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ORIGINAL ARTICLE

CAN MOTOR-EVOKED POTENTIAL STUDIES BE UTILIZED FOR THE EVALUATION OF
NEURAL TRANSMISSION IN THE PROPRIOSPINAL FIBERS OF THE HUMAN SPINAL
CORD? PILOT STUDY

CZY BADANIE POTENCJALOW RUCHOWYCH WYWOEANYCH POLEM MAGNETYCZNYM
MOZE SEUZYC DO OKRESLENIA PRZEWODNICTWA NEURONOW PROPRIOSPINALNYCH
W SZLAKACH RDZENIA KREGOWEGO U CZEOWIEKA? BADANIE PILOTAZOWE
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ABSTRACT

Introduction

Many modern physiotherapeutic techniques using neurophysiological mechanisms are
based on the propriospinal neurons system (PNS) activity responsible for the reflex control
of locomotion. Stimulation of proprioceptors by the kinesiotherapist determines the initia-
tion of therapy, different manual skills can be replaced with a unified, calibrated electric or
magnetic stimulus.

Aim

The aim of the study was to check whether stimulation using the motor evoked potentials
(MEP) method can be used to verify the activation of the propriospinal system and as a source
of stimulus in kinesiotherapy using the Vojta method.

Material and methods

The study included 26 healthy subjects who underwent the magnetic stimulation at the acro-
mion (ACR) on the left side and transvertebrally at C3-C4 levels. The MEPs were recorded from
the biceps brachii (BB) and rectus femoris (RF) muscles using the surface electrodes (SEMG).

Results

Parameters of 52 MEPs potentials recorded from BB bilaterally and 30 recorded from RF were
analysed. Based on their frequency value, the sequence of muscles activation was calculated,
which with stimulation from left ACR as well as at C3-C4 levels in a midline was as follows: left
BB, right BB, right RF and left RF. Latencies of potentials after ACR stimulations were shorter
in recordings from both BB and RF muscles than following the stimulation at C3-C4 level.
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Conclusions

Different fractions of the fibers in the long cervico-lumbar propriospinal system are acti-
vated following the magnetic stimulus applied at ACR via the afferent connections or only
at C3-C4 cells of origin. However, they both transmit the neural signals in a velocity range
characteristic for the propriospinal system.

Keywords: neurophysiological studies, motor evoked potentials, propriospinal neurons, spinal
cord reflex pathways, physiotherapy

STRESZCZENIE

Wstep

Wiele wspétczesnych technik fizjoterapeutycznych wykorzystujacych mechanizmy neurofi-
zjologiczne opiera sie na dziataniu uktadu neuronéw propriospinalnych (PNS) odpowiedzial-
nych za odruchowg kontrole lokomocji. Pobudzenie proprioceptoréw przez kinezjoterapeute
warunkuje rozpoczecie terapii, zréznicowane umiejetno$ci manualne mozna zastgpié¢ stoso-
waniem jednolitego, skalibrowanego bodZca elektrycznego lub magnetycznego.

Cel pracy

Celem pracy byto sprawdzenie, czy stymulacja w metodzie ruchowych potencjatéw wywota-
nych (MEP) moze by¢ stosowana do weryfikacji pobudzenia uktadu propriospinalnego oraz
jako zrédio bodzca w kinezyterapii metodg Vojty.

Materiat i metody

Badaniami objeto 26 zdrowych oséb, u ktérych wykonano stymulacje magnetyczng w okolicy
wyrostka barkowego (ACR) strony lewej oraz przezkregowo na poziomie C3-C4. MEP rejestro-
wano z mie$nia dwugtowego ramienia (BB) i prostego uda (RF) obustronnie z wykorzystaniem
elektrod powierzchniowych (SEMG).

Wyniki

Przeanalizowano parametry 52 potencjaléw MEP obustronnie zarejestrowanych z BB
i 30 zarejestrowanych z RF. Na podstawie wartosci ich czestotliwosci obliczono sekwencje
aktywacji mieéni, ktéra przy stymulacji lewego ACR oraz na poziomach C3-C4 w linii Srodkowej
przedstawiala sie nastepujgco: lewy BB, prawy BB, prawy RF i lewy RF. OpézZnienia rejestrow-
anych potencjatéw po stymulacji ACR byty krétsze przy odprowadzeniach zaréwno z miesni
BB, jak i RF, niz po stymulacji na poziomie C3-C4.

