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A paradigm of galvanic vestibular stimulation diminishes
the soleus muscle H-reflex in healthy volunteers

R Čobeljić1, N Miljković2,3, K Ribarić-Jankes4 and L Švirtlih1

Study design: In this study, we explored how galvanic vestibular stimulation can modify the soleus H-reflex (Hoffman reflex), that is,
the excitability of the spinal cord circuits, in healthy humans.
Objectives: Our aim was to demonstrate H-reflex amplitude modulation caused by changing the duration and the intensity of the
anodal galvanic vestibular stimulation. Therefore, we measured H-reflex before and after applied vestibular stimulation.
Settings: This study was conducted in Rehabilitation Clinic, Belgrade, Serbia.
Methods: The measurements were performed on 5 male volunteers aged 22–30 years. Anodal galvanic stimulation was applied on the
right mastoid in prone position. H-reflex was elicited by nervus tibialis stimulation and measured from the right soleus muscle. In three
subjects, trains of weak and strong galvanic stimuli (1, 5 and 9) were applied. In two subjects, only a train of 9 strong stimuli was
applied.
Results: A statistically significant decrease of the H-reflex amplitude after anodal galvanic stimulation was demonstrated in all
subjects. The percentage of H-reflex amplitude diminution was between 6 and 18 in subjects with weak and strong stimuli and 5 and 6
in subjects with only 9 strong stimuli.
Conclusion: We intend to use this paradigm of stimulation to explore whether the vestibulospinal function exists after spinal cord
injury (SCI). If it exists, it can be used to influence the preserved spinal cord circuits after SCI.
Sponsorship: One of the authors (Nadica Miljković) was partly supported by the Ministry of education, science and technological
development, Republic of Serbia, grant OS175016.
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INTRODUCTION

It has been long known that a small direct current, also called
galvanic current, applied between mastoids produces an inclination
of the standing person.1 Several researchers have studied the electro-
myographic (EMG) responses occurring in response to galvanic
stimulation of postural muscles in healthy subjects. They used a
1- or 4- to 6 -s duration, 1–4-mA intensity stimulus.2,3 If averaging of
the EMG activity was necessary, they used stimuli of shorter
duration.4–6 There is general agreement that anodal stimulation causes
hypotonia and cathodal stimulation causes hypertonia of the ipsilateral
postural muscles. The effect of galvanic current is also influenced by
head and body posture,7 as well as postural task.8 In squirrel monkeys,
it was demonstrated that the galvanic stimulation acted directly on the
vestibular afferents (from semicircular canals, as well as otoliths):
cathodal current increased the firing rate (causing hypertonia) and
anodal current decreased the firing rate (causing hypotonia of
the muscles).9 More recently,10–13 the electrical-induced analog
of the monosynaptic reflex called the H-reflex has been used in
assessment of the modulation of the monosynaptic activity at the
spinal cord level.
If a short-lasting electrical stimulus is applied to the tibial nerve

within the popliteal fossa, motor and sensory fibers are stimulated
simultaneously. The stimulation of motor fibers results in a muscle
twitch of the soleus muscle, which can be demonstrated by means of

bipolar superficial electrodes placed over the corresponding muscle
belly. If recorded by means of EMG, this muscle twitch is called the
M wave, and it appears approximately 10 s after the electrical
stimulation. The simultaneous stimulation of sensory fibers proceeds
to the spinal cord to the α-motoneuron cells of the anterior horn of
the S6 segment (by monosynaptic connection). This stimulation
results in a second muscle twitch, and it can be demonstrated
with the same EMG recording after approximately 40ms. It is called
H wave or H-reflex (Hoffman reflex).
As it is known, spasticity can be one of the difficult-to-manage

clinical problems in patients after spinal cord injury (SCI). Thus, in
one of our previous preliminary measurements, we tried to decrease
hypertonia of the postural lower limb muscles by applying
anodal galvanic stimulation in patients with spasticity after SCI. We
examined the effect of anodal galvanic vestibular stimulation by
clinical Ashworth scale. In some of the patients, we succeeded to
lower the spasticity of the ipsilateral limb by 1–2 grades. The reduction
lasted for 1–5min.14

After SCI, the spinal pathways remain intact to a greater or lesser
extent. Even in individuals with severe SCIs, some spared
trans-lesional systems, descending long-tract fibers or propriospinal
fibers, are nearly always present.15,16 It has been shown that the
remaining altered spinal cord circuits below the injury can be activated
and modified by transcutaneous spinal cord stimulation.17 We

