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ABSTRACT

The aim of this IRB approved study was to evaluate the efficacy of the non-invasive, drug-free, re-usable patch,
Signal Relief™, for the management of general musculoskeletal pain. Pain severity was assessed at baseline and
upon completion of 7-day treatment schedule using Visual Analog Pain Scale (VAS), Brief Pain Inventory form
(BPI) and Pain Interference Score (PIS). Reduction in pain medication use was evaluated via pain medication diary.
An optional, exploratory endpoint of Substance P blood serum levels at baseline and end of treatment was also
assessed. We enrolled 42 subjects with 2 board-certified physicians, one primary care and one a pain specialist.
Thirty-two subjects completed the trial. Seventy five percent (24/32) subjects had a > 30% reduction in pain on VAS.
The average reduction in pain per VAS, BPI and PSI for the cohort was 59.7% (-65.6, -53.7); 44% (-53.1, -34.9);
and 47.4% (-53.7, -41.1) respectively. Sixty eight percent (22/32) subjects were taking pain medication upon study
entry. Reduction in pain medication use demonstrated was a 96.5% decrease for non-opioids and 91.4% decrease
for opioids. Substance P levels were collected for 24 subjects. While 50% of subjects (12/24) showed a reduction
in Substance P levels there was an overall increase of 11.7% across the entire cohort. Safety assessments included
physical examination, monitoring of vital signs, and adverse event reporting per study visit schedule. No adverse
events were reported. Our findings suggest that the Signal Relief™ may be an effective non-invasive, drug-free option
for the management of general musculoskeletal pain.
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Introduction

In 2019, the National Center of Health Statistics reported that
20.4% of adults in the United States have chronic pain and 7.4%
have high impact chronic pain (pain that limits life or work
activities). Data from the National Health Interview Survey
showed that chronic pain is higher in women, persons over the age
of 65, and non-Hispanic white adults. The prevalence of chronic
pain also increases with age and as the place of residence becomes
more rural [1]. While the underlying cause of chronic pain can
vary (e.g., inflammation, underlying disease or condition, injury,
medical treatment, etc.), it is associated with a decrease in quality
of life and depressive and anxiety disorders [2,3].

First-line therapy for chronic pain includes the use of over-the-
counter analgesics such as acetaminophen and ibuprofen or COX-2
inhibitors such as celecoxib. When these treatments are ineffective
in managing pain, opioids have dominated the treatment paradigm.
After the publication of two small studies in the early 1980s
demonstrating that opioids were not addictive, opioids became a
welcome relief for the management of chronic pain. Unfortunately,
this misinformation led to the long-term use of opioids that laid the
foundation of our current opioid crisis [4]. In arecent survey, 22.1%
of adults with chronic pain reported using opioids over the past
three months [5]. Since 1991 the number of drug overdose deaths
has quadrupled, and 70% of the 70,630 deaths in 2019 involved
an opioid [6]. It is estimated that 4-6 percent of those who misuse
opioids transition to heroin and approximately 80% of people who
use heroin first misused opioids [7-9]. The Center for Disease
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Control (CDC) has initiated an extensive program to help curb
the crisis through public education, state funding, and information
tracking strategies [10]. The National Institute of Health started the
Helping to End Addiction Long-term (HEAL) initiative to provide
funding to researchers addressing questions around addiction and
to support the development of alternative non-opioid therapies for
pain management [11]. The economic impact of opioid addiction
was estimated in 2017 to cost the United States $1,021 trillion a
year, according to the Center for Disease Control [12].

Therefore, there is an urgent need for safe and effective non-opioid
options for pain management. The integration of micrometals
in analgesic therapies is well documented. [13,14]. Further, it
is believed that addressing the compromised communication
pathways in the nervous system, could help mitigate pain. [15] The
Signal Relief Patch expands upon these principals by incorporating
a conductive particle array that acts as a bio-antenna in the form
of a flexible patch.

The goal of this study was to investigate whether this drug-free,
non-invasive, re-usable pain patch could benefit patients suffering
from general musculoskeletal pain, reducing pain interference with
their daily activities as well as reducing their use and dependence
on non-opioid as well as opioid pain medications.

Methods

Between January and July of 2022, we conducted a 1-week
treatment schedule in 2 outpatient pain clinics in Arizona
(Scottsdale and Sedona). Written informed consent was obtained
from each subject prior to participating in the study.

