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ABSTRACT

Introduction: The peripheral nervous system is
an increasingly popular target for chronic pain
treatment modalities. Noninvasive neuromod-
ulation has shown promise at providing signif-
icant chronic pain relief with a much safer side
effect profile. This retrospective pilot study is
shaped around a noninvasive neuromodulation
system over a 2-week treatment timeline.
Methods: Open-label survey of chronic pain
patients recruited from Veteran Affairs, ortho-
pedic, and pain health systems. If a noninvasive

neuromodulation system was prescribed the
patients were then offered a 2-week follow-up
survey. This voluntary survey did not affect
their therapy duration or quality. This survey
was designed to address similar metrics as
smaller noninvasive neuromodulation studies
to allow a quality comparison while giving
more power with a large population size of 1511
patients. Overall pain scores (including before
and after scores), satisfaction level, desire to
continue therapy, medication use, effect on
functional metrics (mood, sleep, sit, stand,
walk, and lift), and activities of daily living
(ADL) scores were assessed.
Results: The results demonstrated an overall
pain reduction of 46%. All functional metrics
were improved throughout with the largest
improvements reported in mood and sleep at
over 47%. Medication use was reported as
decreased or eliminated in 42% of patients.
There were no adverse reactions or complica-
tions reported over the 1511 patients.
Conclusion: This survey is amongst the largest
population sizes every studied for noninvasive
neuromodulation. Within just 2 weeks patients
can see a reduction in overall pain and medi-
cation needs. Although survey studies have
inherent limitations such as duration and
compliance biases with such an overwhelming
benefit in every category we believe that non-
invasive neuromodulation therapy is a promis-
ing, safe, and cost-effective therapy. Future
studies should focus on long-term follow-ups
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and post-therapy pain scores with a placebo
group.

Keywords: Noninvasive; Neuromodulation;
Peripheral nerve stimulation; High frequency

Key Summary Points

Our study aimed at assessing the efficacy
of non-invasive nerve stimulation using
BioWave in treating chronic pain.

This was a survey study measuring pain
scores before and after use of the device.

Study outcomes also included
measurement of any adverse outcomes.

Out study concluded that this mode of
therapy is effective.

INTRODUCTION

The prevalence of chronic pain continues to rise
each year. A number of epidemiological studies
done in various regions of the world found that
chronic pain prevalence rates ranged from 12%
to 80% depending on the country and demo-
graphic [1]. Chronic pain is often regarded as
the most underappreciated healthcare issue
affecting people’s quality of life. In particular,
chronic low back pain remains a difficult to
treat clinical entity for which there is an unmet
need for effective noninvasive interventions.
The biological, psychological, sociodemo-
graphic, and behavioral effects of pain must all
be considered when developing safe, preventa-
tive therapies [2].

The modern neuromodulation era began
around the turn of the millennium, when a
search for new therapies to effectively treat
mental disorders with noninvasive, well-toler-
ated methods piqued interest, and studies on
the influence of direct current on cerebral cor-
tex excitability were pursued [3]. Electrocon-
vulsive therapy (ECT), transcranial electrical
stimulation (TES), transcranial magnetic

stimulation (TMS), static magnetic stimulation,
transcranial direct current stimulation (tDCS),
transcranial alternating current stimulation
(tACS), random noise stimulation, ultra-
sound/focused ultrasound stimulation (FUS),
and peripheral/cranial nerve stimulation are
among the many noninvasive neuromodula-
tory techniques available today [4]. These
technologies can be used to change brain cir-
cuitry for a number of therapeutic and non-
therapeutic objectives, in addition to providing
insight into our nervous system physiology.

