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Abstract
Purpose: Transcutaneous electrical nerve stimulation (TENS) produces pain relief by decreasing central excitability
and increasing central inhibition. Fixed-site high-frequency TENS (FS-TENS) is a form of TENS in which the device is
designed to stimulate a predetermined area rather than to overlap the patient’s pain. The objective of this study was
to confirm that FS-TENS has widespread effects beyond the stimulation site in a real-world chronic pain population.
Methods: A retrospective cohort study was conducted on users of a FS-TENS device. This device is placed
on the upper calf. Study participants were stratified into two groups, those whose pain distribution did not include
foot or leg pain (proximal pain group) and those whose pain distribution included foot or leg pain (distal pain group).
The outcome measures were changes in pain intensity and pain interference with sleep, activity and mood from a
baseline assessment to a 60-day follow-up. FS-TENS dose was characterized by utilization, which was defined as the
percentage of days with at least 30 minutes of stimulation. Predictors of pain outcomes were examined by moderated
multivariable regression.
Results: 1676 FS-TENS users met the inclusion and exclusion criteria. There were 296 (17.7%) participants in
the proximal pain group and 1380 (82.3%) participants in the distal pain group. There were no differences in FS-TENS
usage between the groups. There were no differences between the two groups for any pain outcome. Age, baseline
pain measures, number of painful health conditions, constant pain, weather sensitivity and utilization were predictive
of pain outcomes. Distal pain moderated the associations between utilization and sleep/activity interference. The doseresponse associations between FS-TENS utilization and pain outcomes were comparable in participants with distal
and proximal pain.
Conclusion: These results are consistent with FS-TENS having widespread effects beyond the site of stimulation
in real-world chronic pain.

Keywords: Chronic pain; Widespread; Transcutaneous electrical
nerve stimulation; Wearable; Pain relief devices

Introduction
The prevalence of chronic pain among adults in the U.S. is 30%
[1], at an annual economic cost of $600 billion [2]. Many people with
chronic pain also have debilitating comorbidities including low quality
sleep, anxiety, depression and poor overall health [3]. Prescription
opioids are frequently used for chronic pain despite concerns about
adverse events, addiction and long-term efficacy [4,5]. Alternatives
such as non-steroidal anti-inflammatory drugs and antiepileptics also
have side effects [6,7] and abuse potential [8]. For these reasons, there is
a need for non-pharmacological treatments for chronic pain [9].
Transcutaneous electrical nerve stimulation (TENS) is a noninvasive treatment for chronic pain that has no major side effects.
Conventional TENS is delivered through surface electrodes at a
frequency and intensity that produces a strong, nonpainful sensation.
The resulting stimulation of large diameter, deep tissue afferents [10],
produces pain relief by decreasing central excitability and increasing
central inhibition [11,12]. TENS provides pain relief or improves
function in multiple types of chronic pain [11,12-19].
In traditional practice, TENS electrodes are applied over or adjacent
to the targeted pain. Remote placement of electrodes are recommended
if localized placement is undesirable due to skin irritation or allodynia,
or impractical as in the case of phantom limb pain [20]. Stimulation
proximal to the pain, distal to the pain, contralateral to the pain, within
the same dermatomes as the pain and extra-segmentally have all been
shown to be effective [21-30]. These remote analgesic effects provide a
mechanism of action for fixed-site high-frequency TENS (FS-TENS)
[31]. In this approach, the stimulator is designed for a predetermined
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location rather than for co-localization with pain. The advantage of FSTENS relative to traditional TENS is that a single target site enables
wearable device designs that promote frequent use and may include
embedded sensors to adaptively control stimulation and to measure
objective outcomes such as patient activity and sleep. FS-TENS on
the calf has been shown to be effective in chronic lower extremity and
low back pain [31,32]. Encouraging preliminary results have also been
obtained in chemotherapy induced neuropathic pain [33] and restless
leg syndrome [34], FS-TENS on the upper arm has been found to be
effective in reducing migraine pain [29].
The widespread effects of TENS are defined as pain relief beyond
the anatomical site of stimulation [24]. Most studies of the relationship
between stimulation sites and the location of TENS effects have been
conducted in animal models [23,35] and with experimental pain in
healthy humans [22,36]. The few studies that examined this question
in chronic pain generally had short duration and small sample size
[21,24,37]. The objective of this study was to confirm that FS-TENS
produces widespread effects in a real-world chronic pain population.
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This was examined by determining if distally placed (i.e., on calf)
FS-TENS is effective for proximal chronic pain. The analyses were
performed on self-administered FS-TENS for chronic pain. Two
experimental predictions were derived from the widespread response
of FS-TENS. The first was that participants with distal and proximal
chronic pain would have comparable treatment outcomes. The second
was that the strength of the dose-response association between FSTENS and treatment outcomes would be similar in participants with
distal and proximal pain.

