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Introduction
Pain not only affects individuals physically but can have detri-
mental emotional, mental, and financial effects as well. 
Approximately 11% of Americans aged 20 years and older 
experience chronic pain that lasts more than 1 year.1 This figure 
increases to 17.7% when including adults who have experi-
enced pain lasting for at least a month.2 According to a survey, 
13% of the US workforce has experienced a loss in productivity, 
either by decreased productive working hours or time off from 
a job,3 and the annual estimated cost of this productivity loss 
was $61 billion.3

Despite the numerous forms of pain management available, 
pain relief can be elusive for many individuals. In a survey of 
more than 2600 Americans with chronic, severe, non-cancer-
related pain conducted in 1998 47% reported that they had 
changed their doctor, and 22% had done so 3 times or more. 
The most common reason for this change was the intense, 
remaining pain (42%).4,5

Low back pain (LBP) is defined as pain, muscle tension, or 
stiffness localized below the costal margin and above the inferior 
gluteal folds, with or without leg pain (sciatica).6 Chronic LBP is 
a common neurological ailment, second only to headaches, and 
the most prevalent cause of disability that affects work  
productivity.1 Approximately 28% of the patients surveyed with 
LBP reported a limitation of activity due to their condition.1 
They also had co-morbid manifestations such as loss of sleep, 

increased muscle stiffness, and reduced spine mobility, often 
leading to reduced daily energy and mental focus, depression, 
and job loss.3,7-9 Total annual health care expenditures attributed 
to back pain are estimated at $26.1 billion.2

Standard therapies for chronic LBP include administration of 
pain medications (eg, opiates and non-steroidal anti-inflammatory 
drugs), physical therapy (PT), chiropractic care, transcutaneous 
electrical nerve stimulation (TENS), and epidural steroid injections. 
These treatments can effectively mitigate pain in patients with LBP; 
however, in those who do not fully respond to them, a combination 
of treatments may be needed to optimize results.

Pain medications have played a major role in managing 
chronic LBP for many years; however, according to Chou et al,10 
there is no medication superior to others because there are com-
plex cost/benefit trade-offs to consider. This conclusion is con-
sistent with another study, suggesting that opioids are not 
superior to non-opioid medication regarding chronic back pain 
alleviation.11 In a recent systematic review and meta-analysis, 
Busse et al12 concluded that opioids have a statistically signifi-
cant impact, but a small improvement in pain and physical func-
tioning compared to placebo. In another study, the authors 
concluded that there was no evidence supporting opioid therapy 
for moderate to severe chronic back pain. Additionally, opioids 
induce unwanted side effects such as sedation, dizziness, nausea, 
vomiting, constipation, physical dependence, tolerance, and res-
piratory depression.13 In general, both short and long-term pain 
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medication regimens can potentially cause undesirable side 
effects and health risks, thus contributing to a decrease in quality 
of life and poor response in pain reduction, both at rest and dur-
ing physical activity. To further complicate the matter, the use of 
opioid therapy has contributed to a significant public health cri-
sis in the United States, where more than 63% of the 52 404 
drug-related overdose deaths in 2015 were opioid-related.14,15

PT also has limitations. Patients undergoing various 
PT-related treatments may not be relieved of pain either after 
each session or at the end of a multi-month program. Fritz 
et al16 found no improvement in pain intensity at a 4-week, 
3-month, or 1-year follow-up when comparing patients receiv-
ing conventional care and those undergoing PT. In a study 
comparing the McKenzie and Back School methods for treat-
ing LBP, Garcia et al17 reported a 19% and 25% reduction in 
pain, respectively, while at a 6-month follow-up, there was an 
average pain intensity of 5.2 between the 2 methods. In a sys-
tematic review of PT techniques for managing LBP, the 
authors concluded that the treatment ineffectively managed 
pain.18 In a retrospective study of 4597 patients with LBP, 
Eleswarapu et al19 concluded that a substantial percentage of 
patients did not meet minimal clinically important difference 
(MCID) for pain and function, following LBP treatment with 
PT. Fritz also concluded that PT did not result in MCID 
among adults; however, this study cohort presented recent-
onset LBP.16