Participants were recruited from the principal investigator’s
referrals and from advertising on social media. Participants
were included if they were > 18 years of age, currently seeking
treatment for chronic musculoskeletal pain management, had
initial ten-point VAS pain scale score of > 4, willing to refrain
from or reduce pain medication use for the study duration, and able
to provide informed consent. Participants were excluded if they
were receiving other investigational agents or were participating in
another clinical trial, in emergent need of pain treatment, had acute
injury requiring treatment, not willing to discontinue or reduce pain
medication use, currently undergoing physical therapy, starting a
new exercise regimen, had an implantable pain device, pacemaker,
defibrillator or other neuromodulation device, or were known to
be pregnant.

Eligible subjects were provided an innovative, non-invasive bio-
antenna that exists as a thin, flexible patch ,Signal Relief TM (see
picture 1). The patch contains no drugs, wires, or batteries. The
conductive particle array layer in the Signal Relief TM patch
exploit the body’s natural electromagnetic field by absorbing
electromagnetic energy. Thereby, the intensity of the pain signals
reaching the brain is reduced or interrupted, effectively relieving
the pain. Patients with chronic musculoskeletal pain and an initial
Visual Analog Pain Scale (VAS) score > 4 at baseline received a
patch for a 7-day treatment window. A total of 42 subjects were

enrolled, 29 females and 13 males with an average age of 61.4
years (28 - 86). Thirty-two subjects completed the trial. Ten
subjects were excluded from primary analysis, 7 did not follow
up to complete the study, and 3 had an initial VAS score < 4. The
7 subjects that did not complete the study had pain in an area that
was difficult to affix the patch to, primarily the neck and shoulder.
We are working on a more malleable design to address this.
The primary efficacy assessment was the proportion of subjects
achieving at least a 30% reduction in reported pain VAS scale
from baseline to the end of treatment. Other assessments included
proportional change in VAS, Brief Pain Inventory (BPI) and Pain
Interference Score (PIS) from baseline to the end of treatment, and
average % reduction in non-opioid and opioid pain medication use
from baseline to end of treatment. Participant characteristics are
summarized in (Table 1).

Figure 1: Signal Relief Patch.

Table 1: Baseline Characteristics of eligible participants.

Characteristic
Age (y)
median 62.5
min,max 28,86
Sex, n (%)
fernale 23 (72%)
male 9 (28%)
Ethnicity, n (%)
Non-Hispanic or Latino 19 (59%)
Hispanic or Latino 2 (6%)
Unknown or not reported 11 (35%)
Primary area of pain, n (%)
Back 18 (56%)
Hip 5(16%)
Shoulder 4(13%)
Knee 3(9%)
Neck 2 (6%)
Participants taking concurrent pain medication, n (%)
MNone 10 (31%)
oTC 17 (53%)
Opioid or narcotic 51(16%)

Abbreviations: OTC, over the counter

An optional exploratory endpoint measuring blood serum levels
of Substance P (pg/ml) at baseline and day 7 was also evaluated.
This evaluation was completed on 24 subjects. Substance P (SP) is
secreted by nerves and inflammatory cells such as macrophages,
eosinophils, lymphocytes, and dendritic cells and acts by binding
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to the neurokinin-1 receptor (NK-1R). Safety assessments included
physical examination, monitoring of vital signs, and adverse event
reporting per study visit schedule.

Results

Greater than 90% of study participants received reduction in their
pain per VAS score, 30/32 (93.7%). The proportion of subjects
achieving our endpoint of at least a 30% reduction in pain per
VAS measurement was 75% (24/32). Mean reduction in VAS was
59.7%, with a 95% CI (-65.6, -53.7), mean reduction in BPI was
44.0%, 95% CI (-53.1, -34.9), mean reduction in PIS was 47.4%,
95% CI (-53.7, -41.1).

Sixty Nine percent of participants (22/32) were using pain
medication upon study entry. Average reduction in non-opioid
pain medication use was 96.5% and average reduction in opioid

pain medication use was 91.4% from baseline to end of treatment
(Figures 2,3, & 4).
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Figure 2: Mean overall improvement in VAS, BPI, and PIS baseline to
end of treatment.
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Abbreviations: VAS, Visual Analogue Scale; BPI, Brief Pain Inventory; PIS, Pain Interference Score
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Figure 3: Baseline and end of treatment VAS, BPI and PIS scores.
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Figure 4: Baseline and end of treatment pain medication use.

