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Introduction 
Stroke often leads to a reduction in the activation of nerve 

pathways involved in somatosensory processing and the 
execution of motor actions, resulting in impaired motor control 
[1]. Among other complications, this condition generally leads 
to reduced muscle strength associated with altered muscle tone, 
which is denominated paresis [2]. Hemiparesis or unilateral  

 
paresis following a stroke compromises the normal function of 
the joints. The limitation regarding the stabilization of the ankle 
(equinus) affects both static and dynamic balance [3]. Equinus is 
the limited upward movement of the foot due to hypotonus of the 
gastrocnemius and soleus muscles (triceps surae) and a reciprocal 
reduction or absence of strength in the tibialis anterior (TA) muscle 
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ARTICLE INFO Abstract

Objective: Lower limb motor dysfunction and lack of balance is one of the most 
common and disabling sequelae affecting stroke. Objectives: Analyze the effects of the 
combination of Transcranial Direct Stimulation (tDCS) with peripheral stimulation (PES) 
on the activity of the tibialis anterior (TA) paretic and balance of hemiparetic post stroke. 

Methods: Participated 36 hemiparetic chronic. The TA was evaluated with EMG 
by median frequency (MDF)/ root mean square (RMS) and balance by Mini-BES Test. 
Evaluations were performed three times: pre, post 10 treatment sessions and 30 follow-
up days. To treatment, subjects were randomized in 3 groups: PESa (active) /tDCSp 
(placebo); PESa /tDCSa and PESp /tDCSa. tDCS anode electrode was applied over injured 
motor cortex (C1/C2) and cathode uninjured (C1/C2) for 20 min associated with active 
dorsiflexion and PES for 30 min (active PES was applied over paretic TA and placebo in 
TA bone portion). The treatment was performed five times a week/2 week. 

Results: There was no difference in RMS for either group. Intragroup MDF 
significantly decreased (p <0.05 Repeated measures ANOVA) after 10 days of treatment 
and follow-up in all groups; intergroup MDF was significantly lower after 10 days and 
follow-up in the PESa/tDCSa and PESp /tDCSa groups compared to PESa/tDCSp (p <0.05 
Repeated measures ANOVA). Balance improved significantly (p= 0.00 Friedman) and 
clinically important (>3 points) in PESa /tDCSa after 10 days and follow-up there was no 
difference (p> 0.05 Kruskal-Wallis) between groups. 

Conclusion: EMG, ETCC did not potentiate PES. In Balance, the combined techniques 
provided clinical improvement.
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http://dx.doi.org/10.26717/BJSTR.2020.25.004219


Copyright@ Aline Marina Alves Fruhauf | Biomed J Sci & Tech Res | BJSTR. MS.ID.004219.

Volume 25- Issue 3 DOI: 10.26717/BJSTR.2020.25.004219

19250

[3]. This dysfunction partially impedes the transference of weight 
to the affected limb, which anatomically interferes with postural 
reactions and balance [4]. A TA muscle without paresis (reduced 
muscle strength due to hypertonus of its antagonist) promotes a 
better body support base (balance) [5]. In situations of abrupt 
posteroanterior movements, this muscle is capable of reversing 
the perturbation through torque, which restores the body to the 
stabilization axis [5] (ankle strategy) [6]. When the sway surpasses 
the capacity of the muscle for reorganization through the inverted 
pendulum, the TA performs dorsiflexion (step strategy), thereby 
avoiding a fall [6].

Studies have shown that peripheral electrical stimulation (PES) 
of paretic muscles, such as the TA, combined with other forms of 
rehabilitation can lead to functional improvements [7]. PES is a 
rehabilitation technique that consists of the use of a controlled, 
low-frequency, low-intensity, external, electrical current with the 
aim of depolarizing the intact motor neuron to initiate and facilitate 
the voluntary contraction of paralyzed muscles in order to produce 
movement [8]. However, this technique has limitations, as repetitive 
stimulation in stroke survivors can lead to a task adaptation process 
or a plateau in functional gains after approximately 12 months 
of treatment [9]. Therefore, many researchers have investigated 
the effects of transcranial direct current stimulation (tDCS) in 
stroke survivors with hemiparesis in an effort to increase cortical 
excitability and modulate its activity to favor motor actions [10,11]. 
TDCS is noninvasive brain stimulation involving the administration 
of a low-intensity, monophasic electrical current to the scalp through 
silicone-sponge surface electrodes soaked in saline solution. The 
poles of the electrodes are the anode (positive pole) and cathode 
(negative pole) and the effects on the neuronal membrane are due 
to the movement of ions between the two poles [12]. 