Methods
Study design
This retrospective cohort study was conducted on individuals selfadministering FS-TENS for chronic pain who contributed to an online
database. The analyses were performed on an anonymized image of the
database taken on March 5, 2018. Data were uploaded to the database
via a mobile application linked to the participant’s FS-TENS device. The
database includes data on device usage, demographics, chronic pain
characteristics, daily pain ratings, and objective measurements of sleep
and activity. The data is either automatically collected by the device
(usage and objective measurements) or entered by the participant
using the mobile application (demographics, pain characteristics,
and pain ratings). This study evaluated device usage, demographics,
a subset of chronic pain characteristics, and pain ratings. Device
usage data included daily records of stimulation intensity, duration of
stimulation, and whether the device was used overnight. Demographic
data included the participants’ age, sex, height, and weight. Chronic
pain characteristics included pain duration, painful health conditions,
anatomic pain distribution, frequency of pain, pain pattern, and
weather sensitivity. The choices for duration were “≤3 months”, “<1
year”, “1–3 years”, “4-10 years”, “>10 years”, and “not sure”. Painful
health conditions were one or more among 15 medical conditions
associated with chronic pain. Pain distribution was one or more among
10 body sites. Pain location was not qualified as unilateral or bilateral
because of the potential for contralateral secondary hyperalgesia and
allodynia [38]. Pain frequency was selected from among “every day or
most days”, “several times a week”, “several times a month”, or “not sure”.
Pain pattern captured the participant’s response to the question “When
is your pain at its worst?” and was selected from among “morning”,
“at night / while sleeping”, “when active”, “when resting”, “all the time”
or “not sure”. Those participants selecting “all the time” were defined
as having constant pain. Weather sensitivity denoted the participant’s
selection of “yes”, “no” or “not sure” to the question “Does weather
affect your chronic pain?” Additional data about triggering weather
conditions (e.g., rain, cold) were collected but not analyzed in this study.
Pain intensity and interference were rated on an 11-point numerical
rating scale derived from the Brief Pain Inventory-Short Form [39].
Four pain domains were assessed: average pain intensity over the past
24-hours (pain intensity), pain interference with sleep over the past
24-hours (sleep interference), pain interference with activity over the
past 24-hours (activity interference) and pain interference with mood
over the past 24-hours (mood interference). As a real-world study of
self-administered TENS, there was no control exerted over when and
how often participants rated their pain. As a result, the conditions
under which pain was assessed, such as during rest or movement, were
unknown.
All participants were eligible for inclusion in the study, but only those
that provided a complete set of demographic data, pain characteristics,
and rated their pain intensity and interference with sleep, activity and
mood at baseline and at follow-up were included. Participants with
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unspecified pain duration, pain duration of less than 3 months, an
unspecified pain frequency, or a pain frequency less than several times
a week were excluded because they were unlikely to have chronic pain.
Figure 1 depicts the data collection timeline for participants included
in the study. A valid baseline pain rating occurred on the first day (day
0) of device use or within the prior 6 days. A valid follow-up pain rating
occurred between days 46 and 74 (i.e., ± 2 weeks of day 60). If more than
one pain rating was available within the baseline or follow-up window,
the rating closest to day 0 or day 60, respectively, was used. If more than
one pain rating was available on a given day, the earliest was used.
All study participants consented to the use of their de-identified
data for clinical research by establishing a database account. This study
was institutional review board exempt because the investigators used a
database without personal identifying information (see Code of Federal
Regulations, Title 45, Department of Health and Human Services, Part
46, Protection of Human Subjects, Section 101(b)(4)).

