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Abstract

Because TENS works by reducing central excitability and activating central inhibition pathways,
we tested the hypothesis that TENS would reduce pain and fatigue and improve function and
hyperalgesia in people with fibromyalgia who have enhanced central excitability and reduced
inhibition. The current study used a double-blinded randomized, placebo controlled cross-over
design to test effects of a single treatment of TENS in people with fibromyalgia. Three treatments
were assessed in random order: active TENS, placebo TENS, no TENS. The following measures
were assessed before and after each TENS treatment: pain and fatigue at rest and movement,
pressure pain thresholds (PPTs), 6 minute walk test (6MWT), range of motion (ROM), five time
sit to stand test (FTSTS), and single leg stance (SLS). Conditioned pain modulation (CPM) was
completed at end of testing. There was a significant decrease in pain and fatigue with movement
for active TENS compared to placebo and no TENS. PPTs increased at site of TENS (spine) and
outside site of TENS (leg) when compared to placebo TENS or no TENS. During Active TENS
CPM was significantly stronger compared to placebo TENS and no TENS. No changes in
functional tasks were observed with TENS. Thus, the current study suggests TENS has short-term
efficacy in relieving symptoms of fibromyalgia while the stimulator is active. Future clinical trials
should examine the effects of repeated daily delivery of TENS, similar to how TENS is used
clinically, on pain, fatigue, function and quality of life in individuals with fibromyalgia.
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1. Introduction

The American College of Rheumatology (ACR) classifies fibromyalgia as a clinical
syndrome defined by chronic widespread muscle pain, fatigue and tenderness with
hyperalgesia to pressure over tender points [68]. Pain and fatigue associated with
fibromyalgia can interfere with daily function, work and social activities [1]. The etiology of
fibromyalgia is unknown, but it is generally accepted that there is enhanced central
excitability [47,59-61] and reduced pain inhibition [26,28,32,59,61]. Thus, one of the main
treatments for patients with fibromyalgia must focus on pain relief to allow the person to
function more independently both at home and at work. Research into the treatment of
fibromyalgia has demonstrated strong evidence that aerobic cardiovascular exercise
improves symptoms of fibromyalgia as well as improves quality of life [5]. However,
exercise itself may be painful, and the increase in pain may potentially prevent a person
from exercising [25,57,66]. Thus, treatments aimed at decreasing pain during movement
should improve a person’s ability to participate in activities of daily living. Transcutaneous
electrical nerve stimulation (TENS) is a non-pharmacological treatment modality that
delivers electrical stimulation through the skin and is used for both acute and chronic pain
control [2,9,10,15,46,49,51,67].

Transcutaneous electrical nerve stimulation (TENS) activates central inhibitory pathways
[8,23,37,52] and decreases central excitability [23,34,36,53,55]. TENS activates descending
inhibitory pathways from the midbrain and brainstem to inhibit excitability of nociceptive
neurons in the spinal cord. Although TENS is shown to be effective for several pain
conditions such as osteoarthritis, chronic musculoskeletal pain, and postoperative pain
[4,20,45], its effectiveness in treatment of people with fibromyalgia is virtually unknown.
The primary aim of the study was to test the effectiveness of TENS on pain, fatigue and
function in a crossover design study for patients with fibromyalgia with random assignment
to three treatments: no TENS control, placebo TENS and active high frequency TENS. A
secondary aim was to test the effect of TENS on central inhibition and hyperalgesia as an
indicator of central excitability. We hypothesized that the application of TENS to people
with fibromyalgia (FM) would reduce pain and fatigue, reduce central excitability and
restore conditioned pain modulation (CPM) which would be manifested as improved
function.

2. Methods

The current study used a randomized, placebo controlled cross-over design to test the effects
of a single treatment of TENS in people with primary fibromyalgia (NCT00932360, C9366).
Three treatments were assigned in random order: active TENS, placebo TENS and no TENS
with a washout period of one week between treatments. The outcomes assessor remained
blinded to the all treatments: active TENS, placebo TENS, and no TENS. The subject was
blinded to the active TENS and placebo TENS treatments. The study was approved by the
Institutional Review Board at the University of lowa.