The results of studies involving the administration of tDCS to 
stroke survivors have shown improvements in voluntary control of 
the ankle [13], strength of the quadriceps muscle, static postural 
stability [14] and the amplitude of the motor evoked potential 
(MEP), thereby facilitating the learning of a particular activity [15]. 

The combination of PES and low-intensity central stimulation (tDCS) 
is believed to increase the stimulus of the sensory and associative 
cortex, which, in turn, interacts with the motor cortex, assisting in 
the relearning of a given task. The concomitant stimulation of the 
ascending and descending pathways may increase the neuronal 
excitability of intact structures or the recruitment of cells near 
the damaged site, resulting in an improvement or increase in the 
functional repertoire [16]. This has been demonstrated in several 
studies. Kwon et al. [17] evaluated the activity of the primary motor 
cortex (M1) in two healthy individuals during a session of tDCS 
combined with PES of the wrist extensors and found an increase 
in M1 activity. Rizzo et al. [18] investigated the MEP of healthy 
young individuals following the combination of tDCS and repetitive 
peripheral electrical stimulation of the left median nerve and found 
an increase in the MEP up to 60 minutes after stimulation. Celnik 
et al. [19] evaluated the performance of stroke survivors on motor 

tasks following stimulation of a peripheral nerve and tDCS and 
found that the combination of the two techniques led to greater 
improvements compared to the use of each technique alone. Sattler 
et al. [20] evaluated the effects of tDCS combined with PES of the 
radial nerve in individuals in the subacute phase of stroke and found 
a significant improvement in motor function of the hand, which 
lasted up to one month after treatment. However, Fruhauf et al. 
[21] evaluated the immediate effect of tDCS combined with PES on 
the electrical activity of the paretic TA muscle and balance in stroke 
survivors in the chronic phase, but found no effect following the 
administration of the two techniques combined, which may have 
been due to the fact that the authors used only a single treatment 
session. Based on these findings, the interaction between central 
and peripheral stimulation in prolonged treatments may lead to 
improvements in motor function, as tDCS favors the excitation of 
the cortex and PES favors the activation of ascending nerve fibers. 
Therefore, the aim of the present study was to investigate the effects 
of the combined use of tDCS and PES on electrical activity of the TA 
muscle and balance in stroke survivors with hemiparesis.

Methods

Study Design

A randomized, placebo-controlled, double-blind, clinical trial 
was conducted. The primary outcome was electrical activity of 
the TA muscle determined using electromyography (EMG). The 
secondary outcome was balance determined using the Mini-Bes 
Test. Evaluations were performed on three occasions:

a) Pre-intervention,

b) Post-intervention (after 10 treatment sessions) and 

c) Follow-up (30 days after the end of the interventions). All 
participants were recruited from the physical therapy clinics of 
Nove de Julho University, São Paulo, Brazil. The flowchart of the 
study is displayed in Figure 1

