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Abstract

Background: Inthe United States and worldwide, chronic pain affects avast number of people and is one of the leading reasons
adults seek medical care. In the United States, 24.3% of adults reported experiencing chronic pain in the prior 3 monthsin 2023.
Chronic pain is defined as pain that lasts 23 months, significantly disrupting one's daily functioning and quality of life. Chronic
pain can also be accompanied by other conditions, including anxiety and depression. Health care providers should be aware of
severa limitations in their current treatment modalities. Although opioid analgesics are used for moderate to severe pain
management, they cause many serious adverse effects, including sedation, respiratory depression, constipation, and a high risk
of dependence and addiction. Other pain medications, such as nonopioid analgesics, including nonsteroidal anti-inflammatory
drugs, adjuvant analgesics, and corticosteroids, also cause arange of side effects and organ toxicity.

Objective:  We conducted a single-arm exploratory pilot study to explore the potential role of a noninvasive, transdermal,
audio-based therapeutic system among 24 police professional s aged 21 to 65 yearswith chronic pain and/or associated conditions,
including migraine, sleep disorders, stress, anxiety, and conventional headaches.

Methods: In this STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)—guided pilot study, we
explored the feasibility and perceived effectiveness of a self-administered intervention based on the Transdermal Acoustic Pain
Suppression (TAPS) system among police personnel in West Palm Beach, Florida. Participants completed a flexible 30-day
protocol integrated into their work schedules, with data collection spanning 5 months due to operational constraints. We used
percentages as measures of effect and the chi-square test and Fisher exact test for significance testing. All P values were 2-sided,
with alevel of significance of .05.

Results: In this small pilot study, following TAPS therapy, more than one-third (n=9, 37.5%) of participants experienced
improvement in their condition, and half (n=12, 50%) reported reduced symptoms, including notable pain reduction.

Conclusions: Although the findings from this small pilot study are preliminary, we believe they support the rationale for larger
analytic studies designed a priori to test the hypothesis.
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Introduction

In the United States and worldwide, chronic pain affects a vast
number of people and is one of the leading reasons adults seek
medical care. In the United States, 24.3% of adults reported
experiencing chronic pain in the past 3 months in 2023 [1].
Chronic pain is defined as pain that lasts >3 months,
significantly disrupting one's daily functioning and quality of
life [2]. Chronic pain can adso be accompanied by other
conditions, including anxiety and depression. It has been
estimated that 5% of US adultsliving with chronic pain regularly
report feelings of depression, while 12% report feelings of
worry, nervousness, and anxiety [3]. Other conditions associated
with chronic pain are headaches and sleep disorders, which can
be similarly debilitating. In 2021, 4.3% of adults living with
chronic pain reported experiencing headaches or migrainesin
the past 3 months [4]. In 2020, 14.5% of this population had
difficulty falling asleep on most days or every day in the past
30 days [5]. These conditions not only impact the affected
individuals but also pose significant public heath and
socioeconomic burdens. In across-sectiona study, the economic
costs of chronic pain in the United States were estimated to be
US $722.8 hillion, including US $530.6 billion in medical care
costs and US $192.2 hillion in lost work productivity [6].

Health care providers should be aware of several limitationsin
their current treatment modalities [7]. Although opioid
analgesics are used for moderate to severe pain management,
they cause many serious adverse effects, including sedation,
respiratory depression, congtipation, and a high risk of
dependence and addiction [7]. Other pain medications, such as
nonopioid analgesics, including nonsteroidal anti-inflammatory
drugs, adjuvant analgesics, and corticosteroids, also cause a
range of side effects and organ toxicity [7]. Medication choices
are aso limited by a patient’s specific characteristics, such as
the nature and severity of their pain, comorbidities, age-related
physiological changes, and drug interactions [7]. Another
limitation is accessibility to these treatments [8]. Among
respondents to a survey conducted by the American Chronic
Pain Association, more than half experienced difficulties in
receiving pain care and accessing pain medications, which led
to consequences such as unmanaged pain, psychological distress,
and suicidal ideation [8]. Due, in part, to these challenges, there
is a growing interest in noninvasive and nonpharmacol ogical
interventions for pain management [9]. Furthermore, there is
increasing evidence that sound- and music-based therapies are
effective in reducing the perception of pain and distress while
being inexpensive, safe, and noninvasive [10,11].

Sound and frequency stimulation may benefit physiological and
psychological outcomes, particularly autonomic regulation,
stress responses, and pain perception [10]. The autonomic
nervous system (ANS) usually maintains ahomeostatic balance
between the sympathetic and parasympathetic nervous systems
[1Q]. In addition, mental or physical stress from chronic pain
causes greater sympathetic activity [10]. Music-based
interventions lower heart rate and blood pressure while
increasing heart rate variability, indicating enhanced
parasympathetic nervous system activity and resulting in
rebalancing of the ANS [10]. This effect may reduce pain
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perception and stress hormones such as cortisol [10].
Additionally, cortical and subcortical areasthat areinvolved in
pain processing are also activated when exposed to music-related
stimuli [10]. These shared receptors include those of
[3-endorphins, oxytocin, dopamine, and serotonin, with oxytocin
having immune-regulatory and anti-inflammatory effects that
reduce pain perception, aswell as calming and anxiolytic effects
[20]. Another mechani sm affecting pain perception is oscillatory
brain activity, defined as rhythmic patterns of synchronized
neural activity of varying frequencies [10]. Music comprises
multiple sound frequencies, which affect this oscillatory activity
and, thereby, pain perception [10].

