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Background. Fibromyalgia is a common chronic pain condition that has a sig-
nificant impact on quality of life and often leads to disability. To date, there have been
few well-controlled trials assessing the utility of nonpharmacological treatment
modalities such as transcutaneous electrical nerve stimulation (TENS) in the manage-
ment of pain and improvement in function in individuals with fibromyalgia.

Objectives. The purpose of this study will be to complete a long-term, multi-
center study to assess the effects of TENS in women with fibromyalgia.

Design. This will be a phase II randomized, double-blind, placebo-controlled,
multicenter clinical trial.

Participants. Three hundred forty-three participants with fibromyalgia will be
recruited for this study.

Intervention. Participants will be randomly assigned to 1 of 3 groups: the
intervention (TENS), placebo, or no treatment. After completing the randomized
period, all participants will receive the intervention for 1 month. The participants will
be asked to use TENS at the highest tolerable level for at least 2 hours daily during
physical activity.

Measurements. The primary outcome will be pain with movement, with sec-
ondary outcomes assessing functional abilities, patient-reported outcomes, and quan-
titative sensory testing.

Limitations. Because having participants refrain from their typical medications is
not practical, their usage and any change in medication use will be recorded.

Conclusions. The results of this study will provide some of the first evidence
from a large-scale, double-blind, placebo-controlled trial on the effectiveness of TENS
on pain control and quality-of-life changes in patients with fibromyalgia.
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The American College of Rheu-
matology (ACR) classifies
fibromyalgia as a clinical syn-

drome defined by chronic wide-
spread muscular pain and tender-
ness.1 The cause of fibromyalgia is
unknown, but people with fibro-
myalgia show sensitization of cen-
tral nervous system pain pathways,
measured by lower pain thresholds,
enhanced temporal summation, and
reduced diffuse noxious inhibitory
controls (DNIC).2–4 Evidence sug-
gests that individuals who devel-
op fibromyalgia may have genetic
polymorphisms associated with
increased sensitivity to experimental
pain.5,6 Furthermore, the marked
increase in prevalence of fibromyal-
gia in people with other painful
rheumatic diseases such as osteo-
arthritis, rheumatoid arthritis, and
lupus suggests that inflammatory or
mechanical pain may sensitize pain
transmission pathways.7 Fibromyal-
gia, similar to other pain conditions,
is more common in women than in
men.7

Pain associated with fibromyalgia
interferes with daily function, work,
and social activities, resulting in a
decreased quality of life.8 In addi-
tion, people with fibromyalgia have
a significant amount of fatigue and
a fear of movement.9 These 2 asso-
ciated factors further contribute to
the reduction in physical function
and quality of life. Several pharmaco-
logic treatments have been approved
by the US Food and Drug Adminis-
tration for management of fibromy-
algia. However, the effect sizes of
these drugs are moderate, and better
outcomes are achieved when drug
treatment is combined with physi-
cal modalities, especially aerobic
exercise. Indeed, exercise interven-
tions alone have effect sizes similar
to those of drugs, although a signifi-
cant barrier to their use is poor
adherence.10,11 Poor adherence is
thought to be related to pain during
exercise and post-exertional mal-

aise.12–14 A reduction in pain during
exercise would reduce fear of move-
ment and ultimately result in
increased physical function and qual-
ity of life. Thus, one of the main
treatments for patients with fibromy-
algia must focus on pain relief during
exercise to allow the person to ben-
efit from improved fitness and to
function more effectively both at
home and at work.

One potential treatment is the use
of transcutaneous electrical nerve
stimulation (TENS), which is a
modality used by health profession-
als that delivers electrical stimula-
tion through the skin for pain con-
trol. Basic science studies show that
TENS activates descending inhibi-
tory pathways from the midbrain
and brain stem to inhibit excitabil-
ity of nociceptive neurons in the
spinal cord.15–18 Based on the mech-
anism of TENS, one could argue that
it is best used for conditions such as
fibromyalgia with a strong compo-
nent of central pain amplification or
loss of inhibition. Furthermore, a
previous TENS study showed that
TENS is more effective in reducing
pain with movement compared with
resting pain.19 Thus, TENS should
reduce pain most effectively when
there is ongoing noxious stimulation
that includes physical activity or
exercise. As TENS reduces central
excitability and increases central
inhibition of pain, this treatment
addresses the mechanisms thought
to be central to the pain of people
with fibromyalgia.