2.1. Subjects

Sample size was calculated using a prior study comparing the effect of active TENS to
placebo-TENS for chronic pain and effect sizes ranging between 1.56-1.93 [38]. In the
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Marchand study, the mean VAS pain intensity rating for each of 16 sessions of active TENS
was 2.6 to 3.6 on a 0-10 cm scale and placebo TENS was 2.05 to 3.2. Using a significance
level of .05 and power of .80, a sample size of 40 subjects was calculated for this current
study. Subjects were recruited from the University of lowa’s Rheumatology clinic, local
rheumatologists and staff of the University of lowa. The CONSORT diagram is shown in
Figure 1. Subjects were screened by telephone with Inclusion criteria of 1) diagnosis of
fibromyalgia by a physician and 2) history of cervical or lumbar pain. The 1990 ACR
criteria for diagnosis of fiboromyalgia were used for this study which includes axial pain
above and below the waist as part of the diagnostic criteria [72]. Subjects were not required
to restrict other treatments (pharmaceutical of non-pharmaceutical) but were required to be
on a stable pharmaceutical management plan for 1 month prior to entering the study. Thus,
effects of TENS will be tested as a supplement to standard care. Subjects were excluded if
they had: 1) prior use of TENS in the last five years; 2) active inflammatory condition; 3)
pacemaker; and 4) pregnancy 5) uncontrolled hypertension or 6) significant cognitive
deficits. A total of 125 subjects were screened for eligibility with 82 people unable to
participate and 43 people were eligible and agreed to participate with 2 withdrawing after
the first session. Of the 82 people unable to participate, we were unable to contact 45 people,
15 declined and 22 were ineligible. The primary reason for ineligibility was prior TENS use.
Forty three subjects with fibromyalgia (42F; 1M), aged 25-76 years (mean 49.2 + 12 yr)
participated in this study. Demographic information was gathered for age, gender, ethnicity,
marital status, education, income, body mass index and length of diagnosis of fibromyalgia
(see Table 1). The Fibromyalgia Impact Questionnaire (FIQ) was completed to help describe
clinical presentation of the subjects. The FIQ was used to measure each subject’s ability to
complete functional tasks at home, work and social areas of life. The reliability for the FIQ
is r=0.72-0.92 and validity is 0.46-0.96 [3].

Subjects were randomized to treatment group order after providing written consent. The
order of active TENS, placebo TENS and no TENS was randomized in the sequentially
numbered opaque sealed envelopes [12] that were not available to the outcomes assessor.
The order of TENS treatment was randomized by drawing the order out of a hat and were
stored in a secure area that was accessed only by the TENS allocator. The envelopes were
signed, dated and opened by the TENS allocator before the TENS application and after the
outcomes assessor had left the room.

2.2. Outcome Measures

We used a series of pain measures to examine resting and evoked pain as well as pain
processing. We added a measure of fatigue since it is a common co-morbid symptom in
fibromyalgia. Lastly, we examined several functional measures aimed at endurance,
strength, flexibility and balance.

2.2.1. Pain Measures

Visual Analogue Scales (VAS): A visual analogue scale was used for measurement of pain
at rest, pain with movement, fatigue at rest and fatigue with movement. Resting pain and
pain with movement (during the 6 minute walk test (6MWT)) was assessed using a 10 cm
visual analogue scale. Pain VAS has good test-retest reliability (ICC 0.71-0.99) and
convergent validity of 0.30 — 0.95 [22]. The subject was instructed to place a single mark
through the line at the appropriate point on the scale. Each scale consisted of a 10-cm
horizontal line with descriptors at the far left and far right as “no pain” and “worst pain
imaginable”, respectively.

Pressure Pain Threshold (PPT): PPTs measured deep tissue hyperalgesia using a digital
pressure algometer (Somedic AB, Farsta, Sweden). Previous studies demonstrate that
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anesthetic blockade of the skin under the algometer has no effect on the PPT, thus this is a
measure of deep tissue hyperalgesia. A 1cm? algometer probe applied pressure at a rate of
40 kPa/sec. Subjects were instructed to activate a button when the sensation of pressure
clearly became one of painful pressure and this value was recorded. PPTs were assessed
over the cervical spine, lumbar spine to assess for effects of TENS at the site of stimulation
and over the anterior tibialis muscle to assess for widespread effects of TENS outside the
site of stimulation. Two bilateral cervical areas were tested changes at the site of treatment:
1) 2 cm lateral to the C3 spinous processes and 2) 2 cm lateral to C5 spinous processes. Two
bilateral lumbar areas were tested: 1) 2 cm lateral to L3 spinous processes and 2) 2 cm
lateral to the L5 spinous processes. The left leg was assessed at 5, 6, 7 cm below the inferior
patellar pole, bisecting the anterior tibialis musculature. Each area was averaged for a
composite PPT score at each site. Each subject had a practice trial on the non-testing
forearm prior to data collection. PPT has excellent test-retest reliability (r=0.79-0.94) and is
a valid measure of deep tissue hyperalgesia [58].