Building on these principles, the Transdermal Acoustic Pain
Suppression (TAPS) system introduced by Scientific Sound
Works, LLC (SSW), isan innovative, audio-based, noninvasive
therapeutic system designed to use sound therapy for pain
modul ation. The TAPS system uses multiwaveform sequencing
technology, which differs from traditional sound therapies by
delivering dynamically layered and sequenced frequencies that
can target multiple neural oscillation patterns simultaneously,
rather than relying on a single tone or static frequency. Similar
noninvasive technol ogiesthat use multiple patterned frequencies
have been shown to reduce pain, such as the M-Stim device, a
thermomechanical  stimulation system that delivers
multifrequency mechanical vibration [12,13]. In arandomized
crossover study of individuals with fibromyalgia, patients
assigned to presleep a pha-frequency entrainment delivered via
flickering light or binaural beats had reductions in pain and
improvements in sleep quality [14].

Data are sparse concerning the effects of the TAPS system on
chronic pain management. Such datacould illuminate individual
experiences, symptom changes, and potentia clinical
applications of the TAPS system. On the basis of these
considerations, we conducted an exploratory single-arm pilot
study to explore the potential role of the TAPS system using a
noninvasive transdermal audio-based therapeutic device (a
commercialy available over-the-counter bone conduction
transducer), in providing relief to police professionals aged 21
to 65 years with chronic pain and/or associated conditions,
including migraine, deep disorders, stress, anxiety, and
conventional headaches.

Methods

Study Design

In this pilot study, we explored the implementation,
acceptability, and participant-reported experiences associated
with a self-administered TAPS intervention among police
personnel. This small case series was intended to generate
preliminary information to decide whether they inform the
design of future analytic studies designed a priori to test the
hypotheses. The reporting of this study was guided by the
STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) guidelines.

Ethical Considerations

The study protocol was reviewed and approved by the
ingtitutional review board of Florida Atlantic University
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(IRB#2510332). All participants provided informed consent
before participation.

Study Setting

The study was conducted within the West Palm Beach Police
Department in West Palm Beach, Florida. Study activities
occurred primarily in the designated patrol division briefing
room and the office of the departmental liaison. The
occupational setting required flexibility because participants
availability varied according to duty rotations, work schedules,
illness, vacation, reassignment, and other operational
responsibilities.

Each participant was assigned a 30-day intervention period.
However, completion of study activities across the full sample
required dlightly more than 5 months because participants
initiated and completed their individua study periodsat different
times and because of operational, scheduling, personnel, and
minor technical disruptions. Thus, the 5-month period reflects
the overall duration of study implementation across participants
rather than a 5-month intervention exposure for each participant.

Participant Eligibility

Participants were police personnel aged 21 to 65 years who
were recruited from the participating police department. The
study enrolled 24 participants. Because the pilot study included
participants with potentially heterogeneous baseline symptoms

and health conditions, it was not designed to estimate
condition-specific treatment effects.

Patient perceptions  were  assessed using  an
investigator-developed  questionnaire, which  collected
participant-reported conditions, the likelihood of trying
audio-based therapy (not at al likely, somewhat likely, likely,

Figure 1. Participant flow diagram.
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or very likely), the perceived effectiveness of the intervention
(significantly worse, slightly worse, no change, slightly better,
or significantly better), perceived changesin symptom frequency
and/or intensity (reduction in frequency, reduction in intensity,
reduction in both, no change, or unsure), overall condition
change (reduction, no change, increase, or unsure), and overall
satisfaction (very dissatisfied, dissatisfied, neutral, satisfied, or
very satisfied). These measures were not predefined using
standardized or validated clinical criteriabut were based solely
on participants' self-reported perceptions collected through this
guestionnaire. Accordingly, these outcomes should be
interpreted as subjective participant perceptions rather than
objective measures of clinical improvement or treatment

efficacy.
Recruitment and I nformed Consent

Recruitment began with introductory presentations attended by
approximately 70 police officers, of whom 46 (65.7%) expressed
interest and provided informed consent. Of these, 26 (37.1%)
participants enrolled in the study, and 24 (34.3%) completed
the 30-day intervention and wereincluded in thefinal analyses.
The 2 (2.9%) excluded participants were not included in the
final dataset because of missing data on most questionnaire
items (Figure 1). Each participant completed a flexible 30-day
self-administered intervention period, although implementation
acrossthe full sample varied slightly because of duty rotations,
scheduling conflicts, illness, vacation, personnel reassignment,
and other operational demands. Minor technical and operational
issues were encountered during implementation but did not
prevent study completion. Because the intervention was
intentionally designed to accommodate participants work
schedules, sessions were completed on an as-needed basis or at
participants’ convenience.

