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Abstract—Mismatch negativity (MMN) is a promising tool for studying the mechanisms of neuro-
plasticity, sensory memory, and other aspects of sensory function in health and disease. Despite nu-
merous studies in the auditory modality, somatosensory MMN and its mechanisms remain under-
examined. We employed “oddball” paradigm in which participants were presented with two blocks
of standard (80%) and deviant (20%) stimuli to the second and fifth fingers of the right hand during
video viewing. Permutation tests revealed significant differences between responses to standard and
deviant stimuli in the condition associated with the perception of a standard stimulus by the second
finger of the hand and a deviant stimulus by the fifth finger in the time window of 90—170 ms. We
observed a fronto-central distribution of the MMN component, similar in spatiotemporal pattern
to the somatosensory MMN known from the literature. Based on the results of our study, we con-
sider it necessary to conduct additional studies to identify conditions in which the detection of

MMN is reliable, as well as most comfortable for participants.
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INTRODUCTION

The mismatch negativity (MMN) is a neuro-
physiological signal reflecting the brain’s auto-
matic response to any discriminable change in the
stimulation, traditionally auditory (for a review
see Naatanen et al., 2007). It was first discovered
in 1970-s and caught the attention of scientists as
it could bridge basic and clinical research of early
sensory perception (Naitidnen et al., 2007). This
signal can be evaluated with electroencephalogra-
phy (EEG) or magnetoencephalography (MEG)
by measuring the event-related responses or fields
(ERP, ERF) locked to deviant stimuli embedded
in a sequence of standard ones (Naatdnen et al.,
2007).

Initially, the auditory mismatch negativity re-
ceived considerably more attention than its coun-
terparts related to other sensory modalities. It has
been extensively researched and appeared to be
useful for assessing different clinical conditions,
and it is the sole objective measure of the central
auditory function (Kujala, Naatanen, 2010). Im-
portantly, the MMN sheds light on the mecha-
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nisms by which the brain operates processing ear-
ly sensory information and contributes to basic re-
search. The MMN has also been studied in other
sensory modalities such as visual (e.g., Wei et al.,
2002; Astikainen et al., 2000; Naitinen et al.,
2012; Naatanen et al., 2007; Kujala et al., 2017,
Schwartz et al., 2018; Justo-Guillén et al., 2019),
olfactory (Naatanen, 2007), and somatosensory
(Akatsuka et al., 2005).

In the somatosensory modality, an important
property of the MMN (termed somatosensory
MMN or sMMN) is that it might be used to assess
somatosensory discrimination in patients without
their focused attention. This aspect is important
given that certain populations might find it diffi-
cult to maintain attention on certain stimuli (e.g.,
pediatric population). Diminished somatosenso-
ry discrimination may be encountered in patients
with developmental disorders, cerebellar lesions
(Restuccia et al., 2006) or cervical dystonia (Chen
et al., 2018). The developmental disorders with
disturbed discrimination include but are not lim-
ited to dyslexia, autism, and developmental coor-
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dination disorder. Although the SMMN has been
used far less than the auditory MMN to assess
clinical conditions, investigating the SMMN has
the potential to identify abnormal somatosensory
plasticity in relevant patient groups, such as those
listed above.

People with developmental coordination dis-
order might have motor difficulties and fail to
perform motor skills which interfere with daily ac-
tivities (Kirby, Sugden, 2007). A study by Job et al.
(2019) addresses sensory integration in adults
with probable developmental coordination disor-
der (pDCD). Participants were presented with
sensory and tactile stimulation while executing
delayed motor tasks. The results showed that par-
ticipants with pDCD did not selectively process
sensory inputs as healthy participants did. How-
ever, they were better and faster at selectively pro-
cessing visual information. We suggest that this
observation needs to be reliably confirmed and
explored in other paradigms, e.g. somatosensory
MMN. Cervical dystonia is another motor dys-
function that is also characterized by corrupted
sensory discrimination. The mismatch responses
elicited in this population appear to be abnormal.
The interesting feature of the study done by Chen
et al. (2018) is that they compared mismatch re-
sponses in two different modalities. In the audito-
ry domain responses were similar to those ob-
tained in the healthy population while in the tac-
tile domain they differed. These results are
consistent with the reports that there may be two
different networks responsible for somatosensory
and auditory integration (Chen et al., 2018). Pa-
tients with cerebellar lesions also show abnormal
somatosensory mismatch responses (Restuccia
et al., 2006). Moberget et al. (2008) investigated
auditory MMN in patients with cerebellar degen-
eration and found that the results were inconsis-
tent. Authors used four different types of deviants:
for pitch and location there was no observed dif-
ference while for duration and intensity patients
showed delayed MMN. Quintiliani et al. (2017)
explored SMMN in patients with Dravet Syn-
drome that could be possibly linked to cerebellar
abnormalities and also accompanied by deficits in
visual and auditory sensory processing. Somato-
sensory mismatch responses in that group differed
from the norm.

