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Abstract

Thalamocortical dysrhythmia is a shared hallmark of numerous neurodivergent conditions. Restricted
environment stimulation therapy (REST) flotation causes desirable neural shifts in anxious or depressed
populations towards classically defined healthy spectra. In this exploratory investigation, chronic lower back pain
patients were randomly assigned to the experimental condition, six 1-hr REST flotation sessions, or the control
condition, six 1-hr nap pod sessions. Participants underwent quantitative electroencephalograms (QEEG) before
and after their six sessions. Chronic lower back pain patients were chosen because of the high prevalence of the
disease condition and the known network changes that contribute to the transition of pain from acute to chronic.
Results showed traditional gEEG pain-associated signatures shift to reflect more regulated, healthy activity
across the pain and default mode networks in our experimental condition. Dysregulation in neural oscillations can
be indicative of symptomology, and the changes observed in the experimental group reflect healthier activity in all
frequency bands, while the control group showed no significant changes in any 1 Hz bin. These significant cross-
spectral improvements show promise for REST flotation as a supplemental nonpharmacological treatment for

chronic pain.
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Introduction

Neural network alterations are a hallmark of disease
states. In particular, thalamocortical dysregulations
can be observed in neurodivergent populations such
as Parkinson’s disease, Alzheimer’'s disease (AD),
chronic pain, and depression (Vanneste et al.,
2018). The thalamocortical dysrhythmia model
suggests that disturbances arise between the cortex
and thalamus, impeding the flow of information. This
disruption may impact cognition, movement, and
sensation since higher-level cognitive functions are
driven by the interactions between the thalamus and
cortex.
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Chronic lower back pain (CLBP) is one of the
leading causes of disability worldwide, with over 550
million cases in 2019, and has one of the highest
number of years lived with disabilities ratio of any
disease (Chen et al., 2022). One of the critical shifts
in the “chronification” of pain is the transition of pain
from the motor cortex to other centers throughout
the brain, such as the prefrontal cortex. Traditional
interventions rely heavily on ameliorating patients’
physical pain, which fails to encapsulate patient
suffering as a whole. In addition, these deficits
contribute to comorbidities such as anxiety,
particularly kinesiophobia, and depression (Gore et
al., 2012). This is keenly reflected in the
representation across the guantitative
electroencephalogram (QEEG) spectra as
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dysregulations in the pain network and default mode
network (DMN; Alshelh et al.,, 2018; Kisler et al.,
2020).

A noninvasive method used to explore electrical
brain activity, qEEG can be used during active
states (listening to cues, watching stimuli, performing
cognitive tasks), and rich data can also be collected
during resting states. Resting-state qEEG rhythms
can be indicative of states of arousal and informative
of the cognitive processing and potential pathology
(Babiloni et al., 2016; Koo et al., 2017; Lee et al.,
2014; Trammell et al., 2017). Spectral qEEG data
can be broken down by frequency bands which
further elucidate various neurological mechanisms in
neural networks. Dysregulated electrical activity
impacts the function of networks and can indicate
pathology (Cecchetti et al., 2021, Li, Pagnotta et al.,
2015). This dysregulation can manifest differently by
frequency band and by location or network (Gollan
et al., 2014; Moon et al., 2018).

Restricted environment stimulation therapy (REST),
achieved through sensory deprivation, is seen in the
literature as early as the 1950s, with an uptick in
rigorous clinical investigations in the last 10 years.
Not only has REST flotation shown promise in
reducing anxiety and depression (Jonsson &
Kjellgren, 2016), but recent work by Al Zoubi et al.
(2021) shows alteration in the DMN in healthy
patients (Al Zoubi et al., 2021). In brief, Al Zoubi et
al. (2021) saw significant changes in the following
Broadman Areas (BA) as determined by the
published MRI Montreal Neuroscience Imaging Atlas
coordinates; 1, 4, 13, 17, 37, and 39 (Al Zoubi et al.,
2021). Since REST flotation has the ability to
improve neural networks, we inferred that REST
flotation might be beneficial for counteracting the
network alterations that contribute to the
development of chronic pain. The working theory for
REST flotation is that reduced sensory input may
help to reset networks and alleviate pain. Therefore,
our research question asks: does REST flotation
alter neural network changes in CLBP patients?

