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Abstract

The conceptual framework of cognitive networks, or cognits, represents a system of working memory,
especially long-term memory arrays that are intrinsically designed to attain certain behavioral ends
and that are activated by a neural structure. Despite the fact that cognitions can be used in a plethora
of systems, current technologies allow manipulations of the central nervous system (CNS) to execute
certain sensory and motor functions.

Sensation and tactual perception by the skin are an innate mechanism for human survival and represent
our adaptive somatosensorial ability to apprehend information via haptics—the active touch for object
recognition and perception by higher centers of the brain. The somatosensation, which is identified by a
set of channels and receptors sensitive to a variety of stimuli (thermal, tactile, and mechanical), is critical
to survival, balance control, cognition, and pain modulation.

Cognits are cutting-edge tools and modalities that provide a landscape of theoretical assets, evidence-
based experimental protocols, computational intelligence schemes, and direct empirical modalities that
facilitate the understanding of the complex functionalities of the human brain.

By evaluating neuroimaging data after somatosensory stimulation and collected via electroencephalogram
(EEG), cognition response and change can be obtained that allows researchers to gain a better
understanding of emerging scientific approaches aimed at understanding human behavioral outcomes.
An emerging technology, haptic vibrotactile trigger technology (VTT), incorporates somatosensory
patterns in compression sleeves. eSmartr Smart Compression Sleeves (Srysty Holdings Inc., Mississauga,
ON, Canada) with VIT and its Cognitive Boost Technology (CBT) pattern is designed to optimize
neural communications for improved mindful wellness. This technology has also been incorporated into
patches, braces, apparel (socks), wrist bands, and other routes of delivery.

Mindful wellness is considered an outcome of somatosensory intervention that modulates the behavioral
responses associated with cognitive networks. Currently, there is limited research exploring these
modalities, exposing the need to study new technologies and their influence on somatosensory pathways
and cognitive networks.

The purpose of this IRB-approved study was to explore the effects of forearm VTT stimulation patterns
on cognitive networks by comparing a baseline EEG to an EEG after placing a sleeve incorporating VTT
on the right or left forearm of adult healthy individuals.

Materials and methods: A baseline EEG was recorded over 5 minutes from 19 scalp locations on 20
subjects ranging in age from 17.6 years to 41.9 years (n=7 females, 13 males). The subject’s dominant
arm was then fitted with the eSmartr Smart Compression Sleeve for 20 minutes and another S-minute
EEG was recorded. Both the LORETA (Low Resolution Electromagnetic Tomography Analysis) inverse
solution and a power spectral analysis of the surface EEG were calculated.

Additionally, for 10 distinct networks, the current sources from 88 Brodmann areas were computed. The
variables were absolute power and absolute current density in 1 Hz increments in 10 frequency bands
(delta, theta, alpha-1, alpha-2, beta-1, beta-2, beta-3, and hi-beta). Paired t-tests were computed for each
individual for all EEG parameters, as well as group paired t-tests, between the baseline EEG and follow-
up EEG.

Results: The results showed statistically significant t-test differences (P < 0.01) in both the surface EEG
and the LORETA current sources between the baseline measurement and the follow-up ‘sleeve-on’
measurement. The largest differences were detected with a prominent downregulation of alpha and beta
frequency powers at both the surface EEG and the LORETA current sources with the “sleeve-on,” as
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compared to baseline.

In addition, the maximal effects of the “sleeve-on” condition were in the left frontal and left temporal surface EEGs and
on the medial bank of the somatosensory cortex in the range of the alpha frequency. Changes in the default network and

attention network were also prominent.

Conclusions: Study results indicate that these non-pharmacologic, non-invasive, haptic vibrotactile trigger technology
(VTT) patterned compression sleeves elicited a response in multiple cognitive networks. These networks play a key role in
executive function, memory, attention, mood, and information flow. There was a prominent effect of the haptic vibrotactile
trigger technology with the CBT- patterned sleeves on the EEG that was primarily located in alpha and beta frequency
bands. The substantial impacts on the homuncular projection of the arm to the medial somatosensory cortex as well as the
default network demonstrated activity influenced by the patterned sleeve. The mechanisms of action of the VTT sleeve on
the brain, neuropathways, and the EEG spectrum are still being investigated. If results are confirmed with further research,
this novel VTT technology could be a promising addition as a non-invasive and non-drug treatment approach for a variety

of conditions and therapeutic applications.

Introduction

Sensation and tactual perception by skin dermatomes and
related neuro-receptors is an innate mechanism for human
survival and regeneration of mindful wellness and represents
our advanced and adaptive somatosensorial ability to apprehend
information via haptics, which sustains the active touch for
object recognition and perception by higher centers of the
brain [1-6]. The somatosensation, which is distinguished by a
collection of molecular receptors responsive to various stimuli
(thermal, tactile, and mechanical), is essential for survival,
balance regulation, pain modulation, and, more recently,
cognitive networks and cerebral interactions [1,3,7,8].

The intricate peripheral and central nervous system (PNS/
CNS) communications are crucial in determining sensory and
motor outputs in response to various external and internal
stimuli [9-11]. The cerebral cortex, in addition to the brain stem
and cerebellum, in particular, play a critical role in sensory,
motor, and integrative mechanisms, including human cognitive
networks, commonly known as “cognitions” or “cognits” [4,12].
Cognits are invariant structural and functional architectures
of brain neuronal networks that facilitate the integration of
separate functions within unified modalities. Park and Friston
[12] state that “context-sensitive integration during cognition
tasks necessarily entails a divergence between structural and
functional networks,” even though functional networks are
bound by structural connections. This application is crucial for
understanding the nature of brain functioning in health and
disease states [1,11].