The novel use of SMMN was probed by the
group of (Shen et al., 2017), who used it to inves-
tigate spatial factors in processing of sensory in-
formation and how the relative distance between
body parts affects their representations in the cor-
tex. The study employed the oddball paradigm
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and compared representations of the following
body parts: a digit, the neck and a lip. Additional-
ly, the authors aimed at comparing different digits
of the hand. As a location for standard stimuli
they used the lip in the first experiment and the
second finger in the second. Other body locations
were considered deviants. The results showed that
responses elicited by deviant stimuli to different
digits were significantly lower than those present-
ed to the neck — for the amplitudes at different
body locations the main effect was significant. As
for the latency, there were no differences in it for
the digits, but it was present in the case of other
body locations. For example, latency was shorter
for neck deviants in comparison with hand devi-
ants. Based on their somatotopic findings, Shen
et al., (2018a, 2018b) called SMMN a window to
somatosensory representations in adults and in-
fants. Indeed, it might turn out to be promising to
employ SMMN as a tool for mapping of somato-
sensory cortical representations in healthy and
clinical populations.

Due to the low number of studies employing
SsMMN, the choice of appropriate experimental
paradigm seems to be highly important. Current-
ly, there are a number of paradigms that are used
to elicit sSMMN: conventional “oddball” (Stefan-
ics et al., 2014), “roving”, “standard-omitted”
(Strommer et al., 2014), and “optimal”
(Naatanen et al., 2004). The most popular one is
called an “oddball” paradigm. It accommodates
two types of randomly interspersed stimuli: “de-
viant” or “rare” stimuli and “standard” frequent-
ly repeated stimuli. Although some studies em-
ploy a task-specific “active oddball” for eliciting
P300, for eliciting MMN most studies employ a
“passive oddball” that does not require voluntary
attention from participants (Stefanics et al.,
2014). A “standard-omitted” paradigm uses
omissions instead of deviant stimuli (Strommer et
al., 2014). In a “roving” paradigm the “deviant”
becomes “standard” over the course of time al-
lowing for studying “repetition effects” (Stefanics
et al., 2014; Shestakova et al., 2002). The “opti-
mal” paradigm was invented by Naatanen et al.
(2004) for eliciting mismatch negativity in the au-
ditory modality. The authors tested if five differ-
ent deviants comprising half of the stimuli could
still elicit MMN. The obvious advantages of this
paradigm are reduction of time and “profile for
auditory discrimination abilities” obtained for
different attributes (Naatianen et al., 2004).

Different types of stimulation can be used to
elicit SMMN. Stimulation could be generated by
an inflatable membrane (Andersen, Lundqvist,
Ne 5
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2019; Shen et al., 2017), electromechanical vibra-
tor (Kekoni et al., 1997), electromagnetic me-
chanical stimulator (Chen et al., 2018), constant
current stimulator (Strommer et al., 2014). Elec-
trical stimulation could be delivered via electrode
rings or solenoids (Restuccia et al., 2006, 2009;
Job et al., 2019). Electrical stimulation seems to
be the most conservative means to evoke SMMN.
Moreover, electrical stimulation is routinely used
in clinical practice of testing muscle excitability in
amyoplasia patients (Agranovich et al., 2019)
which as we can discuss later could be the recipi-
ents of the SMMN protocol we develop here using
healthy adult controls.

In this study we aim at replicating previous
SMMN results in the standard oddball paradigm
using electrical stimulation and MEG, the neuro-
imaging technique that records magnetic fields
produced in the brain. MEG is known for high
temporal resolution, which renders it an optimal
technique to assess MMN responses (for a review,
see Naatanen et al., 2007). In addition, MEG is
considered a safe and friendly technique for studying
neuroplasticity in the clinical population.