Methods

All study-related procedures were approved by the
West Virginia University (WVU) Institutional Review
Board (AAHRPP Accredited). This substudy is part
of a larger clinical trial (NCT05260918). Participants
were recruited from the WVU Center for Integrated
Pain Management and were enrolled from January
to December of 2022. Flyers with general study
information were hung in exam rooms and
distributed to patients with a primary diagnosis of
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back pain. Interested participants completed the
intake survey via QR code through Qualtrics
(Quialtrics, 2023). Research personnel reviewed
guestionnaire responses, and individuals who met
the inclusion criteria were invited to visit WVU'’s
Rockefeller Neuroscience Institute (RNI). In brief,
inclusion criteria for the study included (a) MRI
compatibility, (b) right-handedness, (c) consistent
medications for at least the previous 30 days, (d)
chronic back pain (as defined below), (e) 18—-65
years of age, (f) naive to mindfulness intervention,
and (g) the ability to enter and exit a bathtub without
assistance. After a brief tour, interested participants
completed the written informed consent process,
which included participants going over the consent
form with a trained member of the research team,
being afforded the opportunity to ask any questions
they may have had, and being given time to review
all study-related materials prior to signing the
consent form. After informed consent was obtained,
participants were assigned a unique study code,
which was then used to identify all study-related
materials. Participants were then randomly assigned
to the experimental REST flotation group or the
control nap pod group. There was limited access to
the master study index, which is the only index
linking participants with their study code.

A total of 16 participants were enrolled, and after
performing manual and statistical artificing,
10 participants’ records were included in the final
analyses. An additional participant was then
excluded after self-reported extreme life stressors
required psychiatric intervention. Therefore, the
subsequent analyses are based on N = 9. General
participant demographics are noted in Table 1.

Inclusion criteria required patients to have CLBP,
defined as consistent musculoskeletal back pain that
has a moderate-to-severe impact on the patient's life
for at least the last 12 weeks. Participant
medications are noted below, psychiatric and allergy
medications were most prevalent [Supplement 1].
Medication effects were mitigated by using the
Laplacian montage in all qEEG analyses.

Float Tank

REST is often achieved through the use of sensory
deprivation tanks. For this investigation, we used
two Deluxe Quest Floatation Suite tanks (Superior
Float Tanks, n.d.). Each tank measures 238 cm in
length by 198 cm in width by 224 cm in height and
contains approximately 3800 L salt water with 680
kg of Epsom salt dissolved in 37° C water yielding a
specific gravity of 1.30 kg/m?.
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Table 1
Participant Demographics by Group
Mean Age Mean Weight . . African .
(Years) (Ka) Height (cm) M/F Caucasian American Asian
Float 39.5+139 80.1+18.3 174 +13.8 2/4 67% 11.5% 11.5%
Nap 26+ 2 1045+159 177.8%+13.2 2/1 100% 0% 0%

The float tanks are thoroughly insulated to prevent
light and sound pollution. Participants engaged in six
biweekly float sessions, with each session lasting
1 hr and, though encouraged to float with the tank
lights and music off, they were given the option to
activate them at any time from inside the tanks for
comfort. Participants also had the ability to signal
research staff via intercom or push-button if
required.

Nap Pod

The control condition for this investigation was the
MetroNaps EnergyPod nap pod (MetroNaps, n.d.).
Participants in this condition engaged in a similar
number of sessions as the float condition. The nap
pod is located in a dark, quiet room without
windows. There was a motion-activated dim red light
for participant safety if they needed to exit the pod
for any reason. Participants also had the ability to
signal research staff via intercom or push-button if
required.

gEEG Recording

The qEEG was recorded using the CGX Quick-20m,
an FDA-cleared wireless headset (Cognionics, n.d.).
The system uses dry electrodes recorded from 19
scalp locations consistent with the International 10—
20 system (FP1, FP2, F3, F4, Fz, F7, F8, C3, C4,
T3, T4, T5, T6, P3, P4, Pz, 01, and O2) and
references Al and A2 (linked-ear montage). The
Fpl and Fp2 electrodes were placed carefully
approximately 1 cm above the eyebrows, in line with
the participant’s pupils. The remaining electrodes
were then stretched over the scalp. The cap is
designed to reliably align with most head shapes
and sizes while maintaining the integrity of the
standard 10-20 system. qEEG data were collected
in an awake resting state, eyes-closed condition at
baseline, and again following treatment.

The qEEG was digitally recorded at 500 samples per
second using NeuroGuide software (Version 3.2.7;
Applied Neuroscience Inc., n.d.). A 1-Hz high-pass
and 40-Hz low-pass filter were applied along with a
60-Hz notch filter to mitigate electrical artifacts.
Artifact removal was performed using the

120 | www.neuroregulation.org

Vol. 10(2):118-133 2023

NeuroGuide artifact rejection toolbox. Data was then
remontaged to Laplacian and visually examined for
any further artifacts (EMG, eye movement, electrode
pop), which were removed manually. Though
Laplacian helps to mitigate the effects of medicine
as it sets the global field effects to zero, the impact
on the qEEG cannot be entirely ruled out. A list of
pharmaceuticals the participants took is listed in S1.
Records containing at least 60 s of artifact-free data
were included in the analyses. Each maintained a
split-half reliability of 0.95 or higher or a test-retest
value of 0.93 or higher. Finally, the records were
analyzed using NeuroGuide’'s NaviStat software
package for group comparisons using both absolute
power and z-scored normative comparisons. The
NeuroGuide Lifespan database is comprised of 727
normal individuals aged 2-82 years (Thatcher,
2008). Participants were screened prior to inclusion.
Those with any history of abnormal prenatal,
perinatal, or postnatal development, history of
central nervous system diseases, disorders of
consciousness, febrile or psychogenic convulsions,
and any abnormal deviation in mental or physical
development were excluded.