The technology-based eSmartr approach, in evoking
a pattern of integrated responses with these cognitions,
incorporates haptic vibrotactile trigger technology (VTT)
by targeting neurological cognitive networks that has been
shown to elicit physiological and behavioral responses. VTT is
designed to trigger skin receptors to generate a combination of
sensory signals, which are subsequently processed by cognition
after being relayed through neural modules, and theoretically
leading to a natural ‘reset’ of the neural networks to enhance
focus, clarity, and calmness. In theory, these neuro-signals
represent a set of messages that may assist in amplification of
cognitive abilities and awareness [1,6-8]. In recent years, haptic
skin-stimulation technology has been incorporated into several
over-the-counter products with different routes of delivery
that include patches, apparel (socks), braces, wrist bands, and
compression sleeves, among others [1,7,8,13].

Developed as a haptic vibrotactile trigger technology
pattern, Cognitive Boost Technology (CBT) is a non-invasive,
drug-free approach designed to improve cognition and interact
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with intricate communication pathways associated with the
functionality of both the PNS and the CNS [7]. Specifically, it
is believed that the compression present in the eSmartr Smart
Compression Sleeve allows for the CBT pattern to activate
dermatomes, thereby sending signals through somatosensory
pathways to the CNS. This works in definitive ways, beginning
with encoding, followed by filtering, and ending with decoding
mechanisms. Sensory information is activated and encoded by
specialized mechanoreceptors, which are a set of somatosensory
receptors that convert extracellular signals to intracellular
mechanisms associated with mechanically (tactile)-gated ion
channels [1,3,7,8]. This VTT tactile stimulation used by the
CBT pattern activates an encoded neuro-signal at the base
of nerve receptors located on the forearm. It is subsequently
communicated to central regions such as the entorhinal cortex,
hippocampus, and prefrontal cortex by a system that filters
sensory data at the brainstem level, segregating background
interference or noise from meaningful information. This
encoding-filtering pathway regulates neuro-processes within
cognition, which in turn modulates certain functions, including
the decoding (and enhancement) of decision-making centers,
attention deficits, short- and long-term memory shortages, and
information flow, segregation, and integration [1,7,8]. This
is thought to subsequently lead to the cognizant regulation
of working memory, cognitive flexibility and plasticity, and
neuro-inhibitory control mechanisms generally associated with
health and wellness. It is observed that these skills are critical
for learning, problem-solving, and information processing. This
module—the cognition-generated executive functions—that
forms bridges between “network” and “cognitive” models could,
in turn, be measured by EEG scans and related tomography
[1,14-19]. The sensory pattern within the compression sleeve is
in close symmetry between known EEG patterns and their role
in modulating EEG and neuronal circuits within higher brain
centers [1].

Unraveling the neuronal pathways and networks involved
in cognitive control mechanisms is crucial in regenerative
technology and neuropathology [1,5,7,8]. In addition, research
has suggested that the impact of external stimulations or
experimental interventions is likely to modulate those intricate
webs of neuropathways [1,20].

With neuroimaging and advanced signal processing
technologies, the optimization of cognitive networks requires
topographically situated time-variant, waveform frequency-
selective, and directed functional connectivity modules
measurable by the EEG [1,21]. The Electroencephalogram
(EEG) in its current application, and despite its limitations, is
synonymous with mapping advances in neuronal activity [1].
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Conventionally, kinematic measurements and neuroimaging
techniques provide critical translational implications for
diagnostic and prognostic criteria in several responses and
approaches [1,3], recording brain activity by the EEG due to
mechanical, cognitive, and sensory mechanisms related to
somatosensory activation has confirmed intricate pathways
and cortical networks that correlate with temporal and spatial
paradigms [1,22,23].

A potential correlation has been established between EEG
modulations and subsequent interference with neuronal
activities within a system of cognits that are likely to be
involved with specialized cognitive networks [1,24]. This
may have neuropathological implications in the treatment of
neurodegenerative diseases and deficit or debilitating conditions,
in addition to enhancing the general wellness and functionality
of the mindful individual [1,6,25].

The purpose of this non-invasive and minimal risk
Institutional Review Board (IRB)-approved ENHANCE
(“Evaluating Cognitive Network Response with Haptic
Vibrotactile Trigger Technology - Neurological Changes via
EEG Monitoring”) Study was to explore the effects of forearm
stimulation patterns on the EEG and cognitive networks by
comparing a baseline EEG to an EEG after placing a VIT-
patterned sleeve on the right or left forearm of healthy
individuals.

Methods
Study Design

This study was a prospective, Institutional Review Board-
approved Study in healthy volunteers comparing a baseline EEG
with an EEG after placement of a haptic vibrotactile trigger
technology (VTIT) embedded compression sleeve (eSmartr
Smart Compression Sleeve) on the right or left forearm (See
Figure 1).

Subjects

A total population group of 20 subjects, ranging in age
from 17.6 to 41.9 years (n = 7 females, 13 males) were recruited

Figure 1. eSmartr Smart Compression Sleeve
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into the study and whose health at the time of enrollment was
normal according to their medical histories. After consenting,
the patterned eSmartr Smart Compression sleeve was placed
on the dominantly used arm as preferentially defined by the
subject’s handedness (n = 4 left arm, 16 right arm).

Study procedures and assessments
EEG Recordings

While in a sitting position, the individuals were instructed
to sit, remain still, and keep their eyes closed for approximately
five minutes while the baseline EEG was recorded. The EEG
data collected from 19 scalp electrodes in accordance with
the International 10/20 electrode locations was amplified and
digitalized using the Wearable Sensing DSI-24 dry amplifier
device system. Approximately 2-5 minutes of EEG were
recorded in the eyes-closed condition, with subjects sitting at
rest with no sleeves on their arms (control group, n = 20). After
placing the sleeve on each subject’s dominant arm (n = 20), and
waiting approximately 20- minutes, a second, 2-5 minute EEG
recording in the eyes-closed condition was taken. The time
lapse between the two groups was determined to be statistically
insignificant.

LORETA Current density Measurement and Statistical
analysis

LORETA current density

The currents at the three-dimensional gray matter voxels
“T” in LORETA, a distributed EEG inverse solution, are a linear
combination of the signal “S” recorded at a scalp electrode, as
follows:

J=TxS

where “T” is a minimum-normal three-dimensional matrix
made up of 2,394 gray matter voxels with X, y, and z coordinates
in a generalized inverse that gives more weight to sources that
are synchronous in surrounding volumes or regions [26]. The
“T” matrix is described mathematically as follows:

where “B” is the discrete Laplacian Operator and “W” is
a weighting matrix (inv indicates inverse), and pinv(X) is the
“Moore-Penrose pseudoinverse of X” [27,28].