The peripheral nervous system (PNS) pro-
vides a vital conduit of communication
between the body and the environment. The
PNS is an accessible window allowing physi-
cians to manage both acute and chronic pain.
Therapies that work via the PNS can be segre-
gated into invasive techniques, including spinal
cord stimulators, and noninvasive techniques
such as transcutaneous electrical nerve stimu-
lation (TENS) and PNS stimulators. This study
focuses on the latter. The noninvasive neuro-
modulation therapy utilizes a high frequency
electric field to bypass the skin’s impedance.
Two sinusoidal high frequency signals then
penetrate deep tissues while a low frequency
electric current spanning 1–180 Hz halts the
action potentials’ propagation. This creates a
4–6-cm region underneath the electrodes which
is hypothesized to hyperpolarize the nearby
C fibers. This hyperpolarization works via the
frequency conduction block theory (FCBT) to
inhibit the pain signals [5]. The principle of the
FCBT is the multiplication of two sine waves
that leads to the hyperpolarization of the
C fibers (Fig. 1). The FCBT has parallels with the
well-known gate control theory which targets
the central nervous system and is utilized in
spinal cord stimulators (SCS) [6].

Neuromodulation devices have proven to be
a viable and safe alternative to traditional
pharmaceutical therapies, with several studies
demonstrating quality efficacy for migraine and
cluster headaches [7].

Neuromodulation often uses either a tonic
stimulation, where pulse signals are continu-
ously fired over a set duration, or a more novel
burst waveform pattern, where pulse signals are
sent in rapid succession. The Neuromodulation
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with BURST (SUNBURST) study was a random-
ized control study that demonstrated that burst
stimulation was superior to the traditional tonic
stimulation. The study indicated that patients
preferred a treatment modality that was below
the perception threshold [8].

TENS is a widely used noninvasive tonic
neuromodulation treatment modality. The
TENS nomenclature is based on the output of
the device and not the physiological intention
of the current. Conventional TENS selectively
activates large diameter afferents via low
intensity and low frequency signals typically in
the range between 1 and 180 Hz. The intense
TENS activates small diameter noxious afferents
to elicit peripheral nerve blockade via high
intensity and high frequency. TENS uses
hyperstimulation and paresthesias to inhibit
activity in the second-order nociceptive trans-
mission [4, 9].

Noninvasive neuromodulators provide an
alternative treatment modality for several acute
and chronic pain conditions. These devices may
offer a unique treatment flexibility since they
may be employed as an early therapy, either
alone or in conjunction with pharmaceutical
treatment. Noninvasive neuromodulation is
also a unique option for people in vulnerable
patient groups, e.g., pregnant women and ado-
lescents, as well as those who have had poor
tolerability or effectiveness with pharmacolog-
ics [7–9].

Over the past 10 years the technology for
PNS has advanced rapidly [10, 11]. For example,
the first randomized control trial (RCT) that
compared the efficacy of peripheral nerve field
stimulation (PNFS) plus conventional medical
management (CMM) vs CMM alone was in
November 2012 when Medtronic Inc. per-
formed the SubQStim II Study [12–15]. Neuro-
modulation now has several different leads and
techniques that can be implemented for differ-
ent subtypes of chronic pain.

We performed an open-label pilot study
intended to add strength and depth to the cur-
rent research of noninvasive burst neuromodu-
lation effectiveness in people with chronic pain.
A previous study of 463 individuals who were
surveyed after 2 weeks of noninvasive neuro-
modulation therapy showed an average pain
reduction of 3.05 points on a Numeric Pain
Scale (NPS) [16]. This prompted follow-up
studies with larger power to assess the efficacy
of noninvasive neuromodulation therapy as a
promising, safe, and cost-effective treatment
modality.

METHODS

Participants

This pilot study was performed via retrospective
review of volunteer surveys performed by
patients with chronic pain primarily through
Veterans Affairs (VA), pain centers, and ortho-
pedic hospital systems over a 24-month period.
The number of units shipped from January 1,
2021 through November 25, 2022 in the VA was
8779 and the number of surveys completed
within the same time period for the VA was
1962. Therefore, the response rate is 22.4%. The
majority of patients were male (66% of 1511
patients; Table 1). A wide variety of chronic
pain subtypes were treated, the most common
being back pain and neck pain (60% and 9%,
respectively; Table 3). There were patients with
more than one chronic pain location; however,
the survey recorded the primary site of treat-
ment. Those not able to understand English,
and patients not capable of operating the non-
invasive neuromodulation device were

Fig. 1 Frequency conduction block theory
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excluded. The subject of this study is a clinically
tested at-home neuromodulation device called
the BioWaveHOME (Norwalk, CT, USA: Bio-
Wave Corporation). This study was ethically
sound and an institutional review board (IRB)
waiver was obtained.