Taking everything into account, we further aim
to develop a specific protocol for probing sensitiv-
ity of peripheral muscles using electrical stimula-
tion in order to later translate our protocol to clin-
ical research using both EEG and MEG at the in-
dividual level.

METHODS

Participants. We recruited 20 healthy right-
handed adults from 18 to 35 years old without
self-reported neurological or psychiatric condi-
tions of which 15 were women and 5 were men.
The experiment was approved by the ethics com-
mittee of the National Research University High-
er School of Economics. Informed consent was
obtained from each volunteer.

MEG recording. The MEG data was collected
using a 306-channel VectorView system (Elekta
Neuromag, Finland) at the unique research facil-
ity ‘Center for Neurocognitive Research (MEG-
Center)’ in MSUPE. The 306 sensors included
102 magnetometers and two sets of 102 planar
gradiometers. We recorded MEG at a sampling
rate of 1000 Hz. The hardware filters were set to
AD-330 Hz. Four additional bipolar channels
were used to record vertical electrooculogram
(VEOG, left eye).

The 3-dimensional Fastrak digitizer (Pol-
hemus, Inc, USA) was used to digitize the posi-
tions of the head position indicator coils, the
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landmarks of nasion, left and right preauricular
points, and around 160 additional random points
to obtain information about the head shape,
which allows more accurate alignment with the
anatomical MR images. The present study, how-
ever, did not use individual MRIs for further anal-
yses. Two head position indicator coils were
placed above the left and right eyes, as close as
possible to the hairline, while another two were
placed on the left and right mastoids respectively.

Stimulation. We used Digitimer High Voltage
Stimulator model DS7A for tactile stimulation,
following a previous study (Strommer et al.,
2014). The device was created for nerve and mus-
cle tissue stimulation and provides brief pulses of
high voltage. The width of the pulse was 200 ps.
We used a staircase procedure to determine the
individual participant’s sensory threshold. The
sensory threshold was estimated separately for the
second and fifth fingers. We did approximately
6 staircase rounds on each participant starting
from the minimal intensity and increasing it in a
stepwise manner (each time for 0.05 mA). The
sensory threshold was the average threshold value
from this procedure, which was then increased by
120% in intensity following Hautasaari et al.
(2019). We then asked participants whether the
obtained 120% threshold value would be comfort-
able for them during the experiment.

After the experiment, each participant was
asked whether they felt the stimulation. They were
also asked whether they concentrated on the stim-
ulation, whether it changed throughout the ex-
periment and how distracting the movie was.

Procedure. We employed the auditory “odd-
ball” paradigm with approximately 500 stimuli
(20% of deviants), interstimulus interval of 2000 ms
and 200 ps as a width of the pulse. Stimuli were
delivered to the second and fifth fingers.

In the first block (Block 1) 80% of stimuli
(400) were delivered to the second finger and 20%
(deviants, 100) — the fifth. After that, to avoid the
“habituation effect” and to save time, partici-
pants were asked to sit still for 10 minutes. In the
second block (Block 2), the pattern of stimulation
was reversed: 80% of stimuli will be delivered to
the fifth finger and the rest — to the second one.

Participants were instructed not to pay atten-
tion to stimulation, not to move excessively and
watch a nature documentary with low sound level
as electrical stimulation can be distracting. In a
post-experimental briefing participants admitted
that the chosen movie was distracting, and they
sometimes had been forgetting about the applied
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Table 1. Intensities of stimulation for each participant for
each finger in mA

Taomuna 1. MIHTEHCUBHOCTb 3JIEKTPUUYECKON CTUMYJISI-
LI1U, IOJABAEMOI Ha BTOPOM M ISATHIN Majell, sl KaxXI10-
ro yyacTHuKa (MA)

Second finger Fifth finger
2.6 2.75
2.5 1.9
3.9 3.3
3.0 1.65
2.5 1.25
1.3 1.6
3.5 2.4
2.35 0.9
3.0 1.15
2.5 2.25
1.85 1.85
2 1.2
2.4 1.9
33 3.2
3.5 3.0
1.9 1.1
2.2 1.45
3.75 2.55
2.5 2.35
2.35 1.45

stimulation. Participants were also instructed that
they would be asked to report events of the movie
after the recording.