Whnioski

Rézne frakcje widkien uktadu propriospinalnego szyjno-ledZwiowego ulegajg aktywacji pod
wplywem bodZzcé6w magnetycznych zastosowanych w ACR poprzez potaczenia czuciowe lub
tylko w komérkach poczatkowych C3-C4. Obydwa jednak przekazujg pobudzenia neuronalne
w zakresie predkosci charakterystycznym dla uktadu propriospinalnego.

Stowa kluczowe: badania neurofizjologiczne, ruchowe potencjaly wywotane, neurony proprio-
spinalne, szlaki odruchowe rdzenia kregowego, fizjoterapia
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Introduction

The mechanism of action of the propriocep-
tive neuromuscular facilitation (PNF) method

or Vojta therapy is based on the principle of
spinal cord reflexes coordination (Gajewska

etal., 2018). The latter aims to restore the basic

locomotor movement patterns. By stimulat-
ing specific anatomical points, the rhythmic

activation of skeletal muscles and the central

nervous system centers are driven. Although

their effectiveness as therapeutic methods

in physiotherapy has been proven in vari-
ous diseases of the musculoskeletal system,
the mechanism of action has not been fully
explained. Originally, their anatomical basis

is associated with the presence in the spinal

cord of a system of descending and ascending

fibers with cells of origin in the cervical and

lumbar spinal cord, having crossed axons at
the level of Th8-Th10, called propriospinal

neurons. They were described by Sherrington

and Leslett (1903), and proven as playing an

important role in conducting neuronal signals

and coordinating motor circuits, as well as

controlling reflexes within the spinal cord.
Vojta therapy is based on reflex locomotion

and aims to restore basic movement patterns

(Cote et al. 2018). Its origins date back to

1954, and the first reactions were elicited by

pressure on specific anatomical points, in the

supine, prone and crawling positions (Vojta,
1965; Vojta and Peters, 2007). Vojta therapy

is used extensively in physiotherapy to treat

neurological patients, particularly children

(De-La-Barrera-Aranda et al., 2021). The possi-
ble transmission pathways of nerve impulses

that stimulate muscles in the upper and lower

limbs during Vojta therapy, are not completely

confirmed (Gajewska et al., 2018). The kinesio-
therapist’s ability to properly conduct both

Vojta and PNF therapy depends on skills,
especially in the application of afferent stimuli

(resistance, movement tracking, pressure),
the purpose of which is to drive the spinal

neuronal motor centers. It can be supposed,
that applying the unified, calibrated electric

or magnetic stimulus exciting the proprio-
ceptors might increase the properness and

effectiveness of the therapies. Such attempts

to find a unified stimulus have not been done

before. An interesting proposal might be to

use the magnetic stimulus as a part of the

motor evoked potentials (MEP) methodology
which is commonly utilized in the neurophysi-
ological diagnostic. Its effectiveness and non-
invasiveness were proven in many reports on

the diagnostic of locomotor system disorders

(Leszczynska and Huber, 2023b). The review
of the literature did not provide data on the

utilizing the MEPs studies for investigation

of the propriospinal neurones activity. One of
the neurophysiological methods to indirectly
study propriospinal connections in humans

has appeared to be polyelectromyography
(pEMG) (Gajewska et al. 2018). This study aims

to verify if the stimulation in the motor evoked

potentials (MEPs) methodology used to verify
the excitation of propriospinal system, might
have been used for the Vojta kinesiotherapy
procedure, simultaneously. We applied the

magnetic stimuli at acromion, directly at the

same place as it is originally described in this

therapy methodology. It aimed to excite the

afferent system carrying the neuronal signals

from the proprioceptors and drive the cells of
origin of long propriospinal fibers at C3-C4.
To compare the expected excitatory effects

at acromion, the C3-C4 spinal centers have

been directly induced with the magnetic

stimuli, as well.

Materials and methods

We have performed tests on 26 healthy subjects
aged 21-25yearsand 165-186 cm tall, 172.6 cm
on average. During the clinical evaluation,
any of the subjects had revealed any signs
of increased muscle tension or any other
symptom of the muscles dysfunction. This
section outlines the methodological princi-
ples of bilateral surface electromyography
(sEMG) used to record the motor evoked
potentials (MEP) with the bipolar surface
electrodes (Figure 1). We decided to choose
the proximal muscles of upper and lower
extremities bilaterally (Figure 1 A and B) for