TENS
All contributors to the database used the same over-the-counter
TENS device (Quell®, NeuroMetrix Inc., Waltham, MA, USA).
Instructional materials were those normally included with commercial
purchase. The user guide describes device placement, explains the
importance of stimulation at a “strong but comfortable” level, and
suggests daily use with at least 3 hours of stimulation. The device design
and use have been previously described in detail [31,32] and therefore
will be briefly described here. The device is placed on the upper calf and
is comprised of a one-channel electrical stimulator, a stretchable band
to secure the stimulator to the leg, and an electrode array [31]. When
placed on the upper calf, the electrode array wraps around the leg and
therefore should overlap areas innervated by sensory dermatomes S2
through L4. The electrode array is comprised of 4 hydrogel pads, each
approximately 30 cm2, configured as two electrodes. The peak output
voltage and current are 100 V and 100 mA, respectively. The stimulation
waveform is biphasic with a pulse duration of 280 µsec. The inter-pulse
intervals are random such that the mean simulation frequency is 80 Hz
and uniformly distributed between 60 and 100 Hz. Prior to first use,
the device is algorithmically calibrated to a “strong but comfortable”
level [31]. Subsequent stimulation is automatically controlled, although
the user may manually decrease or increase the intensity. Each therapy
session is 60 minutes, with sessions automatically starting every other
hour while the device is worn [40,41].
An important variable in the present study was FS-TENS dose. There
is no accepted definition for dose in a TENS application. Stimulation
intensity has been shown to influence efficacy in experimental human
pain [36,40,41] and acute pain [42-44]. Animal studies show that TENS
anti-hyperalgesia requires sufficient intensity to activate deep tissue
afferents [10]. No studies have systematically evaluated the effect of
stimulation intensity on TENS efficacy in chronic pain, although several
investigators commented on a possible relationship [17,21,37,45].
Another parameter that may influence TENS dose is the frequency of
TENS use [16]. Regular use of TENS appears to have a cumulative effect
on outcomes that may outlast the end of therapy [46-48]. The reason
for this behavior is unknown but may involve a reversal in central
sensitization or an increase in activity which leads to lower pain [16].
In the present study, FS-TENS dose was characterized by stimulation
intensity (measured in milliamps) and utilization. The latter parameter
represents the percentage of days, with a minimum of 30 minutes [49],
of stimulation, during the assessment period. It is a measure of how
regularly FS-TENS was used. A small value indicates infrequent use. A
large value indicates regular use. A prior study of FS-TENS in chronic
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Figure 1: Schematic illustrating timing of pain ratings and therapy for subjects included in the study cohort.

pain suggested a dose-response association between utilization and
pain outcomes [32].

Stratification into distal and proximal pain
Study participants were stratified into distal and proximal pain
groups. The distal pain group was comprised of participants whose pain
distribution included, but was not limited to, foot or leg pain. Foot pain
was included despite its location distal to the FS-TENS application site
because of potential stimulation of sensory afferents innervating the
foot and ankle. The proximal pain group was comprised of participants
who did not identify either foot or leg pain and reported at least one
pain site among hips, low back, trunk, upper extremities, neck and
head.

Outcome measures
The outcome measures were changes in pain intensity, sleep
interference, activity interference and mood interference from baseline
to the 60-day (± 14 days) follow-up assessment. The outcomes measures
were based on the differences of two 24-hour recall pain ratings (one
at baseline, one at follow-up), which may be as reliable for detecting
treatment effects as differences of multiple ratings [50]. The minimal
clinically important difference (MCID) was defined as 1 point [51].

Statistical analyses
Device usage, demographics, and pain characteristics were
quantified by the mean and standard deviation (SD) if numerical
variables (e.g., age), and by proportions if categorical variables (e.g., sex,
weather sensitivity). The statistical significance of group comparisons
was evaluated by the two-group t-test for numerical variables and
Pearson’s chi-squared test for categorical variables. Correction for
multiple tests were not performed because the group comparisons
were primarily descriptive rather than for evaluation of hypotheses.
Although pain measures defined over a numerical rating scale are
technically ordinal variables, they were treated as numerical variables
for analyses. The FS-TENS dose-response association was characterized
by the linear relationship between stimulation intensity or utilization
and the outcome measures (e.g., between utilization and pain intensity)
determined from multivariable regression. The term “association” is
used to emphasize that the causality can only be inferred but not proven
from observational data. Statistical significance (p<0.05) was required
to confirm a dose-response association. The potential moderating effect
of distal pain on the FS-TENS dose-response association was examined
by moderated multivariable regression. A moderator (i.e., distal pain
J Pain Relief, an open access journal
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in the present study) is a variable that influences the direction and/or
strength of an association between an independent variable (i.e., dose
in the present study) and the dependent variable (i.e., pain outcomes in
the present study). Four models were created with the baseline to followup change in average pain, sleep interference, activity interference and
mood interference as the dependent variables. Each model had the
same 15 independent variables and 1 first-order interaction term. The
independent variables were age, sex (0 male, 1 female), BMI, baseline
pain intensity, baseline sleep, activity and mood interference, number
of painful health conditions, pain duration >3 years (0, ≤3 years; 1, >3
years), daily pain (0, pain several times per week; 1, pain everyday),
constant pain (0, no; 1, all day pain), and weather sensitivity (0, pain not
weather sensitive; 1, pain weather sensitive), distal pain (0, no distal pain;
1, distal pain), FS-TENS utilization and FS-TENS stimulation intensity.
The number of pain sites was not included in the models because it
was highly correlated with the distal pain indicator. An interaction term
between the distal pain indicator variable and utilization represented
the potential moderating effects of distal pain on the dose-response
association. Utilization was chosen for the moderation analysis because
it had the strongest univariate association to pain outcomes among all
the FS-TENS dose parameters. Furthermore, utilization was highly
correlated to most other dose parameters and therefore served as a
proxy for FS-TENS dose.
The robustness of the regression models was characterized by the
unadjusted R2 and the F-statistic. Both conventional and standardized
coefficients were reported. Variables with non-zero coefficients (twotailed p<0.05) were considered statistically significant. A negative
coefficient indicated that the variable was associated with a reduction
in the pain measure (i.e., dependent variable) from baseline to followup, and therefore corresponded to an improvement in pain. A positive
coefficient denoted that the variable was associated with an increase
in the pain measure, thereby attenuating effectiveness. The marginal
effects of distal pain on utilization were visualized by plotting the
relationship with all other variables at their mean value. All analyses
were performed with Stata Version 15.1 (StataCorp, College Station,
TX).