Considering the lack of sufficient pain relief and drawbacks 
associated with medication and PT, TENS has been consid-
ered among the choices for LBP management, especially con-
sidering the low risk imposed on patients. However, its efficacy 
has been questioned by the Department of Health and Human 
Services due to the lack of supporting scientific evidence.20 In 
our experience, TENS can fail in pain alleviation for a variety 
of reasons, including electrode placement errors, electrode fixa-
tion issues, low power output, and lack of professional instruc-
tion. In a recent systematic review, the benefits of TENS in 
patients with LBP was found inconclusive because the quality 
of the studies was low, and adequate parameters and timing of 
assessment were not uniformly used or reported.21 This study 
highlighted the importance of defining methods, electrical 
parameters, and quality of research protocols to better under-
stand TENS.

TENS attempts to control pain by blocking the pain path-
way proposed in the Gate Control Theory.22 TENS is designed 
to stimulate only the cutaneous afferent nerves, without pene-
trating deeper into the body to stimulate and relax muscle 
spasms. This may be 1 reason some patients experience spasm 
relief while others do not. In a study of the direct and indirect 
benefits of TENS, Gladwell et al,23 found that while 89% of 
subjects with musculoskeletal pain had pain relief from TENS, 
only 71% had relief of muscle spasms. An additional drawback 
of TENS is that large electrodes cannot be used to cover a large 
area of pain as it could significantly reduce the current output 

and distribution, thereby conferring limited pain relief. In addi-
tion to the deficiencies in its underlying principles, standard 
TENS technology, which uses adhesive skin electrodes, can fail 
to lower pain due to various issues. Patients with LBP com-
monly experience difficulty in placing the electrodes on the 
lower back due to the inability to twist their body or see the 
affected area. Even if patients succeed in placing the electrodes, 
there is no guarantee that the electrodes will be placed accu-
rately or that they will stay affixed throughout the day. Sweat 
and body hair can interfere with electrode adherence, conduct-
ance, and performance. Furthermore, patients can experience 
contact dermatitis due to the chemicals present in the elec-
trodes, which, for example, are added for adherence of elec-
trodes to the skin.24 A high prevalence of skin irritation has 
been noted in 40% after the use of TENS25 and which can lead 
to rejection and failure of the therapy.

Although TENS can be useful in managing pain when 
being on the body, it loses its effect when removed, and there is 
no long-term, residual carry-over benefit. A meta-analysis of 
patients with chronic LBP showed that TENS was significantly 
different from placebo/control (P < .02) and that TENS/inter-
ferential stimulation intervention was better than placebo/con-
trol during therapy (P = .02), but not immediately after therapy 
(P = .08), or 1-3 months after (P = .99).26 The study results 
imply that keeping TENS and its electrodes affixed to the body 
with an active stimulus is the best way to achieve pain relief.

The output signal generated by TENS is much lower than 
that of neuromuscular electrical stimulation (NMES). There is 
growing evidence that NMES on trunk muscles in patients 
with LBP may increase core muscle strength, reduce pain, and 
improve function when compared to conventional care. The 
total charge generated is calculated by multiplying the ampli-
tude and pulse width. TENS, with a maximum amplitude of 
60 mA and 150 µs pulse width, produces a total charge of 
9 µColoumbs. In contrast, NMES, with a maximum amplitude 
of 100 mA and a pulse width of 300 µs, produces a total charge 
of 30 µColoumbs and therefore is 3.3 times stronger than 
TENS. To stimulate muscle, an NMES signal must penetrate 
deeper than subcutaneous tissue to depolarize motor neurons 
and must be of sufficient current intensity to reach back mus-
cles such as the multifidus muscle.27 A deeply penetrating elec-
trical signal is more effective at reducing pain than TENS in a 
comparative study of varying electrical stimulation devices.28 
Interestingly, there is scientific evidence for combining TENS 
and NMES into a treatment modality for pain. Moore and 
Shurman29 assessed the use of TENS, NMES, and TENS-
NMES and concluded that their combination was superior to 
TENS or NMES alone at reducing chronic back pain.