Conditioned Pain M odulation (CPM): The ability of subject’s to engage their descending
inhibitory systems was tested using CPM. Assessment of CPM was completed using an ice
water bath at 4°C as the conditioning stimulus. The subject’s left foot up to the ankle was
placed into the cold water and pressure pain thresholds were measured proximal to the
electrode in the cervical or lumbar area dependent on the area of TENS application: cervical
or lumbar region.

2.2.2. Fatigue Measures

Visual Analogue Scales (VAS): A visual analogue scale was used for measurement of
fatigue at rest and fatigue with movement. Resting fatigue and fatigue with movement
(6MWT) was assessed using a 10 cm visual analogue scale. Fatigue VAS has internal
consistency (Cronbach’s alpha 0.91-0.96) and concurrent validity (Pearson’s correlation
>0.30 with p<0.01). Each scale consisted of a 10-cm horizontal line with descriptors at the
far left “no fatigue” and far right as “worst fatigue imaginable”.

2.2.3. Function Measures

6 Minute Walk Test (6MWT): The 6MWT is a function test measures the maximum
distance a person can walk as fast as comfortable in 6 minutes. The test measures time,
distance, speed of walking and pain. The 6MWT is a sub maximal test of aerobic capacity
with indications for endurance [50]. The subjects completed the walk test in a 200 foot lap
turning around at 100 feet. The subjects rated pain and fatigue at the 3 minute time frame.
The 6MWT has excellent test-retest reliability (ICC=0.95-0.97) and construct validity
(r=0.63-0.79) [62].

Range of Mation (ROM): Range of motion was completed using the two inclinometer
method for cervical and lumbar flexion and extension. The measurement was taken using
the method described by the American Medical Association (AMA) in The Guide to the
Evaluation of Permanent Impairment [16]. ROM measures have good intrarater reliability
for the cervical spine (r=0.864-0.866) and good intratester reliability lumbar spine (r=0.90)
[27,43].

Sit to Stand Test (FTSTS): The FTSTS is a test of strength for the lower body. The time it
takes to complete five repetitions of sit to stand completed as quickly as possible is
recorded. The FTSTS has good reliability (ICC >0.95) and validity (r=0.59-0.88)[44].

Single Leg Stance (SLS): SLS is a measure of balance. It was measured with a three trial
average to a 30 second maximum with alternating testing of lower extremities. The inter-
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rater reliability for the best of 3 trials is excellent (0.994 with 95% confidence interval
0.989-0.996 [56].

2.2.4. Transcutaneous Electrical Nerve Stimulation (TENS)—The study used a
crossover design with random assignment to three treatments: active TENS, placebo TENS
and no TENS (Figure 2). Testing was completed by two assessors: the outcomes assessor
and the TENS assessor. The randomization of treatments was completed by the TENS
assessor in order to maintain blinding of the outcomes assessor. Each treatment was
completed once a week over a three week period. The skin was cleansed with an alcohol
swab and a butterfly shaped electrode (Stimcare Premium Electrode, Empi Inc, St. Paul,
MN) was applied to the skin (Figure 3). The placement of the electrode was based on patient
preference for one of two locations: cervical thoracic junction (n=19) or lumbar-sacral
junction (n=24). Instructions to the subject by the TENS assessor were: “You will receive
one of three treatments: strong sensation TENS, no sensation TENS and no TENS. The
strong sensation will feel like a twitching or tapping. The no sensation TENS will be subtle
and you many not feel anything at all. The no TENS treatment means a TENS unit will be
attached to the electrodes but not turned on. Neither you nor the outcomes assessor will
know which study treatment you are receiving. Today, | will gradually increase the intensity
until you feel a strong but tolerable, non-painful sensation. Every 5 minutes I will ask you if
the sensation decreased and if needed | will make adjustments”. Previous studies show the
greatest analgesic effect of TENS with the highest intensities including those described as
maximal tolerable intensity [43,51].