Eligibility Criteria

The eligibility criteria were hemiparesis resulting from a stroke 
currently in the chronic phase (six or more months since the stroke 
event) [22], weakness of the TA muscle (>1 and <5) [22] based 
on the Medical Research Council (MRC), [23] adults (≥20 years) 
with ambulation with or without a gait-assistance device [22] 
and agreement with the terms listed in the statement of informed 
consent. The exclusion criteria were a positive cutoff point for 
cognitive impairment determined using the Mini Mental State 
Examination (<11 points, corrected for schooling), [24] diagnosis 
of severe depression using the Beck Depression Inventory, [25] 
active mobility of the ankle less than 5 degrees [13] (determined 
using a goniometer), muscle stiffness in flexion or extension (based 
on the Ashworth scale), [26] need for orthopedic insoles, rigid 
orthosis or the use of botulinum toxin in the lower limbs, [22] 
severe visual impairment (confirmed by ophthalmological exams), 
[22] contraindication for use of tDCS (history of seizures, tumors 
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at stimulation site and metallic implants in skull – all confirmed 
by medical exams), [21] skin lesion at tDCS or PES application 
site (visual inspection of therapist),anesthesia or hyperesthesia 
at tDCS or PES application site (physical evaluation of superficial 
sensitive using a esthesiometer), diagnosis of deep vein thrombosis 
(confirmed by medical exam), diagnosis of degenerative disease or 
polyneuropathy (confirmed by medical exam) and physical therapy 
or alternative therapy during the development of the study or 
within one month after the end of the 10 treatment sessions [22]. 

Sample Size

The sample size was calculated with the aid of the G*Power 
program and based on a study conducted by Sabut et al. (Surface 
EMG Analysis of Tibialis Anterior Muscle in Walking with PES in 
Stroke Subjects) [27]. Root mean square (RMS) scores were used 
for the calculation based on mean and standard deviation values of 
the experimental group before (60 ± 6) and after (110 ± 11) PES. 
Considering α = 0.05, β = 0.2 (80% power) and an effect size of 
0.94, it was determined that 12 individuals would be needed for 
each group (total: 36 individuals) [22].

Randomization

The 36 participants were allocated to the different groups in 
a randomized, counterbalanced manner using a randomization 
table in ExcelTM with codes for the central and stimulations (active 
and sham) and different combinations.21 A researcher not involved 
in the evaluations or treatment was responsible for the random 
allocation of the participants to three groups: [22]

a) Active tDCS (anode over damaged hemisphere and 
cathode over undamaged hemisphere) combined with active 
PES of the paretic TA muscle. 

b) Sham tDCS (anode over damaged hemisphere and cathode 
over undamaged hemisphere) combined with active PES of the 
paretic TA muscle. 

c) Active tDCS (anode over damaged hemisphere and 
cathode over undamaged hemisphere) combined with sham 
PES of the paretic TA muscle.

Blinding

The NeuroConn DC-STIMULATOR PLUS device has settings that 
enable the selection of the active stimulation mode or sham mode 
by entering codes. A researcher not involved in the treatment or 
evaluations programed the equipment with the code to which the 
patient was allocated. The type of stimulation (active or sham) was 
not perceptible by visual cues or the external functioning of the 
device. Therefore, neither the researcher who placed the equipment 
on the patient nor the patient was aware of which treatment he/she 
was receiving (double-blind study).

Data Collection, Management and Analysis

For all evaluation procedures, the participants were seated on a 
chair with knees flexed 90° and ankles in the neutral position [21].

Electromyography of Tibialis Anterior Muscle
The data on the activity of the TA muscle were analyzed by 

the amplitude/power of the signal (root mean square [RMS]) and 
muscle fiber recruitment rate (median frequency [MDF]) collected 
using the EMGSYSTEM® electromyograph, which consists of an A/D 
converter with 16 bits of resolution, six channels and wireless data 
transmission [21]. The signals were pre-amplified with a gain of 
1000 fold and a common rejection mode ratio > 100 dB and filtered 
by a 20-450 Hz bandpass filter. The sampling frequency was 1 kHz. 
The signals were coded using routines developed in MATLAB® 
version R2010a (The MathWorks Inc., Natick, Massachusetts, 
USA) [21]. Two disposable surface electrodes (Ag/AgCl – Medical 
Trace®) measuring 10 mm in diameter were positioned on the 
skin (previously cleaned with 70% alcohol) in the region of the 
TA following the norms of Surface Electromyography for the Non-
Invasive Assessment of Muscles (SENIAM) [28]. The part ic ipant 
performed three maximum voluntary contractions of TA 
muscle (active dorsiflexion) for 10 seconds with verbal stimulation, 
with a two-to-three-minute rest period between trials, followed by 
five consecutive concentric (isotonic) contractions of the TA muscle 
three times, with a two-to-three-minute rest period between trials 
[21]. No previous study has been developed to determine the 
reliability of this equipment for the population of stroke survivors, 
but the instrument has demonstrated solid, effective results in the 
investigation of muscle activity in these patients [29,30].