Data analysis

The MEG analysis focused on magnetometer
signals. Sensors and time segments contaminated
with artifacts were first manually picked and re-
moved. Next, we performed spatiotemporal sig-
nal space separation (tSSS) and movement com-
pensation using the built-in in the Elekta software
(Maxfilter™; Elektra Neuroscience 2010). The sub-
space correlation threshold for tSSS was 0.900. Sub-
sequent steps of signal preprocessing were per-
formed in the Fieldtrip toolbox (Oostenveld et al.,
2011) for MATLAB.

The data were downsampled to 250 Hz and
power-line noise was removed applying a notch
filter at 50 and 100 Hz. The artifacts such as heart-
beats and eye movements were excluded using In-
dependent Component Analysis (ICA, fastica).
On average, we excluded 3 components across
participants (ranging from 1 to 4).
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We extracted epochs locked to the stimulus on-
set between — 100 and 500 ms. The pre-stimulus
interval of each epoch was used for baseline cor-
rection. Epochs contaminated with excessive
noise were rejected by visual inspection. The
MMN waveform was defined as the difference of
ERFs evoked by standard and deviant stimuli.

Statistical analysis

The difference between ERF waveforms
evoked by standard and deviant stimuli was as-
sessed at sensor-level using cluster-based permu-
tation tests (dependent sample t-tests; Maris and
Oostenveld, 2007). Family-wise error rate (FWER)
was controlled at level 0.05.

RESULTS

The results showed that magnetic responses to
standard and deviant stimuli differed significantly
in Block 1 (Fig. 1). A significant spatiotemporal
cluster was found at the 90-170 msec time window
in a left-lateralized fronto-central region of
22 magnetometers (P = 0.006, after FWER-con-
trol). Contrarily, no significant SMMN clusters
were found in Block 2 (Fig. 2).

Sensory thresholds for each participant are
presented in Table 1. The mean of the thresholds
across participants in the second finger was
2.65mA (SD = 0.4, SEM = 0.15) while in the
fifth finger —1.96 mA (SD = 0.5, SEM = 0.16).
Six participants asked to decrease the intensity of
stimulation before the experiment (it was de-
creased by 0.03—0.1 mA). One participant asked
to increase the stimulation (by 0.4 mA). At least
three participants in the free discussion said that
they felt stimulation less and less with the progres-
sion of the experiment.

DISCUSSION

We applied electrical stimulation in the odd-
ball paradigm to evoke magnetic fields in re-
sponse to a rare event interspersed between fre-
quent ones. In particular, we recorded MMN re-
sponses in the condition when stimulation of the
fifth finger was used as the deviant stimulus, and
stimulation of the second finger was used as the
standard stimulus (Block 1), and in the condition
when stimuli were delivered in the opposite man-
ner (Block 2). We observed a significant differ-
ence in responses to standard and deviant stimuli
only in the condition of Block 1, but not in the
condition of Block 2. We hypothesize that the ab-
Ne 5
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Fig. 1. Results of Block 1 [Standard stimulus delivered to the second finger; Deviant stimulus delivered to the fifth
finger] statistical analysis. Upper panel: mean ERF waveform across 22 magnetometers forming a significant spatio-
temporal cluster (P = 0.006). Lower panel: -values map; magnetometers forming a significant spatiotemporal clus-
ter marked by yellow. Topographical maps are obtained using an 80 ms average window.

Puc. 1. Pe3ynbrathl cTaTUCTHYECKOTO aHanu3a biioka 1 [CtangapTHbBI CTUMYJI TOIAaeTCsl Ha BTOpoii najel; Je-
BUAHTHBIN CTUMYJI ITOaeTCsl Ha MATHIN nayienr]. BepxHsist manenb: yepenHeHHbIit MITCC 1o 22 MarHuTOMEeTpam,
00pa3yoILIUM 3HAYUTEIbHBIN IPOCTPAaHCTBEHHO-BpeMeHHOoI kiactep (P = 0.006). HuxxHsg maHelb: KapTa f-3Ha-
YeHMI; MarHUTOMETpPhI, 00pa3ylolue 3HAYUTEIbHBIM IIPOCTPAaHCTBEHHO-BPEMEHHOM KJacTep, OTMEUYEHHbIA
JKeJThIM 1IBeTOM. Tornorpaduueckre KapThl cieiaHbl C yCpeTHEHUEM aKTUBHOCTHU B TeueHue 80 Mc.
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Fig. 2. Results of Block 2 [Standard stimuli delivered to the fifth finger; Deviant ones delivered to the second finger]
statistical analysis. Upper panel: mean ERF waveform across 22 magnetometers forming a spatio-temporal pattern
of activation (P > 0.05). Lower panel: topographical z-values map. Topographical maps are obtained using an 80 ms
average window.