I ntervention and Device Description

The intervention explored in this pilot study was the TAPS
system, which uses a device to transmit alow-frequency audio
signal to the area where pain is perceived. The user positions
the device at the affected site, where it delivers a scientifically
engineered and specifically correlated audio signal viaBluetooth
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from a smartphone, computer, tablet, or similar device. This
signal interacts with the pain signal, thereby disrupting and
suppressing its transmission. The device's triple-action
mechani sm, combining sound energy, vibration, and heat, further
enhances its effectiveness by interfering with the brain’s pain
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signaling pathways. This disruption reduces the perception of
pain and provides relief to the user.

TAPS Session Procedures

Following enrollment, participants received detailed verbal and
written instructions from the research team on the operation
and use of the self-administered TAPS audio-based therapy
system. The orientation included instructions on accessing the
therapy sessions, proper use of the device, the recommended
frequency and duration of use during the study period, and an
opportunity to ask questions before beginning the intervention.
To promote adherence, multiple reminders and follow-up
contacts were implemented, including email and text message
reminders from the research team. During the informed consent
process, participants were informed of the potential risks and
benefits associated with the intervention, including that no
known risks had been identified and that potential benefits could
include reductions in symptoms and pain, improved sleep
quality, and enhanced overall well-being. Because the study
was implemented within an active police workforce,
self-administration was designed to accommaodate varying shifts
and operational responsibilities.

I ntervention I mplementation and Outcome A ssessment

Each participant was assigned a flexible 30-day TAPS
intervention  period, during which sessions were
self-administered either as needed or at the participant’s
convenience to accommodate police work schedules and
operational responsibilities. Because the intervention was
integrated into routine occupational duties, session timing and
exposure could vary across participants, and completion of the
full study across all 24 participants required slightly more than
5 months because of duty rotations, scheduling conflicts, illness,
vacation, reassignment, attrition, and minor technical or
operational issues. Session-level adherence and cumulative
intervention exposure were not systematically captured through
automated logs or complete participant diaries; therefore, the
number of sessions completed by each participant, the total
duration of use, and dose-response patterns could not be
quantified.

Outcomeswere exploratory and based on participant self-report,
including condition improvement, symptom reduction, perceived
pain reduction, perceived effectiveness, satisfaction, safety and
tolerability, and likelihood of continued use. These outcomes
were not measured using validated pre-post clinical instruments,
and no predefined threshold for clinicaly meaningful
improvement was applied; therefore, findings were interpreted
as participant-reported perceptions rather than evidence of
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clinical efficacy. Adverse events were assessed through
participant reporting during the study period; however, the pilot
study did not include a formal, prospectively defined adverse
event surveillance protocol, so the absence of reported adverse
events should not be interpreted as establishing intervention
safety.

Statistical Analysis

We used percentages as measures of effect and the chi-square
test and Fisher exact test for significance testing. All P values
were 2 sided, with alevel of significance of .05. Specifically,
we explored symptom reduction, satisfaction, and usability
within this small pilot study sample. We conducted
nonparametric teststo explore the statistical significance of the
relationships between condition improvement, perceived
effectiveness in symptom and pain relief, and overal
satisfaction. A total of 26 participantswere enrolled in the study.
However, 2 (7.69%) participants had missing data on multiple
study variables and were excluded from the analyses. Therefore,
the final analytic sample consisted of 24 participants with
complete information. Cls for the estimates were calculated
using the Wilson score method because of the small sample
size.

Results

A total of 70 police officers attended the study presentations;
46 (65.7%) expressed interest and completed informed consent,
26 (37.1%) participants enrolled, and 24 (34.3%) completed
the 30-day intervention and were included in the final analyses;
2 (2.86%) participants were excluded due to missing data.
Participants’ demographic characteristics were not collected.

Participants’ self-reported health conditions are summarized in
Table 1. Approximately one-third (8/24, 33.3%) reported having
2 or more health conditions, while two-thirds (16/24, 66.7%)
reported a single condition. The most prevalent were
muscul oskel etal and pain conditions, including muscul oskel etal
disorders, injury, back pain, neck pain, joint pain, arthritis, and
neuropathic pain, which were reported by 23 (88.5%, 95% ClI
71-96) participants. Lesscommonly reported conditionsincluded
other chronic conditions (n=4, 15.4%, 95% CI 6.2-33.5); stress,
anxiety, or depression (n=3, 11.5%, 95% CI 4-29); and sleep
disorders (n=3, 11.5%, 95% CI 4-29). Headaches (n=2, 7.7%,
95% CI 2.1-24.1) and tendinitis or related soft tissue disorders
(n=2, 7.7%, 95% CI 2.1-24.1) were reported less frequently.
Most (n=20, 83.3%) participants expressed a strong interest in
using the device.
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Table 1. Self-reported health conditions among study participants (N=24).
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Health conditions

Participants®, n (%: 95% CI°)

One hedlth condition

Two or more health conditions

Musculoskeletal and pain conditions (including musculoskeletal disorders, injury, back pain,

neck pain, joint pain, arthritis, and neuropathic pain)
Other chronic conditions

Stress, anxiety, or depression

Sleep disorders

Headaches

Tendinitis and related soft tissue disorders

16 (66.7; 46.7-82.0)
8(33.3; 18.0-53.3)
23 (95.8; 79.8-99.3)

4(16.7; 6.7-35.9)
3(125; 4.3-31.0)
3(125; 4.3-31.0)
2(8.3,2.3-25.8)
2(8.3,2.3-25.8)

participants could report more than 1 condition; therefore, percentages sum to more than 100%.
bCiswere calculated usi ng the Wilson score method due to the small sample size.