Each patient had a thorough noninvasive
neuromodulation system demonstration where
they learned the necessary skills to perform a
standardized treatment and the 2-week survey
was discussed. The patient’s willingness to par-
ticipate in the survey did not impact their
quality or duration of care. After 2 weeks of
noninvasive neuromodulation therapy the sur-
veys were collected.

Questionnaire

A questionnaire was designed and tested the
survey in conjunction with healthcare providers
and patients from VA Hospitals. Mock-up sur-
veys were created and refined several times
incorporating both provider and patient feed-
back. The survey consisted of 15 questions: pain
score reduction (with pre- and post-therapy
scores), activities of daily living (ADL) score
change (with pre and post scores), primary
chronic pain location, change in quality of life
(QoL), mood, desire to continue therapy, satis-
faction level, medication use, and effects on
functional metrics: mood, sleep, sit, stand,
walk, and lift (Fig. 2). The activity of daily living

score comes from a 10-point scale that assess
hygiene, dressing, toileting, locomotion, conti-
nence, and meals. There was also an optional
written section for patient comments and side
effects. SPSS version 26 was used to perform the
analysis which included descriptive analysis
expressing data as numbers and percent. Pre-
and post-intervention measures were presented
as mean ± SD and compared using paired t test.
A p value B 0.05 was considered significant.

The patient treatment surveys were collected
in several ways. The majority were received via
mail followed by fax or email. Patients had the
option to request phone surveys. In this sce-
nario written consent from the provider to
contact patients was obtained. Surveys were
then entered into the electronic data collection
system.

Noninvasive Neuromodulation

The BioWaveHOME system is a name brand
noninvasive peripheral nerve stimulator. PNS
stimulators are designed for temporary use and
placement often occurs earlier in the perioper-
ative setting. Devices are often removed
between 14 and 60 days [11]. The systems con-
sist of a control unit (Fig. 3a) and two types of
electrodes. B-set electrodes (two 2-inch-diame-
ter round electrodes) which are used in several
fashions; two distinct areas of localized pain,
origin and proximal pain location (radicu-
lopathies), or one general area of pain (Fig. 3b).
There is an alternative E-set electrode configu-
ration, which is designed for treating a single
location of pain. The E-set is comprised of a
smaller 1.375-inch-diameter round electrode
placed directly over the localized pain site; and
a large 2 9 4 inch rectangular dispersive elec-
trode that is placed over a bony prominence
typically near the pain site, which is a com-
fortable location, to receive a deep soothing
stimulation (Fig. 3c). The electrodes allow for
the delivery of two high frequency sinusoidal
signals to bypass the skin’s impedance and
penetrate deep tissues. Tissues that have a
charge associated with them, like the mem-
brane of the C fiber, act in a nonlinear fashion
and force the multiplication of the two high

Table 1 Patients’ demographics

Demographic Frequency Percent

Male 993 66

Female 304 20

No gender response 214 14

VAMC 1203 79.6

Orthopedic center 236 15.6

Pain center 72 4.8

Range (years) Mean

Age 24–90 58.4 (± 13.9)

VAMC Veteran Affairs Medical Center
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frequency signals which results in the forma-
tion of a low frequency electrical field with
current at 122 Hz, 4 kHz, 4.122 kHz, and
8.122 kHz that halt action potentials’ propaga-
tion. This creates a 4–6-cm region underneath
the electrodes which hyperpolarizes the nearby
C fibers.