Puc. 2. Pe3ynbraThl CTaTUCTUYECKOTO aHaiu3a biioka 2 [CtaHgapTHbBII CTUMYJI IOJAaeTCsT Ha BTOpoii najelr; Je-
BUAHTHBINA CTUMYJI oAaeTcsl Ha IsIThii najnen]. BepxHsis maHens: ycpenHeHHbId MITCC mo 22 MarHuTOMeTpaMm,
00pa3yolIM IIPOCTPAaHCTBEHHO-BpeMeHHOH maTTepH aktuBanuu (P > 0.05). HiokHssg maHelb: KapTa f-3Hadye-
Huii. Tomorpaduyeckue KapThl CaeIaHbl C yCpeIHeHUeM aKTUBHOCTU B TeueHue 80 Mc.
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sence of the SMMN in the latter case could hap-
pen due to the lesser intensity of stimulation of the
fifth finger as compared to the second. It could be
explained by inaccurate participants’ reports
during the staircase procedure, or some other
possible reasons: sponges might have dried out
faster or/and were not securely attached to the
fifth finger. Following this line of thinking, one
can also explain SMMN results in the Block 1,
where the electric stimulus to the second finger
stimulation represents the standard stimulus
while the omission of the stimulus to the same
finger while stimulating the fifth finger could be
considered as a deviant event.

Most studies reported sMMN in the time win-
dow from 100 ms to 200 ms after the stimulus on-
set as a negative or positive component. Other re-
searchers reported MMN in the window of 150—
250 ms when delivering stimulation in a variety of
oddball paradigms. For example, Andersen and
Lundqyvist (2019) reported sSMMN component at
125—145 ms in response to tactile stimulation par-
adigm delivered in “standard-omitted” fashion to
the second finger. In a study using the same para-
digm, Strommer et al. (2014) reported SMMN at
about 180—220 ms after the tactile stimulation onset
in young adults. Importantly, the results revealed in
our study indicate that the magnetic equivalent of
the SMMN component could appear at 90—170 ms
peaking at approximately 110 ms with.

The origin of this SMMN could stem from the
activity over secondary somatosensory cortices as
was previously suggested (Strommer et al., 2014;
Naeije et al., 2016, 2018). Importantly, SMMN is
usually seen across the frontocentral regions of
the brain and primary and secondary regions re-
sponding to sensory stimulation (Zhang et al.,
2019). In the somatosensory modality, it can be
recorded an area of central sulcus (Kekoni et al.,
1997), and parieto-central and frontal regions
contralateral to stimulated side (Restuccia et al.,
2009). Notably, the results of our study showing
contralateral fronto-central distribution of the
evoked fields (see Fig. 1) are fully in accordance
with the finding of Restuccia et al. (2009). Over-
all, both latency and topographies of SMMN re-
corded in our study corroborate previous SMMN
findings in healthy adults obtained using tactile
stimulation (Shen et al., 2018a).

We suggest that the differences in the spatio-
temporal profiles of SMMN between the dis-
cussed studies might arise due to the variety of
paradigms used to elicit the SMMN responses.
For example, due to the fact that most sMMN
studies do not report in detail what kind of tech-
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niques they used to determine an appropriate in-
tensity of stimulation, the staircase procedure
employed to define the stimulation intensity
might turn out to be of a particular interest in
terms of the effect consistency.

Another element of the paradigm, which we
find important for the result interpretation, is the
procedure used to eliminate non-MMN related
activity. Taking into account the fact that MMN
is an automatic and pre-attentive response, it is
important to control that participants do not pay
attention to stimulation, which allows for the
elimination of responses related to active atten-
tion, such as the N2 and P3. In particular, partic-
ipants might be asked to read a book or watch a
movie (with no sound or low sound level). Inter-
estingly, Strommer et al. (2014) asked participants
to listen to a radio play and answer questions
about the contents afterwards to ensure their at-
tention was focused on that task. At the same
time, Mareau (2013) elicited aMMN during view-
ing the movie with sound, which suggests that
such a procedure is possible. However, the MMN
amplitudes recorded in the study by Mareau
(2013) were reduced. Taking all the discussed ap-
proaches into account, we suggest that the use of
a natural movie with low-level sound might be a
fruitful compromise. Importantly, participants
confirmed that the videos were sufficiently dis-
tracting to allow unattentive processing of so-
matosensory stimuli.