While EEG is recognized for temporal resolution, it
lacks the spatial capabilities of other neuroimaging
techniques. However, advancements have been
made in source localization in EEG over the past
2 decades. Palmero-Soler improved upon the
previously used SLORETA method that uses a
spherical model of 6200 MRI voxels. This
improvement, swLORETA or weighted sLORETA,
uses a realistic head model with the boundary
element method (BEM) to analyze 12,700 5-mm
voxels of current source density allowing for
improved source localization of subcortical
structures. The centermost voxel of the BA is used
to define the region of interest (ROI; Palmero-Soler
et al., 2007).

NeuroGuide’s NaviStat software includes groups of
BAs to correlate with functional networks. Based on
Navistat’s definition, the pain network is defined as
the somatosensory network with the inclusion of
several key pain ROIs like the thalamus, amygdala,
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and habenula (BA 1, 2, 3, 4, 5, 13a, 24, 32, 33,
Thalamus, Habenula, and the Amygdala). Navistat
defines the Default Mode Network as BA 2, 7, 10,
11, 19, 29, 30, 31, 35, 39, 40, Cerebellum Crus 1,
Cerebellum Crus 2, and Cerebellum 9. See S4
(Pain) and S5 (DMN) for the Talairach coordinates of
the centermost voxel of each BA ROl in the
networks of interest. A paired t-test was used to
observe changes between baseline and post-float
session interventions using absolute power and
z-scored comparison.

Statistical Analysis

Group level differences were calculated via paired
t-test by network-defined ROIs across the frequency
spectra using NeuroNavigator's NaviStat default
statical package. Each t-test was informed by the
power of the centermost voxel in each ROI
according to the schema that follows. For each ROI,
there were three t-tests (Experimental Baseline vs.
Experimental Follow-Up, Control Baseline vs.
Control Follow-Up, and Control Baseline vs.
Experimental Baseline). However, there were only
two overlapping t-tests with the same data input
(Baseline Control vs. Baseline Experimental and
Baseline vs. Follow). Therefore, a Bonferroni
correction was used to correct for multiple
comparisons. An initial alpha value of 0.90 was
selected since these data are preliminary results
based on a small sample size. After the Bonferroni

NeuroRegulation

correction, a p-value of .05 for each ROI indicates
statistical significance. There is no need to correct
for multiple comparisons across ROIls since each
ROI has a unique set of data.

Results

Differences Between Groups

There are no significant differences between the nap
and float groups at baseline via an independent two-
tailed t-test. A paired samples t-test showed
significant changes in the pain network in the REST
flotation experimental group over time in all but six
1-Hz frequency bins out of the 30 Hz analyzed. No
significant differences were observed in the nap
control group paired sample t-test over time. An
example showing significance observed in the pain
network at 21 Hz in the REST floatation group
(Figure 1) compared to the control group (Figure 2)
is shown below. In Figure 1, there are 12 significant
changes in the pain network over time for the
experimental group, with no significant
improvements in the control group. It is also
important to note that these surface renderings
represent a 1-Hz bin. Figure 5 shows the total
number of significant changes across the network of
interest, and the significant changes by exact ROl by
hertz are shown in the supplement.

Figure 1. Group Level Surface Rendering of 21 Hz of Significant Changes Across the Pain Network in the Float

Condition.

Pared st piohe) 25cre €0

¢ SPaired T-Test (P-Value) (Cond1 - Cond2) o

Pain Network in Experimental Group
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Note. Highlighted regions in the chart represent statically significant changes.
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Figure 2. Group Level Surface Rendering of 21 Hz of Significant of Significant Changes Across the Pain Network in
the Control Condition.

Pared T-Test (P-Vabe) Rawr-Score €S0
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The same method was used to observe changes in
the DMN in both experimental and control
conditions. The paired samples t-test showed
significant changes in the DMN in the REST
floatation experimental group in all but three 1-Hz
frequency bins out of the 30 Hz analyzed. Again, no

Pain Network in Control Group

significant changes were observed in the control
group paired samples t-test over time. An example
showing significance observed in the DMN at 4 Hz in
the REST floatation group (Figure 3) compared to
the control group (Figure 4) over time is shown
below.