Although TENS is effective for sev-
eral pain conditions such as osteo-
arthritis, chronic musculoskeletal
pain, and postoperative pain,20–22 its
effectiveness in treatment of people
with fibromyalgia is virtually
unknown. Furthermore, there is a
general thought among clinicians
that because fibromyalgia pain is
widespread, TENS would be ineffec-
tive in this population. To initially

test if TENS was effective in decreas-
ing the pain associated with fibro-
myalgia, we performed a prelimi-
nary study examining the effective-
ness of a single treatment with high-
frequency TENS.23 The group receiv-
ing active TENS showed a reduction
in pain during movement, but not
resting pain, compared with pla-
cebo. Thus, TENS may decrease pain
associated with fibromyalgia, partic-
ularly during exercise and physical
activity. This decrease in pain is
expected to increase function and
improve quality of life.

We hypothesize that application of
TENS to women with fibromyalgia
will reduce movement-related pain
and reduce central excitability by
restoring central inhibition and that
these decreases in pain and central
excitability will reduce fatigue and
fear of movement, thereby improv-
ing function and quality of life
(Fig. 1). The Fibromyalgia Activity
Study with TENS (FAST) had 4 spe-
cific aims to test our hypothesis. The
first aim of the study is to test the
efficacy of repeated use of TENS on
movement-related pain in women
with fibromyalgia with random
assignment to 3 treatment groups:
standard care, placebo TENS, and
active TENS. A second aim will test if
movement-pain reduction by TENS
results in a concomitant decrease in
fear of movement, fatigue, resting
pain, and use of rescue analgesic
medications and an increase in func-
tion and quality of life. Outcome
measures will include physical func-
tion by directly assessing daily activ-
ity with an accelerometer, as well as
performing specific functional tasks.
Our third aim will determine if active
TENS alters pain processing in
women with fibromyalgia and if
improvement in clinical symptoms
correlates with normalization of
pain-processing physiology. We will
evaluate change in these physiologic
parameters in responders versus
nonresponders as assessed clinically.
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Lastly, a fourth aim is to assess if the
Patient Reported Outcomes Mea-
surement Information System (PRO-
MIS) is a useful instrument for assess-
ing outcomes in women with
fibromyalgia by comparing the PRO-
MIS modules with symptom domains
measured by other instruments vali-
dated for use in fibromyalgia clinical
trials and by determining the perfor-
mance of PROMIS in the definition of
responders.

Method
Study Design
This is a phase II randomized,
double-blind, placebo-controlled,
multicenter clinical trial, version 1,
that began in July 2013. The initial
phase of the study will randomly
allocate participants to receive
active TENS, placebo TENS, or stan-
dard care (no TENS). Randomiza-
tion will be stratified by site and opi-
oid use. After participating in the
1-month random assignment, all par-
ticipants will receive active TENS for
1 month. The participants will make
4 visits to the clinic. Figure 2 pro-
vides a flowchart for the study.

Participants
Participants will be recruited from
the University of Iowa and Vander-
bilt University and surrounding com-
munities. The research protocol has
been reviewed and approved by the
institutional review boards of both
universities. Prior to enrolling into
the study, participants will provide
their written informed consent. Par-
ticipants will be consented and
enrolled by the research assistant on
the first visit. The consent will
review study purpose, procedures,
risks and benefits, what to do if
injured as a result of the study as well
as give the opportunity for questions
regarding the study. Confidentiality
of participant information will be
password protected and stored
indefinitely with the University of
Iowa and Vanderbilt University. We
will enroll a total of 343 participants

in the study; we expect that less than
4% of them will not meet the inclu-
sion criteria, resulting in approxi-
mately 330 individuals randomized
into 1 of 3 groups. With an attrition
rate of 20%, we expect 264 partici-
pants to complete the study, with 88
individuals per treatment group.

