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Abstract—Changes in the blood flow in the shin skin were observed by laser Doppler f lowmetry after trans-
cutaneous electrical spinal cord stimulation (TSCS) by subthreshold bipolar pulses with a frequency of 30 Hz
in 12 healthy subjects. It was found that TSCS in the area of the T11 and L1 vertebrae led to a significant
increase in skin blood f low. The microcirculation rate increased by more than 85% relative to the baseline at
a stimulus intensity of 90% of the motor threshold. Cutaneous blood flow activization by TSCS is imple-
mented mainly through the antidromic stimulation of sensory nerve fibers. Nitric oxide (NO) is an important
mediator that contributes to vasodilation and increase in cutaneous blood flow upon TSCS. NO is predom-
inantly of endothelial origin.
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Recently [8–10], a method of transcutaneous elec-
trical spinal cord stimulation (TSCS) has been devel-
oped, the most important benefit of which being that
it is non-invasive. This leads to the absence of compli-
cations typical of epidural electrical spinal cord stimu-
lation. Another important advantage of the new
method is that it could be used to study the functions
of the spinal cord in a healthy person. Further devel-
opment of the spinal cord stimulation technique was
associated with the development of multi-segmental
stimulation. There is a convergence of the descending
and ascending effects on the neural networks that con-
trol postural and locomotor functions in the process of
multi-segment TSCS [8, 9]. It is assumed that this
interaction leads to a stimulating effect on the primary
sympathetic neurons and the spinal cord (SC) inter-
neurons involved in the regulation of autonomic func-
tions. Our earlier study of the TSCS effects on the
blood flow in the skin of the hallux showed that, upon
TSCS, skin perfusion increases due to modulation of
the nerve control of the vascular tone [3].

The aim of this study was to investigate the effects
and mechanisms of the action of TSCS through stim-
uli that are below the threshold sufficient to trigger a
motor response on the blood f low in the skin of the
shin, in which, unlike the bare toe skin, a more com-
plex system of regulation of vasomotor reaction func-
tions exists [11].
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The study involved 12 volunteers, 27–42 years old
(five men and seven women). Stimulating electrodes
(cathodes) were located epicutaneously along the
midline of the spinal cord between the spinous pro-
cesses of adjacent vertebrae at the T11–T12 and L1–L2
levels, while the anodes were placed epicutaneously
above the crests of the iliac bones. The TSCS proto-
col, the equipment used, and the recording of the
results by the laser Doppler f lowmetry (LDF) were
described in detail earlier [1]. Initially, the minimum
intensity of the current causing the motor responses in
the leg muscles to single pulses with a duration of 1 ms
was determined for each level of the stimulation. This
parameter is called the motor threshold (MT). Then
the effect of continuous TSCS at the T11 and L1 levels
was analyzed. Bipolar pulses with a frequency of 30
Hz, modulated with a frequency of 5 kHz, with a series
duration of 0.5–1 min were applied. The intensity of
the current was gradually increased from the mini-
mum to 90% of the value of the individual MT. To
evaluate the parameters and mechanisms of skin blood
flow regulation, a LAKK M multifunctional laser
diagnostic complex (NPP Lazma, Russia) was used
[3]. The tip of the light guide probe of the diagnostic
complex was placed on the skin of the anterior surface
of the lower third of the shin. Emla® cream (Astra-
Zeneca, United Kingdom) containing 2.5% lidocaine
and 2.5% prilocoine was used to study the mecha-
nisms of vasodilation caused by TSCS. The cream was
applied to a skin area of about 4 cm2. After application,
continuous TSCS was performed.

The standard software built into the LAKK-M
complex (version 3.0.2.376) was used for mathemati-
cal processing of LDF-grams. The Statistica v. 10
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Table 1. Shin skin perfusion during TSCS at the T11 and L1
levels combined with the application of EMLA cream

M ± SD, n = 12.

Electrode
locali-
zation

Initial 
perfusion, 
perfusion 

units

Perfusion 
during TSCS, 

perfusion 
units

Perfusion during 
TSCS combined 
with the action 

of EMLA, 
perfusion units

Т11 6.62 ± 0.39 11.52 ± 0.66 9.04 ± 0.47
L1 6.62 ± 0.39 12.46 ± 0.73 9.25 ± 0.58
applied package was used for statistical processing of
the results. The statistical significance of differences
between the means was assessed using Student’s t test.
The differences were considered significant at p ≤ 0.05.