Moreover, we suggest that a consistent and us-
er-friendly paradigm is especially important for
the clinical population. Likewise, somatosensory
processing could be impaired in a wide range of
neurodevelopmental disorders (Cascio, 2010)
and sMMN could be developed as an index of so-
matosensory processing integrity in clinical prac-
tice. In light of this, some researchers called
sMMN a window to somatosensory representa-
tions in adults and infants (Shen et al., 2018a,
2018b) offering to use the SMMN as the means to
study orderly somatotopic representations of body
parts and fingers. Somatotopic patterns of MMN
responses in infants as well as adults suggest that
MMN could be sensitive to representations of
body parts and the distance between these repre-
sentations. Following the results of these studies,
Shen et al. (2018a) proposed that MMN could be
used to study typical and atypical development of
somatosensory and motor systems, neural plas-
ticity, representations of body parts and the
boundaries between them. We further excel in
sMMN investigations in the attempt to employ
MEG approach to record evoked magnetic fields
Ne 5
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in the oddball paradigm without any contact with
the surface of the skull. Potentiallyy, MEG can
provide exact locations of body-associated repre-
sentations in healthy participants and patients.

Such an approach might turn out to be prom-
ising for a variety of musculoskeletal diseases such
as arthrogryposis multiplex congenita (AMC).
Despite the fact that arthrogryposis is considered
to be a peripheral disorder, recent studies indicate
that patients exhibit peculiarities of their brain
signals at the resting level (Bhat et al., 2017; Bla-
goveschenskiy et al., 2018). Active elbow flexion
in patients with AMC can be restored by the mus-
cle autotransplantation of long-head triceps, la-
tissimus dorsi transfer, pectoralis, and some other
muscles to the position of biceps brachii (Oishi
et al., 2017; Agranovich et al., 2019). However,
patients might often experience difficulties with
postoperative use of the muscle because the re-
quired neuroplastic reorganization might be com-
plicated (Golosheykin et al., 2021). At the same
time, the speed and quality of these processes are
known to be associated with the choice of the do-
nor muscle (Osichi et al., 2017). Therefore, the
objective criteria for muscle choice are required in
addition to donor muscle strength and its suitabil-
ity for transfer. We suggest that the sSMMN-based
approach might become one of the objective neu-
rophysiological markers for the assessment of the
muscle’s suitability for autotransplantation. We
plan to further use the current sSMMN protocol to
study sensorimotor plasticity in patients with ar-
throgryposis and use the obtained results or the
in-between group comparison of pre- and post-
operative results in sensory-motor function of this
clinical group with the in the healthy population.

Overall, we suggest that SMMN pocesses cer-
tain advantages with regard to other methods for
studying sensorymotor integration, such as two-
point discrimination, detection threshold mea-
surement, or behavioral measures. First, it does
not rely on active attention which makes it very
useful in populations for which it is hard to main-
tain attention. The technique also does not rely on
subjective complaints and answers. Then, if
methodology is strictly followed, might offer an
objective assessment of sensorimotor integration
processes. To control for this factor, we propose
using staircase procedure to define a stimulation
intensity and using nature videos with low sound
effects to eliminate attentive processing of the so-
matosensory stimuli. In turn, we suggest that
sMMN and its magnetic equivalent can be used to
study the typical and atypical development of so-
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matosensory and motor systems, neural plasticity,
representation of body parts and boundaries.

Study limitations

One of the weaknesses of the research is that
the majority of the participants reported feeling
less stimulation on the second block of trials. That
could possibly happen due to the technicalities
such as the stimulator’s sponges drying, or the
tape, which holds the stimulator in place, being
too weak and getting loose by the end of the ex-
periment, or both.

Another weakness would be electrical stimula-
tion that is not wholly appropriate to our goals of
working with children and clinical populations.
Most studies on SMMN used tactile/mechani-
cal/vibrotactile stimulators and electrical ones are
not widely used.