There is a growing body of evidence suggesting that NMES 
may be beneficial as a modality to strengthen muscles as well as 
to facilitate a reduction in chronic LBP.30 In one study, elec-
trodes were positioned over the abdominal and lower back par-
aspinal muscles using intensities sufficient to produce muscle 



Muccio et al 3

contraction. The results revealed clinically and statistically sig-
nificant improvements in both muscle groups’ performance, 
and the results were associated with significant improvements 
in self-reported pain levels, suggesting that NMES plays an 
important role in chronic LBP rehabilitation.31 Another study 
showed that electrical stimulation significantly increased 
(P < .05) the endurance of the back muscles compared with the 
control and exercise groups. The study showed that electrical 
stimulation could be a valuable treatment in the early care of 
patients with LBP in maintaining and increasing strength and 
endurance of back muscles when a more active exercise pro-
gram is too painful to perform.32

Volitional exercise may not provide enough tension through 
the atrophied type II fibers to induce hypertrophy of these fib-
ers even when performed at near maximum intensities.33 In a 
Cochrane review investigating physical activity and exercise, 
exercise did not consistently cause any change (positive or neg-
ative) in self-reported pain scores.34 However, NMES has been 
shown to recruit type II muscle fibers and induce an increase in 
muscle strength,29,35-37 and this may have a beneficial effect on 
chronic LBP and function.33,38

Not all studies managed to show benefit from the use of 
NMES in chronic LBP. In a study by Guo et al,39 there was no 
statistical difference between the NMES and control groups 
regarding pain reduction or disability score after a 4-week 
treatment period. However, the authors indicated that the 
study had limitations that should be overcome to produce a 
more confident conclusion in the future. NMES dose may 
need to be greater than that implemented in this study to effec-
tuate positive changes in LBP.

An alternative to conventional care is needed to improve 
pain modulation and reduce the potential risks for patients. 
Thus, we investigated the effectiveness of the AxioBionics 
Wearable Therapy Pain Management (WTPM) System in 
the treatment of chronic LBP. This system employs both 
NMES and TENS technologies, which are integrated into a 
wearable system that automatically aligns electrodes on the 
body and keeps them affixed to it. It is hypothesized that the 
WTPM System would reduce at-rest and activity-based 
LBP.

The WTPM System employed both TENS and NMES to 
maximize the therapeutic result. The TENS modality (low-
level, sensory stimuli) was employed to alleviate pain and the 
NMES (moderate-level, supra-sensory, supra-motor thresh-
old) to help reduce muscle spasms and atrophy27,33 and enhance 
the pain alleviation effect over time. It has long been acknowl-
edged that conditioning of the trunk muscles is effective in the 
management of acute and chronic LBP.27 Rather than relying 
solely on TENS, the WTPM System sought to improve patient 
outcomes by combining these 2 modalities into a wearable sys-
tem. The WTPM System assured proper placement and fixa-
tion of electrodes to ensure that electrodes were aligned over 
areas of pain and motor points. To our knowledge, this is the 

first study to delineate the effects of an electrical stimulation 
system on at-rest and activity-based pain.

Methods
Human Subjects Research: This study has been determined by 
the Institutional Review Board to be Exempt according to 
FDA 21 CFR 56.104 and 45CFR46.104(b)(4): (4) Secondary 
Research Uses of Data or Specimens on 06/16/2020. IRB 
Review provided by Gretchen Parker, PhD, RAC, CIP IRB 
Chair, Pearl IRB 29 East McCarty Street, Suite 100 
Indianapolis, IN 46225.

Patients: Data from all patients who were treated with 
AxioBionics WTPM System were reviewed for inclusion in 
this retrospective analysis.