RESULTS

A total of 1511 participants completed surveys
over the 24-month window; 66% were men
while 20% were female and 14% did not indi-
cate a gender (Table 1). The mean starting pain
score was 7.56 with an average reduction of 3.47

Fig. 2 Two-week survey example of 15 questions with answer options. Questions were mandatory apart from the comment
section

Fig. 3 BioWaveHOME control unit (a), B-set electrodes (b), and E-set electrodes (c)
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(Fig. 4). This was a statistically significant
reduction (p\0.001) in pain over a 2-week
period (Table 2). A before and after ADL score
demonstrated a vast improvement for most
participants with the mean increase of 2.54
(p\ 0.001) (Table 2).

The most common primary pain location
among survey respondents was chronic back
pain at 60%. This was followed by neck pain
9%, and ankle/foot pain 8% (Table 3). It is
reported that 40–70% of patients with chronic
pain report discomfort in more than one
anatomical region so our survey recorded the
primary site and treatment location [1].

Lifestyle metrics included quality of life
(QoL), medication usage, and overall satisfac-
tion rate. An improvement in QoL was reported
by 87.6% of patients (Table 4). One-third of
patients reported a reduction of medication
while an additional 6% reported eliminating
medication all together (Table 4). Patients were
able to respond as eliminated, decreased, and

unchanged medication use; 42% of patients
reported that they were able to eliminate or
reduce their medications and 39% reported no
change in their medications. Overall, the non-
invasive neuromodulation system satisfaction

Fig. 4 Pre- and post-treatment pain scores

Table 2 Pain and ADL scores

Metric Minimum Maximum Mean – STD Two-sided p

Pre pain score 3 10 7.56 ± 1.633

Post pain score 0 10 4.08 ± 1.96 \ 0.001

Pain score change 0 6 (reduction) 3.47 ± 1.95

Pre ADL score 1 10 7.12 ± 1.97

Post ADL score 0 10 4.08 ± 1.96

ADL score change 0 8 (reduction) 2.54 ± 2.22 \ 0.001

ADL activities of daily living, STD standard deviation

Table 3 Primary location of chronic pain

Location Frequency Percent

Back 906 60

Neck 136 9

Ankle/foot 121 8

Knee 103 6.8

Hip 98 6.5

Shoulder 60 3.9

Sciatic/leg 44 3

Elbow 22 1.4

Wrist/hand 21 1.4

Total 1511 100

Table 4 Lifestyle metrics

Metric # Improved % Improved

Improved quality of life 1323 87.6

Medication reduction 552 36.5

Medication elimination 91 6
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rate was 8.35 on a scale of 0–10 and 97.2% of
patients wanted to continue therapy after
completing the survey (Table 5).

Functional Outcomes

Functional outcomes, i.e., ability sit, stand,
walk, and lift along with sleep and mood, were
assessed. Patients were given the option of their
ability to perform said tasks as improved, same,
or decreased. There was an average improve-
ment in all activities. Almost half of all patients
reported sleep 47.9% and mood 47.7% being
the most improved (Table 6).

DISCUSSION

This open-label pilot study demonstrated sig-
nificant improvement for patients with chronic
pain in several key areas: quantitative pain
levels, activities of daily living, quality of life,

medication usage, functional metrics, and
overall satisfaction. It is worth noting that this
unique bioelectronic therapy was able to pro-
duce these results in a time frame of just
2 weeks.

Our survey had one of the largest population
sizes of any PNS neuromodulation study with
1511 patients. This pilot survey demonstrated
an overall satisfaction rate of 97% and an aver-
age pain reduction of 3.47. This is in line with
previous studies of noninvasive high frequency
neuromodulation [16]. Our study was able to
provide a strong correlation with all metrics.
Despite the potential for selection bias amongst
the survey respondents, data with positive
improvement across a large group of subjects
suggests possible underlying efficacy. Com-
bined with the safe and at-home nature of this
therapy, these results highlight the potential for
this emerging form of electrotherapy.

TENS is used in a wide variety of chronic
pain subsets; however, its efficacy is controver-
sial. A large randomized, sham-controlled pilot
crossover trial compared TENS and a placebo
TENS therapy and found that although TENS
was safe it was unlikely to offer more analgesic
effects than a placebo [17].