The TENS treatment consisted of a 30 minute session while the subject rested comfortably
and continued to be worn throughout the last half of the testing session for a total of 60-75
minutes. Per standard procedure [33,49,65], the TENS unit was left on during the pain
assessments to assess the effect of TENS during its maximally effective period. Once the
TENS unit was applied, every 5 minutes, the TENS assessor asked the subject “Are you
feeling comfortable?” Adjustments to intensity were made as needed. All TENS devices
were Rehabilicare Maxima TENS units (Empi Inc., St Paul, MN). The active TENS settings
were 100 Hz, 200 ps at maximal tolerable intensity. The peak amplitude used in the active
TENS treatment group was 39.93 + 13.79 mA. Maximal tolerable intensity was the highest
intensity the subject tolerated that was not painful. With some subjects, this intensity
produced a motor contraction. An adhesive cloth was placed over the TENS electrode to
prevent visual inspection of motor contraction and maintain blinding of the outcome
assessor. In addition, the TENS unit was placed in a pouch to maintain blinding for the
subject and the outcomes assessor. The placebo TENS unit applied TENS at 100 Hz, 200 pis
for 30 seconds and then the current ramped off over a 15 second time frame. Intensity was
turned up until the subject reported feeling the stimulation. The average peak amplitude for
the placebo unit was 7.81 + 2.21 mA. The no TENS control was completed with the TENS
unit turned off to blind the outcome assessor.

Per ceived effectiveness. We asked subjects to rate the relative effectiveness of the active
TENS and the placebo treatment. Upon completing each session of testing, the subject was
asked, “On a 0-10 scale, how effective was your treatment today?” Each scale consisted of
al0-cm horizontal line with anchor points “not effective” and “very effective”.

Blinding: To assess blinding of the outcomes assessor, the outcomes assessor was asked
“What treatment did the subject receive today? Choices for the outcome assessor were:
active, placebo or no TENS”? The responses to these questions was recorded and compared
to assess blinding of the subject and outcomes assessor.

Pain. Author manuscript; available in PMC 2014 November 01.
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2.2.5. Protocol—Each visit began with questionnaires followed by measurement of height
and weight. The outcomes assessor completed testing in the order of: 6BMWT, ROM,

FTSTS, SLS, PPT, and TENS electrode application. A second assessor completed TENS
application. Following the 30 minute resting TENS treatment, the outcomes assessor
completed the final testing with the TENS unit on. Thus the TENS unit continued to be worn
throughout the testing session for a total of 60—75 minutes. The order of testing following
with the TENS on was: PPT, 6BMWT, ROM, FTSTS, SLS and CPM.

2.2.5. Data Analyses—Descriptive statistics (mean, standard error, 95% confidence
intervals) were determined for each study variable. Chi-square tests were used to make
comparisons on categorical variables such as investigation for assessor blinding. The
primary analysis was the comparisons between TENS treatments were completed using a
mixed model approach which accounts for the repeated measures collected through the
crossover design. When group differences were identified, comparisons between groups
were made. To reduce the chance of a Type 1 error in multiple comparisons, Tukey’s
adjusted p-values were used. Resulting least squares means are provided with 95%
confidence intervals. Since CPM was given during TENS treatment we represented the PPT
as the percent change in PPT during CPM+TENS divided by the PPT during TENS - thus, a
positive number represents an increase in PPT above that produced by TENS, 0 represents
no change, and a negative number represents a decrease in PPT below that produced by
TENS. For CPM we removed one outlier where percent changes were over 1200%, and
there were 3 instances where the subject did not complete the DNIC testing. For the CPM
PPTs we therefore had 34 participants in the active TENS group, 35 participants in the
placebo TENS group and 33 participants in the no TENS.

Table 1 shows the demographic and clinical characteristics for all subjects with fiboromyalgia
as well as by area of TENS application (cervical or lumbar). There were not significant
differences between cervical and lumbar treatment groups except for body mass indexes
(p<0.05) which was incorporated in the mixed model analysis as a potential confounder. The
peak amplitude used in the active TENS treatment group was 39.93 + 13.79 mA. The peak
amplitude computed from the initial 45 seconds of stimulation for the placebo treatment
group was 7.81 + 2.21 mA.

