex compared with contralateral
M1 focus during isolated arm movements), which is
considered (Picelli et al., 2018). Another included
study on cerebral palsy patients (Solopova et al.,
2017) reported a stable improvement of motor
functions in children and, in this study, the TsDCS is
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combined with gait training and proposes that some
functional improvement of the spinal supraspinal
networks that control locomotor functions were
induced.

No change in spasticity was observed in any of the
studies (Benussi et al., 2018; Picelli et al., 2015,
2018, 2019; Solopova et al., 2017). As far as TsDCS
mechanism of action is concerned regarding
spasticity, one of the included studies by Picelli et al.
(2015) reported that TsSDCS makes motor neurons
more susceptible to activation but less responsive to
enhance activity that decreases the interneuronal
network. Another outcome measure lower limb
motricity (which is used for assessment of lower limb
strength) has been improved in one included study
(Picelli et al., 2018); improvement in motricity might
be because of the cerebellar stimulation combined
with TsDCS, which has main effects in bringing the
change related to inhibition of thalamocortical
pathway which is involved for producing new gait
patterns (Picelli et al., 2018).

Although TsDCS mechanism of action is a topic of
discussion, a growing body of evidence advocates
that TsDCS interferes with cortical, corticospinal,
and spinal motor output in humans (Ardolino et al.,
2021). TsDCS has been shown to influence the
ascending and descending spinal pathways and
spinal reflex excitability, with increasing evidence
that it can induce prolonged functional neuroplastic
changes (Benussi et al., 2018).

It appears that the TsDCS when used with other
interventions (tDCS and/or gait training) can elicit
adaptive neuroplasticity on spinal stimulation
(Benussi et al., 2018). This idea is also in line with
the review of Megia Garcia et al. (2020), which
indicated that TsDCS is a practicable option for
increasing voluntary motor response of the upper
and lower limbs, trunk stability, and improvement of
function and quality of life of patients with spinal cord
injury, even though they have included case series
and case report having a low level of evidence. Also,
another systematic review of Grecco et al. (2015),
considered transcutaneous spinal stimulation as a
promising therapeutic tool for patients suffering from
spinal cord injury. Our review will add to the current
knowledge that, apart from spinal cord injury
patients, TsDCS when combined with tDCS and/or
gait training can be used to increase the efficacy of
therapies used for gait rehabilitation in various
neurological disorders.
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Limitations of Review

The main limitation of this systematic review is the
limited number of trials conducted for a great
diversity of outcomes of gait and the pattern of
application of stimulation. Also, concluding is a
complicated insight as we have studied various
neurological pathologies. The numbers of subjects
studied are less; nevertheless, larger RCTs must be
conducted to demonstrate its full therapeutic
potential. All studies have combined intervention
with TsDCS, so effects of TsDCS specifically cannot
be stated. Promoting neuroplasticity as an outcome
for stimulation has been a recent approach and, if
results of this approach are confirmed in larger trials,
then this crucial therapy might be beneficial as a
therapeutic approach for several neurological
conditions.

Conclusion

Overall, our review suggests that TsDCS can be
used in improving walking ability when combined
with tDCS and/or gait training for locomotor
rehabilitation, although in few included studies, the
effects were not observed in succeeding follow-ups
(Picelli et al., 2018, 2019). This discovery can be
considered in analyzing the duration of application of
TsDCS as an intervention. Also, all the included
studies involved patients with different neurological
disorders, so accurate magnitude of the effect and
result cannot be concluded for one particular
disorder; hence, more studies are needed for having
a clear picture of the effects of TsDCS on different
neurological disorders.
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