www.ironsjournal.org
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sEMG recordings similarly asin thestudyof =~ We placed electrodes on muscles of upper
Gajewska et al. (2018). extremity and lower extremities, accordingly
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Figure 1. Photographs of the bilateral location of SEMG recording electrodes (r) over the muscles on the body of the
examined subject during magnetic stimulation (s) on the acromion (A) or transvertebrally at C3-C4 cervical level
(B) in the midline. The photo in A shows the position of the coil triggering the magnetic field pulse, corresponding
to the stimulation used by the kinesiotherapist during the application of Vojta therapy. Examples of the recordings
the evoked potentials recorded from biceps brachii (BB) and rectus femoris (RF) bilaterally, following the magnetic
excitation with a single stimulus applied at acromion (C, ACR) or transvertebrally at C3-C4 (D, C3-C4).

Subjects were lying in a prone position at biceps brachii (BB) and rectus femoris (RF)
with their arms abducted at glenohumeral on both sides. We measured distances from
joint to 90°and flexed at elbows to 90°,and electrodes to the relevant stimulated spinal
left leg bend at hip joint to 30°and flexed cord level at C3-C4 for upper extremities, the
at knee to 90° right leg remained straight. = lumbosacral level (LS) for lower extremities,
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as well as distances from C3-C4 level to the
LS of the spine. The SEMG recordings were
performed using the KeyPoint Diagnostic
System (Medtronic A/S, Skgvlunde, Denmark).

Study was performed in an air-conditioned
room with an average temperature of 22°C.
For sEMG measurements, we applied stand-
ard, disposable Ag/AgCl surface recording
electrodes with 5 mm? of an active surface.
Cathode was placed on the muscle belly, and
anode was placed on the distal tendon of the
same muscle; the ground electrode was placed
on the proximal part of the upper extremity
and the distal part of the lower extremity
according to the Guidelines of the Interna-
tional Federation of Clinical Neurophysiology -
European Chapter (Stalberget al.,, 2019; see
also Kaczmarek et al., 2022). We set the upper
10 kHz and the lower 20 Hz filters in the
recorder. The sEMG recordings had two parts.
Firstly we magnetically stimulated acromion
(ACR) on the left side and later stimulated neu-
rons of origin of the propriospinal descending
tracts exiting in the spinal cord at C3-C4 ver-
tebral levels. The stimulation was performed
at each point twice with the rest period of
1 minute. The best attempt was kept, the one
with the highest mean amplitude measured
from peak-to-peak and the shortest latency
parameters with reference to the isoelectric
line. The output measurements from MEP
recordings was the amplitude in pV, the
latency in ms, and the conduction velocities
of the neural transmission in m/s. Record-
ings were performed at a base time of 20
ms/D and an amplification of 1000-5000
uV/D (Figure 1 C, D) (Leszczynska and Huber,
2023b). Transcranial magnetic stimulation
(TMS) is a method of excitation with the
stimulus to the nervous system structures
which penetrates through a bone and soft
tissue. TMS is used in diagnostics to pro-
duce motor evoked potentials (MEP) to test
the functional integrity of the spinal cord
structures transmitting the neural signals
(Wincek et al., 2021). By stimulating the
motor center, it is possible to verify that
the impulse evoked in the spinal centers is

carried correctly through the spinal tracts
and reaches the peripheral nerves as well
as the corresponding effectors. The device
we used for the generation of the magnetic
stimulus, both for therapeutic and diagnos-
tic purposes, was MagPro R30 and MagPro
X100 magnetic stimulator with MagOption
(Medtronic A/S, Skgvlunde, Denmark) (Figure
1 A and B). Each patient may have different
MEP recording parameters because of the
minimal stimulation intensity needed to
evoke a reliable motor response which is
seen as a contraction of the muscle being
tested. If muscle contraction is unnoticeable,
the amplitude of the MEP recording can be >
50 pV. For stimulation, we used a round coil
(C-100, 12 cm in diameter). We applied it over
the left acromion or at C3-C4 vertebral level
at the expected location of the propriospinal
neurons of origin, previously confirmed by
performing MEP testing (Leszczyniska and
Huber, 2023a). The sinusoidal shape stimu-
lus with the duration of 5 ms was used; its
strength was at 40-60% of the maximal
stimulus output (1.7T) and the frequency
at 1 Hz.