3.1 Pain at rest and with movement

The average pain intensity at rest (0-10 scale) before TENS was similar between treatments:
active TENS was 5.0 £ 0.5, placebo TENS was 5.0 + 0.4, no TENS was 5.2 + 0.4. Pain at
rest showed no significant difference between treatments: active TENS, placebo TENS or no
TENS (Figure 4A). Average pain with movement before TENS is reported in Table 2. Pain
with movement (during the 6MWT) was significantly less during active TENS (4.0 £ 0.4)
when compared to placebo (4.7 £+ 0.4) (p<0.05) or no TENS (5.0 + 0.4)(p<0.05) (Figure
4A).

3.2 Fatigue at rest and with movement

The average fatigue intensity at rest before TENS was similar between treatments: active
TENS was 5.0 + 0.4, placebo TENS was 5.3 + 0.6, no TENS was 4.7 + 0.6 and were not
significantly different (Figure 4B). Average fatigue with movement before TENS is reported
in Table 2. Fatigue with movement (during the 6MWT) was significantly different after
treatment between active TENS (4.4 £ 2.3) and placebo TENS (5.5 + 2.6)(p<0.05), and
between active TENS and no TENS (5.0 + 2.7)(p<0.01)(Figure 4A).
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3.3 Pressure Pain Thresholds

Average PPT in the cervical, lumbar and leg prior to TENS are reported in Table 2. In the
cervical region (n=41), PPTs were significantly increased during active TENS when
compared to no TENS (p<0.05) but not placebo TENS (Figure 5A). In the lumbar region
(n=41), PPTs were significantly increased in the active TENS when compared to either
placebo TENS or no TENS (p<0.05)(Figure 5A). Outside the site of TENS, PPTs (n=36)
over the anterior tibialis muscle were significantly increased during active TENS when
compared to no TENS (p<0.05) (Figure 5A).

3.4 Conditioned Pain Modulation

To test if TENS modified central inhibition we examined the effects of TENS on CPM.
During active TENS PPTs in response to CPM were significantly greater than during
placebo TENS (p<0.05) or no TENS (p<0.01) (Figure 5B).

3.5 Function

There were no significant changes in function when examining the ROM, SLS, FTSTS and
6MWTduring active TENS when compared to the placebo TENS or no TENS treatment
group (Table 2). While there was a difference in the distance walked during active TENS
this measure showed significant variability and did not reach statistical significance.

3.6 Blinding

The outcomes assessor was able to state the treatment (active, placebo, no TENS) correctly
between 34% and 58% of the time. For the cervical region, correct treatment was active
54%, placebo 50% and no TENS 58%. For the lumbar region, correct treatment was active
53%, placebo 34% and no TENS 50%. No significant difference was noted between
treatments when assessed with a chi squared test (p=0.75).

3.7 Perceived Effectiveness

Effectiveness ratings (0-10 scale) by the subject after treatment was significantly different
between active TENS (6.31 + 0.34) and placebo TENS (3.96 + 0.39)(p<0.01).

4. Discussion

The current study suggests that TENS improves certain indices of fibromyalgia during or
directly after application. Specifically we show that both pain and fatigue during movement,
but not at rest, are reduced by a one-time 30 minute treatment with active TENS in
individuals with fibromyalgia. Pain thresholds increased not only at the location of TENS
application (spine) but also outside the site of TENS (leg) suggesting widespread effects of
TENS. Further, we showed increased CPM in the active TENS treatment group suggesting
that TENS restores central inhibition. The results of the current pilot study therefore show
decreases in pain and increases in inhibition in people with fibromyalgia during a single
TENS treatment delivered in a clinical setting. However, TENS is typically given over more
prolonged periods of time, weeks to months, and patients are generally given a unit for home
use. Thus, future clinical trials should test the effects of TENS over a prolonged treatment
period in people with fibromyalgia in which the units are sent home with the subject for
daily use. We would suggest future studies deliver TENS during physical activity and
exercise since TENS reduces movement pain. We further suggest the use of multiple
outcomes including pain at rest and with movement, function and quality of life and those
that are in alliance with measures proposed by IMMPACT (Initiative on Methods,
Measurement and Pain Assessment in Clinical Trials) which focus on core outcome
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domains: pain, physical function, emotional function, global improvement, symptoms and
adverse events [13,64]