Inclusion Criteria: Sixty-nine adults (27 women and 42 men; 
age, 27–90 years) from 8 mid-western cities in the United 
States with at least 1 year of axial LBP alone or axial LBP with 
radicular pain to the buttocks or thigh, unilaterally or bilater-
ally (10-point visual analog scale [VAS] score, 4-10) were 
included in this study.

Exclusion Criteria: Patients with a history of pain for less than 
1 year were excluded from treatment with the WTPM System. 
Additionally, patients were excluded if they had a cardiac condi-
tion, that is, requiring implantation of a demand cardiac pace-
maker or defibrillator, atrial or ventricular fibrillation, congestive 
heart failure, recent myocardial infarction (<3 months), or 
hemodynamically significant valvular dysfunction. Moreover, 
pregnant women (safety of muscle stimulation during pregnancy 
is unknown) and patients with epilepsy, dementia, severe recep-
tive or global aphasia that confounds testing and training (opera-
tionally defined as unable to follow 2-point commands that leads 
to an unlikely ability to understand the protocols and proce-
dures), and active cancer were excluded from treatment.

Procedure: VAS was used to measure the AxioBionics 
WTPM System’s at-rest and activity-based LBP alleviation 
capability. At-rest was defined as lying down or remaining 
immobile. Activity-based was defined as any position requiring 
muscle activity or body movement. All patients underwent a 
baseline pain assessment both at-rest and during activity. At 
VAS assessment, each patient had to choose a pain level that 
best described their average pain at rest and during activity: 
sitting (longer than 15 minutes), standing, and walking. Prior 
treatments were recorded to investigate whether there was a 
difference in outcome between patients having received a given 
therapy or combination of therapies prior to the use of the 
AxioBionics WTPM System. These included pain medica-
tions, PT, epidural steroid injections, manipulations, surgery, 
and TENS.

System Evaluation and Fitting: The AxioBionics WTPM 
System incorporates electrodes in a custom-fitted, lycra-span-
dex garment and combines NMES and TENS stimuli. The 
stimulator used in the WTPM System was a Focus 2 channel 
NMES/TENS device (300 µseconds pulse width, 50 Hz, 
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10 seconds on, 10 seconds off, synchronous mode, manufac-
turer: EMPI, St. Paul, MN) Patients initially underwent an 
evaluation of their medical history, assessment of pain distribu-
tion, initial electrode set-up on the body (without garment), 
and a trial of NMES/TENS in the clinic, and instructions on 
appropriate intensity levels were given to produce mild to 
moderate muscle contraction in 1 or more muscles that 
included the lower back paraspinal muscles, gluteus maximus, 
and hamstrings, unilaterally or bilaterally. Guidance on stimu-
lus level was intended to evoke both sensory fibers for pain 
control and alpha motor neurons for relaxation of muscle 
spasms and blood flow in the area. The patients were asked to 
use the NMES/TENS device with conventional 2Ľ × 4Ľ adhe-
sive electrodes at home for 4 weeks and advised to place the 
electrodes on or around the area of pain that provided the best 
pain relief (Figure 1). A wearing schedule was provided that 
started with 1 hour the first day and then increased by 1 hour 
each subsequent day until the patient was able to wear the 
stimulus as much as could be tolerated or needed to control 
pain. No limitations on wear time were given. Patients were 
encouraged to wear the system during the day and when sleep-
ing if they had sleep disturbance from pain. Patients were free 
to choose their wear schedule.

After the 4-week home trial, the patients returned to 
AxioBionics for follow-up, and the results of the NMES/
TENS trial were documented. The test garments were fabri-
cated from the measurements of the patients and individually 
tailored for a secure fit. The fitting process led to the customi-
zation of the WTPM Systems that captured the array of 4 
electrodes that optimized pain relief for each patient. Each 
patient received a WTPM System configured as a belt, a brief, 
belt/sleeve, or shorts (Figures 2 and 3). For those who pur-
chased the WTPM System following the 4-weeks, additional 

data were collected for another 4 weeks. No further data collec-
tion was performed on patients who did not purchase the sys-
tem after the 4-week trial.