Results
Study population
A total of 1676 FS-TENS users met the inclusion and exclusion
criteria. Study participants had a mean of 4.9 (SD 2.5) pain sites. A limited
pain distribution (1-3 sites) was reported by 33.8% of participants and
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Characteristic

Proximal Pain
(N=296)

Distal Pain
(N=1380)

p

Condition

Female (%)

56.5

59.5

0.399

Musculoskeletal

Age, years

55.2 (14.0)

55.5 (13.4)

0.676

BMI, kg/m2

28.3 (5.7)

31.0 (7.2)

0

No. pain sites

2.9 (1.7)

5.3 (2.5)

0

Spinal

No. painful health
conditions

3.0 (1.9)

4.0 (2.4)

0

Pain >3 years (%)

69.9

75.8

0.035

Constant pain (%)

40.9

52.5

0

Daily pain (%)

95.6

96.8

0.3

Weather sensitive (%)

51.4

65.4

Pain intensity

6.1 (1.9)

Sleep interference

Proximal Pain
(N=296)

Distal Pain
(N=1380)

p

Arthritis

49

65.5

<0.001

Fibromyalgia

18.2

27.7

<0.001

Herniated disc

28

31.9

0.195

Spinal stenosis

29.4

29.3

0.968

Diabetes

8.5

14.9

0.003

0

Complex regional pain
syndrome

13.5

16.7

0.171

6.3 (2.0)

0.019

Shingles / post herpetic
neuralgia

4.1

5.2

0.405

4.9 (2.9)

5.5 (2.9)

0.002

Restless leg syndrome

9.1

22.5

<0.001

Activity interference

6.2 (2.5)

6.7 (2.4)

0

Multiple sclerosis

1.4

2.2

0.364

Mood interference

6.0 (2.7)

6.4 (2.6)

0.04

Back

43.2

43.8

0.851

Neck

26

24

0.461

Arm / hand

16.6

21.8

0.044

Leg / foot

5.1

23.8

<0.001

Cancer

3.7

5.9

0.14

Headaches / migraine

21.3

26.8

0.049

Other

25.3

33.6

0.006

Baseline pain, 0-10 NRS

Statistical significance of group differences determined by two-group t-test for
continuous variables and Pearson’s chi-squared test for categorical variables.
No. pain sites, see Figure 2 for list.
No. painful health conditions, see Table 2 for list.
Table 1: Demographics and self-reported baseline pain characteristics.

an extensive pain distribution (6-10 sites) was reported by 36.2% [52].
Figure 2 shows the prevalence of pain sites. There were 296 (17.7%)
participants with proximal pain and 1380 (82.3%) participants with
distal pain.

Demographic and pain characteristics
Table 1 compares demographics and pain characteristics between
the two groups. The distal pain group was heavier, had more pain
sites and painful health conditions, longer pain duration, a higher
prevalence of constant pain and weather sensitivity, and higher
baseline pain intensity and pain interreference. The distribution of
painful health conditions is shown in Table 2. The distal pain group
had a higher prevalence of arthritis, fibromyalgia, diabetes, restless
leg syndrome, previous arm/hand injury, previous leg/foot injury and
headaches/migraine. There were no differences between groups for
spine conditions.