In correlating SP to VAS score we found that 12/24 (50.0%) of
subjects had a decrease in VAS and decrease in SP as we had
anticipated, 11 subjects had a decrease in VAS but an increase
in SP. Only 1 participant had an increase in both VAS and SP.
Substance P (SP) showed a mean increase of 11.7%, 95% CI (3.2,
20.2). We attribute the overall mean increase in SP values to the
fact that over 40% (41.6%) of those who showed an increase in
SP had multiple areas of pain. For the purpose of this study, we
were only evaluating and treating a single area. Only 1 participant
that showed a decrease in SP had more than one area of pain
documented. No adverse events were reported.

Discussion

This pilot study is the first of its kind to demonstrate the potential
for clinically significant benefits of treatment with this Signal
Relief™ pain patch technology. While the mechanism by which
this technology affects the pathophysiology of pain is not clearly
delineated, there are plausible theories that explain the results
demonstrated. It is postulated that the conductive particle layer
within this flexible patch design interact with the imperceptible
electrical signals from the body’s nervous system that are generated
when the body is experiencing pain. The energy from these pain
signals is transmitted to the patch like an antenna. This effectively
gives the pain signal an opportunity to exit the body through a path
of least resistance i.e., ‘off-ramp’, thereby, the intensity of the pain
signals reaching the brain is reduced, effectively breaking the pain
cycle.

Opioid use for pain treatment dates to the mid-1800s in the
United States—but the risk of dependency was recognized even
then. Dosage and treatment duration can play a role in a patient's
likelihood of experiencing opioid addiction, although studies show
that even short-term use of opioids can lead to misuse. Globally
a staggering 310 million surgeries are performed annually with
40-50 million occurring in the USA and another 20 million in
Europe [16]. Preventing post-operative complications is top of
mind for all surgeons when embarking on any surgery procedure.
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Post-operative pain management begins before the scalpel is
placed on the skin. With our current knowledge of the chronic
abuse potential of opioids, novel pain management alternatives
are needed. Statistically 20% of surgical patients continue to
use opioids 3 months after surgery [17]. Post-operative pain
management presents an ongoing challenge for surgeons of all
surgical subspecialities. Inadequate post-operative pain control
leads to delayed rehabilitation, increased complications, and poor
quality of life. Balancing pain relief with concerns for potential
for opioid abuse and misuse has led to a multimodality approach
to pain management [18]. Regional analgesia can be used in the
immediate post-operative period, but non-narcotic, non NSAID
low risk options for pain management are lacking.

Of those patients prescribed narcotics for pain, 29% will
eventually misuse them and can lead to addiction [19]. A study
of young, urban injection drug users from 2008 and 2009 found
that 86 percent had used opioid pain relievers nonmedically prior
to using heroin. Nonmedical use was characterized by three main
sources of opioids: family, friends, or personal prescriptions. 80%
of heroin addicts began their addiction with a narcotic prescribed
by physicians [20,21]. This is in stark contrast to heroin addicts
from the 1960°s where most heroin addicts began their addiction
with Heroin itself (Figure 5).
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* Data are plotted as a function of the decade in which respondents initiated their opioid
abuse.

Figure 5: Percentage of the total heroin-dependent sample that used
heroin or a prescription opioid as their first opioid of abuse [6].

Even OTC NSAIDS, aspirin, ibuprofen, and naproxen sodium
can have significant symptoms as well as dangerous effects
with persistent, long-term use [22,23]. Common gastrointestinal
symptoms include gas, feeling bloated, heartburn, stomach pain,
nausea, vomiting, diarrhea and/or constipation. NSAIDs can
cause more serious complications including gastrointestinal ulcers,
serious cardiovascular events, hypertension, acute renal failure,
and worsening of preexisting heart failure [24].

The need for non-pharmacological options for pain management
is critical. It is important that we continue to advance these novel
technologies in the health care space. The average amount of

pain reduction achieved in this study was close to 60% (59.7%).
Almost 70% of study participants were taking pain medication
at study entry, primarily OTC NSAIDS, but 5 participants were
taking prescription narcotics or opioids to manage their pain. A
significant reduction was demonstrated across both groups, with
>90% decrease in medication use for both OTC and prescription
medication use. If we were to extrapolate these results into the
surgical use case, the benefit could represent a paradigm shift in
the opioid crisis. Non-drug options like the Signal Relief™ could
help to ‘right-size’ the number of narcotics needed and length of
use post-operatively.

Results indicate that the Signal Relief™ patch may provide a
drug-free option for the management of general musculoskeletal
pain. The overall reduction in pain score, pain inventory, pain
interference, and medication use are very promising. Larger
randomized, cross-over, multi-center clinical studies in all areas of
pain management are warranted.
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