Figure 3. Group Level Surface Rendering of Significant Changes to the DMN at 4 Hz via a Paired Samples T-Test

in the Float Condition.

¢ ZPaired T-Test (P-Value) (Cond1 - Cond2)

Note. The highlighted rows in the chart indicate statistically significant changes over time.
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Figure 4. Group Level Surface Rendering of Significant Changes to the DMN at 4 Hz via a Paired Samples T-Test

in the Control Condition.

Default Mode Network in Control Group

¢ JPaired T-Test (P-Value) (Cond1 - Cond2)

No significant changes were seen in the control
group over time in either network’s 1-Hz frequency
bins. The NaviStat surface renderings provide group
changes in 1-Hz bins. Since all frequency bands (1-
30 Hz) were included in the scope of this paper, the
number of significant changes per ROI by 1-Hz bin
were plotted (Figure 5) to display the significance

observed in each frequency band. The bars
represent changes in both Pain (5A) and DMN (5B)
networks in the experimental group over time. For
reference, the pain network is comprised of 24 ROIs,
and the DMN is comprised of 28 ROIs. No significant
changes were seen in the control group over time.

Figure 5. Significant Changes by Frequency in Pain Network (A) and Default Mode Network (B) in 1-Hz Bins.
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Discussion
The mechanism behind REST flotation is still
unclear. REST flotation significantly reduces

auditory, visual, and thermal or tactile stimulation.
This reduction in stimuli may help the brain reset
itself by allowing the DMN to reign supreme.

Shifts in spectral power can be indicative of
functional and structural pathologies. Increases in
low-frequency (2—-4 Hz) and high-frequency (14-44
Hz) power in pain patients compared to healthy
controls has been previously observed (Vanneste et
al., 2018). Our participants displayed similar spectral
data at baseline. After the float intervention, excess
spectral power in all frequency bands was reduced,
suggesting a healthier pattern (Supplements 2 and
3). These broad spectra significant improvements
are shown in Figure 5. Significant changes were
observed across all frequency bands, with the
greatest spectral changes being decreases in delta
(1-4 Hz), theta (4-8 Hz), and beta (17-30 Hz;
Figure 1).

EEG Pain Network

The pain network is comprised of several ROIs in
addition to the primary motor cortex, such as the
insula, thalamus, amygdala, and habenula. While
the motor cortex is responsible for the localization of
pain, the interpretation and internalization of this
signal take place in other regions of the brain. The
thalamus is classically described as the gatekeep for
inbound stimuli, while other areas like the insula,
amygdala, and cingulate cortex play a central role in
the “chronification” of pain (Lindsay et al., 2021).

Delta (1-4 Hz) activity is seen in deep, dreamless
sleep. It has implications in pain, as Li, Ge, and
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colleagues (2020) found that elevated delta power is
seen in increased neuropathic pain, while decreases
in delta power are correlated with pain attenuation
(Li, Ge, et al.,, 2020). Changes in delta activity at
4 Hz are represented in Figure 2 (Experimental) and
Figure 3 (Control). Improvement in delta band
frequencies in pain patients may help to regulate
sleep and nociceptive signaling.

Theta (4-8 Hz) occurs in both sleep and wakeful
states. Increased spectral theta power is seen in
chronic pain (Fallon et al.,, 2018). Pinheiro and
colleagues (2016) conducted a review and surmised
that chronic pain patients display higher power in
lower frequencies at rest compared to healthy
individuals (Pinheiro et al., 2016).

Healthy qEEG spectra resemble a bell curve with a
peak in the alpha band (Furman et al., 2020). Alpha
can be viewed as a conveyer system that carries
one from internal (slower frequencies) to external
(faster frequencies) states of arousal. Healthy,
synchronous alpha activity helps one to effectively
maneuver between concentration and relaxation
cycles (Sterman et al., 1994). Dysregulated alpha
power can lead to interruptions in this cycle,
impacting cognitive performance. Pain patient
spectra tend to show dampened and slowed alpha
activity, with increased power in the theta and beta
bands. Other known disease states with cognitive
impairment as their hallmark tend to present with a
similar alpha/theta pattern (Ozbek et al., 2021).
Some researchers suggest that slower alpha may
indicate increased sensitivity to pain (Furman et al.,
2020). In this study, we observed a rightward shift in
alpha band activity toward a healthier spectral
presentation. Theta/alpha dysregulation is a
hallmark of thalamocortical dysregulation and is
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especially noted in pain patients (Prichep et al,
2018). Regulation toward healthy, normal spectra
may indicate movement toward symptom reduction
and overall improvement in cortical activity.