The Talairach Atlas coordinates of the Montreal Neurological
Institute’s magnetic resonance imaging (MRI) average of 305
brains [26,29]. and the linkage to standard anatomical 7 mm
x 7 mm x 7 mm voxels, each with a distinct Talairach Atlas
coordinate. Groups of voxels are also defined by the clear
anatomical landmarks established by von Brodmann in 1909
and referred to as Brodmann areas [30,31]. The square root of
the sum of the squares for the x, y, and z source moments for
each 0.5 Hz frequency band was used to construct the resultant
current source vector at each voxel. To minimize the number of
variables, each of the 2,394 gray matter voxels had adjacent 0.5
Hz bins averaged to form 1 Hz bins ranging from 1 Hz to 40 Hz.

T = {inv(WB’BW)}K’{pinv(WB’BW)K’}

For all variables, descriptive statistics were calculated,
including frequencies and percent for categorical variables and
means with standard deviation (SD) for continuous variables.
The maximum sample size available was used for each statistical
analysis.
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A two-tailed alpha was set to 0.05 for all statistical
comparisons. SPSS v. 27 was used for all analyses.

All experimental methods reported are consistent with
international standards and regulations governing higher
academic research relating to the integrity of handling human
subjects, whose consents have been independently registered
and verified. The wellbeing of experimental individuals has been
ensured throughout the experimentation process.

The study was approved by an institutional review board
and was performed in full accordance with the rules of the
Health Insurance Portability and Accountability Act of 1996
(HIPAA) and the principles of the declaration of Helsinki and
the international council of Harmonisation/GCP. All patients
gave informed and written consent.

Results

Surface EEG Paired t-Tests

Table-1 and the topographic maps presented in Figure-2
demonstrate the results of the surface EEG paired t-tests
comparing the baseline EEG and the EEG obtained during the
post-sleeve condition according to different frequency bands.
The largest differences were in the left hemisphere, particularly
in the alpha frequency band (8-12 Hz).

As shown in Figure-3, there are EEG coherence paired t-tests
that demonstrated noticeable reduced connectivity in the left
hemisphere and elevated coherence in the right hemisphere,
especially in the alpha frequency band.

Table 1. The outcomes of the 19-channel surface EEG s paired t-tests
comparing the baseline EEG and the post-sleeve condition EEG. [The
strongest effects were reduced power in the alpha frequency band
(8—12 Hz), especially in the left hemisphere.

Figure 2. Topographic maps of paired t-tests obtained from the 19-channel surface EEG between the baseline and post-sleeve conditions. The
strongest effects were reduced power in the alpha frequency band (8—12 Hz), especially in the left central and frontal regions.

Neurol Neurosci. (2023) Vol 4 Issue 3
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Figure 3. The EEG coherence paired t-tests demonstrated reduced connectivity in the left hemisphere and elevated connectivity in the right
hemisphere in the alpha frequency band.

LORETA Current Density

The outcomes of paired t-tests for LORETA current density in
the eyes-closed condition between baseline and sleeves-on are
displayed in Table-2. The effects appeared to be widespread, with
statistically significant differences (P < 0.05) in all Brodmann
areas except for right hemisphere BA 44, BA 45, and BA 46. The
statistical effect size was greater in the left hemisphere compared
to the right. The alpha frequency band had more statistically
significant differences than other frequency bands.

According to Figure-4, the results show paired t-tests between
the baseline EEG and the EEG recorded after wearing the
patterned sleeve. The magnetic resonance imaging (MRI) slices
are 7 mm thick and are sequentially displayed, starting at the
lowest slice (top left) and advancing in 15 steps to the upper MRI
cortical regions. Bilaterally significant differences were present,
especially in the frontal and temporal lobes and the midline
areas of the default network hubs, with the largest effects on the
medial banks of the two hemispheres.

Neurol Neurosci. (2023) Vol 4 Issue 3

Figure-5 shows a comparison of cortical current densities
between the baseline EEG and the EEG recorded during the
post-sleeve condition, with paired t-test values ranging from
P < 0.05 to P < 0.0001. Bilaterally significant differences were
present. The bilateral frontal lobes, including the sensory motor
strip on the dorsal surface as well as the medial wall of the
somatosensory projection regions of the arm (homunculus), are
shown at 10 Hz.

Brain Networks

Table-3 shows the list of Brodmann areas that comprised the
regions of interest for the 10 networks. The Brodmann areas that
comprise a given network are based on the functional magnetic
resonance imaging (fMRI) and positron emission tomography
(PET). [16,32].

Table-4 shows the percentage of subjects who showed
statistically significant differences between the baseline EEG
and the EEG obtained with the sleeve using group paired t-tests.
The alpha frequency demonstrated the strongest effects, where
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Table 2. Group paired t-test results for LORETA current source density between the baseline EEG and the post-sleeve EEG in all frequency
bands and all Brodmann areas.

Figure 4. Group paired t-test results for LORETA current source density between the baseline EEG and the post-sleeve EEG in all frequency
bands and all Brodmann areas.
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Figure 5. Paired t-test (P < 0.05 to P < 0.0001) differences in current density between the baseline EEG and the EEG recorded during the post-
sleeve condition.

Table 3. List of the Brodmann areas that comprise regions of interest (lobular regions) and related networks.

Table 4. List of subjects showing statistically significant variations in lobules and brain networks between baseline EEG and EEG recorded with
a sleeve on the forearm. The alpha-frequency band exhibited the strongest effects.

Neurol Neurosci. (2023) Vol 4 Issue 3 Page 7 of 15
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the Chi Square is statistically significant at 70 % or higher. All
networks exhibited a statistically significant Chi Square (P <
0.05), except for the fronto-occipital network.