Table 2 summarizes participants responses regarding health
condition improvement, symptom reduction, perceived
effectiveness of the audio therapy technology, and overall
satisfaction. Following the audio therapy, 37.5% (9/24, 95% ClI
18.8-59.4) of participants reported improvement in their
condition, while 50% (12/24, 95% CI 29.1-70.9) reported
symptom reduction and a significant decreasein pain intensity.

Overdl, 11 (45.8%, 95% Cl 25.6-67.2) of 24 participants
perceived the audio therapy technology to be effective. Most
(14/24, 58.3%, 95% CI 38.8-75.5) participants reported neutral
satisfaction, whereas 33% (8/24, 95% CI 15.6-55.3) indicated
that they were either satisfied or very satisfied with the audio

therapy.

Table 2. Participant responses related to health condition improvement and satisfaction following audio therapy (N=24).

Responses

Participants, n (%; 95% CI3)

Reported condition improvement

Reported symptom reduction and reduced pain intensity
Perceived technology as effective

Neutral satisfaction

Satisfied or very satisfied

9 (37.5; 18.8-59.4)
12 (50; 29.1-70.9)
11 (45.8; 25.6-67.2)
14 (58.3; 38.8-75.5)
8(33.3; 15.6-55.3)

8ClIswere calculated using the Wilson score method due to the small sample size.

Table 3 presents the associations between perceived technol ogy
effectiveness, participant satisfaction, and reported health
condition improvement. Among the 11 participants who
perceived the audio therapy technology as effective, 9 (81.8%,
95% CI 52.3-94.9) reported improvement in their condition,

whereas only 2 (18.2%, 95% Cl 5.1-47.7) did not report
improvement (Fisher exact test, P<.001). Similarly, among the
12 participants who reported symptom reduction, 9 (75%, 95%
Cl 46.8-91.1) experienced condition improvement, while 3
(25%, 95% CI 8.9-53.2) did not (P<.001).

Table 3. Associations between perceived effectiveness, satisfaction, and health condition improvement.

QOutcomes Improved, n (%; 95% CI) No improvement, n (%; 95% Cl) P value?
Perceived technology as effective (n=11) 9(81.8; 52.3-94.9) 2(18.2;5.1-47.7) <.001
Reported symptom reduction (n=12) 9 (75; 46.8-91.1) 3(25; 8.9-53.2) <.001
Satisfied or very satisfied (n=8) 6 (75; 40.9-92.9) 2(25; 7.1-59.1) .006
Neutral satisfaction (n=14) 2(14.3; 4-39.9) 12 (85.7; 60.1-96) <001P

%0nly selected response categories are displayed. P values were calculated using 2-sided Fisher exact tests based on all response categories for each

outcome.

®The P value for satisfaction represents the overall association between the levels of the satisfaction variable and improvement status.

Satisfaction with the audio therapy system was al so associated
with reported improvement (P=.006). Of the 8 participantswho
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were satisfied or very satisfied with the system, 6 (75%, 95%
Cl 40.9-92.9) reported condition improvement, whereas 2 (25%,
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95% CI 7.1-59.1) did not. In contrast, among the 14 participants
who reported neutral satisfaction, only 2 (14.3%, 95% Cl 4-39.9)
experienced improvement, whereas 12 (85.7%, 95% CI 60.1-96)
reported no improvement.

Minor technical, operational, scheduling, and personnel -rel ated
issues were encountered during study implementation but were
not documented in sufficient detail for formal analysis. No
participant-reported adverse events were documented during
the study; however, because aformal adverse event surveillance
protocol was not implemented, the absence of reported adverse
events should not be interpreted as evidence of intervention
safety.

Discussion

Principal Findings

In this exploratory pilot case series of 24 police personnel,
participants reported generally favorable experiences with a
self-administered TAPS intervention implemented within an
active occupational setting. More than one-third (n=9, 37.5%)
of participants experienced improvement in their condition, and
half (n=12, 50%) reported reduced symptoms, including notable
perceived pain reduction. Satisfaction ratings were largely
neutral to positive, with one-third (n=8, 33.3%) reporting
satisfaction or being highly satisfied. Interest in using the device
was aso high, with 83.3% (n=20) of participants expressing
strong interest. These findings provide preliminary information
regarding participant acceptability and self-reported experiences
with the intervention; however, they should not be interpreted
as evidence of clinical efficacy.