Four randomized controlled-trials have investigated the effectiveness of TENS on pain in
people with fibromyalgia with mixed results. One compared effectiveness to s-adenosyl-I-
methionin (SAMe), one to warmth therapy, one to massage therapy or sham TENS, and one
to placebo. When compared to SAMe, TENS was not effective; however, TENS application
was being applied at minimal intensities that caused a tingling sensation over 4 tender points
[11]. We, and others, have previously shown that TENS applied at inadequate intensities
does not reduce pain or increase pressure pain thresholds (PPTs) [4,48,49]. When compared
to warmth therapy TENS effectiveness was similar, with approximately a 1/10 decrease in
pain for both treatments [35]. The treatments in this case were not compared to a placebo or
a no-treatment control and thus specific effects could not be concluded [35]. Subjects were
also simultaneously enrolled in a multidisciplinary treatment program consisting of exercise
and cognitive behavioral therapies [35], both effective treatments for fibromyalgia [19].
Thus “effectiveness” of these interventions could be related to the multidisciplinary
treatment and not to TENS or warmth therapy. Another study showed that both TENS and
massage therapy were better than sham TENS for resting pain [63] which is in direct
contrast to the current study showing no effect on resting pain. It is possible that repeated
TENS used in the prior study had a cumulative effect as compared to the study that used a
one-time treatment [63]. In contrast, a fourth study [41] used TENS in combination with an
exercise program. However TENS was given in the morning 5 times per week for 3 weeks,
for 30 minutes, and exercise was done in the afternoon and not during TENS. If TENS
reduces pain during movement, the use of TENS during exercise should be more beneficial.
Further, effectiveness of TENS is greater during the stimulation versus after it has been
removed [9,49]. Like most pharmaceutical agents, TENS has a limited duration of action
and thus studies should be designed to test effectiveness during peak response. Lastly, all the
above studies used resting pain as their primary measure for pain. In the current study,
resting pain was unaffected by TENS while movement pain was significantly reduced. Thus,
measurement of resting pain in this population may provide conflicting results on
effectiveness of the treatment.

Our study extended the prior findings by examining pain during movement, fatigue at rest
and during movement, and function. We show that pain and fatigue during movement, but
not at rest, are significantly reduced during TENS. This change in movement pain, but not
resting pain, was also shown in a prior study by Rakel and Frantz [49] in people with
postoperative pain. Further in people with osteoarthritis, pain during movement is also
significantly reduced [29,30]. Movement pain in people with fibromyalgia is a significant
barrier to exercise and leads to a sedentary lifestyle [21,24,39]. A reduction in pain with
movement might be expected to increase physical activity levels and improve quality of life.

Surprisingly, the current study showed that TENS reduced fatigue during movement.
Fatigue is a significant symptom in fibromyalgia and is associated with decreased physical
activity [7,14,42]. Prior work in animal shows that fatiguing exercise can enhance pain
through central mechanisms including those classically involved in inhibition of pain
[54,60,69]. Future studies should examine the relationship between pain and fatigue both at
rest and with movement to further understand this interaction.

It has become clear that fibromyalgia is associated with enhanced central excitability [47,60]
in the pain pathways and loss of pain inhibition [26,28,32,59]. Basic science studies show
that TENS reduces enhanced excitability of neurons in the pain pathways [17,18,23,31,55]
and activates pain inhibitory mechanisms to reduce hyperalgesia [9,23,53]. The current
study showed that TENS increased PPTs not only at the site of TENS application (spine) but
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also outside the area of TENS (leg) - consistent with reduced central excitability. We further
show that PPTs during CPM were greater during active TENS when compared to placebo
TENS or no TENS - consistent with an increase in inhibition. Thus the current study
validates animal studies by suggesting TENS decreases central excitability and activates
central inhibition mechanisms.

The current study showed a lack of change in function during a single TENS treatment.
While there was a trend towards an increase in distance walked on the 6MWT this was not
significant. As a secondary measure, we may not have had significant power to observe
changes in the 6MWT and further repetitive treatment may be necessary to observe a change
in function. Prior work shows that repetitive treatment with TENS reduces pain in a
cumulative manner in people with chronic musculoskeletal pain [6,38]. Thus, future studies
should examine if longer term use of TENS decreases pain with movement, increases
physical activity and increases function in fibromyalgia.

Intensity of TENS is critical for producing a reduction in pain [43,52] in healthy controls,
and in postoperative pain [5]. In fact, Moran et al. [40] show dose-dependent increase in
pressure pain thresholds with increasing intensity from no change at sensory perception
thresholds to significant increases at a “strong, but comfortable intensity”. The current study
used a maximal tolerable intensity which was above sensory threshold and below pain
thresholds, and described to subjects as ‘strong, tolerable and non-painful” to promote the
greatest potential relief of pain during active TENS. It should also be noted that we tested
effectiveness of the TENS with the unit still on as this is the time when TENS is most
effective.