Mini-Balance Evaluation System Test (Mini-BES Test)
Functional balance was evaluated using Mini-BES Test, which is 

a battery of 14 tasks distributed among four domains: 

a) Anticipatory postural adjustments (transition from sitting 
to standing position, standing on tips of toes and one-legged 
stance). 

b) Postural responses (different directions of body sway 
[posteroanterior and later lateral]).

c) Sensory orientation (feet together on stable surface with 
eyes open; unstable surface with eyes open; leaning with eyes 
closed).

d) Stability during gait (walking with change in speed; 
walking with horizontal movements of the head; walking around 
an obstacle; turning on one’s own axis; and walking with and 
without a dual cognitive task) [31].Each item receives a score 
on a four-point scale ranging from 0 (worst performance) to 3 
(best performance). The maximum score is 28 points.31 The 
Mini-BES Test has high reliability for the evaluation of stroke 
survivors (ICC >0.90) [32]. 

Determination of Potential Confounding Factors

Depressive Symptoms: Depressive symptoms were evaluated 
and graded about severity using the Beck Depression Inventory 
(BDI) [25], which is a self-administered questionnaire composed 
of 21 items. Each item is scored from 0 to 3 points. The total ranges 
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from 0 to 63 points and is interpreted as follows: 0 to 10 indicates 
the absence of depression; 11 to 18 = mild depression; 19 to 29 = 
moderate depression; and 30 to 63 = severe depression [33]. The 
BDI score was determined on three occasions (pre-intervention, 
post-intervention and 30-day follow-up). The reliability of the BDI 
is 0.89 and this measure has been used in studies that have shown 
good clinical results [34].

Evaluation for Characterization of Sample

Fugl-Meyer Scale (FMS): The measures proposed on the 
FMS are based on a neurological examination and sensorimotor 
activity of the upper and lower limbs to identify selective activity 
and synergic patterns in stroke survivors. The scale consists of 
an accumulative numeric point system for the evaluation of six 
aspects: range of motion, pain, sensitivity, motor function of the 
upper and lower limbs and balance as well as coordination and 
velocity, totaling 226 points [35]. Each item is scored on a three-
point ordinal scale: 0- not performed, 1- partially performed and 
2- completely performed. The scale has a total of 100 points for 
normal motor function; the maximum for the upper limb is 66 and 
the maximum for the lower limb is 34. The FMS also enables scoring 
motor impairment: less than 50 points indicates severe impairment, 
50-84 = marked impairment, 85-95 = moderate impairment and 
96-99 = mild impairment [35]. The scale was used in the present 
study for the objective characterization of the participants in terms 
of the degree of global and specific motor impairment of the lower 
limbs. The literature reports that the FMS has high reliability (ICC = 
0.98) for the evaluation of stroke survivors [36].

Interventions: For both interventions, the participant was 
seated in a chair with the knees flexed at 90° and the ankles in 
the neutral position [22]. Treatment sessions were held five 
times a week for two weeks (total: 10 sessions) [11]. Each session 
comprised 30 minutes of PES [37], with tDCS administered 
concomitantly during the first 20 minutes [21]. 

Transcranial Direct Current Stimulation (tDCS)
The one-channel DC Stimulation Plus (Neuroconn) device was 

used with two silicone/carbon electrodes measuring 5 x 5 cm2 
(both anode and cathode) covered with sponge soaked in 0.9% 
saline solution [38]. The anode was positioned over the motor 
cortex of the damaged hemisphere (C1 or C2) and the cathode was 
positioned over the motor cortex of the undamaged hemisphere 
(C1 or C2), both at a distance of 2 cm from Cz [22]on the map of 
the 10-20 International Electroencephalogram System[38]. Central 
stimulation with tDCS was administered with a current of 2 mA [11] 
during the first twenty minutes of PES. Sham stimulation involved 
the same procedures as active stimulation, but the device was 
activated only during the first 20 seconds and then the current was 
reduced to zero. All participants were informed that they could feel 
a slight tingling sensation that could disappear or remain during 

the 20 minutes of treatment [21]. This is considered a valid control 
procedure in studies involving tDCS [11].