All participants will receive standard
care and will be on a stable medical
management plan prior to enrolling.
Participants will not be asked to
refrain from their current treatment
plan but will be asked not to change
their current treatments during the
2-month trial period. The use of “as
needed” rescue medications will be
recorded and compared as a second-
ary outcome measure for the study.
We also will record the current treat-
ment plan, including medications,
exercise, and psychological manage-
ment for each participant. Specific
inclusion and exclusion criteria for
entrance into the study are detailed
in Figure 3.

Outcome Measures
Primary outcome. The primary
outcome measure will be pain inten-
sity during movement after all treat-
ment sessions.

Secondary outcomes. The sec-
ondary outcome measures will be:
(1) fear of movement, (2) function,
(3) fatigue, (4) pressure pain thresh-
old, (5) conditioned pain modula-
tion, (6) analgesic medication use,
(7) quality of life, and (8) activity
levels using accelerometry.

Measurement Instruments
Pain and fatigue measures. Pain
and fatigue will be measured at rest
and during movement activities
using a pain numeric rating scale
(NRS), which consists of a 0–10 ver-
tical line. The anchors for pain will
be “no pain” and “worst pain imag-
inable,”24 and the anchors for fatigue
will be “no fatigue” and “worst
fatigue imaginable.”

Pain
BPI, NRS, PROMIS 

TENS

Function
Accelerometry, PROMIS, 
6MWT, FTSTS, FRT (specific) 

QOL 
SF-36 (general), PROMIS,
FIQR (specific)

Central Excitability Fatigue (MAF, PROMIS) 

Fear of Movement (TSK) PPT, CPM/DNIC 

Figure 1.
Conceptual model for effectiveness of transcutaneous electrical nerve stimulation
(TENS), showing the expected outcomes and mechanisms by which those outcomes
will be assessed. A combination of functional tests, pain physiology assessments, and
patient-reported outcomes will be used to provide a complete picture of the effective-
ness of the use of TENS in patients with fibromyalgia. BPI�Brief Pain Inventory,
NRS�numeric rating scale, PROMIS�Patient Reported Outcomes Measurement
Information System, SF-36�36-Item Short-Form Health Survey, FIQR�Revised Fibro-
myalgia Impact Questionnaire, TSK�Tampa Scale of Kinesiophobia, 6MWT�Six-
Minute Walk Test, FTSTS�Five-Times-Sit-to-Stand Test, PPT�pressure pain threshold,
CPM/DNIC�conditioned pain modulation (diffuse noxious inhibitory control),
MAF�Multidimensional Assessment of Fatigue, QOL�quality of life, FRT�Functional
Reach Test.
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Screen for Eligibility
Inclusion/Exclusion Criteria

Visit 1: Consent, Enrollment
FIQR, NRS, ACR Criteria,

medications, accelerometry

Visit 2: Review Eligibility
Randomization

(N=264)

Active TENS Group (n=88) Placebo TENS Group (n=88) No-Treatment Group (n=88)

Visits 2 and 3: active
TENS

Pain and fatigue NRS
questionnaires

Function (6MWT, FTSTS,
FRT)

PPT, CPM

Accelerometry 1 wk
before session 3

End of visit 3: remain
on active TENS

Accelerometry 1 wk
before visit 4

Visit 4: active TENS

Pain and fatigue
questionnaires

Function (6MWT, FTSTS,
FRT)

PPT, CPM

Accelerometry 1 wk
before visit 4

Visit 4: active TENS

Pain and fatigue
questionnaires

Function (6MWT, FTSTS,
FRT)

PPT, CPM

Accelerometry 1 wk
before visit 4

Visit 4: active TENS

Pain and fatigue
questionnaires

Function (6MWT, FTSTS,
FRT)