Statistical data were calculated with Statis-
tica 13.3 software (StatSoft, Krakéw, Poland).
Descriptive statistics included minimal and
maximal values (range), mean and standard
deviations (SD) for measurable values. The
Shapiro-Wilk test was conducted to assess
the normality of distributions. Parameters
were compared as dependent groups with
a dependent T-Student test (paired difference
t-test). P-values of less than 0.05 were consid-
ered to be statistically significant. The prelimi-
nary statistical analysis was performed to
determine the required sample size with
the primary outcome variable of RF sEMG
amplitude recordings. The test power was
established at 80% and a significance level
at 0.05 (two-tailed). The mean and standard
deviation (SD) were calculated using the data
from the first ten subjects. The sample size
software estimated that at least 20 subjects
were needed for the purposes of this study.

www.ironsjournal.org
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Results

We collected data from MEP recordings follow-
ing ACR stimulation, when parameters of
52 potentials — 26 per side — from BB and 30

potentials— 16 collected for RF on the right
side and 14 on the left side were analysed

(Table 1). Values of amplitude collected from

stimulation at ACR varied from 100 to 8000 uV
in BB and from 100 to 800 uV in RF. Analysing

the mean valuse of amplitudes, we calculated

a sequence of muscle activation was as follows:

first activation was from left BB, second was

fromright BB; then were activated right RF and

lastly left RF (Figure 1 C). Following stimula-
tion at C3-C4, the MEP amplitudes recorded

from BB were quite similar with insignificant
differences. Recordings from RF had similar
results where the left one was compared to

the right one, and has lower amplitudes by
only 10 pV. Latencies analogously to ampli-
tudes varied significantly in results collected

following the ACR stimulation compared to

stimulation induced at C3-C4.

Measurements of the efferent conduction
velocity of neural impulses which were calcu-
lated from latencies and conduction distances
after magnetic stimulation at the levels of ACR
and C3-C4, respectively, have shown, that they
were slower when the cervical point was stimu-
lated (Table 2). The mean velocity of the nerve
impulse was 40 m/s from ACR versus 34.83 m/s
from C3-C4 to RF. The reason for this surpris-
ing phenomenon was caused by the influence
of the afferent component, included in the
ACR excitation, which, in general, has a larger
diameter and consequently faster conduc-
tion velocity. The conduction of the sensory
component is expected to be about 17.3 m/s.
Nevertheless, the range of the conduction
velocity detected in our observation is char-
acteristic of the neural transmission detected
for propriospinal system fibers.

Discussion
This study provided the neurophysiological
evidence, that different fractions of the fibers in

Table 1. Data on amplitudes, latency, statistically significant differences and sequence of detected activity based on MEP recordings
collected from stimulation at acromion and C3-C4, respectively. p < 0.05 determines significant statistical differences marked with bold.

BICEPS BRACHII recordings

Acromion stimulation

C3-C4 stimulation

Parameter Side - -
min max mean SD min max mean SD
. L 400 8000 1665.4 17179 600 12000 1868 +2383.2
Amplitude (uV)
R 100 6000 1330.8 +1252.4 200 8000 1860 +2012.9
p-value LvsR NA NA 0.04 NA NA NA 1.0 NA
L L 2.7 6 39 +0.7 2.8 6 4.1 +0.8
t
atency R 32 9 49 +1.3 2.8 6.4 43 +0.9
p-value LvsR NA NA 0.03 NA NA NA 0.07 NA
. L 26 25
requenc
a Y R 26 25
L 1 1
Sequence
R 2 2

RECTUS FEMORIS recordings

Acromion stimulation

C3-C4 stimulation

Parameter Side - -
min max mean SD min max mean SD
X L 100 400 178.6 +97.5 100 1600 596.7 +484.2
Amplitude (uV)
R 100 800 368.8 +11.6 100 1500 586.7 +456.1
p-value LvsR NA NA 0.02 NA NA NA 1.0 NA
L 18.5 60 25.6 +11.6 19.9 80 29.1 +15.1
Latency
R 19.9 62 28.3 +11.1 19.5 85 29.7 +16.1
p-value LvsR NA NA 0.03 NA NA NA 0.921 NA
E L 14 15
requenc
q Y R 16 15
L 4
Sequence
R 3
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Table 2. Results on the parameters used for the calculations of conduction velocity. The average values are presented.