Determination of Potential Side Effects 

Possible side effects stemming from noninvasive brain 
stimulation were investigated using the TDCS – Side Effects 
Questionnaire (version translated into Portuguese) after each 
session [39].

Peripheral Electrical Stimulation (PES)
The two-channel QUARK® FES VIF 995 DUAL equipment was 

used for PES with two self-adhesive rubber electrodes measuring 5 
x 9 cm positioned over the motor point and the belly of the paretic 
TA [21]. The PES parameters were pulse width of 250 µs, frequency 
of 50 Hz, intensity increased until reaching the motor threshold 
(20-30% of maximum voluntary contraction) and a 1:2 stimulation 
cycle (TON for 6 s and TOFF for 12 s) [21] for 30 minutes [37]. The 
same parameters were used for sham PES, but the electrodes were 
positioned on the bone portion of the tibia [40]. 

Statistics

Descriptive statistics were performed for the characterization 
of the sample, distribution of the inferential data and comparison 
of the groups. The parametric variables (RMS and MDF) were 
compared using repeated-measures analysis of variance (ANOVA) 
(intragroup and intergroup analyses). The nonparametric variable 
(general balance score) was compared using either Friedman’s 
test (intragroup analysis) or the Kruskal-Wallis test (intergroup 
analysis).

Result
Seventy-three volunteers were recruited for the present 

study. Thirty-seven were excluded for not meeting the eligibility 
criteria, two withdrew from the study for personal reasons 
before undergoing the evaluations and treatment, and one 
suffered an accident at home resulting in a hip fracture. Thus, 36 
individuals were included in the study and randomized to the three 
intervention groups (Figure 1). Table 1 displays the demographic 
data of the 36 participants. The patients in the active PES + sham 
tDCS had hemiparesis 12 months longer than the other two groups. 
The active PES + active tDCS and sham PES + active tDCS groups had 
more patients with a diagnosis of hemorrhagic stroke than those 
in the active PES + sham tDCS group. All individuals in all three 
groups were classified with mild impairment based on the FMS for 
the lower limbs, but the active PES + active tDCS and sham PES + 
active tDCS groups has scores indicative of severe impairment for 
the overall FMS. The RMS and MDF were similar among the groups 
at baseline. Balance (evaluated using the Mini BesTest) was similar 
for the active PES + active tDCS and sham PES + active tDCS groups, 
whereas the active PES + sham tDCS group had somewhat higher 
scores. Table 1. Characteristics of participants (n = 36). 
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Figure 1: Flowchart of studsssy. 

Table 1: Characteristics of participants (n = 36). 

Variables Active PES/sham tDCS (n=36) Active PES/active tDCS (n=36) Sham PES/active tDCS (n=36)

Gender(F/M) (6/6) (5/7) (7/5)

Age (Years) 62 ± 9.59 55.41 ± 10.37 59.25± 10.48

Stroke(H/I) (1/11) * (4/8) (3/9)

Right Hemisphere Affected (44.4%) (55.5%) (41.6%)

Left Hemisphere Affected (55.5%) (44.4%) (58.3%)

Time since Stroke (Months) 60.91±76.61* 47.66±43.19 47.0±27.17

Antidepressant (8.33%) (16.6%) * (8.33%)

ASA (0%) (0%) (8.33%)

Diuretic (25%) * (0%) (0%)

Anti-Hypertensive (75%) * (33.3%) * (58%)

Diabetes Medication (58.3%) * (16.6%) * (25%)

Cholesterol Medication (58.30%) (41.66%) (58.3%)