The findings observed for condition improvement, perceived
effectiveness, and satisfaction should also be interpreted
cautiously. Participants who reported condition improvement
were more likely to characterize the intervention as effective,
and satisfaction differed according to improvement status.
However, these outcomes are conceptually related and were
based on participant self-report. Thus, the observed findings
may reflect a clustering of favorable perceptions rather than
independent evidence of treatment benefit. The small sample
size further limits the stability and interpretability of these
estimates. Accordingly, these results should be considered
hypothesis generating and may help inform the selection of
design features for future analytic studies designed a priori to
test the hypothesis[15].

Participants with and without preexisting conditions expressed
high interest, suggesting potential broad appea. In a
cross-sectional study, more than 90% of patients seeking care
in the emergency department (ED) expressed willingnessto try
nonpharmacological treatments for musculoskeletal pain [16].
This may have been due, at least in part, to the feasibility and
flexibility that nonpharmacol ogic options, such as audio-based
therapy, offer, as they can often be used outside of traditional
clinical settings [16]. Nevertheless, the high level of baseline
interest observed in this study warrants careful consideration.
Strong preintervention interest may indicate acceptability, but
it may al so increase susceptibility to expectancy effects. Patients
experiencing greater fatigue or pain-related interference with
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daily activities particularly expressed higher interest in
psychosocial treatments, such as music therapy, likely because
such treatmentsrequire minimal physical effort [16]. In another
study, the expectation of obtaining pain relief enhanced the
effectiveness of music therapy itself [10]. Therefore, the high
baselineinterest in the present sample should not beinterpreted
as evidence supporting therapeutic effectiveness. Rather, it
highlightstheimportance of incorporating expectancy measures
and appropriate comparator conditions in future studies.

The proportion of participants reporting improvement or
symptom reduction supports the potential therapeutic value of
multiwaveform  sound-based interventions. Additionally,
reduction in pain intensity alignswith existing evidence showing
associations between auditory stimulation and the modulation
of pain perception. In patients with chronic pain, theta-rhythm
binaural beatswere found to significantly decrease pain intensity
and reduce everyday analgesic use[17]. Clinical pilot evidence
also showed that low-frequency sound wave stimulation was
effective in reducing pain and improving functional ability in
patients with chronic back pain [18]. Our finding that all
participants who reported improvement also perceived the
technology as effective and saf e suggests concordance between
perceived benefit and user evaluation and may support long-term
engagement with sound therapy.

Strengths and Limitations

This pilot study has several strengths. It provides preliminary
information regarding theimplementation of aself-administered
intervention within a real-world occupational setting
characterized by variable schedules and operational demands.
Theinclusion of police personnel offersinsight into intervention
delivery in aworkforce for whom fixed participation schedules
may be difficult to maintain. The study also captured direct
participant feedback regarding improvement, perceived
effectiveness, satisfaction, and continued interest, which may
help refine intervention procedures and outcome selection for
future research.

Several mgjor limitations should be considered when interpreting
the findings of this study. First, because the study was
descriptive and conducted without a comparison group, any
observed changes should be considered hypothesis generating
rather than evidence of intervention effectiveness. Second, the
study relied predominantly on subjective participant-reported
outcomes. M easures such as condition improvement, symptom
reduction, perceived pain reduction, perceived effectiveness,
and satisfaction may capture meaningful participant experiences
but are susceptible to recall bias, socia desirability bias, and
expectation bias. Moreover, these outcomeswere not predefined
using standardized or validated clinical criteriaand were based
solely on participants self-reported perceptions collected
through the study questionnaire. Accordingly, they should be
interpreted as subjective perceptions rather than objective
measures of clinical improvement or treatment efficacy. Third,
the enrolled sample was clinically heterogeneous. Participants
varied in the presence and type of baseline conditions and
symptoms, limiting the ability to attribute findingsto any single
clinical population. The small sample size also precluded
meaningful condition-specific analyses. Fourth, intervention
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exposure was flexible and self-administered. Although
participants reported the number of sessions completed, session
frequency, duration, cumulative intervention exposure,
adherence, and formal protocol deviations were not
systematically recorded. Consequently, these datado not permit
a formal assessment of intervention feasibility and should be
interpreted asimplementation characteristics rather than formal
feasibility outcomes. Likewise, variation in the number, timing,
and duration of sessions may have influenced participant
experiences and precluded evaluation of dose-response
relationships. These findings neverthel ess inform the design of
future analytic studies, which should prospectively capture
intervention adherence, session frequency, duration, cumulative
exposure, protocol deviations, and reasons for nonadherence
using predefined feasibility metrics. Fifth, any observed changes
in condition improvement, perceived effectiveness, and
satisfaction should be viewed as contributing to hypothesis
generation. These constructs are conceptually overlapping, and
participants with an overall favorable impression of the

Saccaet d

in a single occupational setting and included police personnel
aged 21 to 65 years. Occupational culture, work demands,
participant expectations, and patterns of symptom reporting
may differ from those of other populations. These factors limit
the generalizability of the findings to broader clinical and
community populations.