We have previously validated the transient placebo used in the current study [65] showing
complete blinding of the outcome and TENS applicator, and adequate blinding of the subject
(approx. 50% guessed correctly) allowing us to deliver a true placebo treatment [48][65].
Similar to our prior studies, the assessor was adequately blinded to treatment group in the
current study. However, in prior studies we show that subjects identify the active TENS
correctly the majority of the time (close to 100%) [48]. This lack of ability to blind the
active treatment is an inherent limitation in TENS trials - when TENS is applied at adequate
intensities to produce analgesia the subject is aware of receiving an active treatment. To
improve blinding, the current study modified the instructions so that subjects thought all 3
treatments were “real” and subjects rated their perceived effectiveness. As such, the current
study was unable to directly test blinding of the subject with method of delivery of the
intervention in the current study and is a limitation of the study.

In summary, TENS improved movement pain and fatigue, increased pain thresholds both at
and outside of the site of stimulation, and increased conditioned pain modulation.
Importantly, the current study examined only a single treatment of TENS. Whether longer
duration or repeated TENS applications will provide more effective and sustained pain
management in fibromyalgia patients remains to be determined, ideally in a large-scale
clinical trial. TENS is certainly not a ‘cure’ for fibromyalgia, but should be considered as an
additional non-pharmacological treatment option in an existing treatment plan.
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Figure 1.

Consort diagram for the study
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TENS Intervention - Random order (30 minutes) TENS Assessor

Active TENS Placebo TENS

No Treatment

.
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TENS remains on

\
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Effectiveness Question - Subject
Blinding Question - Outcome Assessor

TENS removed

Figure2.
Session order with randomization of TENS treatment
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Figure 3.
Picture of electrode used in the study (Stimcare Premium Electrode, Empi Inc, St. Paul,
MN)
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Figure 4.

Graphs represent the percent improvement in pain (A) and fatigue (B) at rest and during
movement (6MWT) during active TENS, placebo TENS, or no TENS. Significant
differences were seen between active TENS and placebo TENS and no TENS for pain with
movement and fatigue with movement. * p<0.05, significantly different from active and no
TENS.
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Figurebs.

A. Graphs represent percent improvement in pressure pain thresholds (PPTSs) in the lumbar
region, cervical region, and leg after active TENS, placebo TENS, or no TENS. Significant
increases in PPTs were observed in all areas for active TENS (*p<0.05). B. Changes in
PPTs during conditioned pain modulation (CPM) during active TENS, placebo TENS or no
TENS when compared to the TENS condition alone. A significantly greater change in PPTs
occurred in the treatment group that received active TENS when compared to placebo TENS
or no TENS treatment group (* p<0.05).
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Table 1

Demographics and clinical characteristics. * p-value < 0.05

Total (N=41) | Cervical (n=17) | Lumbar (n=24)
Age, years
(mean + S.EM.) 49.1+12.9 48.1+13.0 49.9+13.0
Female
(% sample) 40 (97.6%) 17 (100%) 23 (95.8%)
Ethnicity
(% sample)
Caucasian 36 (87.7%) 14 (82.4%) 22 (91.7%)
Others 5 (12.2%) 3(17.7%) 2 (8.3%)
Marital status
(% sample)
Married/co-habitating 25 (61.0%) 8 (47.1%) 17 (70.8%)
Single/widowed/divorced 16 (39.0%) 9 (52.9%) 7 (29.2%)
Education
(% sample)
High school or less 10 (24.4%) 4 (23.5%) 6 (25.0%)
Some college or above 31 (75.6%) 13 (76.5%) 18 (75.0%)
Income
(% sample)
< $ 60,000 26 (63.4%) 13 (76.5%) 13 (54.2%)
= $60,000 15 (36.6%) 4 (23.5%) 11 (45.8%)
Body mass index*
(mean + S.EM.) 33.6+9.4 37.3+11.7* 31.0+6.3
Length of Fibromyalgia diagnosis, years
(mean + S.EM.) 74+56 6.4+5.0 8.1+6.0
FIQ (0-100)
(mean + S.EM.) 60.05+2.3 60.04 £4.0 60.06 + 2.6
Pain at Rest
(0-10cm scale) 50+0.5 48+0.6 51+05
(mean £ S.E.M.)
Pain with Movement
(0-10cm scale) 53+04 5.6+0.6 51+0.7
(mean £ S.E.M.)
Fatigue at Rest
(0-10cm scale) 497+0.4 53+0.6 47+0.6
(mean £ S.E.M.)
Fatigue with Movement
(0-10cm scale) 541+04 6.0+0.6 49+06
(mean £ S.E.M.)
Pressure Pain Threshold
Cervical (kPa) 260.90 £22.81 | 265.88 +36.28 355.49 + 47.89
(mean = S.E.M.)
Pressure Pain Threshold
Lumbar (kPa) 365.98 +£31.45 | 257.37 £29.92 37342+ 42.64
(mean £ S.E.M.)
Pressure Pain Threshold
Anterior Tibialis (kPa) 421.97 £29.45 | 423.91 +36.28 420.41 + 44.50
(mean £ S.E.M.)
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Table 2