FS-TENS dose

Neuropathic

Previous injury

Statistical significance of group differences determined by Pearson’s chi-squared
test.
Table 2: Prevalence of self-reported painful health conditions.

Parameter

All
Proximal Pain
Participants
(N=296)
(N=1676)

Distal
Pain
(N=1380)

p

Utilization (%)

72.9 (26.8)

71.9 (27.0)

73.2 (26.7)

0.386

Night utilization (%)

33.1 (31.7)

33.2 (32.8)

33.0 (31.4)

0.952

Hours/day

6.6 (2.8)

6.5 (2.8)

6.6 (2.8)

0.419

Hours/week

36.4 (23.3)

35.1 (23.0)

36.7 (23.3)

0.284

25 (12)

26 (14)

0.239

Stimulation intensity (mA) 26 (14)
p, two-group t-test.

Table 3: FS-TENS dose characteristics.

The baseline to follow-up assessment period was 58.6 (SD 5.9)
days in the proximal pain group and 58.9 (SD 5.6) days in the distal
pain group. Table 4 shows the changes in the four pain measures for all
participants and for those with high utilization (>90%). There were no
statistically significant differences between the two groups for any pain
measure.

statistically significant for any pain outcome and reduced the sample
size due to missing data (BMI, 384 participants; sex, 281 participants).
The overall models were statistically significant at the p<0.001 level and
explained 25-31% of the variance in pain outcomes. Age, baseline pain
measures, number of painful health conditions, constant pain, weather
sensitivity and utilization were statistically significant predictors of
most pain outcomes. The strongest predictor of improvement was
the baseline pain measure corresponding to the pain outcome (e.g.,
baseline pain intensity for change in pain intensity outcome). An
elevated baseline mood interference was associated with worsening
of pain intensity, sleep interference and activity interference. All four
pain outcomes exhibited a dose-response association with utilization.
Distal pain moderated (i.e., statistically significant interaction term) the
association between utilization and the sleep and activity outcomes. The
positive sign of the interaction term indicates that distal pain weakened
the association between utilization and sleep / activity interference.
Figure 3 graphically shows the marginal effects of distal pain on these
relationships.

Moderated multivariable regression

Discussion

Table 5 shows the results of multivariable regression modeling.
BMI and sex were dropped from the models because they were not

The objective of this study was to confirm the widespread effects
of FS-TENS in a real-world, chronic pain cohort. The study had two

Table 3 compares FS-TENS dose in the two groups. There were
no statistically significant differences. Utilization in the proximal pain
group was 71.9% (SD 27.0%) and 73.3% (SD 26.7%) for the distal pain
group. The median utilization was 80.3% in the proximal pain group and
82.0% in the distal pain group (p=0.335, two-sample Wilcoxon ranksum test). Among all participants, utilization was highly correlated to
night utilization (r=0.56, p<0.001), hours/day (r=0.53, p<0.001) and
hours/week (r=0.78, p<0.001) but not to stimulation intensity (r=-0.02,
p=0.364).

Pain outcomes
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Figure 2: Prevalence of pain by anatomic site; Horizontal axis lists anatomic sites; Vertical axis indicates prevalence as fraction of all study participants; Most
participants had multiple pain sites.

All Participants
Pain Measure

Proximal Pain
(N=296)

Pain intensity
Sleep interference

Participants with Utilization >90%
Distal Pain
(N=1380)

p

Proximal Pain
(N=110)

-0.38 (2.4)

-0.44 (2.5)

0.723

-0.37 (3.0)

-0.40 (3.0)

0.858

Activity interference

-0.85 (2.8)

-1.1 (2.8)

Mood interference

-0.92 (3.0)

-1.1 (2.8)

Distal Pain
(N=548)

p

-0.98 (2.3)

-0.91 (2.3)

0.787

-1.0 (2.8)

-0.85 (3.0)

0.616

0.259

-1.7 (2.9)

-1.5 (2.7)

0.363

0.311

-1.7 (3.1)

-1.6 (2.9)

0.841

Negative values indicate improvement in pain measure.
p, two-group t-test.
Table 4: Change in pain outcomes from baseline to follow-up.