Conclusions

This exploratory pilot study provides preliminary information
regarding the implementation and acceptability of a
self-administered TAPS intervention among police personnel.
Although participants reported generally favorable experiences,
the small sample size, the inclusion of participants with
heterogeneous baseline conditions, and the reliance on
self-reported outcomes should be considered when designing
future studies. Future studies should incorporate clearly defined
eigibility criteria, validated pre-post outcome measures,
standardized intervention dosing, objective adherence
monitoring, and systematic adverse event surveillance to test

the hypothesis of whether the intervention provides clinically
meaningful benefit.

intervention may have responded positively across multiple
related questionnaire items. Finaly, the study was conducted

Acknowledgments
The authors thank Gina Seits for her expert technical assistance.

Funding

Scientific Sound Works, LLC (SSW) provided financial and in-kind support for this study. This support included provision of
the device used in the study, software and audio materials, including audio files, frequency selection and recordings, internet-based
resources and platforms, technical resources, infrastructure, and other facilities, materials, financial support, experience, and
expertise necessary to facilitate the study. SSW a so supported RS's involvement in the project through a monthly stipend of US
$2000. The commercially available bone conduction transducer used to deliver the intervention is an over-the-counter device;
SSW'’s support related to the TAPS system and its implementation and evaluation in the present study.

Regarding the role of the funder/company, SSW, through and in collaboration with RS, was involved in the conduct of the study.
RS, who serves as a manager of SSW and is the creator and developer of the TAPS system concept and technol ogy, participated
inthe study design, participant recruitment, data collection, dataanalysis, interpretation of the findings, and the decision to submit
the work for publication. SSW provided financial, material, technical, and infrastructural support for the study, including the
device, software/audio materials, frequency selection and recordings, internet-based resources and platforms, and other resources
necessary to facilitate the research. RS aso contributed his technical expertise regarding the TAPS system. The other authors
retained responsibility for the integrity of the study and the final content of the manuscript.

Conflictsof Interest

CHH declares that he serves as an independent scientist in an advisory role to investigators and sponsors as the chair of 2 data
monitoring committees for Amgen (erenumab and evolocumab); serves the US Food and Drug Administration as a specia
government employee and serves UpToDate; receives royalties for authorship or editorship of 3 textbooks; has an investment
management relationship with the West-Bacon Group within Truist Investment Services, which has discretionary investment
authority; but does not own any common or preferred stock in any pharmaceutical or medical device company. RS serves as a
manager of Scientific Sound Works, LLC (SSW), a Florida entity established in 2023 to support the research and development
of the Transdermal Acoustic Pain Suppression (TAPS) system and to explore its potential commercialization. RS is the creator
of the TAPS system concept, science, and technology and has been actively involved in its development, design, and potential
commercialization. In connection with his activities with SSW, RS receives a monthly stipend of US $2000. He is also involved
in initiating and pursuing copyright and/or patent protection and other potential avenues for commercialization or exploitation
of the TAPStechnology. Additional forms of participation or potential financial interest associated with future commercialization
have not yet been determined. The device used in the study is a commercialy available over-the-counter bone conduction
transducer; however, the TAPS system, including its underlying concept, selected audio frequencies/recordings, and method of
application, was developed by RS with support from SSW. Given RS's compensated role with SSW and his involvement in the
development and potential commercialization and intellectual property protection of the TAPS technology, these relationships
constitute potential conflicts of interest relevant to the present study. The other authors declare no conflicts of interest. Regarding
ownership and intellectual property interests, RS reports no current ownership or equity interest, stock or stock options, royalties,

https:/formative.jmir.org/2026/1/€96015 JMIR Form Res 2026 | vol. 10 | €96015 | p. 7

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Saccaet a

licensing rights, or profit-sharing arrangements in SSW or related to the TAPS technology. He currently receives a monthly
stipend of US $2000 for his participation with SSW. RS is the creator of the TAPS system concept, science, and technology and
isinvolved ininitiating and pursuing copyright and/or patent protection and other potential avenues for commercialization of the
technology. He has not reported currently receiving royalties or licensing-related compensation, and no current profit-sharing
arrangement has been reported. SSW is actively exploring the potential commercialization of the TAPS technology, and RS
remains involved in these efforts. Any future ownership or equity interest, royalties, patent or licensing rights, profit-sharing
arrangements, or other financial benefits that RS may receive in connection with SSW or the commercialization of the TAPS
technology have not yet been determined.