Discussion

Surface EEG Paired t-Tests

Here we report results of this ENHANCE study, a prospective,
Institutional Review Board-approved Study in healthy volunteers
comparing a baseline EEG with an EEG after placement of
a haptic vibrotactile trigger technology (VTT) embedded
compression sleeve (eSmartr Smart Compression Sleeve) on
the right or left forearm. There are no experimental variables
associated with right- or left-handedness, and therefore the
experimental results cannot be skewed by this unlimiting factor
[1].

Over the past several years, research of haptic vibrotactile
trigger technology (VTT) indicates that there are changes in
EEG patterns for those patients exposed to VI'T [1]. In addition,
researchers have developed a deeper understanding of the
multiple neural networks impacted by VI'T and have developed
related theories of how different brain regions interact with VT'T
[33,34,35]. The brain centers targeted by VIT have been shown
to be responsive to external stimuli that incorporate the VI'T
technology and have produced positive outcomes in pain, sleep,
balance, stability, fatigue, and with this report, a change in EEG
data after placement of a compression sleeve with VTT were
shown [3,8].

Ronald Melzack first proposed and hypothesized that
networks of neurons communicating in “large loops”, or
through continuous cyclical processing, connect specific regions

of the brain with the PNS during sensory processing [33]. He
envisioned 3 distinct looping pathways: 1) a traditional sensory
pathway with neural projections routed through the thalamus,
2) one that follows a path through the brainstem and parts of
the limbic system, and 3) one associated with pathways that are
routed through different Brodmann Areas (BA), particularly
the somatosensory cortex. These loops were meant to explain
the cognitive, emotional, and motor modalities through which
humans experience sensations [33,34].

The EEG mapping of the pain neuromatrix, for instance, is
corroborated with neuroimaging techniques such as functional
analysis using magnetic resonance imaging (fMRI) in many
experimental paradigms. The sensory patterns within the
patches are in close symmetry between known EEG patterns
and their role in modulating EEG and neuronal circuits within
higher brain centers. [34].

This analytically innovative study of neural and cognitive
networks shows a landscape of segregated yet integrated
neuro-communication pathways potentially associated with
an experimentally verified spectrum of EEG/qEEG patterns
influenced by patterned tactile and somatosensory stimulations,
using haptic vibrotactile trigger technology (VIT) and a VT'T
pattern named Cognitive Boost Technology (CBT) and tactile
stimulatory trajectories [3].

Recent studies incorporating VI'T technology for measuring
somatosensory responses associated with cognitive networks
[1,7,8,13] have shown positive outcomes in multiple disorders.
The neuronal nexus connecting tactile mechanoreceptors in the
forearm to the CNS with VTT and, by proxy, to the cognition
networks is continuing to be explored.

Figure 6. Cognitive Model

Neurol Neurosci. (2023) Vol 4 Issue 3
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A Landscape of Cognitive Observations: Intricate

Neuropathways and Regulatory Modules

The results of this study show that the EEG auto- and
cross-spectrum is affected when a patterned eSmartr Smart
Compression Sleeve is placed on a person’s forearm as compared
to a baseline EEG without wearing a VTT patterned sleeve.
Interestingly, all twenty subjects involved in this study exhibited
statistically significant changes in several brain networks, and
group statistics were exceptionally significant for both the
surface EEG power and LORETA current density in the alpha
frequency band for 9 out of 10 networks [3,16,20,21].

This neural landscape is particularly consistent with recent
scientific reports highlighting creative cognition and brain
network dynamics across a wide spectrum of CNS modalities
[4,36-38]. Furthermore, there are strikingly similar patterns of
brain activity and connectivity across a wide range of creative
tasks and behaviors that are consistent with specific EEG
patterns [4]. As shown in this study, cognitions are crucial
components in the integration of those neuropathways. In
fact, the modulations induced by eSmartr somatosensory
stimulations have direct implications for mapping interactive
CNS networks in simulating complicated cognitive processes,
including those pre-oriented with willful thoughts and decisions
[1,39-41]. This technology should encourage further research
and development of patterns that can directly interfere with the
activities of cognition across specified time intervals [4]. The
particular associations that are likely to exist between neural
and cognitive modules have yet to be ascertained following the
established observations reported in this study (see also the
“Cognitive Model” in Figure-6).

Generally, the spectrum shows that there was a decrease in
EEG absolute power in the alpha frequency band (8-12 Hz).
Some reports have indicated that the reduction in alpha voltage
is “associated with energy and cortical connectivity measures
generated by event-related stimuli” [42]. In addition, there
were bilateral hemispheric differences; however, the differences
were strongest in the left hemisphere as compared to the right
hemisphere. Physiologically, this appears to influence the verbal,
analytical, and orderly expressions of the brain in a specified,
pre-determined manner [1,3,4]. Surface EEG coherence
demonstrated a hemispheric effect of “reduced connectivity”
in the left fronto-occipital locations and “elevated coherence”
in the right fronto-occipital locations. This indicates increased
left hemisphere “differentiation” and increased right hemisphere
“integration”, which is corroborated by recent discoveries in
cognitive science [1,4,12,43].

This segregation between left and right hemispheric
localities suggests the involvement of cranial nerves that are
closely associated with cognitive networks [43]. Although the
eSmartr technology does not reveal which cranial nerves are
ostensibly involved, it paves the way to create “parameterized
computational models” (neuronal mapping) aimed at optimizing
neuromodulatory pathways that may influence cognition in
a specifically designed manner [4]. Perhaps the EEG patterns
established following this stimulation may constitute an
optimized mode for further analysis of those neurocircuits. The
model therein suggested constitutes a modality that integrates
somatosensation with central neural circuits projecting onto the
cognitive networks across the CNS [1,4]. This is corroborated
by a specific role for the posterior cingulate cortex that is active
in cognition [44]. The involvement of the Brodmann areas, as
established in this study, in modulating the axis of somatosensory-

Neurol Neurosci. (2023) Vol 4 Issue 3

cognitive networks suggests a crucial role for the posterior
cingulate cortex in determining attentional focus by “tuning
brain metastability” spatially and temporally [4]. Interestingly,
if this model is corroborated by further experimentation with
this technology, then this technology could be used to evaluate
‘enhanced’ neuropathways while closely monitoring cognitive
protocols [4,25,45-48].