key findings. First, pain outcomes were similar in participants with
distal and proximal pain. Second, the dose-response association in the
proximal pain group was as strong as in the distal pain group. Taken
together, these findings suggest that FS-TENS has widespread effects
that improve outcomes in participants with pain proximal to the
stimulation site.
Participants in the distal pain group and in the proximal pain group
had similar demographic characteristics, differing only in BMI. The
distal pain group was heavier by 2.7 kg/m2, which is consistent with
the association between obesity and lower extremity pain [53]. There
were clinically significant differences in pain characteristics between
the two groups. The distal pain group reported more pain sites than
their proximal pain counterparts. Pain sites are correlated [52] and
therefore differences in the total number of pain sites in the two groups
were expected. A greater number of pain sites is also associated with
worse health [54], lower quality of life,55 and increased severity of
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chronic pain [54,55]. The distal pain group had more painful health
conditions, longer pain duration and higher baseline pain intensity
and pain interference with function. These participants were also more
likely to report constant pain and weather sensitivity than those in the
proximal pain group.
There were associations between distal pain and specific health
conditions. The elevated risks of self-reported arthritis, diabetes,
previous leg/foot injury and restless leg syndrome in participants with
distal pain were consistent with the established link between these
conditions and lower extremity pain. The increased risk of fibromyalgia
among participants with distal pain may relate to the greater number of
pain sites in this group. For example, 43% of the distal pain group had
6 or more pain sites compared to only 7% in the proximal pain group.
Number of pain sites is a key component of fibromyalgia diagnostic
criteria [56]. The reasons for the increased rate of previous arm/
hand injury and headaches/migraine in participants with distal pain
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Average Pain

Sleep Interference

Activity Interference

Mood Interference

Variable

B

SE B

β

B

SE B

β

B

SE B

β

B

SE B

β

Average pain

-0.762

0.039

-0.600†

0.098

0.046

0.063*

0.125

0.043

0.086*

0.089

0.046

0.06

Sleep interference

0.071

0.024

0.084*

-0.675

0.029

-0.637†

0.069

0.027

0.070*

0.077

0.028

0.076*

Activity interference

0.058

0.034

0.057

-0.038

0.041

-0.03

-0.8

0.039

-0.694†

-0.035

0.041

-0.029

Mood interference

0.128

0.03

0.137†

0.154

0.037

0.135†

0.164

0.034

0.155†

-0.57

0.036

-0.524†

Utilization

-0.022

0.008

-0.234†

-0.027

0.01

-0.238†

-0.032

0.009

-0.309†

-0.026

0.01

-0.240†

Stimulation intensity

-0.005

0.004

-0.027

-0.005

0.005

-0.023

-0.006

0.005

-0.03

-0.006

0.005

-0.029

Distal pain

-0.436

0.416

-0.066

-0.77

0.501

-0.095

-1.196

0.466

-0.160*

-0.641

0.495

-0.084

Distal pain x Utilization

0.006

0.009

0.093

0.014

0.011

0.171*

0.017

0.01

0.220*

0.007

0.011

0.089

No. painful health
conditions

0.06

0.025

0.057*

0.075

0.031

0.057*

0.074

0.029

0.062*

0.063

0.03

0.051*

Pain for >3 years

0.055

0.13

0.01

-0.043

0.157

-0.006

0

0.146

0

0.012

0.155

0.002

Daily pain

0.189

0.302

0.014

0.322

0.364

0.019

0.215

0.339

0.014

0.096

0.36

0.006

Constant pain

0.273

0.114

0.055*

0.449

0.137

0.074†

0.231

0.128

0.041

0.43

0.136

0.075*

Weather sensitive

0.38

0.118

0.074†

0.425

0.143

0.068†

0.297

0.133

0.051*

0.177

0.141

0.03

Age

-0.017

0.004

-0.091†

-0.019

0.005

-0.086†

-0.018

0.005

-0.085†

-0.024

0.005

-0.113†

R2

0.28

0.31

0.296

0.252

F(14, 1516)

42.2†

48.5†

45.6†

36.4†

Column labels are as follows: B, coefficient; SE B, standard error of coefficient; β, standardized coefficient.
Statistically significant predictors indicated by * p<0.05 or † p<0.001.
Table 5: Predictors of pain outcomes from moderated multivariable regression.

Figure 3: Relationship between FS-TENS utilization and baseline to follow-up change in sleep and activity interference; Horizontal access indicates utilization; Vertical
axis indicates change in sleep or activity interference on 0-11 point NRS; Blue, subjects with proximal pain; Green, subjects with distal pain; Error bars represent
standard error; Participants with proximal pain (blue) have a steeper slope and therefore a stronger dose-response association for these two pain outcomes.