Data Analyses: All statistical analyses were performed using 
SPSS Statistics 17.0 (IBM Corp., Armonk, N.Y., USA). 
Descriptive statistical analysis using means, standard devia-
tions, confidence intervals, and proportions were employed to 
describe the baseline characteristics of the combined sample of 
all patients. A P-value < .05 was used in all statistical analyses 
to indicate statistical significance. To evaluate the effectiveness 
of AxioBionics WTPM System to decrease at-rest and activ-
ity-related pain, t-tests were used to determine the significance 
of the decrease in pain on VAS. Univariate analysis of variance 
(ANOVA) was used to determine changes in pain levels 
between the groups (pain medications, PT, epidural steroid 
injections, surgery, TENS, manipulations) and among all com-
binations of patient categories.

Results
Table 1 shows the distribution of past treatments that patients 
underwent before treatment with the WTPM System.

Tables 2 and 3 show the change in pain levels before and 
during treatment with the WTPMS at-rest and with activity, 
respectively and whether the treatment met minimal important 
difference (MID).

Table 4 shows the percentage of patients who achieved 
100% reduction in pain during the trial period, when fitted 
with the WTPMS and the combination. 

Table 5 shows a comparison of the increase in pain related 
to activity with standard care and with the WTPMS.

A 1-way univariate analysis of variance test was performed 
to assess the changes in pain between all combinations of 
groups (Table 6). Combinations not listed had insufficient 
sample size for statistical calculations. Significant differences 
are not present among the listed categories or the combinations 
of categories.

Figures 4a and b show the mean pain scores for all patients 
at baseline with the WTPM treatment and changes in pain 
scores. Both at-rest and activity-related pain significantly 
reduced during treatment with the AxioBionics WTPM 
System (P-values < .05). Activity-related pain reduced more 
than at-rest pain (P < .05) when assessed using a 10-point VAS 
score; however, baseline activity-related pain was significantly 
greater than baseline at-rest pain (P < .05). In terms of percent 
reduction, the change in pain scores was more with at-rest pain 
than with activity-related pain. Both at-rest and activity-related 
pain categories showed improvement in the VAS score from 
the trial period to that with the use of the WTPM System. 
Overall, 32% of patients in the at-rest category achieved 100% 
pain relief, whereas only 8.7% of patients in the activity-related 
pain category did so.

Figure 5 shows the number of patients who were stratified 
into each of the 3 categories of pain (low, medium, and high) 

Figure 1. The method used to stimulate the area of pain during the 
NMES/TENS trial period.
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based on their VAS scores. Although the bulk of the patients 
belonged to the high pain group before treatment, most of 
them were reassigned to the low or medium pain groups during 
the WTPM treatment.

Additional analyses were performed on the data of the study 
subgroups. Among the 56 patients whose data of at-rest pain 
(sitting) were recorded before the use of the WTPM System, 
all patients had difficulty in sitting for varying periods, ranging 
from 1 minute to 8 hours (Figure 6). Forty-nine of these 
patients reported improvement in their sitting ability using the 
WTPM System. The minimum improvement in sitting time 
was 50%. Figure 3 shows the number of patients in each range.

Standing ability was also limited before the use of the 
WTPM System in all assessed patients (n = 49); times are 
shown in Figure 4. During the use of the WTPM System, 
97.7% of the patients (n = 44) reported standing improvement. 
The minimum improvement in the amount of time the patients 
could stand was 40% (n = 20); the periods are shown in Figure 7.

Overall, 96% of the patients who were investigated (n = 50) 
reported interruptions in their sleep. All 29 patients who were 
asked reported sleep improvements. All patients reported 

Figure 2. Various con!gurations of the WTPM system.

Figure 3. Actual depiction of the belt version of the WTPM system used 
to treat LBP.
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Table 1. Involvement in past treatments (N = 69).

PAIN 
MEDICATIONS

PHYSICAL 
THERAPY

EPIDURAL STEROID 
INJECTIONS

SURGERY TENS MANIPULATION

N 66 62 36 27 21 14

% 96 90 52 39 30 20

Forty-eight of the 69 patients (70%) underwent the 4-week trial period and subsequently were !tted with the WTPM System, whereas 21 patients (30%) only underwent 
the 4-week trial.
Abbreviations: N, number of patients; TENS, transcutaneous electrical nerve stimulation.