The validation of the effects of the somatosensory arm
stimulation on the CNS was further provided by the finding
that LORETA current density consistently increased in the
somatosensory projection areas on the medial surface of the
somatosensory cortex. Bilateral frontal lobe Brodmann regions,
particularly those in the left hemisphere, had the highest
t-test differences (99.9 %) in the alpha frequency range (e.g.,
8 Hz-12 Hz). The VTT embedded sleeve influenced electrical
energy of the brain in the frontal, temporal, and parietal lobes.
These findings correlate with the establishment of executive
functions, especially at the level of the prefrontal cortex (PFC)
[3,10,12,22,49,50]. It is well established that PFC networks are
closely associated with the coordination of cognitive processes in
both healthy and diseased states. This study suggests a possible
link between PFC and cognition networks, given the dramatic
variability in the alpha and beta frequencies of the brain EEG
scans, which is consistent with other research [51], indicating
these cognition networks are spatially and temporally flexible,
exhibiting a certain degree of neuronal plasticity, reorganization,
and learning processing [52]. This study has offered a platform
to establish a basis for the integration of behavioral and cognitive
networks [4].

Moreover, results indicated that the activity of the eSmartr
sleeve correlates with reduced current density in the EEG in
the default network that is involved in directed attention. The
default network is considered most active when one is alone
and ruminating on one’s self-narrative and is inhibited when
one attends to the concerns of the outside world [4,53,54]. The
eSmartr sleeves can be interpreted to ‘switch oft” or ‘minimize’
one’s self-narrative, which is necessary for paying attention to
objects and occurrences in the external environment [4, 48,50].

The assumption of interference between external stimulations
and EEG fluctuations that are likely involved with neuronal
activities implicated in modulating human cognition is based
on upon the understanding that exogenous neuronal stimuli
can affect and change the patterns of EEG waveforms that
create fluctuations and responses that are likely coordinated
mechanically, sensorially, and cognitively in maintaining
spatial, temporal, and dynamic somatosensory control pathways
[1,3,4,8,20,25].

Recently, Thatcher et al. [20] specifically examined the neural
mechanisms associated with the effects of somatosensory
stimulation on the EEG patterns. Because those patterns are
linked to human balance control and cognitive functions,
there is compelling evidence that manipulating brain circuits
can influence EEG waveform oscillations and, as a result, have
sensory and motor-dependent consequences [3,8]. This is
consistent with the observed effect of eSmartr somatosensory
inputs on EEG patterns determined by changes in cognitive
networks [4]. Results suggest that somatosensation via eSmartr
sleeves, affects specific brain networks, modules, and cognits,
which in turn can modulate the EEG patterns.

The Srysty Holdings Inc VT'T-incorporated patterns are woven
into performance products, such as socks, insoles, sleeves, and
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patches, and designed to promote wellness by triggering neural
pathways and circuits associated with the brainstem and other
parts of the CNS, and that are crucially designed to control pain
sensations, cognitive neurocircuits, and posture control, and
also improve mindful cognition, balance, posture, mobility, and
memory [6].

As noted, there is close symmetry between Srysty Holdings
Inc technology and EEG patterns [1,16-19,23,55-56]. According
to the study of Thatcher et al. [20] and current results, a sizeable
and strong effect of the human performance technology (HPT)
and VTT-patterned socks and eSmartr patterned sleeves with
CBT on the EEG was present primarily in the theta, alpha, and
beta frequency bands in varying degrees. The latter technology
showed prominent alterations in the alpha and beta frequency
bands. Anatomical validation was evident because of the strong
effects on the homuncular projection of the feet and arm to
the medial somatosensory cortex [1]. The precise mechanism
of action of the VTT patterned technologies on the brain is
still under investigation but has shown promising results in
alleviating pain, improving sleep, reducing fatigue, maintaining
balance, and improving cognitive perception [1,3,4,8,20].

There is mounting evidence to support enhanced brain
activation mechanisms in “dynamic control tasks,” irrespective
of sensory, cognitive, or mechanical occurrences [57,58]. These
“dynamic control tasks” are dual in nature given the fact that
they are both sensory (visual, somatosensory, and vestibular)
and mechanical (support surface translations) perturbations
that correlatively circumvent sensory and motor responses
emanating from any probable deficits [1,3,4,59].

Increasing research on VTT patterns and their effects on EEG
is providing evidence-based, scientifically proven approaches
to generating better balance and mobility, increased energy
efficiency, enhanced pain management, improved sleep, reduced
fatigue, faster recovery times, enhanced cognition abilities, and
sustenance of neural health on the basis of modulating neural
pathways associated with higher cognitive centers [4,47,60].

The theta, alpha, and beta networks associated with VTT
and eSmartr and related technologies are crucial in facilitating
somatosensory information processing during balance control,
in addition to the integration, planning, and execution of
motor-related responses emanating from cognitive centers
[17,20,23,61,62]. Current advances in neurobiology states that
cortical networks and pathways are crucial in determining the
level of optimization necessary for cognitive control and the
associated behavioral outcomes, which could be unraveled by
partial directed coherence, a time-variant, frequency-selective,
and directed functional connectivity analysis tool, such as the
EEG protocols invested by human performance technology
[1,4].

Evidence-Based Anatomy of eSmartr Manipulation of EEG
Patterns Effectuated by Somatosensory Activation Pathways

Identifying the neuropathways activated by eSmartr
technology is critical to understanding these outcomes. Here, the
anatomy of this dimension is presented in support of potentially
promising projections for enhancing neural circuits associated
with cortical cognition, backed up by evidence provided by
published studies in scientifically relevant fields [1,4,7,8,20.25].