is unclear. It is possible that the association to head pain is mediated
through comorbid conditions such as fibromyalgia [57].
FS-TENS usage was the same in the two groups. This result is
surprising because the distal pain group had more severe chronic pain.
Device usage in this study was higher than in most TENS studies [49],
but comparable to previous reports for successful long-term users of
TENS [45,58]. In the study by Johnson and colleagues,45 subjects selfreported 39.7 (SD 19.8) hours/week of TENS use compared to 36.4 (SD
23.3) hours/week in the present study (Table 3). In the study by Fishbain,
et al. [58], subjects self-reported a mean utilization of approximately
50% in the 2-months prior to assessment and 6.1 (SD 5.2) hours/day
of TENS use. These values match the 73% utilization and 6.6 (SD 2.8)
hours/day in the current study (Table 3).
The distal pain and proximal pain groups both demonstrated
clinically meaningful improvement in pain outcomes from baseline
J Pain Relief, an open access journal
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to follow-up (Table 4). The mean reduction in activity and mood
interference was at or near the MCID of 1 point for all participants in
both groups. The mean reduction in pain intensity and sleep interference
was at or near the MCID for participants with high utilization.
Although the proximal pain group did not have pain at the site of FSTENS application, there were no differences in pain outcomes between
this group and the distal pain group. This result is consistent with prior
animal [12,59,60], and human studies [12,22-24,29], showing a broad
anatomic effect of TENS and support that FS-TENS has widespread
effects. An alternative explanation is that the FS-TENS acted entirely
through non-specific (e.g., placebo) mechanisms in all participants
irrespective of stimulation site. This possibility cannot be dismissed,
however it is well accepted that TENS has specific analgesic effects,
particularly when applied to the site of pain [20,44]. Another possibility
is that FS-TENS acted through specific mechanisms in participants
with distal pain but through a placebo effect in participants with
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proximal pain. While this mode of action cannot be excluded, it is not
a parsimonious explanation for the results. Several recent studies have
identified predictors of placebo response in chronic pain therapeutic
trials [61,62]. An elevated baseline pain intensity consistently predicted
a stronger placebo response. In the present study, the proximal pain
group had lower pain intensity, decreased pain interference, and
fewer pain sites than the distal pain group. Participant expectations
of treatment efficacy are also associated with placebo effects [62-64].
It is doubtful that participants with proximal pain were more likely to
anticipate positive results than those with distal pain given the upper
calf placement of the FS-TENS device.
The primary objective of the multivariable regression model was
to determine if distal pain moderated the FS-TENS dose-response
association. Pain ratings are intrinsically variable with fluctuations of
several points occurring in otherwise stable pain [65]. Nevertheless,
the multivariable regression models accounted for 25%-30% of the
variance in baseline to follow-up changes in the pain measures. The
strongest predictors of improvement in pain outcomes were an elevated
baseline pain measure corresponding to the pain outcome and greater
utilization. Higher baseline pain has been shown to predict better
outcomes for some chronic pain treatments [66] and worse outcomes
for others [67]. Two studies that examined the impact of baseline pain
characteristics on TENS treatment for chronic pain found that elevated
baseline levels predicted worse outcomes [68,69]. The reasons for the
inconsistent relationship between baseline pain and outcomes are
unclear. In the present study, an elevated baseline mood interference
was associated with smaller improvements in pain intensity, sleep
interference and activity interference. The negative impact of mood on
the efficacy of chronic pain treatments is well established [67,70].
Dose parameters, including stimulation intensity and frequency
of use influence TENS efficacy [17,40,43,49]. The adequacy of the
stimulation intensity in the present study was supported by the device
calibration procedure and further instructions to titrate to a “strong
but comfortable” level. The present study did not find an association
between stimulation intensity and FS-TENS effectiveness. This result
was surprising given the relationship between intensity and outcomes
in acute and experimental pain [36,40-44]. Rao and colleagues [21],
demonstrated a positive correlation between higher intensity stimulation
and pain relief for some types of chronic pain, including radiculopathy
and peripheral nerve injury. However, other studies have failed to
demonstrate a dose-response relationship between TENS intensity and
chronic pain outcomes [17,45]. The therapeutic stimulation intensity is
affected by many factors, including age, BMI and medical conditions
that may have obscured an association to outcomes. In this study, the
absolute stimulation intensity was used, whereas a more appropriate
indicator may have been the intensity normalized to the participant’s
sensation threshold. Future studies should consider these factors when
evaluating the role of stimulation intensity in regulating chronic pain
outcomes.
The present study demonstrated that higher utilization, a measure
of frequency of TENS use, was associated with improved chronic pain
outcomes. Each 10% increase in utilization was associated with a 0.2 to
0.3-point improvement in pain measures over the assessment period.
This result re-enforces the importance of regular TENS use [32,49].
Distal pain moderated the association between FS-TENS utilization and
changes in sleep and activity interference. The direction of moderation
was such that distal pain decreased the strength of the associations.
This suggests that the dose-response association between utilization
and sleep and activity interference was attenuated by distal pain.
Unlike sleep and activity interference, distal pain did not moderate the
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association between utilization and pain intensity or mood interference.
Irrespective of the outcome measure, the dose-response association was
as strong (i.e., pain intensity, mood interference) or stronger (i.e., sleep
interference, activity interference) in the proximal pain group as in the
distal pain group. This result is the opposite of what would be expected
if FS-TENS effects were limited to the immediate area of stimulation.
A dose-response association does not prove causality [71], however
it is supportive of a direct effect of FS-TENS on pain outcomes [72].
Moreover, the fact that the strength of the association was similar in
participants with distal and proximal pain is consistent with FS-TENS
having widespread effects. FS-TENS likely provided pain relief in
participants with distal pain through peripheral, spinal and supraspinal
means [12,73]. In participants without distal pain, the effect may have
resulted primarily from supraspinal mechanisms, [11,12,24] although
spinal mechanisms may have been involved with pain in stimulated
dermatomes, such as in the lower back. The fact that the outcomes
and dose-response association were similar in the two groups suggests
that the benefits of peripheral, spinal and supraspinal analgesia may
not be additive. This may be analogous to the non-additive effects of
descending pain inhibition activated by TENS and conditioned pain
modulation (CPM) [74].