There are many similarities between the new
noninvasive neurmodulation techniques and
TENS machines. They are both small, portable,
battery-operated devices that use electricity to
treat pain in a noninvasive pattern. The main
difference is the hypothetical ability of the new
neuromodulation systems to use alternating
currents to block the pain signals via
hyperpolarization.

While the technical revolution in PNS pro-
ceeds apace, fundamental concerns of biophys-
ical and therapeutic significance remain
unanswered. For example, the importance of
contact spacing and several independent cur-
rent controllers, as well as the advantages of
constant current versus constant voltage
schemes, is unknown. The appropriate number
or arrangement of leads for controlling back
pain with unilateral or bilateral leg discomfort
must be determined [18, 19].

Our survey’s universal improvements were
seen independent of the clinical subgroup.

Table 5 Satisfaction

Metric # Patients % Patients

Desire to continue therapy 1469 97.2%

Desire to stop therapy 42 2.8%

Mean score

Satisfaction 8.35

Satisfaction score on 0–10 scale where zero is not satisfied
and 10 is completely satisfied

Table 6 Functional metrics

Metric # Improved % Improved

Sleep 724 47.9

Mood 720 47.7

Stand 671 44.4

Walk 655 43.3

Sit 617 40.8

Lift 268 17.7
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With the majority of the patients in this survey
comprising veterans, it is promising to see a new
therapy demonstrate significant benefit for this
at-risk population. To better assess chronic pain
treatment in veterans a study that integrates
post-traumatic stress disorder (PTSD) scores and
parallel coping strategies paired with neuro-
modulation could show a synergistic relation-
ship between treatment modalities.

A noninvasive treatment modality that has a
large safety profile with the ability to be
reversed has numerous advantages. Chronic
pain can often develop after surgical procedures
making patients more reluctant to undergo
another invasive procedure. Having a treatment
option that does not require an operation could
help patient adherence and possibly lead to
treating chronic pain earlier in its disease pro-
cess [20, 21].

Our large pilot study of 1511 patients
demonstrates that the alternating current of the
noninvasive neuromodulation system has the
potential to treat numerous types of chronic
pain conditions. Follow-up studies should be
conducted to assess length of chronic pain
reduction after treatment has stopped. They
should also randomize placebo, new noninva-
sive neurmodulation techniques, and TENS
treatment groups. Placebo effects can account
for up to 30% of pain improvement in this
population which could be further delineated
with a control group in future studies [9].

Surveys and survey-based studies have
inherent limitations. Compliance is potentially
biased when it requires effort to submit the
survey which is more likely if one has been
performing their treatments. It is difficult to
assess dishonest questionnaire answers or to
assess a respondent’s potential agenda. Patients
may not be aware of the importance of each
answer and the nuances between question
choices despite prior survey education.

Despite having one of the largest noninva-
sive neuromodulation study populations the
patients surveyed were biased towards men and
specifically those in the VA health systems. This
is a specific limitation when the prevalence of
both acute and chronic pain is higher among
women than men, with 66% of elderly women

reporting pain in the past 4 weeks vs 57% of
elderly men [22].

A way to strengthen future surveys would be
to increase the length of treatment and the
addition of a period without treatment. This
could be accomplished in a follow-up survey.
Although our survey portrays a significant pain
reduction in a short period of time we have no
data to suggest its longevity at this time.

CONCLUSION

Noninvasive neuromodulation is a promising
treatment strategy for various types of chronic
pain. We performed one of the largest nonin-
vasive neuromodulation studies with 1511
patients surveyed. Patients from orthopedic,
chronic pain, and the vulnerable population in
the Veteran Affair Health Systems demonstrated
considerable improvement in multiple cate-
gories, including quantitative pain levels,
activities of daily living, sleep, mood, and
numerous functional data points. The findings
of this study generally matched those of prior
noninvasive neuromodulation device studies
and noninvasive neuromodulation investiga-
tions, while also providing much-needed power
and reproducibility. This pilot study helps
highlight the potential benefits of novel non-
invasive neuromodulation treatment modalities
while calling for randomized trials comparing
neurostimulation devices versus placebo and
TENS.
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