Absolute Power Surface EEG
The relevance of the statistical differences between the

recordings of subjects wearing the eSmartr-embedded sleeves
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in the “eyes closed” condition, as compared with the control
group, indicates, at the very least, a potential activation of neural
pathways within the brain that are being spatially and temporally
identified and unraveled. Nevertheless, the involvement of both
alpha and beta waveforms, as indicated, can shed important
light on those possible pathways [1].

The observation of minimal alpha and beta frequency band
oscillations, as compared with those of other frequencies,
bears anatomical and physiological connotations backed up by
scientific evidence [4,63]. For instance, most EEG recordings
in various setups identified dramatic changes—usually
downregulation—in the alpha and beta waveforms when
cognition was involved [17,61,64,65]. In contrast, the theta
waveforms were either unchanged or depressed, indicating
independent mechanisms controlling their oscillations [1,3].
The observation that eSmartr depresses the alpha and beta
band frequencies, especially in the left intra-hemispheric area
and medial bank of the somatosensory cortex, highlights the
possibility of somatosensory involvement that is likely to engage
cognitions within the cerebellum, in particular; other neuronal
pathways within higher centers of the brain are extremely
likely. This is evidently backed up by several other reported
experimental studies [15,25,66].

Surface EEG Coherence

The functional and anatomical connectivity in the human
cortex are evidently dependent on neuronal oscillations
[1,3,7,8]. The integrity of the functional connectivity in the
human brain networks can then be assessed via the detection
of synchronous neuronal activation, which can be captured by
EEG [21,23,55,57,62,65].

The significant appearance of surface EEG coherence
across various regions of the brain, in both the left and right
hemispheres, provided compelling evidence for the presence of
an intricate neuronal network [1,14]. This is corroborated by the
observation that, with the exception of the delta frequency band
in the T3-T4 region, other frequencies have been paired in both
hemispheres [1,4].

The following observations, along with the following lines of
scientific evidence, suggest that VI'T embedded pattern sleeves
can change EEG coherence patterns in a predetermined manner:

1. The somatosensory component of embedded eSmartr
technology revealed patterns that are consistent with
the haptic sensation and tactical perception theories
[1,2,5]. Briefly, Reed and Ziat [5] state the following: “The
haptic system uses the cutaneous and kinesthetic afferent
subsystems to process the physical characteristics of objects
and surfaces. The term “tactile perception”, which refers
to sensations obtained by touching objects in the external
environment, is frequently used to describe the passive
component of haptic perception. This tactile aspect of
haptic perception is significantly influenced by the skin’s
mechanoreceptors and thermoreceptors (cutaneous inputs,
for example). But haptic perception also covers active touch
and the proprioceptive and kinesthetic signals that come
from the stimulation of receptors in muscles, tendons,
and joints. Based on the examination of perceptual and
neurophysiological responses in both animals and humans,
we have a better knowledge of the neural roots of haptic
perception from the "skin to the brain". Evidently, haptic
perception has features that are tightly linked to sensory,
spatial, proprioceptive, and motor factors [3,5], all of which
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are integral components of the eSmartr patterns, thereby
bearing significant potential for applying the concept of
haptic/tactual sensation to neuronal development, plasticity,
and circuitry involved with human cognitive control, and
perhaps with other mechanisms as well [1,7,8,11,67].

2. There have been circulating reports indicating that the EEG
alpha band frequency falls as cognitive difficulty increases
in central and parietal areas [63,66]. The embedded eSmartr
sleeves caused oscillations in the alpha frequency in an
analogous manner [1,20].

3. Similarly, other reports have indicated that bilateral alpha
power reduction correlates with ratings of behavioral
task difficulty [25,68]. Although the present study with
embedded eSmartr does not corroborate this prior
observation, it is likely that the reduction of the alpha and
beta frequency bands in both hemispheres, particularly
in the left hemisphere, is presumptuously associated with
other tasks that might involve sensory or cognitive skills,
which are to be ascertained [7,8].

4. Ithasbeen reported that frequency band coherence between
central areas rises with increasing behavioral task difficulty
[61,64,69]. The embedded experiment noticed a prominent
reduction in EEG coherence across all frequency bands,
indicating the possibility of the formation of intricate brain
networks induced by this stimulation [20]. This might have
ramifications for cognitive control and has been ascertained
experimentally [1,4].

5. It has been observed that hemispheric asymmetry in theta
and alpha/beta frequencies can be seen during continuous
outcomes [15,63,70]. This asymmetry is observed in
all frequencies in eSmartr, except the delta waveform,
indicating possible involvement with specialized cognitive
skills as well [1,20].

6. Finally, this asymmetry may suggest an active role for
the non-dominant hemisphere in cognitive control [65].
The eSmartr experiment showed involvement of both
hemispheres, albeit more prominent for the left hemisphere,
indicating the presence of intricate pathways that may well
exceed the dimension of localized cognition [1,3,4,7,8].

EEG coherence primarily decreased with eSmartr sleeves
on in all of the frequency bands that were observed in both
hemispheres. Decreased coherence, according to Thatcher
et al. [20], indicates increased differentiation and increased
complexity in brain networks.

The effects of eSmartr on the electrical energies of the brain
were evident, especially in the left frontal and left temporal gyrus,
the left anterior cingulate, and the left para-hippocampal gyrus.
This corroborates with scientific reports providing evidence for
the vital role of cortical circuits in EEG-recorded asymmetric
oscillations in response to external stimuli [17,23,58,65,69].

These observations suggest that those activated Brodmann
areas, particularly the anterior cingulate and para-hippocampal
gyrus, are strongly associated with a host of cognitive functions,
including attention allocation [1,3,7,8,17].

What is the putative connection between somatosensory
stimulation caused by eSmartr-embedded sleeves and cognitive
control? Research studies have unequivocally shown that the
somatosensory system, as a complex system of sensory neurons
and intricate pathways that respond to external or internal
changes, is also involved in enhancing cognitive awareness by
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relaying information about stimulation factors to the brain,
allowing it to activate the appropriate cognitive responses
controlling decisions, attitudes, memories, and language skills
[1,3,5,7,8,22].