The increase in the delta band is associated with
internal stressors including poor pain processing,
kinesiophobia, and rumination (Li, Ge, et al., 2020).
An increase in the beta band amplitude is
associated with external pain-stressors such as
societal stressors, loss of work, and back pain
associated stigmas (Teixeira et al.,, 2022). These
processing centers are overworked and cannot
effectively communicate with one other, which is
necessary to resolve the issues outlined above.
Essentially, these processing centers are
overworking with little to show for it. Therefore, our
gEEG spectral shifts translate into a more efficient
conveyer and decreased workload on the
processing centers, translating to a significantly
more efficient system (Zolezzi et al., 2023). Ergo, the
experimental group is showing fewer disease-related
gEEG signatures, such as thalamocortical
dysrhythmias, which may translate to an improved
quality of life.

Increased high beta activity has been observed in
the chronic pain population. Excess high-beta power
can lead to psychological discomfort and feelings of
stress or anxiety (Diaz et al., 2019). Reducing the
increase in beta power is often a target for
neurofeedback interventions aiming to improve both
chronic  pain  symptoms and pain-related
comorbidities (Hassan et al., 2015; Vuckovi¢ et al.,
2019; Wang et al., 2019). Regulation of the beta
band serves to improve symptoms of pain and
anxiety alike.

EEG in Default Mode Network

Numerous recent works have shown alterations in
the DMN in chronic pain states (Alshelh et al., 2018;
Loggia et al, 2013). The DMN is classically
discussed as the network invoked when there is a
light cognitive load. However, the DMN plays a key
function in many self-awareness and introspective
tasks. The DMN is a relatively young evolutionary
by-product because of the required advancements in
cortex development and focus on internal stimuli
instead of extrinsic rewards (Smallwood et al.,
2021). The DMN also has close ties to the
somatosensory and motor cortices. Therefore, it is
not a far stretch of the imagination that the literature
has shown a connection between the decrease in
DMN activity and increased pain rumination (Kucyi
et al., 2014). In addition, alterations to the DMN
contribute to neural deficits associated with cognitive
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impairment in many disease states like AD,
depression, ADHD, and Parkinson’s disease (Mohan
et al., 2016).

The DMN is comprised of the precuneus, posterior
cingulate, medial prefrontal cortex, and bilateral
temporoparietal junction (BA 2, 7, 10, 11, 19, 29, 30,
31, 35, 39, 40). The DMN is one of the most widely
studied resting-state neural networks. This network
is considered to oppose the central executive
network as it is dominant in resting states when the
brain is not actively involved in a task and,
conversely, becomes deactivated during externally
oriented cognitive processing.

Delta frequencies are imperative for memory
formation, especially in the DMN (Neuner et al.,
2014). Delta also plays a role in cognitive
processing, with increases in power being observed
during cognitive tasks (Harmony, 2013). In clinical
populations, dysregulation in delta power and
connectivity is observed in the DMN and is believed
to be the underpinnings of psychopathology
(Baenninger et al., 2017). Regulation in delta
frequency power could be helpful in cognitive
flexibility, sleep, and memory. Delta frequencies are
highly correlated with DMN activity and the Para-
hippocampal gyrus, and it is believed that this link in
the delta frequencies is imperative for memory
(Neuner et al., 2014).

Like delta, theta power increases during cognitive
load (Diaz-Piedra et al., 2020). Frontal theta power
is observed during mental processing and is
negatively correlated with DMN activity. The inability
to regulate frontal midline theta power can inhibit
DMN activation (Scheeringa et al., 2008). Increased
widespread slow-wave activity (delta and theta) in
the DMN is a biomarker for AD (White et al., 2013).

Alpha, the brain’s idling rhythm, is the predominant
rhythm of the DMN. Alpha activity in the DMN is
dominant when internal processing occurs, such as
self-referential thinking and has implications in
memory (Klimesch et al.,, 2008; Knyazev et al.,
2011). The alpha oscillations help to keep the brain
disengaged from external stimuli whilst engaging in
introspection during resting state (Foxe & Snyder,
2011). Alpha band dysregulation in the DMN is
observed in neuropsychiatric disorders such as AD,
schizophrenia, and posttraumatic stress disorder
(PTSD; Jafari et al, 2020; Tu et al., 2020).
Decreased alpha power is thought to be the
underpinning of hypervigilance in PTSD populations.
Alpha band activity is believed to be imperative for
information sharing in the DMN and, therefore,
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regulation of this band is vital for the overall health of
the network.

Beta activity in the posterior cingulate is observed in
cross-network interaction and functional integration
of information (de Pasquale et al., 2012). This
frequency band in resting states is believed to be
one of the mechanisms used in the predictive coding
of stimuli (Betti et al., 2021). Engel and Fries argue
that beta rhythms maintain brain states, and
alterations in beta activity are representative of
detriments in cognition (Engel & Fries, 2010).