At rest, the microcirculation index (MI) of the shin
skin in different subjects varied in the range of 5.2–
7.6 perfusion units. TSCS (frequency, 30 Hz) by sub-
threshold stimuli with a current strength of 90% of the
MT in the region of the T11 and L1 vertebrae led to a
pronounced increase in MI in the shin skin. With a
mean value of shin skin perfusion at rest of 6.62 ±
0.39 perfusion units, TSCS with an intensity of 90% of
the MT increased blood f low by 74.3% at the level of
T11, and by 88.2% at the level of L1 (Table 1). We
believe that the small differences in the reaction of the
vessels of the shin skin during TSCS in the T11 and L1
areas are explained by the following. During epidural
stimulation, the cathode and anode are located on the
dorsal surface of the SC and the stimuli act on limited
groups of SC neurons [10]. TSCS, on the contrary, is
characterized by the cathode and anodes on the sub-
ject’s body being far apart from each other. Thus, the
stimulating effect of the stimuli manifests itself
directly under the electrode and, spreading through
the skin, subcutaneous fatty tissue, and muscles,
simultaneously captures the neighboring roots of the
spinal cord [14]. As a result, several entrances to the
lumbosacral enlargement are exposed to the stimulat-
ing effect, which leads to the coverage of several SC
segments by the neuron excitation.

Simultaneously with an increase in the perfusion in
the skin microvasculature, the amplitude of blood
flow oscillations also increased, which indicated the
activation of regulatory mechanisms in the vessel wall
[2]. Wavelet analysis of LDF-grams recorded during
TSCS showed an increase in the amplitude of micro-
circulation oscillations in the neurogenic and endo-
thelium-dependent ranges, which indicates the effect
of TSCS on the nervous and endothelium-mediated
mechanisms of modulation of the skin vasculature
tone [2, 3, 5].

Hundreds of papers report the study of vasodilation
mechanisms in the skin, but there is no consensus
about this issue so far [7, 11]. Unlike hyperthermic
vasodilation in the skin, TSCS-induced vasodilatation
has been poorly studied [12], and the mechanisms of
vasodilatation caused by TSCS have hardly been stud-
ied at all due to the novelty of the noninvasive electro-
stimulation of the spinal cord. We tested the previously
suggested hypothesis about the stimulating effect of
TSCS on the sensory nerve fibers of the SC posterior
roots and the retrograde transfer of the stimulation to
the sensory nerve endings in the skin [3]. For this pur-
pose, the shin skin at the site of the study was pre-
treated with EMLA cream. The cream contains lido-
caine and prilocaine, the anesthetic effect of which is
mediated by blocking the ion channels of the sensory
nerves. This cream is widely used to study the mecha-
nisms of blood f low regulation in the skin [11]. In our
study, the use of EMLA cream significantly reduced
the increase in perfusion in the skin during TSCS in
the T11 and L1 zones (Table 1).

In addition to reducing skin perfusion, EMLA
cream also had an effect on the modulation of blood
flow in the skin during TSCS. Wavelet analysis
showed that the structure of blood f low oscillations in
the skin microvasculature changed: the amplitude of
blood f low oscillations greatly decreased in the range
of 0.02–0.052 Hz and the amplitude of oscillations
significantly decreased in the range of 0.0095–
0.02 Hz. This is evidence of the inhibition of the neu-
rogenic component of the blood f low modulation and
the decrease in the effectiveness of endothelium-
dependent regulation of vascular tone in the shin skin
[2, 5].

The results of our study allow us to conclude that a
significant part of the vasodilation effect in the shin
skin during TSCS is caused by antidromic activation
of afferent fibers in the dorsal roots of the spinal cord,
which leads to the release of vasodilator substances in
sensory nerve endings of the skin. It has been shown
that the skin sensory nerves endings produce several
compounds with vasodilator properties [4]. In partic-
ular, calcitonin gene–related peptide (CGRP) is a
powerful vasodilator located in the sensory nerve end-
ings, contributing to the formation of significant
amounts of NO in the vessel wall [15]. Nitric oxide is
considered to be an important component involved in
vasodilation induced by epidural stimulation of SC
[6, 12]. There are reasons to believe that NO produced
during TSCS has endothelial origin. This is confirmed
by the increase in the amplitude of microcirculation
oscillations in the endothelium-dependent range
recorded in the process of TSCS, which indicates an
increase in the activity of the endothelium in the
microvasculature of the skin and its significant
decrease during TSCS combined with EMLA cream
application [2].

In conclusion, we consider it necessary to note that
inhibition of the activity of sensory nerves in the shin
skin in our study reduced the TSCS-induced vasodila-
tion but did not eliminate it completely. We suggest
that TSCS stimulates not only sensory nerve fibers,
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but also SC structures that control nonadrenergic
sympathetic neurons that innervate the blood vessels
of the skin [7]. Studies of many laboratories demon-
strate the importance and complexity of this mecha-
nism of vasodilation, which functions in human hairy
skin [3, 7, 15]. Evidence of the involvement of this
mechanism in TSCS-induced vasodilation in the skin
is the subject of our future research.
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