Parameters

Stimulation and recording sites Distance (mm) Latency (ms) CV (m/s)
ACR-RF 1250 25.6 40
C3/C4-RF 1010 29 34.83
C3/C4-1LS 520 15 34.66

thelong cervico-lumbar propriospinal system
are activated following the magnetic stimulus
applied at ACR via the afferent connections
or only at C3-C4 cells of origin. However, they
both transmit the neural signals in a veloc-
ity range characteristic of the propriospinal
system. Moreover, we have presented that
stimulation using the single magnetic field
stimulus might be successfully used as a source
of stimulusin Vojta kinesiotherapy, providing
the activation of the propriospinal system.
Interneurons in the thoracic spinal cord play
an important role not only in controlling
respiratory and trunk muscles, but also in
providing possible substrates for recovery after
spinal cord injury (Saywell et al., 2011). These
interneurons conduct the neuronal impulses
at an average velocity in the lumbar region of
37.9 m/s compared to 44.5 m/s in the cervical
region (Kostyuk et al. 1971; Vasilenko et al.
1972;Baevet al. 1973). According to a study of
Mréwczynski et al. (2001), the propriospinal
neurons produce lateral branches ascend-
ing to the inferior cerebellar peduncle and
descending to the sacral segments. However,
they are predominantly located in the C3-C4
spinal cord and are the ones that contribute
to the restoration of respiration after spinal
cord injury (Cowley et al., 2021). Propriospinal
fibers have been presented to have significant
rolein rehabilitation. Tohyama et al., (2017) had
proved that monkeys with excluded proprio-
spinal component did not fully recover the
motor function in 1-3 months after the spinal
lesion, even though that they were given longer
recovery time, in comparison to monkeys
without such a factor. To the same conclu-
sions came many other researchers (Filli and
Schwab, 2015; Cowley et al., 2021; Cheng and
Guan, 2023). By using the same method that
we have described in this article, the effects of

MEPs on PNS can be further investigated, as
how it affects recovery after the spinal cord
injury or stroke, how they behave in patients
during rehabilitation, especially in therapies
based on spinal cord reflexes such as Vojta
therapy or proprioceptive neuromuscular
facilitation. This field of research remains very
unclear when it refers to humans.

Figure 2 presents the scheme of activation
sequences of upper and lower extremities
muscles based on recordings of MEP, when the
magnetic stimulus was used for the excitation
of the afferent component at acromion.

In our tests, the cumulative values of ampli-
tudes of MEP bilaterally had similar valuesin
muscles, where recordings were performed
from when they were induced following C3-C4
stimulation as well and their latency values
were similar. This leads to the conclusion that
they are transmitted via a similar pathway
from the cervical motor centers to the muscles
of the right and the left side. Contrary, ACR
stimulation on the left side brought the differ-
entiation of amplitude values comparing both
sides and latencies longer when MEPs were
transmitted with a longer or crossed conduc-
tion distance or a greater number of synapses.
Even so, we think that both nerve pathways
might be propriospinal fibers just differing
in the number of synapses engaged in the
neural transmission.

Those results show that we have probably
stimulated two different nerve pathways or at
least we have induced impulses on the same
pathway but at various length. However, they
both transmit the neural signalsin a velocity
range from 34.6 to 40 m/s which is a charac-
teristic property of the propriospinal system
among other efferent spinal pathways. As
proved by Skinner et al. (1980), the propriospi-
nal fibers can be stimulated either manually or

www.ironsjournal.org
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Figure 2. Simplified scheme presenting activation sequences of upper and lower extremities muscles based on re-
cordings of MEP, when the magnetic stimulus was used for the excitation of the afferent component at acromion.
Bold lines represent more crossed than uncrossed routes which are considered to mediate the actions predominately.
Abbreviations: ACR - acromion, C3-C4 - location at the cervical levels the cells of origin of the long propriospinal
fibers, LS — lumbosacral spinal neural centers, BB — biceps brachii muscle, RF - rectus femoris muscle

by electrical pulse which is very similarin effect
to the magnetic stimulus that we have used.
One of the biggest problems in neurological

patients is the problem of pathologies occur-
ring secondary to damage, especially in the

central nervous system (Yokota et al. 2019). We

think that our study can help to understand

the mechanism of rehabilitation since it brings

us closer to understanding which spinal fiber

system may contribute to the compensation

of damages in the neural transmission, that
follows spinal cord injuries (SCI) or brain injury
for example in patients after stroke.

Conclusion

In conclusion, the results of this study prove
that potentials transmitted in the spinal cord
excited with the magnetic stimulation at
acromion, can be considered as a reliable tool
for studying the reflex spinal cord pathway
including propriospinal system in human, what
can make easy to understand the mechanism

of action of Vojta or PNF therapies based on
the concept by Sherrington and Laslett (1903).
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