1Rehabilitation Clinic “Dr Miroslav Zotović”, Belgrade, Serbia; 2University of Belgrade - Faculty of Electrical Engineering, Belgrade, Serbia; 3Technalia Serbia Ltd, Belgrade, Serbia
and 4Euromedic Hospital, Belgrade, Serbia
Correspondence: Professor K Ribarić-Jankes, ENT, Euromedik Hospital, Visegradska 20, Belgrade 11000, Serbia.
E-mail: ksenija.ribaric@gmail.com
Received 7 December 2014; revised 1 May 2015; accepted 12 May 2015; published online 18 August 2015

Spinal Cord (2016) 54, 150–153
& 2016 International Spinal Cord Society All rights reserved 1362-4393/16

www.nature.com/sc

http://dx.doi.org/10.1038/sc.2015.135
mailto:ksenija.ribaric@gmail.com
http://www.nature.com/sc


suppose that in patients in whom the vestibulospinal pathways
remained preserved, the altered spinal cord circuits below the injury
could be conditioned by activation of the vestibulospinal pathways. To
confirm this assumption, additional experimental work must be done.
In this report, we explored how vestibulospinal stimulation, applied

with different duration and intensities in healthy humans, can
modify (condition) the H-reflex—that is, the excitability of the spinal
cord circuits.

MATERIALS AND METHODS

H-reflex was obtained from five human subjects, all male, aged 21–32 years.
None of them had a history of cochlear or vestibular disease. All subjects gave
their informed consent to the study protocol, which conformed to the standard
set by the Declaration of Helsinki and was approved by the Ethics Committee
of the Rehabilitation Clinic ‘Miroslav Zotović’ in Belgrade (No 03932/2011).
Three subjects underwent the long protocol of galvanic stimulation, and two
subjects only underwent the short one.
To elicit the H-reflex, the stimulation was applied via J10R00 PULSE and

895340 (Axelgaard Co., Ltd, Fallbrook, CA, USA) neurostimulation electrodes.
A smaller cathode electrode with a radius of 2.5 cm was placed over the
popliteal fossa, and a large anode rectangular electrode (7.5× 10 cm2) was
placed over the patella. The stimulation electrodes were strapped to the leg by
means of a plastic ball, to ensure that a constant stimulus was delivered to the
nerve. We used ‘FES stimulator #2’ designed in the Center for Sensory-Motor
Interaction, Aalborg University, Aalborg, Denmark. To obtain the M wave and
H-reflex, we delivered a 500-μs square wave pulse of 16–30 mA intensity with a
stimulation frequency of 0.1 Hz.
Surface EMG was recorded from the right soleus muscle with pregelled,

disposable, surface Ag/AgCl Ambu Neuroline 720 electrodes (Ambu, Neuroline,
Ballerup, Denmark) sized 20× 30mm2 and positioned over the soleus
muscle according to the SENIAM protocol.18 We used a 25-cm-long ground
electrode (GCB-geliMED KG, Bad Segeberg, Germany) and placed it between
stimulation and bipolar recording electrodes. EMG signals were amplified with
Grass RPS 107 amplifier (Grass Technologies, An Astro-Med, Inc., West
Warwick, RI, USA). The parameters of the amplifier were as follows: band-pass
filter 3–3000Hz and gain 500. Signals were digitized with DAQCard-6062E
(National Instruments Inc., Austin, TX, USA) with a resolution of 12 bits and
with a sampling rate of 10 000 samples per second.
For galvanic stimulation of the vestibular system, we used custom-made

galvanic stimulator (GS). The GS was built upon the known characteristics of
the vestibular system, and it allows repetitive stimulation in the frequency range
of 0.1–10Hz. The pulse duration can be set in the interval from 0.5 to 9 s. The
pulse amplitude of monopolar pulses can be set in the range of 1–10mA. The
stimulator is galvanically separated from the rest of the stimulation/acquisition
system. The GS has two potentiometers: one for the current amplitude
control and the second for frequency setting. The stimulator has an indicator
light that blinks in the rhythm of the stimulation. The stimulation was applied
via self-adhering, reusable BF-2 Bio-Flex electrodes (Bio-Medical Instruments,
Warren, MI, USA). The number of stimuli of GS can be manually adjusted to
be 1, 2, …, 9 or until the stop button is pressed.
Both stimulators and acquisition are controlled by the data acquisition

software in the LabVIEW (National Instruments Inc., Austin, TX, USA)
environment. The data acquisition uses the MrKick software (Center
for Sensory-Motor Interaction, Aalborg, Denmark). The triggering of the
stimulator for the peripheral pathways is controlled by the same software.
The subjects were lying in a quiet, darkened room in the prone position.

The subjects were instructed to place their forehead on a marker on the bed in
order to maintain the midline position. Their eyes were closed. Their right
foot was slightly elevated by a thin pillow (10 cm high) in order to avoid
discomfort from the foot strike over the edge of the bed during the stimulation
of the tibial nerve.
The current intensity was increased until the maximal M wave response

was obtained. After that, the current intensity of the electrical stimulus was
diminished to produce the M wave equal to 10–15% of its maximal amplitude.
This M wave amplitude was maintained throughout the experiment.