PPT, CPM

Visits 2 and 3: Placebo
TENS

Pain and fatigue NRS
questionnaires

Function (6MWT, FTSTS,
FRT)

PPT, CPM

Accelerometry 1 wk
before session 3

End of visit 3: change to
active TENS

Visits 2 and 3: no
TENS

Pain and fatigue NRS
questionnaires

Function (6MWT, FTSTS,
FRT)

PPT, CPM

Accelerometry 1 wk
before session 3

End of visit 3: change to
active TENS

Figure 2.
Flowchart for the study showing the breakdown of what occurs during each visit per each group (active transcutaneous electrical
nerve stimulation [TENS], placebo TENS, and no treatment). FIQR�Revised Fibromyalgia Impact Questionnaire, NRS�numeric rating
scale, ACR�American College of Rheumatology, 6MWT�Six-Minute Walk Test, FTSTS�Five-Times-Sit-to-Stand Test, FRT�Functional
Reach Test, PPT�pressure pain threshold, CPM�conditioned pain modulation.

FAST Protocol

132 f Physical Therapy Volume 95 Number 1 January 2015



Multidimensional questionnaires.
Understanding the impact of TENS
on quality of life and function is an
important factor in translating the
decreases in pain observed during
TENS to a more global effect of the
treatment. The questionnaires and
details of visit implementation are
listed in Table 1.

Function measures. Direct mea-
sures of function will be done before
and during TENS on visits 2, 3, and 4;
details are shown in Table 1. The
Six-Minute Walk Test (6MWT) mea-
sures the maximum distance a per-
son can walk in 6 minutes25; we also
will rate pain during this test. The
Five-Times-Sit-to-Stand Test (FTSTS)
measures the time it takes to come
from a sitting to a standing position 5
times.25 The Functional Reach Test
(FRT) measures the distance reached
using the upper extremity (UE) as a
measure of UE function.26 Acceler-
ometry (ActiSleep�, ActiGraph, Pen-
sacola, Florida) will be used to mea-
sure daily activity levels, and
participants will wear the accelerom-
eter for 1 week, at 3 intervals, before
and during the intervention.

Quantitative sensory testing.
Pressure pain threshold (PPT) of
the cervical, lumbar, and anterior tib-
ialis muscle region will be measured
with a pressure algometer (AlgoMed,
1-cm2 tip, Medoc Ltd, Ramat Yishai,
Israel) applied at a rate of 40 kPa/s.
We also will record PPT in distant
sites on the lower leg to assess the
widespread effects of TENS. Condi-
tioned pain modulation (CPM), also
known as diffuse noxious inhibitory
controls (DNIC), will be completed
by placing the left lower leg in an
ice water bath and measuring
change in PPT over the right lower
leg. These measures; therefore, will
examine the effects of TENS on
reducing pain excitability by assess-
ing pain thresholds and on restoring
endogenous inhibition by examining
CPM. Our prior study with a single

treatment of TENS in fibromyalgia
showed increases in pain thresholds
at the site of application and distant
to the site of application, as well
as increases in endogenous inhibi-
tion,23 suggesting TENS has the capa-
bility of modulating pain physiology.

Randomization/allocation/blind-
ing. Upon enrollment into the
study, participants will be randomly
assigned to 1 of 3 groups: (1) active
TENS, (2) placebo TENS, and (3)
standard care. All assessments will
be done by a separate person (out-
come assessor) from the person allo-
cating and applying the TENS (TENS
allocator) to further control for
blinding. Thus, the participants will
be blinded to the TENS treatment

(active or placebo TENS), and the
outcome assessor will be blinded to
all groups. Randomization will be
stratified by site (University of Iowa
versus Vanderbilt University) and
opioid status (opioid use versus non-
opioid use). Stratification by opi-
oid status was done because TENS
uses endogenous opioids to produce
analgesia,15,16,27 and previous studies
have shown that low-frequency
TENS is ineffective in opioid-tolerant
animals and people.28,29 The ran-
domization schedule will be created
by the study biostatistician, viewed
and updated by the TENS allocator,
and implemented in permuted
blocks of 4 and 6 using SAS v9.2
PROC PLAN (SAS Institute Inc, Cary,
North Carolina) to ensure adequate