The qEEG calculates voltage over frequency for the important
regions of the brain using a mathematical process known as
the spectral analysis or Fast-Fourier Transform (FT'T) that has
been used in our experimental setups with HPT and CBT [1].
The FFT generates a function that plots micro-voltage against
frequency (see Figures 3 and 4).

A database that has been statistically normed to a population
using a Gaussian distribution and Z-score is compared to this
function, or FFT. Simply put, it can be said that a person has a
performance improvement or deficit based on the comparison
database if a known area of the brain differs from a specified
Z-score by more than 2 Sigma [1]. Evidence provided indicates
an FTT-dependent cognitive improvement with eSmartr
technology over a specified period of time, an effect we have
shown to be spatially and temporally oriented [1,3,7,8,71].

EEG Somatosensory Pathways and Haptic Vibrotactile
Trigger Technology

EEG activity represents the geographically and temporally
coordinated synchronous activity of many millions of cortical
neurons. EEG analysis and interpretation require both art
and science. The physiological variability of the typical EEG
spans a wide range and is incredibly variable. This activity
demonstrates the typical EEG waveforms and explains how
the interprofessional team can better care for patients who are
subject to EEG evaluation. This phenomenon is particularly
enforced during the course of this experimentation with
eSmartr, ensuring the validity and reproducibility of tangible,
effectual results [7].

Clinical EEG’s standard bandwidth concentrates on the
examination of waveforms between 0.5 Hz and 70 Hz. The
EEG recordings are bandpass filtered as part of this analysis.
Clinical neurophysiologists and researchers have examined
a wider EEG bandwidth, and have discovered that it can be
clinically meaningful. A number of significant physiological
and pathological aspects of brain activity are lost when the
lower (infra-slow) or higher (ultra-fast) portions of the EEG
frequency spectrum are eliminated from normal EEG. A full-
bandwidth EEG (FbEEG) examines all of the waveforms that are
physiologically and therapeutically significant without making
any trade-offs that would prefer one frequency band over
another [72]. However, it is uncommon in clinical practice to
record EEG data at extremely high frequencies because doing
so needs specialized equipment that can gather data at higher
sampling rates, which in turn increases the amount of storage
space required. This aspect has been carefully monitored in the
eSmartr experiments, with an emphasis on the putative clinical
somatosensory oscillations.

Data collected shows the following types of EEG waveforms
can be distinguished based on the FbEEG recordings and
according to an ascending hierarchy of oscillatory Hz ranges:

1. Infra-slow oscillations (ISO) (less than 0.5 Hz): 1SOs, also
known as spontaneous activity transients (SAT), are the
dominant frequency in preterm infants, with frequencies
as low as 0.01 to 0.1 Hz. At an early, immature stage,
when sensory input plays a minor or no role in shaping
neuronal connections, SATs represent endogenously
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driven, spontaneous activity [73]. This particular aspect is
independent of the observations therein reported by healthy
adults. Additionally, non-REM sleep is accompanied by
ISOs at a variety of frequencies (0.02 to 0.2 Hz), phase-
synchronized with higher-frequency EEG activity [74]. The
majority of low-frequency EEG research has concentrated
on a variety of cognitive tasks and states, including motor
motions (Bereitschafts potential), contingent stimulation
(contingent negative variation, CNV), and the orienting
paradigm [75,76]. These slow scalp potentials can last for
many seconds and frequently have an amplitude of only a
few microvolts, necessitating the use of FbEEG in addition
to electrodes and skin-electrode connections with true DC
characteristics for accurate recording. The link between
somatosensory and very slow EEG responses as well as
fluctuating low-frequency fluctuations at the cognitive
focus has been demonstrated by invasive and non-invasive
EEG monitoring in human and animal models [77]. Our
eSmartr model is considered a typical demonstration of
a non-invasive approach that could be developed into
advanced technology for healthcare monitoring [1]. Recent
evidence from non-invasive ictal DC recordings shows
that focal onset modalities are correlated with protracted,
comparatively high amplitude DC changes [78].

Delta (0.5 Hz-4 Hz): The fronto-central head areas of
the body physically exhibit a strong delta rhythm during
deep sleep. When there is localized brain dysfunction and
widespread encephalopathy, a pathological delta rhythm
appears in awake states. The absence of delta oscillations
in eSmartr experimentation (the present work) and HPT
[1,3] is consistent with an independent mechanism likely
involved in somatosensory pathways during awake patterns.
Adults experience frontal intermittent rhythmic delta
activity (FIRDA), whereas children experience occipital
intermittent rhythmic delta activity (OIRDA) [79]. In
people with temporal lobe pathology, temporal intermittent
rhythmic delta activity (TIRDA) is frequently observed [80].
As shown, the eSmartr-patterned sleeves have particularly
affected the left frontal and left temporal surface EEGs, in
addition to the medial bank of the somatosensory cortex in
the alpha, and not the delta, frequency. This inconsistency
with delta waveforms highlights the involvement of
intermittent neuropathways in a delta-independent manner,
the ramifications of which are under investigation.

Theta (4 Hz-7 Hz): This rhythm is induced by sleepiness
as well as the N-1 and N-2 phases of early sleep. Due to
early sleepiness, it is most noticeable in the fronto-central
head regions and gradually migrates backward, replacing
the alpha rhythm. In youngsters and young adults, elevated
emotional states can also improve frontal rhythmic theta
rhythm. The presence of focal theta activity when awake is
indicative of focal brain impairment. Since the condition
of experimental subjects in this study is a wake-conscience
state, the absence of theta wave involvement is likely
explained [1,20].