Electrodes for galvanic stimulation were adjusted to the size of the subject’s
mastoid and fixed to the retroauricular skin. Anodal galvanic stimulation was
applied to the right mastoid. The duration of single galvanic stimulus was 1 s.
In three subjects, we applied two groups of stimulation. In the first group, the
intensity of the stimulus was somewhat above the subject’s level of perception
of the galvanic stimulus (supraliminal stimulus— weak stimulus). First,
one stimulus was applied, and then 5 and then 9 stimuli were applied during
one recording. We enhanced the galvanic stimulation until the maximal
tolerable and then diminished the intensity by 30%. With this intensity
(submaximal—strong stimulus), we repeated the same pattern of stimulation
(long protocol). To avoid the effect of previous galvanic stimulation on the next
recording, a pause of 5min was introduced between each stimulus within a
group and of 10min between two groups.
In three subjects, only the strong stimulus was applied 9 times

(short protocol) (Figure 1).
In all subjects, the H-reflex was recorded 1min before the galvanic

stimulation and 2min after the galvanic stimulation.
The recorded evoked potentials before and after the galvanic current

application were stored on a computer for off-line analysis. For studying
the statistical significance of the H-wave change, statistical analyses were
performed by Difference between two proportions, using the Statistica 6.0
Software (StatSoft, Inc., Tulsa, OK, USA, 2001). Furthermore, the percentage
of diminution of the H-wave amplitude was calculated during the same
off-line procedure.

RESULTS

The M wave-averaged peak-to-peak values (amplitudes) and the
H-reflex-averaged peak-to-peak values (amplitudes) were calculated
before and after galvanic current application (Figure 2).
The M wave amplitude did not exceed 5% of the initial value in any

of the measurements.
The H-reflex amplitude decreased generally with increasing current

intensity and with increasing number of stimuli. In Table 1, the
arithmetical means of the M and H amplitudes before and after
galvanic current application, together with s.ds., only for subject
number 2 are shown.
Statistical significance of the amplitude decrease was demonstrated

in all subjects with 5 and 9 strong stimuli (Po0.01 or Po0.05).

Figure 1 The number of galvanic stimuli, weak and strong, during the short
and long protocols are presented.
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After weak stimulation, the change of the H-reflex amplitude
was statistically significant in subject number 2 with 5 and 9 weak
stimuli and in subject number 3 with 9 weak stimuli (Table 2).
In measurements in which the statistically significant decrement of
the amplitudes was shown, the percentage of the decrement was
calculated. In subject number 1, the percentage was between 17 and
18; in subject number 2 it was between 12 and 18; in subject number
3 it was between 4 and 6; and in subjects 4 and 5 the percentage was
between 5 and 6 (Table 2).
We can conclude that a dependence of the response (H wave

amplitude decrement) to stimulus parameters exists. An inter-subject
variability of the susceptibility on galvanic stimulation exists as well.
It is shown that the threshold of the galvanic stimulus which causes a
statistically significant decrement is presented as the percentage of H
wave amplitude decrement. Two out of three subjects who underwent
the long protocol had a better decrease of the H wave amplitude than
the two subjects who underwent the short protocol. Therefore, we
suppose that a temporal summation effect of the galvanic stimulation
exists.

DISCUSSION

For registration of H-reflex, we followed the procedure recommended
by several authors.12,19 The M wave and H wave recruitment
curve was established at the beginning for each subject. The
M wave amplitude was diminished by 10–15% of the maximal
M wave amplitude, and it was maintained with this value throughout
the measurement. The inter-stimuli interval of tibial nerve stimulation
was 10 s, as recommended. Because of the influence of the head
position on the vestibular apparatus and on H-reflex generation, all
subjects maintained a midline head position.7 Visual inputs were
eliminated by eye closure,20 and noise influence was eliminated by
maintaining a quiet environment.19

Because of all the circumstances described, we presume that the
H-reflex amplitude in the period after galvanic stimulation is because
of the galvanic current influence on spinal cord circuitry on the
measured level.
As expected, our measurements demonstrated a general diminution

of the H-reflex amplitude after anodal galvanic stimulation. Stronger
influence on H-reflex formation was obtained by stronger
galvanic current, and this was demonstrated in all three subjects
who underwent the long protocol with 5 and 9 strong stimuli
application.