Data for all outcome measures are represented as a difference score before and during TENS except for PPT
with CPM. CPM is represented as the percent change in PPT during DNIC + TENS testing when compared to
TENS alone. Data are mean + S.E.M. and 95% confidence intervals. TENS=Transcutaneous electrical nerve
stimulation, VAS=visual analogue scale, PPT=pressure pain threshold, CPM=conditioned pain modulation,
6MWT=six minute walk test, SLS=single leg stance, ROM=range of motion, @Significant difference between
active and placebo; PSignificant difference between active and no TENS; CSignificant difference between
placebo and no TENS, p<0.05 considered significant

Variable
Active TENS Placebo TENS No TENS
Pain at rest -0.38+£0.26 -0.74 £ 0.25 —0.47 + .26
(0-10cm) (-0.910 0.13) (-1.25t0 -0.25) (-0.98 to 0.04)
Pain with movement 1.11+0.26 0.23 + .26% 0.26 + 0.25P
(0-10cm) (0.59-1.63) (0.24t0 0.77) (-0.28 t0 0.75)
Fatigue at rest -0.09+£0.21 -0.14+0.21 0.12 + .22
(0-10cm) (-0.52t0 0.33) (-0.56 t0 0.28) (-0.31t0 0.54)
Fatigue with movement 0.94+0.23 0.39 + .242 0.04 +0.230¢
(0-10cm) (0.47 to 1.41) (-0.43100.5) (-0.41t0 0.49)
PPT cervical (kPa) 53.15 +10.09 26.42 £10.02 19.39 +10.06°
(73.17 t0 33.13) (46.29 to 6.55) (39.34t0 -0.57)
PPT lumbar (kPa) 86.97 + 15.97 34.89 + 15.912 33.23 +15.95P

(118.76 t0 55.18) (66.58 10 3.2) (64.97 to 1.48)
PPT anterior tibialis (kPa) 62.86 + 18.34 38.98 + 21.85 4.4 +15.47°
n=36 (100.09 to 25.63) (83.39 to -5.43) (35.8 t0 -27.0)
PPT with CPM (% change) 29.99 + 6.69 11.21 + 4.272 13,59 + 4.3
n=33-34 (143.61t0116.37) | (119.881t0102.53) | (122.38 to 104.82)
6MWT average change 41.85 + 36.7 -40.48 £ 36.31 -.97 £ 36.01
(feet) (116.02t0 -32.3) | (32.89t0-113.87) | (71.81to -73.76)
FTSTS (seconds) -.07+£-0.46 -0.46+ 0.46 -0.10 £ 0.46
(-1.01 to 0.86) (-1.39t0 0.47) (-1.04 10 0.83)
SLS left (seconds) -0.48+£0.73 -1.02+0.72 -0.68 £0.73
(-1.9310 0.97) (-0.41 to 2.44) (-2.131t00.78)
SLS right (seconds) -0.45+0.74 -1.24+0.73 1.83+0.74
(-1.91t0 1.02) (-2.6910 0.21) (-3.31t0-0.36)
ROM cervical (degrees) 1.99 +2.37 -0.39+2.75 -3.12+26
(-2.66 to 6.64) (-5.78t0 5.0) (—8.22t0 1.98)
ROM lumbar (degrees) -0.54t0 2.6 294 +2.15 -0.41t0 2.04

(~5.64 t0 4.56)

(-1.27 10 7.15)

(~4.41 t0 3.59)
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