Table 2. Change in pain levels (at-rest).

N CATEGORY 
OF TX

PAIN LEVEL 
BEFORE TX (SD)

PAIN LEVEL 
WITH TX (SD)

NUMERICAL CHANGE 
IN PAIN (SD)

% CHANGE IN 
PAIN

MINIMAL IMPORTANT 
DIFFERENCE (MID) ACHIEVED?

21 Trial only 6.4 (1.7) 2.6 (1.9) 3.9 (1.5) 60%* Yes*

48 Fitted 6.4 (1.7) 2.1 (2.1) 4.4 (1.7) 68%* Yes*

69 Combined 6.4 (1.7) 2.3 (2.0) 4.1 (1.7) 64%* Yes*

Abbreviations: Tx, treatment; N, number of patients.
*P < .001 The P values were determined by Mann-Whitney U Test (AKA Wilcoxon rank-sum test). MID values determined by Wikström and Edelstam26 and Jensen et al40 
achieved at 50% and 33% reduction in VAS Pain Scores, respectively.

Table 3. Change in pain levels (during activity).

N CATEGORY 
OF TX

PAIN LEVEL 
BEFORE TX (SD)

PAIN LEVEL 
WITH TX (SD)

NUMERICAL CHANGE 
IN PAIN (SD)

% CHANGE IN 
PAIN

MINIMAL IMPORTANT 
DIFFERENCE (MID) ACHIEVED?

21 Trial only 9.0 (1.1) 3.8 (1.7) 5.2 (1.7) 58%* Yes*

48 Fitted 8.8 (1.2) 3.3 (2.2) 5.4 (2.0) 62%* Yes*

69 Combined 8.9 (1.2) 3.5 (2.1) 5.3 (1.9) 60%* Yes*

Abbreviations: Tx, treatment; N, number of patients.
*P < .001 The P values were determined by Mann-Whitney U Test (AKA Wilcoxon rank-sum test). MID values determined by Wikström and Edelstam26 and Jensen et al40 
achieved at 50% and 33% reduction in VAS Pain Scores, respectively.

Table 4. Percent of patients who achieved 100% pain relief.

N CATEGORY OF TX N ACHIEVING 100% 
RELIEF (AT-REST)

% ACHIEVING 100% 
RELIEF (AT-REST)

N ACHIEVING 100% 
RELIEF (ACTIVITY)

% ACHIEVING 100% 
RELIEF (ACTIVITY)

21 Trial period 5 24% 0 0%

48 Fitted 17 35% 6 13%

69 Combination 22 32% 6 8.7%

Abbreviations: N, number of patients; Tx, treatment.

Table 5. Comparison of the increase in activity-related pain.

AVG PAIN WITH 
STANDARD CARE 
(SD)

AVG PAIN WITH 
WTPM SYSTEM 
(SD)

At-rest 6.4 (1.7) 2.3 (2.0)

Activity 8.9 (1.2) 3.5 (2.2)

Numerical Change 2.5 1.2

Abbreviations: WTPM, Wearable Therapy® Pain Management; Avg, average.

walking and concentration improvements, as well as decreased 
muscle spasm and stiffness; however, there were no consistent 
measures used that provided more quantitative results across 
the patient population. A graphical representation of the 
WTPM System pathway is provided in Figure 8.

Discussion
This study retrospectively investigated the data of all patients 
who were treated with the AxioBionics WTPM System for 
chronic LBP and elucidated the impact of the WTPM system on 
both at-rest and active-movement pain. Data collected from 69 
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Table 6. One-way univariate analysis of variance test results for the 
changes in pain between all combinations of groups.