Clinical Impact

Each frequency band impacts the function and
connection between hubs within  networks.
Alterations in oscillations can impact cognition,
sensation, movement, perception, and behavior. The
health of the DMN affects the health and behavior of
the entire brain. In this study, REST flotation shifts
gEEG to reflect healthier spectral power in two key
pain networks, the DMN and pain network. Initially,
our population varied from healthy, pain-free
spectra. Typically, normal pain-free spectra clearly
display a peak in the alpha frequency band;
however, thalamocortical dysrhythmias tend to show
increases in theta and beta frequencies that reflect
symptomatic pain experiences (Prichep et al., 2018).
Restoration of the natural, alpha-dominant frequency
may lend to the improvement of a wide array of
symptoms (Kisler et al., 2020; Schuurman et al.,
2023). In our experimental intervention, we see a
significant decrease in beta/theta bands with a slight
increase in the alpha band. While these findings are
preliminary, these significant neural network
changes are often seen before behavioral outcomes.
Therefore, with a further longitudinal investigation,
REST flotation may prove beneficial as a
supplemental nonpharmacological treatment for
CLBP because it improves regulation across neural
networks.

Conclusion

Thalamocortical dysrhythmias are observed in many
neuropsychiatric and neurodivergent populations.
Dysregulated neural oscillations can manifest in
various behavioral and symptomatic experiences. A
CLBP population was the center of this investigation
because of the abhorrent alterations caused by
chronic pain and the pervasiveness of CLBP. Our
overall goal was to determine what, if any, effect
REST flotation may have on neural networks. If
REST flotation is able to improve neural networks,
then it may prove useful as a supplemental
nonpharmacological treatment for CLBP. In both
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networks of interest, we observed significant
changes towards healthy pain-free spectra in the
float group, while no significant changes were seen
in the controls. These improvements demonstrate
the effectiveness of REST flotation in altering neural
networks. Therefore, REST flotation shows promise
as a supplemental intervention for CLBP.

Limitations and Future Work

There are several key limitations to note in this
investigation. First, this is a pilot investigation with a
relatively small number of participants. Further
investigation is needed to verify these data and
trends, and a greater sample size is also needed to
cross-examine the effects of biological sex on pain
processing. These findings could be further
corroborated by incorporating more expository
investigational modalities, such as functional
magnetic resonance imaging, to investigate changes
in deeper neural networks. Also, additional
behavioral outcomes should be assessed to
substantiate these findings. Results from this study
could be partially due to a mild reduction in
inflammation, which could be further elucidated via
serum biomarkers. Lastly, more diverse pain
syndromes should be investigated to determine
whether these findings translate to other
populations.
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Appendix
Supplemental Materials
Supplement 1
Participant Medications Verified via Chart Review
Participant Medication Purpose/Class
Float 1 Dexedrine 10mg PO Daily Stimulant
Adderall XR 30mg PO Daily Stimulant
Allegra 30 mg PO Daily Allergy
Float 2 Flonase PRN Allergy
Naproxen 1000 mg PRN NSAID
Methotrexate 2.5mg PO Daily Antimetabolites
Float3 Enbrel 50 mg SubQ weekly TNF Blocker
Float 4 Adderall XR 20mg BID Stimulant
Methocarbamol 500mg PRN Muscle Relaxer
Float 5 No prescribed medications
Float 6 No prescribed medications
Nap 1 Duloxetine 20mg PO Daily Antidepressant
Nap 2 No prescribed medications
Buspar 10mg BID Anxiolytic
Nap 3 Trazadone Antidepressant
Colchicine 0.6mg PRN Gout
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Supplement 2;

10.15540/nr.10.2.118

doi

118-133 2023

Vvol. 10(2)

Pain Network t-Test Delta Alpha Beta

ROI NAME ROI LOCATION 1Hz 2Hz 3Hz 4Hz 5Hz 6 Hz THz B Hz 9Hz 10 Hz 11Hz 12Hz 13 Hz 14 Hz 15Hz 16 Hz 17 Hz 18 Hz 19 Hz 20Hz 21Hz 22Hz 23 Hz 24 Hz 25Hz 26Hz 27Hz 28Hz 29Hz 30Hz
1-L Post Central Gyrus 0.020 NS 0.034 0.021 0.044 0.016 0.041 0034 0.033 NS 0016 0.034 0.024 NS NS NS 0.04 0.023 0.039 0.041 0.045 NS NS NS NS NS NS NS NS NS
1-R Post Central Gyrus NS NS 0.018 0.028 0.043 NS NS NS NS NS NS NS NS NS NS NS NS NS 0 0.032 NS NS 0.036 NS NS NS NS NS
2-L Post Central Gyrus oote | oo | o2 [ oo 002 0012 | e NS NS NS 0029 NS NS NS o ns NS NS 0.2 0084 NS NS N NS 0.3 0.0 NS o0
2-R Post Central Gyrus 0045 0.0 0015 | ooz 0 NS NS NS NS NS NS Ne ns NS NS NS NS NS 0om4 00z | oo NS Ne vozz | ooz NS NS 0049 Ne NS