RS serves as amanager of Scientific Sound Works, LLC (SSW), aFlorida entity established in 2023 to support the research and
development of the Transdermal Acoustic Pain Suppression (TAPS) system and to explore its potential commercialization. RS
is the creator of the TAPS system concept, science, and technology and has been actively involved in its development, design,
and potential commercialization. In connection with his activities with SSW, RS receives a monthly stipend of US $2000. Heis
also involved in initiating and pursuing copyright and/or patent protection and other potential avenues for commercialization or
exploitation of the TAPS technology. Additional forms of participation or potential financial interest associated with future
commercialization have not yet been determined. The device used in the study isacommercially available over-the-counter bone
conduction transducer; however, the TAPS system, including its underlying concept, selected audio frequencies/recordings, and
method of application, was developed by RS with support from SSW. Given RS's compensated role with SSW and hisinvolvement
in the development and potential commercialization and intellectual property protection of the TAPS technol ogy, these rel ationships
congtitute potential conflicts of interest relevant to the present study. The other authors declare no conflicts of interest.
Regarding ownership and intellectual property interests, RS reports no current ownership or equity interest, stock or stock options,
royalties, licensing rights, or profit-sharing arrangements in SSW or related to the TAPS technology. He currently receives a
monthly stipend of US $2000 for his participation with SSW. RSisthe creator of the TAPS system concept, science, and technology
and isinvolved in initiating and pursuing copyright and/or patent protection and other potential avenues for commercialization
of thetechnology. He has not reported currently receiving royalties or licensing-rel ated compensation, and no current profit-sharing
arrangement has been reported. SSW is actively exploring the potential commercialization of the TAPS technology, and RS
remains involved in these efforts. Any future ownership or equity interest, royalties, patent or licensing rights, profit-sharing
arrangements, or other financial benefits that RS may receive in connection with SSW or the commercialization of the TAPS
technology have not yet been determined.

References

1. LucasJW, Sohi I. Chronic pain and high-impact chronic painin U.S. adults, 2023. NCHS Data Brief. Oct
2024;(518):CS355235. [doi: 10.15620/cdc/169630] [Medline: 39751180]

2. Rikard SM, Strahan AE, Schmit KM, Guy GPJ. Chronic pain among adults - United States, 2019-2021. MMWR Morb
Mortal Wkly Rep. Apr 14, 2023;72(15):379-385. [ FREE Full text] [doi: 10.15585/mmwr.mm7215al] [Medline: 37053114]

3. Mental health conditions and care. Centers for Disease Control and Prevention. 2025. URL : https:.//www.cdc.gov/
mental -heal th/about-data/conditions-care.html [accessed 2025-11-17]

4.  QuickStats: percentage of adults aged =18 yearswho have been bothered alot by headache or migrainein the past 3 months,
by sex and age group — National Health Interview Survey, 2021. National Center for Health Statistics Centers for Disease
Control and Prevention. 2023. URL: https://www.cdc.gov/nchs/blog/posts/2023/06/2.html [accessed 2026-08-06]

5. Adjaye-Gbewonyo D, Ng AE, Black L1. Sleep difficulties in adults: United States, 2020. NCHS Data Brief. Jun
2022;(436):1-8. [FREE Full text] [Medline: 35792564]

6. Guy GPJ, Miller GF, Legha JK, Rikard SM, Strahan AE, Mikosz C, et al. Economic costs of chronic pain-United States,
2021. Med Care. Sep 01, 2025;63(9):679-685. [doi: 10.1097/M L R.0000000000002181] [Medline: 40730349]

7. Alorfi NM. Pharmacological methods of pain management: narrative review of medication used. Int JGen Med. Jul 31,
2023;16:3247-3256. [doi: 10.2147/IJGM.$419239] [Medline: 37546242]

8.  CarrilloM, Yingst J, Tuan WJ, Giampetro D, Nyland JE, Zgierska AE. Problems accessing pain care, and the adverse
outcomes among adults with chronic pain: a cross-sectional survey study. Pain Manag. Feb 2025;15(2):81-91. [FREE Full
text] [doi: 10.1080/17581869.2025.2463865] [Medline: 39936847]

9. Wang, Aaron R, Attal N, Colloca L. An update on non-pharmacological interventionsfor pain relief. Cell Rep Med. Feb
18, 2025;6(2):101940. [FREE Full text] [doi: 10.1016/j.xcrm.2025.101940] [Medline: 39970872]

10. Arnold CA, Bagg MK, Harvey AR. The psychophysiology of music-based interventions and the experience of pain. Front
Psychol. May 10, 2024;15:1361857. [FREE Full text] [doi: 10.3389/fpsyq.2024.1361857] [Medline: 38800683]

11. ZhouW, YeC, WangH, Mao 'Y, Zhang W, Liu A, et al. Sound induces analgesia through corticothalamic circuits. Science.
Jul 08, 2022;377(6602):198-204. [FREE Full text] [doi: 10.1126/science.abn4663] [Medline: 35857536]

12. Baxter AL, Etnoyer-Slaski JL, Tucker O, Williams JA, Swartout K, Cohen LL, et al. Novel multimodal mechanical
stimulation is superior to TENS to treat and prevent chronic low back pain: arandomized controlled trial. Front Pain Res
(Lausanne). Aug 18, 2025;6:1625420. [FREE Full text] [doi: 10.3389/fpain.2025.1625420] [Medline: 40901560]

https:/formative.jmir.org/2026/1/€96015 JMIR Form Res 2026 | vol. 10 | €96015 | p. 8
(page number not for citation purposes)