Alpha (8 Hz-12 Hz): In typical awake EEG recordings in the
occipital head area, the posterior dominant alpha rhythm
can be found. It is the distinguishing characteristic of the
typical background rhythm captured by the adult EEG.
In healthy people, the posterior rhythm reaches the alpha
range of 8 Hz by the age of 3 and does not start to slow down
until the ninth decade of life. In the general population, fast
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variations of the background alpha rhythm are observed. It
is thought that a slowing of the background alpha rhythm
indicates broad brain impairment [81]. Alpha rhythms have
varying amplitudes in different people and at different times
in the same person. The alpha rhythm is characterized by
reactivity, which aids in identifying it. It is most easily seen
when the eyesare closed and when the mind isatease, and itis
typically diminished by eye opening and mental effort. This
corroborates our observation with the prominent defaults
and network changes recorded with eSmartr technology in
that particular eyes-closed condition. In addition, patients
with diffuse encephalopathy may have generalized alpha
activity, sometimes known as an “alpha coma’, which is
non-responsive to internal or external stimuli. Another
alpha rhythm known as the mu rhythm manifests in the
central head regions and has an arch-like form. When the
contralateral limbs move or when you think about starting
a movement, this pattern typically vanishes [82]. Although
it is eye-opening, it is largely unchanged. Young adults are
more likely to experience them than children or the elderly,
where they are less common. Fatigue, sensory stimulation,
and mental computation are attenuating factors. On both
sides, they are very asymmetrical and asynchronous.
This study has emphatically confirmed asymmetric and
asynchronous oscillations with the alpha waveforms in
subjects wearing the eSmartr sleeves as compared to non-
patterned sleeves, indicating a key role for alpha waveforms
in attenuating certain brain responses that are related to
mental capacity and orientation [1,3,7,8].

Sigma: Sigma waves, also known as sleep spindles, are a
physiological phenomenon that is observed in N-2 sleep.
They are mainly noticeable in the fronto-central head areas
and can be either sluggish (12 to 14 Hz) or fast (14 to 16
Hz) [83]. Spindle coma, or pathological spindle rhythm,
is a symptom of widespread encephalopathy. The results
therein reported cannot rule out the involvement of Sigma
waveforms but have yet to be ascertained in separate
experiments.

Beta (13 Hz-30 Hz): In healthy adults and children, the
beta rhythm is the one that is most frequently observed. It is
most pronounced in the frontal and central head areas and
becomesless pronounced as it moves backward. Beta activity
typically has an amplitude of 10 to 20 microvolts, seldom
exceeding 30 microvolts. It frequently grows in amplitude
during drowsiness and N-1 sleep before decreasing during
N-2 and N-3 sleep. The majority of sedative drugs, including
barbiturates, chloral hydrate, and benzodiazepines, boost
beta activity in people’s bodies [84]. It is possible for cortical
injuries, abnormalities, and subdural, epidural, or subgaleal
fluid collections to result in focal, regional, or hemispheric
attenuation of beta. The attenuation of beta forms in eSmartr
technology is consistent with a broad involvement of the
frontal and temporal regions of the brain in conditions that
are non-pathological. However, since our experiments were
designed to unravel attenuation effects in both healthy and
disease-stricken individuals to mediate improvements in
cognition and other CNS functions, the variation in beta
waveforms typically reinforces the notion that these EEG
patterns are not biased or haphazard but rather outcomes of
specific functionalities [3,7,8].

HFOs (high-frequency oscillations) at frequencies higher
than 30 Hz: Gamma (30 to 80 Hz), ripples (80 to 200 Hz),
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and fast ripples (200 to 500 Hz) are additional categories for
these. Gamma rhythm has been linked to the integration
of several sensory areas in perception. HFOs have been
the subject of substantial research, especially in relation
to cognition and neuropathological conditions. It is
well known that cognitive foci produce extremely high-
frequency activity [20]. Ultrafast frequency bursts (also
known as fast ripples) have been observed in intracranial
depth recordings from certain pathological conditions
affecting the hippocampus (in both animal and human
models), and these bursts likely correspond with the local
clonogenicity of the brain tissue [85]. The location of a
cognitive focus can also be determined by activity bursts
at a comparatively lower frequency range (60 to 100
Hz), according to subdural recordings made during the
presurgical examination of certain conditions [1]. Interictal
HFOs may serve as indicators of human brain tissue
that is attentive and decisive, according to the available
evidence [1,3] and are further being explored. Interestingly,
cognitive states and event-related potentials are correlated
with ultrafast EEG activity. Gamma rhythms have a well-
established role in a wide range of cognitive processes [86-
88]. The category of ultrafast EEG signals known as brain
stem evoked potentials (BERA) is well recognized and
often measured. There have been reports of HFOs (more
than 200 Hz) linked to somatosensory stimulation or
motor movements, as well as their sensitivity to alertness
states, motor interference, or pharmaceutical interventions
like anesthetics or sedatives. These reports provide newer
alternatives for brain monitoring and diagnostics [89,90].
They might aid in the early diagnosis of demyelination and
other cortical integrity issues.

Currently, it is unclear exactly how the arm sleeve
pattern affects the somatosensory system [3,7,8]. Although
physiological, cellular, and molecular pathways are ostensibly
involved [1,91-93], at least three evidence-based hypotheses are
currently suggested: (1) The process of putting a sleeve on the
forearm affects the EEG spectrum independently of the pattern;
(2) dishabituation occurs due to the novelty of a sequence of
edges stimulating the forearm; and (3) the specific properties
and nature of the patterns making contact on the forearm are
primarily responsible for the EEG effects. As noted, anatomical
validation was visible due to the significant impacts on the
homuncular projection of the arm to the medial somatosensory
cortex in addition to the default network, as supported by a
similar patterned technology [1,3,7,8].

Conclusion

Study results indicate that these non-pharmacologic, non-
invasive, haptic vibrotactile trigger technology (VTT) embedded
compression sleeves elicit a response in multiple neurological
cognitive areas, especially the medial somatosensory cortex
and default network, after EEG measurement. These networks
play a key role in executive function, memory, attention, mood,
and information flow. Results reported are very encouraging
and suggest that the non-pharmacological compression
sleeves with VTT have incredible potential to be added to
the current approaches and treatments of noninvasive and
nonpharmacological  therapies with minimal side effects.
Further evaluation, including more data from control and
crossover groups are forthcoming and if validated, should
encourage further research on VTT and its incorporation into
additional products and add to the existing body of evidence
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that supports the use of this technology for those suffering from
various disorders.
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