3-L Post Central Gyrus 0920 NS 0on0 | oo 0.036 00 045 NS NS NS 0026 Ne NS NS NS NS NS 0035 NS NS 0.034 NS Ne NS NS NS 0,05 0049 Ne o
3-R Post Central Gyrus 0.040 0.04 0.015 0.029 0.044 NS NS NS NS NS NS NS NS NS NS NS NS NS 0. 0.02 NS NS 0042 NS NS NS NS NS
4-L Pre-Central Gyrus 021 NS 004 | oos2 NS 0026 NS NS NS NS 0028 NS ns NS NS NS NS 0,036 NS NS 0044 NS Ne Ne NS NS NS NS NS NS
4-R Pre-Central Gyrus NS NS 00 | oose NS NS NS NS NS NS NS Ne ns NS NS NS NS NS 0.03: 0,03 NS Ne Ne NS NS NS NS NS NS
5-L Parietal Lobe NS NS 0.082 0.026 0.03: 0.039 NS oon 0.019 NS NS NS 0.040 NS NS NS 0.025 0.020 0.022 0.030 NS NS NS NS 0.046 NS NS NS NS NS
5-R Parietal Lobe NS NS 0.041 0.035 NS NS NS 0.021 0.031 NS NS NS NS NS NS NS 0.026 0.039 0.007 0.026 0.041 NS NS NS 0.050 NS NS NS NS NS
13a-L Anterior Insula 0.00 NS NS Ns NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
13a-R Anterior Insula 0.015 NS 0.007 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
24-L Anterior Cingulate Gyrus 0013 NS NS 0.044 NS NS NS NS NS NS NS NS ns NS NS NS ns ns ns NS NS NS Ne Ne NS NS NS NS Ne Ne
24-R Anterior Cingulate Gyrus 0015 NS 0.035 NS NS NS NS NS NS NS NS NS ns NS NS NS ns ns ns NS NS NS Ne Ne NS NS NS NS Ne Ne
32-L Anterior Cingulate Gyrus 0015 NS 00 | ooos NS NS NS NS NS NS NS NS ns NS NS NS ns ns ns NS NS NS Ne Ne NS NS NS NS Ne Ne
32-R Anterior Cingulate Gyrus 0016 NS 0005 | oote NS NS NS NS NS NS NS NS ns NS NS NS ns ns ns NS NS NS Ne Ne NS NS NS NS Ne Ne
33-L Anterior Cingulate oon NS NS Ns NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
33-R Anterior Cingulate 0.0¢ NS NS Ns NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Thal - L Parasubiculum hippocampal region 0.049 NS NS NS NS NS NS N NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Thal -R Parasubiculum hippocampal region NS Ns NS NS NS NS NS NS NS NS NS Ne NS NS NS NS ns ns ns NS NS NS Ne Ne o021 NS NS NS NS NS
Hab-L Habenula Ns Ns Ns | s ns ns NS Ns Ns Ns ns Ns NS N NS NS NS NS Ns NS NS NS NS NS NS NS NS NS NS NS
Hab-R Habenula NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 0.032 NS NS NS NS NS 0.01 NS NS NS NS NS
Amy-L Amygdala oo | s Ns | ns Ns Ns NS NS Ns NS ™ Ns NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Amy -R Amygdala oo | s Ns | ns Ns Ns NS NS Ns NS ™ Ns NS NS NS v | oo | ows N | oo | ws NS s | oo | cou | ns NS NS NS NS
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Supplement 3:

Default Mode Network t-Test Delta Alpha Beta
znﬂ.» ROI - LOCATION the | ozwe foame |oame |oswe foeme |ome foeme |oone |00 i I I i I I 44 o o o A F A i i o 4 F b 4
2-L Post Central Gyrus 0 HA 002 ﬁ\ o 0 ».A _(n NS NS NS 0.029 NS 0. NS NS 0.045 NS 0.035 NS NS 0.029 NS NS NS NS 0.037 0.0 NS
2-R Post Central Gyrus ogé 0 o o 0 NS Ns Ns NS NS NS NS NS NS NS NS NS NS 0014 0.024 NS NS 0.023 0.025 NS NS NS NS
7-L Supramarginal Gyrus b o o g an s 1 NS NS 0.050 NS 0.029 NS NS NS NS 0.024 0.033 NS NS 0.038 NS NS 0039 NS NS NS NS NS
7-R Supramarginal Gyrus NS NS o NS NS NS NS NS NS NS 0.045 NS NS NS NS 0 NS 0.043 NS NS NS 003 NS NS NS NS NS
10-L Pre-Frontal Cortex g0 004 e NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
10-R Pre-Frontal Cortex op 02 op o NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
- Orbital Frontal v | ows N | o N N | ows | ows NS v | ows NS NS NS NS NS NS w o ows NS NS Ns v | ows NS NS w o ows Ns
11-R Orbital Frontal 0 “A NS 0.00 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
19 -L Occipital Cortex NS NS o0 an NS 002 s NS NS NS NS NS NS NS NS NS NS 0011 0.038 0.032 NS 0.03 NS NS NS NS NS NS NS
19-R Occipital Cortex N | ks s ns | ons | oms NS nso | ows NS NS NS v | oo | oo NS NS NS nso | ows NS NS wo | ows NS
2-L Postertor Cingulats & Superlor Transverse Temporal I e e T B B I R e e I e e e O T S
yru
20-R Posterlor Cingulate & mmvwzmnq Transverse Temporal NS NS s Ns Ns NS NS NS NS NS NS NS NS NS NS NS NS oot | oo NS oote | oots | oos | ooss | coos | ooz | ooss NS 0045 NS
yru
30.L Posterior Cingulate & Cuneus [N BT ™ W | s s ns | ons | ows NS v | ows NS NS NS NS oot | ws | oo | ms NS NS v | ows NS NS ws | oms NS
30-R Posterior Gingulate & Cuneus v | s | ows W | s N N | ons | ows NS ns o | ows NS NS NS NS NS NS [ 0045 NS NS NS NS
3-L Dorsal Posterior Cingulate NS NS by 0oz 'y N NS NS NS NS NS NS NS NS NS NS NS 0om NS NS NS NS NS NS 0.028 NS NS NS NS NS
31-R Dorsal Posterior Cingulate NS NS s NS NS NS NS NS NS NS NS NS NS NS NS NS 0031 0.022 NS 0.046 NS NS NS 0020 NS NS NS NS NS
35-L Medial Temporal Lobe & Parahippocampal Gyrus v | ows N | o N N | ows | ows NS v | ows NS NS NS NS NS NS w o ows NS NS Ns v | ows NS NS w o ows Ns
35-R Medial Temporal Lobe & Parahippocampal Gyrus NS NS NS [ [ NS NS NS NS NS NS NS NS NS NS NS o NS NS NS NS 0040 0029 NS NS NS NS NS
39-L Angular Gyrus & Inferior Parietal Lobe oo op ogo om o5 oy og o o NS NS NS NS 0.038 NS 0.041 NS 0.020 0082 0.023 0.036 0.017 NS 0.033 NS NS 0.044 0.038 NS NS
39-R Angular Gyrus & Inferior Parletal Lobe NS NS o o5 't v [ [ [ NS NS NS NS NS NS NS NS 0050 0019 0.038 0019 NS NS 0029 00 NS NS NS NS NS
40 -L nferior Parietal Lobe Angular Gyrus ot om R NS NS o4z NS NS NS NS 003e NS 0028 0.044 0025 0.028 NS 004 NS NS 0036 NS 0.04
40-R nferior Parietal Lobe Angular Gyrus NS L o b L [ [ [ NS NS NS NS NS NS NS NS NS 0.012 0.023 0018 NS NS 0018 0.050 NS NS NS
Crust -L Cerebellum v | ows | ows W | o N N | ons | ows NS ns o | ows NS NS NS Ns i oo | ows | s oo | oms | e | ows | ows NS s | oo NS
Crus1-R Cerebellum NS NS E NS NS NS NS NS NS NS NS NS NS NS NS NS 0.025 0044 0.023 0.3+ NS NS NS NS NS NS NS 0.041 NS NS
Crus2-L Cerebellum v | ows | ows W | o N N | ons | ows NS ns o | ows NS NS NS Ns 7| oo | ons | oms NS wso | oo | ows | s NS s | oo | oo | ws
Crusz-R Cerebellum [N BT ™ W | s s ns | ons | ows NS v | ows NS NS NS NS oo | ooz | oo | ms NS NS v | ows NS NS NS NS
Cbim_9- Corebalium v | s | ows | ows | ows [ s | ons | s | e | owe | ns | ons | ows | ws | me | ne | oms | we | we | s | ows | one | we | ns | s | e | we | oms | ws | ome
Clbm9-R Cerebellum v | ows | ows N | o N N | ows | ows NS v | ows NS NS NS v | oo | ows | oee | NS [ T I NS NS ns | ooz | ws
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Default Mode Network
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