Pain Medication (8.33%) (8.33%) (8.33%)

BDI(Score) 14.75±10.19 10.83±7.77 10.25±5.44
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MMSE(Score) 24.91±2.99 24.41±5.99 23.33±4.92

FMS (Score) 72.66±25.95* 50.25±30.14 48.41±26.26

FMS-LL (Score) 21.5±4.71 23.14±9.02 24.55±15.55

AS M.Triceps Surais(Score) 2[1-4] 3[2-4] 2[1-4]

MS M.Tibialis Anterior (Score) 3[1-4] 3[2-3] 3[2-4]

RMS(Watt) 0.12±0.02 0.14±0.01 0.14±0.02

MDF(Hz) 98.35±27.02 99.05±26.19 98.08±25.81

MB (General Score) 20.0[10.25-24] * 11.19[8.83-17.24] 12.50[7.25-21.25]

Note: Data expressed as mean ± standard deviation; median [interquartile range], percentage (%), (F/M) (male/female), (H/I) 
(hemorrhagic/ischemic), ASA (acetylsalicylic acid), BDI (Beck Depression Inventory), MMSE (Mini Mental State Examination), FMS 
(Fugl-Meyer Scale), FMS - LL (Fugl-Meyer Scale for lower limbs), AS (Ashworth Scale), MS (muscle strength), RMS (root mean 
square) in unit of measure (watt), MDF (median frequency) in unit of measure (Hz), MB (Mini BesTest), * p <0.05 (repeated-measures 
ANOVA).

Figure 2 displays the results of the analysis of the amplitude 
of the electromyographic signals (RMS). No significant intra-group 
or inter-group differences were found at the post-intervention 
or follow-up evaluations (p >0.05). The effect size was also non-
significant for all groups (Cohen’s d <0.19). Figure 2. Amplitude of 
the signal (root mean square [RMS] in watts) in the three groups 
at the three evaluation times. Figure 3 displays the results of the 
MDF of the electromyographic signals. In the intra-group analysis, a 
significant reduction in the MDF was found at the post-intervention 
evaluation in the active PES + sham tDCS group (p = 0.04), but an 
increase found at the follow-up evaluation (reaching a higher value 
in comparison to baseline, although without achieving statistical 

significance). A significant reduction was found at the post-
intervention evaluation (p = 0.02) and follow-up evaluation (p = 
0.04) in the active PES + active tDCS group. Significant reductions 
were also found at the post-intervention (p = 0.03) and follow-up 
(p = 0.04) evaluations in the sham PES + active tDCS group. The 
effect size was non-significant in all groups (Cohen’s d <0.19).In the 
inter-group analysis, a significant difference was found in the active 
PES + sham tDCS (p = 0.00) at the follow-up evaluation (when the 
MDF returned to baseline values) in comparison to the active PES + 
active tDCS and sham PES + active tDCS groups. Figure 3 - Median 
frequency (MDF in Hz) in the three groups at the three evaluation 
times. *p <0.05 (repeated-measures ANOVA).

Figure 2: Amplitude of the signal (root mean square [RMS] in watts) in the three groups at the three evaluation times.
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Figure 3: Median frequency (MDF in Hz) in the three groups at the three evaluation times. *p <0.05 (repeated-measures 
ANOVA).

Figure 4 displays the balance results (overall Mini BES Test). 
In the intra-group analysis, a statistically significant improvement 
was found at the post-intervention and follow-up evaluations only 
in the active PES + active tDCS group (p = 0.00). No significant 
inter-group differences were found (p >0.05). However, a clinically 
important change (> 3 points)35 was found in all groups: active PES 
+ sham tDCS at post-intervention evaluation (3.5); active PES + 

active tDCS at post-intervention evaluation (10.31) and follow-up 
(8.31); sham PES + active tDCS at post-intervention evaluation (5.5) 
and follow-up (3.5). These findings demonstrate an improvement 
in balance. The effect size was non-significant in all groups (Cohen’s 
d <0.19). Figure 4-Results of Mini BES Test (overall score: 0 to 28 
points) in the three groups at the three evaluation times. * p <0.05 
(Friedman’s test).