http://dx.doi.org/10.15620/cdc/169630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39751180&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7215a1
http://dx.doi.org/10.15585/mmwr.mm7215a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37053114&dopt=Abstract
https://www.cdc.gov/mental-health/about-data/conditions-care.html
https://www.cdc.gov/mental-health/about-data/conditions-care.html
https://www.cdc.gov/nchs/blog/posts/2023/06/2.html
http://www.cdc.gov/nchs//data/databriefs/db436.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35792564&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0000000000002181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40730349&dopt=Abstract
http://dx.doi.org/10.2147/IJGM.S419239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37546242&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/17581869.2025.2463865?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.tandfonline.com/doi/10.1080/17581869.2025.2463865?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/17581869.2025.2463865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39936847&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-3791(25)00013-8
http://dx.doi.org/10.1016/j.xcrm.2025.101940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39970872&dopt=Abstract
https://europepmc.org/abstract/MED/38800683
http://dx.doi.org/10.3389/fpsyg.2024.1361857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38800683&dopt=Abstract
https://europepmc.org/abstract/MED/35857536
http://dx.doi.org/10.1126/science.abn4663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35857536&dopt=Abstract
https://doi.org/10.3389/fpain.2025.1625420
http://dx.doi.org/10.3389/fpain.2025.1625420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40901560&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Saccaet a

13.

14.

15.

16.

17.

18.

Baxter AL, Thrasher A, Etnoyer-Slaski JL, Cohen LL. Multimodal mechanical stimulation reduces acute and chronic low
back pain: pilot datafrom a HEAL phase 1 study. Front Pain Res (Lausanne). Apr 26, 2023;4:1114633. [FREE Full text]
[doi: 10.3389/fpain.2023.1114633] [Medline: 37179530]

Halpin SJ, Xing L, Greenwood DC, Tang N, Trujillo-Barreto NJ, Brown CA, et al. Pre-sleep apha brain entrainment by
audio or visua stimulation for chronic widespread pain and sleep disturbance: a randomised crossover feasibility trial. J
Pain. Jun 2025;31:105393. [FREE Full text] [doi: 10.1016/].jpain.2025.105393] [Medline: 40228685]

Kitsantas P, MgjiaM, Hennekens CH. Seits G, editor. Handbook of Epidemiology for All Health Professionals. Solana
Beach, CA. Cognella; 2026.

Eucker SA, Foley S, Peskoe S, Gordee A, Risoli T, MoralesF, et a. Willingness to use nonpharmacol ogic treatments for
muscul oskeletal pain in the emergency department: a cross-sectional study. Pain Rep. Aug 17, 2022;7(5):€1027. [FREE
Full text] [doi: 10.1097/PR9.0000000000001027] [Medline: 35999902]

Gkolias V, Amaniti A, Triantafyllou A, Papakonstantinou P, Kartsidis P, Paraskevopoul os E, et al. Reduced pain and
analgesic use after acoustic binaural beats therapy in chronic pain - adouble-blind randomized control cross-over trial. Eur
JPain. Oct 2020;24(9):1716-1729. [doi: 10.1002/ejp.1615] [Medline: 32564499]

LimE, Lim R, Suhaimi A, Chan BT, Wahab AK. Treatment of chronic back pain using indirect vibroacoustic therapy: a
pilot study. J Back Musculoskelet Rehabil. Nov 1, 2018;31(6):1041-1047. [doi: 10.3233/bmr-171042]

Abbreviations

ANS: autonomic nervous system

ED: emergency department

SSW: Scientific Sound Works

STROBE: Strengthening the Reporting of Observational Studiesin Epidemiology
TAPS: Transdermal Acoustic Pain Suppression

Edited by J Sarvestan; submitted 24.Mar.2026; peer-reviewed by H Suarez-Roca; comments to author 25.Jun.2026; revised version
received 23.Jul.2026; accepted 31.Jul.2026; published 02.Sep.2026

Please cite as:

Sacca L, Abraham I, Kitsantas P, Sewak R, Yang C, Dye TD, Hennekens CH

Exploring the Role of a Noninvasive Audio-Based Therapeutic System for Pain and Symptom Relief: Sngle-Arm Exploratory Pilot
Sudy

JMIR Form Res 2026; 10:€96015

URL: https://formative.jmir.org/2026/1/€96015

doi: 10.2196/96015

PMID:

©L ea Sacca, Isabella Abraham, Panagiota Kitsantas, Robert Sewak, Chengwu Yang, Timothy D Dye, Charles H Hennekens.
Originally published in IMIR Formative Research (https://formative,jmir.org), 02.5ep.2026. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the origina work, first published in IMIR
Formative Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://formative.jmir.org, as well as this copyright and license information must be included.

https:/formative.jmir.org/2026/1/€96015 JMIR Form Res 2026 | vol. 10 | €96015 | p. 9

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/37179530
http://dx.doi.org/10.3389/fpain.2023.1114633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37179530&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1526-5900(25)00620-0
http://dx.doi.org/10.1016/j.jpain.2025.105393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40228685&dopt=Abstract
https://europepmc.org/abstract/MED/35999902
https://europepmc.org/abstract/MED/35999902
http://dx.doi.org/10.1097/PR9.0000000000001027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35999902&dopt=Abstract
http://dx.doi.org/10.1002/ejp.1615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32564499&dopt=Abstract
http://dx.doi.org/10.3233/bmr-171042
https://formative.jmir.org/2026/1/e96015
http://dx.doi.org/10.2196/96015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