CATEGORY AT-REST 
CHANGE

ACTIVE 
CHANGE

 P-VALUE P-VALUE

Corrected model .880 .337

Age (young ⩽55 years, old >55 years) .894 .971

PainMeds .346 .536

PhysTherapy .661 .515

Manipulation .708 .817

Injections .514 .179

Surgery .808 .322

TENS .272 .680

AgeCategory * physTherapy .429 1.000

AgeCategory * manipulation .966 .535

AgeCategory * injections .637 .160

AgeCategory * surgery .412 .183

AgeCategory * TENS .693 .787

PhysTherapy*injections .203 .700

PhysTherapy*TENS .932 .912

Manipulation*injections .366 .957

Manipulation*surgery .645 .674

Manipulation*TENS .583 .692

Surgery*TENS .719 .651

AgeCategory*manipulation*TENS .670 .875

AgeCategory*injections*surgery .920 .974

AgeCategory*surgery*TENS .507 .159

Manipulation*injections*surgery .578 .841

Manipulation*injections*TENS .665 .659

Abbreviations: AgeCategory, the category of the age; PainMeds, pain 
medications; PhysTherapy, physical therapy; TENS, transcutaneous electrical 
nerve stimulation.

patients, diagnosed only with LBP, were analyzed to determine 
the therapeutic effectiveness of the AxioBionics WTPM System 
to relieve LBP. The results showed that the WTPM System sig-
nificantly decreased both at-rest and activity-related pain; given 
that these patients came to AxioBionics after undergoing con-
ventional therapies and treatments, the outcome of this study 
suggested that the WTPM system was more effective at alleviat-
ing LBP in patients who did not respond well to conventional 
treatments. Our results suggest that high-level active pain can be 
adequately controlled with the WTPM System, perhaps better 
than common treatments for chronic LBP.

Our results showed a significant 2.5 level VAS increase in 
patient movement-related pain relative to the at-rest category 
in the standard treatment grouping, whereas, in the patients 
using the WTPM System, there was only a minor increase of 
1.2. The fact that the WTPM System lowered both at-rest 
and activity-based pain is a substantial finding and may be the 
reason for the concomitant increase in the ability to sit and 
stand for a longer period while wearing the WTPM System 
during activities of daily living. It also suggests the impor-
tance of keeping electrical stimulation placed on the body 
with the stimulus on, to ensure that activity-related pain is 
held in check. We can postulate from these results that TENS/
NMES is more effective at pain relief when operating on the 
body than when it is removed, and that it can play a signifi-
cant role in helping patients remain active for a longer period. 
Resende et  al21 showed that pain relief from TENS abates 
when the stimulus is removed, whereas, our results indicate 
that it should remain on the body as much as possible to 
achieve the optimum relief either at-rest or when physically 
active. Although this study did not compare the efficacy of 
adhesive electrodes and the WTPM System, keeping elec-
trodes firmly affixed to the body with a garment system may 
significantly help patients achieve longer wear time without 
losing electrode contact. Future studies should investigate the 
electrode interface to elucidate the effectiveness of these 2 
systems.

Another significant finding of this study was the number of 
patients who reported no pain when wearing the WTPM 
System when at-rest (32%) and when active (8.7%), and while 
no one reported having no pain in the active group during the 
WTPM System trial, 13% of those who were fit with the 
WTPM System reported having no pain despite an activity 
increase.

Pain relief significance achieved with the WTPM 
System for LBP
Two researchers have derived standards for meaningful pain 
reduction that we can use as measures. Wickström and 
Edelstam studied women with endometriosis and found that, 
to achieve a minimally important difference, a 50% pain reduc-
tion had to be achieved.26 Jensen, et. al. studied postoperative 
pain and concluded that to meet clinical significance, a 33% 
pain reduction had to be achieved.40 In this study, both at-rest 
and activity-related LBP reductions averaged at 64% and 60%, 
respectively, which is well above these 2 standards.