Figure 4: Results of Mini BESTest (overall score: 0 to 28 points) in the three groups at the three evaluation times. * p <0.05 
(Friedman’s test).

Discussion

Electrical Activity of TA Muscle

No significant or clinically important intra-group or 
inter-group differences in RMS were found at either the post-

intervention evaluation (after ten treatment sessions) or the 
follow-up evaluation (30 days after the end of the interventions). 
Thus, central stimulation combined with peripheral stimulation 
was not effective regarding the electrical activity of the TA muscle, 
even when sham PES was performed. The literature reports 
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that resistance training with maximum load (determined in an 
individualized manner) is needed to achieve an increase in power 
[41]. We may therefore suppose that the lack of such training may 
explain the non-occurrence of an increase in the amplitude of the 
electromyographic signals of the muscle fibers, which hindered the 
intrinsic action of central and peripheral stimulation. 

Regarding the MDF, a significant reduction was found after 
ten treatment sessions in all groups, which was maintained at the 
follow-up evaluation in the active PES + active tDCS and sham PES 
+ active tDCS groups. Thus, rather than enhancing the information 
stemming from peripheral stimulation, central stimulation 
(tDCS) may have provoked the inverse effect – inhibiting it. This 
suggestion is based on the theory of cerebral homeostasis put forth 
by Bienenstock et al. [42], who postulates that the threshold for 
inducing long-term potentiation (LTP) or long-term depression 
(LTD) is not constant, but varies in accordance with the level 
of activity of the post-synaptic neuron. A high level of synaptic 
excitability may subsequently reduce any associated task that also 
requires a recurrent increase in neuronal activity triggered by 
an neurophysiological defense. Fricke et al. [43] report that long 
periods of tDCS (greater than 10 min) with no break in the first five 
minutes can lead to a reduction in cortical excitability. Therefore, 
we believe that a set of factors related to the characteristics of 
the population investigated triggered the homeostatic defense 
discovered by Bienenstock. The participants in this study were in 
the chronic phase of stroke and previous studies [44] have proved 
that a long-term injury to the nervous system often leads to greater 
resistance of the neuronal membrane to information subsequently 
imposed on the system. We also believe that a sedentary lifestyle 
and long periods without any type of treatment, as occurred in the 
present study, makes the nervous system consider any motor task 
(regardless of its complexity) to be a high excitability threshold, 
which forces a blocking of its actions. 

Thus, we did not confirm the hypothesis from the first 
study of our research group [21], in which we suppose that the 
combination of central and peripheral stimulation did not achieve 
positive results because only a single treatment session was used. 
A negative result regardless of the duration of treatment was also 
reported in the study by Rizzo et al. [18], who found a reduction 
in the MEP in healthy individuals after 10, 20, 30 and 60 minutes 
of tDCS over M1 combined with repetitive electrical stimulation 
of the median nerve. However, these findings differ from those 
reported by Madhavan et al. [13], who found an increase in MEP for 
15 minutes and immediately after the practice of ankle dorsiflexion 
training combined with tDCS over M1 in stroke survivors. Likewise, 
Sriraman et al. [45] found an increase in the MEP in healthy adults 
before, during (20 minutes) and 24 hours after tDCS administered 
over M1 combined with a visual ankle motor task. Ziemann et al. 
[46] report that including tDCS only in some periods of a motor 
task may enhance the learning of this task, thus deviating from 
mechanisms of metaplasticity. Therefore, a different protocol 

from that used in the present study regarding the duration of the 
combination of central and peripheral stimulation may lead to 
different results. 