With weak galvanic current stimulation, the susceptibility was
better in subject number 2 compared with subject numbers 1 and 3.
A variability in the degree of H-reflex amplitude decrement between
subjects, as well as a variability of the percentage of amplitude
decrement, was present. This could be because of the individual
threshold of the vestibular nerve to galvanic current excitation, as well
as to individual supraspinal influence on H-reflex generation.20

In addition, we observed that the same electrical intensity of the
galvanic stimulus was experienced differently in different subjects.
Before the beginning of the measurements, we augmented the
galvanic stimulation to the level of maximal tolerance (and then
diminished the stimulus intensity for 30%: this was the strong
stimulus). The same electrical intensity of maximal tolerance, which
was defined as very unpleasant by some subjects, was described as not
unpleasant at all by others. Neither strong nor weak stimulus was
painful for the subject.
Thompson et al.21 demonstrated that the H-reflex size can be

decreased or increased voluntarily. However, to accomplish this task,
the examinees had biofeedback information on the monitor
with H-reflex presentation, and multiple sessions4–6 were needed.
Our subjects were blinded to the H-reflex amplitude during
the measurement, and they did not receive instructions to influence
the H-reflex. Therefore, we assume that our subjects did not
influence the H-reflex amplitude voluntarily.
Kennedy and Inglis22 applied a monaural galvanic stimulation of

4mA intensity, 2 s duration, on subject’s mastoid. Cathodal (negative)
and anodal (positive) stimulations were used. Ten subjects
participated in the study. The galvanic stimulus was chosen so that
the subjects could barely perceive the stimulus. An interval of 100ms
was interposed between the galvanic and the tibial nerve stimulation;
the galvanic current proceeded the tibial nerve stimulation by 100ms.
Measurement of the H-reflex revealed an inhibition of the H-reflex
amplitude after anodal stimulation (mean value − 3.3%). Cathodal
stimulation produced a mean increase of 3.2% of the H-reflex
amplitude.7

The results obtained by Kennedy and Inglis22 are not contradictory
to the results of our measurements. During our measurements, there
was no H-reflex amplitude change with a single weak stimulus,

Figure 2 Averaged M wave and H-reflex amplitudes before (dotted line)
galvanic stimulation (GS) and after (filled line) GS in subject no 2. A full
color version of this figure is available at the Spinal Cord journal online.

Table 1 M and H wave-averaged amplitudes before and after galvanic

stimulation in subject number 2

Before galv. stim After galv. stim

Stimulus M (mV) H (mV) Stimulus M (mV) H (mV)

1w 4.05 10.65 1w 3.94 9.25

0.20 0.85 0.28 1.14

5w 3.67 9.61 5w 3.92 8.06

0.36 0.74 0.40 0.83

9w 3.69 9.92 9w 3.90 7.73

0.29 0.71 0.20 0.95

1s 2.45 12.81 1s 2.27 11.10

0.41 1.19 0.18 0.57

5s 3.82 10.59 5s 3.48 8.38

0.34 0.88 0.26 0.27

9s 3.69 10.84 9s 3.94 10.03

0.24 0.54 0.25 0.77

Abbreviation: galv. stim, galvanic stimulation. The amplitudes are measured in mV. 'w' stands
for the weak intensity of the galvanic current, and 's' stands for the strong intensity of the
galvanic current. The number of repetitions of the galvanic stimulus is also shown in the first
column on the left.
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probably because we did not interpose the time interval needed that
the galvanic stimulus reaches the measured spinal level at the same
time as the tibial nerve stimulus. To decrease the amplitude of the
H wave, we needed more repetitions. The effect of galvanic
stimulation was 43%, when we increased the stimulus intensity
and the number of stimulations.
We demonstrated that galvanic current stimulation can be a tool for

modification of the spinal cord circuits. The influence was more
successful as the current amplitude and the number of stimuli
increased.
Our next task will be to explore in which patients after SCI the

vestibulospinal function exists after SCI. If it exists, the question erases
how much the vestibular stimulation can influence the spasticity of the
patient’s lower limb muscles.
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Table 2 Level of statistical significance and the percentage of H wave amplitude decrement after weak (w) and strong (s) galvanic stimulus

application

Stim. Subject number

1 2 3 4 5

ampl.

decre.

Level of stat.

signif.

ampl.

decre.

Level of stat.

signif.

ampl.

decre.

Level of stat.

signif.

ampl.

decre.

Level of stat.

signif.

ampl.

decre.

Level of stat.

signif.

1w

5w 17% Po0.01

9w 13% Po0.01 5% Po0.05

1s 12% Po0.01

5s 18% Po0.01 13% Po0.01 4% Po0.05

9s 17% Po0.01 18% Po0.05 6% Po0.01 5% Po0.01 6% Po0.05

Abbreviations: ampl. decre., amplitude decrement; stat. signif., statistical significance; Stim., stimulation. The number of repetitions of the galvanic stimulus is shown in the first column on the left.
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