Implications of using different types of stimu-
lation were discussed in a study by Hautasaari
et al. (2019). It has been already revealed that mis-
match responses in the somatosensory domain
could be elicited with different stimulation al-
though most of the studies use electrical stimula-
tion. The group decided to conduct two experi-
ments using tactile and electrical stimulation, ar-
guing that mechanical stimulation is more
“natural” and less discomforting for a participant.
As for the compatibility with neuroimaging meth-
ods, mechanical stimulator again is better suited
because it produces less electromagnetic fields
which could be disruptive for fMRI or MEG.
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MBI-UCCJIETOBAHUE COMATOCEHCOPHOM HETATUBHOCTU
PACCOTJIACOBAHUS, BBI3BBAHHOM DJIEKTPUYECKON CTUMYJIALINEN

0. E. Mouceenko! *, JI. O. bpenuxun', M. Dppoxo Pyus?, B. B. Mouceepa!, A. H. Illecrakosa!
![lenmp Heiiposxonomuru u Koenumuenwix Hecnedosanuii, Hayuonanshoiii uccaedo8amensckuii yuugepcumen
“Bovicuas wkona sxonomuxu”, Mockea, Poccus
2Tondcmume, Yuusepcumem Jlondona, Jenapmamenm Hcuxonoeuu, JTondon, Beauxobpumanus
#e-mail: moiseenko 120lesya @gmail.com

KoMnoHeHT BbI3BaHHBIX ITOTEHLIMAJIOB HEeraTUBHOCTU paccornacoBaHusi (HP) sBisercsa mep-
CIIEKTUBHBIM MHCTPYMEHTOM JJIs U3YyYeHUs] MEXaHU3MOB HEeMPOIUIaCTUYHOCTU, CEHCOPHOIi Ta-
MSITUA U IPYIUX acHeKTOB (PYHKIIMOHUPOBAHUSI CEHCOPHBIX CUCTEM B HOpME U ItaTosjoruu. He-
CMOTpsI Ha MHOTouMclieHHbIe HP ncciienoBaHus B CIIyX0BOi MOJATILHOCTH, MEXaHU3MbI COMATO-
ceHcopHoii HP ocTaloTcst HeqocTaTouHO N3y4eHHBIMU. M bl NCTIOI30BAIU 3JEKTPOCTUMYJISILINIO
B “oddball”-mmapagurMe, cOCTOSIIIECH U3 IBYX OJJOKOB cO cTaHIApTHBEIMU (80%) 1 TeBUAaHTHBIMU
(20%) cTtumyiaMu BO BpeMsl MIpocMoTpa BuaeodmibMoB. [lepMyTalliOHHBIE TECThI BHISIBUIN
3HAYMMBbIe pa3Indus MeXIY OTBETAMU Ha CTaHJapTHLIE M IEBUAHTHbBIE CTUMYJILI B YCJIOBUM, CBSI-
3aHHOM C BOCIIpMSITUEM CTaHAAPTHOIO CTHMMYJIa YKa3aTeJIbHBIM MHajlblieM KUCTU U JEBUAHTHOIO
CTHUMYyJIa MU3UHIEM BO BpeMeHHOM oKHe 90—170 mc. Mbl HaGmomaau ¢GpoOHTO-LIEHTPAILHOE
pacnpeneiaeHe kKommoHeHTa HP, cxoxee o mpocTpaHCTBEHHO-BPEMEHHOI KapTUHE C COMATO-
ceHcopHBIM HP, 13BeCTHBIM I10 TUTEpaTypHBLIM JaHHBIM. OCHOBBIBAasICh HA pe3yJibTaTax Hallei
paboThI, Mbl CUMTAEM HYXHBIM ITPOBOAWUTH JOMOJHUTEIbHbBIE WCCIACAOBAHUS IJISI BBISIBICHUS
YCJIOBUii, B KOTOPHIX BhIsiBieHe HP sBiasgeTcss Hage:KHbIM, a TaKXKe MaKCUMaJlbHO KOM(OPTHBLIM
JIJIST yY9aCTHUKOB.

Karoueswvie cro6a: comaToCeHCOPHAsI HETaTUBHOCTD, pAaCcCOMIACOBaHUS, MAarHUTORHIIe(aorpa-
¢us, oddball-mapagurma
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