No change in RMS or increase in MDF occurred in the active PES 
+ sham tDCS group. The amount of stimulation (10 sessions) may 
not have been sufficient to increase the activity of the TA muscle, as 
previous studies with a longer PES time report positive effects on 
the activation of this muscle or a functional improvement in ankle 
movement. Newsam et al. [47] found a significant improvement 
in the recruitment of motor units following PES to the TA muscle 
applied five times a week for three weeks. Knutson et al. [48] 

investigated the effects of PES five times a week for six weeks on 
active dorsiflexion of the angle and found a significant increase in 
the range of motion of this joint. Mesci et al. [49] found a significant 
increase in ankle dorsiflexion and a reduction in spasticity after 
four weeks of treatment with PES.A more concrete explanation for 
the present results may be achieved through neurophysiological 
analyses or the quantification of the torque of the TA muscle. When 
torque increases, the electrical activity of the muscle tends to 
decrease. The lack of such analyses is one of the limitations of the 
present study. 

Functional Balance

A statistically significant improvement on the Mini-BES Test 
was only found in the active PES + active tDCS group. However, a 
clinically important improvement in balance (>3 points) was found 
in all groups. According to Potter et al. [31], a three-or-more-point 
increase in the overall score predicts a minimum detectable change 
(MDC) for the test. These findings are in agreement with data 
reported in previous studies on balance outcomes in patients with 
neurological diseases submitted to tDCS combined with other motor 
tasks. Kaski et al.  [50] found improvements in balance and gait in 
individuals with leukoaraiosis (white matter disease) following a 
single session of tDCS combined with physical training. Analyzing 
24 children aged five to 12 years with cerebral palsy, Duarte et 
al. [51] found a significant improvement in the Pediatric Balance 
Scale as well as both anteroposterior (eyes open and closed) and 
laterolateral (eyes closed) sway following tDCS combined with 
treadmill training both one week and one month after the conclusion 
of the intervention. Dumont  et al. [52] evaluated static balance in 
a stroke survivor after a single session of tDCS over M1 combined 
with treadmill training and found reductions in anteroposterior 
sway as well as oscillation area and velocity. 

The clinical improvement in the sham PES + active tDCS group 
was lower than that found in the active PES + active tDCS group at the 
post-intervention and follow-up evaluations. This confirms reports 
in the literature of greater effectiveness when tDCS is combined 
with other therapies [53]. However, Sohn et al. [14] report positive 
results in terms of functioning after tDCS administered over the 
damaged primary motor cortex without using a concomitant motor 
task. The authors found a significant improvement in postural 
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stability and an increase in the strength of the quadriceps muscle 
in 11 stroke survivors with hemiparesis. In the active PES + sham 
tDCS group, a clinically important improvement was found at the 
post-intervention evaluation. This finding is in agreement with data 
described in a study by Hyun et al. [54], who applied functional 
electrical stimulation (FES) to the paretic TA muscle in stroke 
survivors and found significant improvements in both balance and 
quality of life. We believe that the sensorimotor stimuli promoted 
by PES in the present study were able to activate intact fibers of 
the pyramidal tract, [55] consequently favoring the adjustment of 
postural control but without actually inducing actions related to 
mechanisms of neuroplasticity.

The present results suggest that the effects found on balance are 
not directly related to motor training of the TA muscle, as neither 
the RMS nor MDF improved in the groups. Thus, the effects may be 
linked to cortical afferences, which modulated neuronal excitability 
for the lower limbs [56]. Another possibility is that other areas 
of the central nervous system involved in balance may have been 
activated, as stimulus with tDCS is not merely localized. Indeed, 
Leonor et al. [57] report that electrical stimuli from tDCS can reach 
the tracts underlying the stimulated tract as well as primary and 
secondary motor areas. However, the mechanisms behind this 
remain unclear. The fact that an improvement in balance occurred 
independently of the improvement in the electrical activity of the 
TA muscle demonstrates that tDCS may have activated important 
structures in the central nervous system responsible for postural 
control and, therefore, the isolated action of the TA muscle did not 
exert an impact on this motor task. 

Conclusion
In the present study, central stimulation with tDCS did not 

enhance the effects of peripheral stimulation regarding the 
electrical activity of the tibialis anterior and actually led to a 
reduction in the activity of the muscle. However, different results 
were found regarding balance, as the combination of central and 
peripheral stimulation led to a clinically important improvement in 
this variable. Thus, tDCS can assist in complex motor tasks, such as 
postural balance. 
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