As can be seen from these results, pain can fluctuate from 
a lower to a higher value when patients become more active; 
therefore, it is important to know if treatment for pain can 
impact both values and whether that reduction will lead to 
an improvement in function and work capability. Our results 
show a concomitant increase in function (sitting and stand-
ing) when pain is lowered and held in check as movement 
increases.
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Figure 4. (a) AxioBionics Wearable Therapy Pain Management System signi!cantly decreases both at-rest and activity-related pain, and (b) change in 
activity-related pain was signi!cantly greater than that in at-rest pain with the use of the AxioBionics Wearable Therapy Pain Management System.

Figure 5. Separation of the visual analog scale into 3 categories. At-rest and activity-related pain are shown by the number of patients before and during 
treatment with the Wearable Therapy Pain Management System.

Figure 6. Percentages of patients categorized by the time they could sit before (N = 50) and during (N = 27) treatment with the Wearable Therapy Pain 
Management System.
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It is generally understood that not all treatments for chronic 
LBP will result in a favorable outcome. This study managed to 
show that, even when pain relief is inadequate from standard 
clinical options, such as pain medications, PT, and TENS, the 
WTPM System is a reasonable and efficacious alternative 
solution. The results also suggest that the WTPM System is 
equally effective at alleviating LBP in patients with and with-
out a pain medication regimen.

Following, we present a brief discussion regarding possible 
mechanisms of action regarding pain improvement, following 
this study’s supporting evidence of its null hypothesis (reduced 

LBP). We present 7 mechanisms that could contribute to pain 
reduction; (1) gate control theory; (2) muscle spasm reduction; 
(3) endogenous opiates; (4) muscle strengthening from increas-
ing physical activity; (5) muscle strengthening derived from 
stimulated muscle; (6) improved spinal posture; and (7) increase 
in intra-abdominal pressure from the WTPM garment. 
Furthermore, longer sitting time (>7 hours/day) further 
increases the risk of LBP.41 Lessening sitting time, as well as 
sedentarism is, therefore, a reasonable pain reduction objective.

It is beyond the scope of this study to differentiate the con-
tribution of each mechanism; however, there may be an 

Figure 7. Percentages of patients categorized by the time they could stand before (N = 41) and during treatment (N = 20) with the Wearable Therapy Pain 
Management System. The minimum increase in standing time was 40%.

Figure 8. Graphical representation of the WTPM system pathway.
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additive effect. For example, conventional TENS may not be 
equally efficacious with this new system. Furthermore, all 
actions invoke pain relief by naturally-occurring means and not 
by pharmaceutical or invasive procedures; therefore, the poten-
tial for patient harm is significantly reduced.

Although the use of the AxioBionics WTPM System 
showed pain improvement during sitting, standing, walking, 
concentration, muscle stiffness, and sleep, the type of recorded 
data was not consistent within each activity group. This lim-
ited the number of quantitative analyses that could be per-
formed in this retrospective study. Therefore, future studies 
should include consistent and quantitative measures to eluci-
date the effectiveness of the AxioBionics WTPM System in 
LBP treatment. Finally, the sample sizes of some subpopula-
tions in this study were not large enough to be evaluated for 
differences in the effectiveness of the WTPM System. 
Therefore, additional studies should include larger sample 
populations to determine whether combinations of different 
treatments affect the outcome of the WTPM System regard-
ing LBP. Although this was a retrospective analysis and did 
not include a sham or control device, future studies would 
benefit from inclusion of a sham TENS/NMES WTPMS to 
control for the placebo effect. It should also include patient-
specific pain medications and dosages to elucidate the medica-
tions’ pain-relieving effects compared to the WTPM System. 
Future studies should also include prospective RCTs to estab-
lish unbiased evidence of the effectiveness of this unique 
approach.

Conclusion
The WTPM System has the potential to provide substantial 
pain alleviation in patients with chronic LBP when conven-
tional treatments fail to deliver adequate relief. It eliminates the 
problems that have affected surface electrode use for TENS/
NMES over the years by eliminating wrong electrode place-
ment, electrode placement difficulty, electrode to skin surface 
integrity, and electrode failure. Unlike many conventional 
treatments for LBP, the WTPM System can be used indepen-
dently, non-invasively, non-pharmacologically, and for any 
desired period.
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