Study strengths
This study had several strengths. First, the analyses were based
on a large, heterogeneous sample of chronic pain. This supports
generalization of the results to real-world use of FS-TENS. Second,
moderated multivariable regression modeling was used to measure the
dose-response association and to evaluate the impact of distal pain on
pain outcomes, while controlling for common covariates of therapeutic
efficacy such as demographics, pain characteristics and baseline pain
measures [65]. Third, device usage parameters including utilization and
stimulation intensity were objectively tracked. Electronic tracking of
TENS usage addresses overestimation bias from subjective recall [45].

Study limitations
This study had several limitations that may impact interpretation
of the results. First, most participants used FS-TENS for a majority of
the two-month assessment period, therefore the study cohort was likely
enriched with responders. It is possible that inclusion of participants
who stopped using their device or who chose not to provide pain
assessments would yield different results. Second, the distal pain group
was comprised of participants with foot or leg pain but was not limited
to these sites. This allocation was necessary because isolated foot and
leg pain was rare. As a result it is not possible to completely assign
the benefits of FS-TENS in the distal pain group to pain relief in the
feet or legs. However, additional pain relief in proximal sites would
strengthen the study conclusions. Third, there was a large discrepancy
between the number of participants with proximal pain (18%) and
those with distal pain (82%). This difference is not surprising given
the high prevalence of chronic lower extremity pain. However, it may
suggest that the absence of distal pain is an atypical variant of chronic
pain and may limit the generalizability of the study results. Fourth,
although the regression analyses controlled for available demographic
and clinical variables, it is possible that unaccounted covariates would
alter the results. For example, pain catastrophizing has been shown to
influence health outcomes [75]. Fifth, pain outcomes were limited to
baseline to follow-up changes in pain measures assessed by an 11-point
numerical rating scale. Although these are recommended outcome
measures for pain therapy trials [76], other outcomes such as global
impressions, quality of life scales, and change in analgesic use may have
yielded different results. Sixth, the study was retrospective which may
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increase the potential for bias. It may be beneficial to confirm the key
findings with a prospective design. Finally, the results were obtained
with a specific TENS device, electrode configuration, and stimulation
parameters, and therefore the conclusions may not be generalizable to
other TENS instruments and methods.

13. Johnson M, Martinson M (2007) Efficacy of electrical nerve stimulation for
chronic musculoskeletal pain: A meta-analysis of randomized controlled trials.
Pain 130:157-165.

Conclusion

15. Jin DM, Xu Y, Geng DF, Yan TB (2010) Effect of transcutaneous electrical nerve
stimulation on symptomatic diabetic peripheral neuropathy: A meta-analysis of
randomized controlled trials. Diabetes Res Clin Pract 89:10-15.

TENS produces pain relief by decreasing central excitability and
increasing central inhibition [11,12]. FS-TENS is a form of TENS
where the device is designed to be applied in a fixed location rather
than for co-localization with the patient’s pain. In this large-scale study
of FS-TENS users with heterogenous chronic pain, participants with
distal and proximal pain had similar pain outcomes and dose-response
associations. These results are consistent with FS-TENS having
widespread effects beyond the site of stimulation.
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