Inclusion Criteria:

● Participants will be women, 18–70 years of age

● Diagnosis of fibromyalgia using the 1990 American College of Rheumatology criteria

● History of cervical or lumbar pain with fibromyalgia (this is expected in most patients because
axial pain is required for diagnosis)

● Ability to walk 6 min without an assistive device

● Current stable treatment regimen for the last 4 wk and projected stable treatment regimen for
the next 2 mo

Exclusion Criteria:

● Current or history of cardiovascular, pulmonary, neurological, endocrine, or renal disease that
would preclude the involvement in the study

● TENS use in the previous 5 y

● Pacemaker

● Uncontrolled blood pressure or diabetes

● Neuropathic pain condition

● Systemic autoimmune disorder (lupus, polymyalgia rheumatica, rheumatoid arthritis, psoriatic
arthritis)

● Spinal fusion—cervical or lumbar

● Metal implants in the spine

● Severe skin allergy to adhesive

● Allergy to nickel

● Pain less than 4

● Pregnancy

● Epilepsy

● Unstable medical or psychiatric condition which in the opinion of the investigator could
compromise the participant’s welfare or confound the study results

Figure 3.
Inclusion and exclusion criteria for entrance into the transcutaneous electrical nerve
stimulation (TENS) trial for patients with fibromyalgia.
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Table 1.
Measurements to Be Taken, Including Instrument to Be Used, Visit on Which Measurement Will Take Place, Construct and
General Information, and Reliability, Validity, and References for the Instrumentsa

Measurement Instrument
Visit
(V)

Construct and General
Information Reliability

Validity
(Cronbach �) Study

Pain and fatigue NRS V1
V2
V3
V4

Self-report of pain and fatigue
intensity on 0–10 vertical scale;
pain and fatigue intensity at rest
and movement

ICC�.71–.99 .71–.78 Marchand et al39

Kahl and Cleland50

Multidimensional
questionnaires

BPI V2
V3
V4

Pain intensity and pain interference
with activities; 15 questions

r�.57 .85–.88 Tan et al51

HH/Demo V1 Demographic; review of past
medical history

NA NA NA

FIQR V1
V2
V3
V4

Disease-specific questionnaire; 21
questions

r�.88 .69–.88 Bennett et al52

GIC V3
V4

Perception of change r�.87 ICC�.90 Kamper et al53

IPAQ V2
V3
V4

Self-report of activity level among
adults; short form

Spearman ��.80 Spearman ��.78 Craig et al54

MAF V2
V3
V4

Fatigue questionnaire; 16
questions; 4 dimensions of
fatigue

.93 r�.62–.84 Belza55

PCS V2
V3
V4

Pain questionnaire; 13 items Total Cronbach ��.95 .42 Osman et al56

PSEQ V2
V3
V4

Pain self-efficacy; 10 items;
confidence in performing
activities with chronic pain

r�.73 .67–.84 Nicholas57

PROMIS V2
V3
V4

Quality of life; NIH patient-
reported outcome measurement
system

NA NA NA

PSQI V2
V3
V4

Sleep disturbance and sleep habits;
19 items

.80 R�.07–.80 Buysse et al58

SF-36 V2
V3
V4

General quality of life; 36 items r�.85 .97 McHorney et al59

TSK V2
V3
V4

Fear of pain with movement; 17
items

r�.64–.99 r�.70–.81 Roelofs et al60

Roelofs et al61

Swinkels-Meewisse et al62

Function 6MWT V2
V3
V4

Function; walk test for endurance ICC (2,1)�.95–.97 r�.63–.79 Steffen et al25

FTSTS V2
V3
V4

Function; measure of leg strength ICC�.95 LBP: r�.59–.88
Control: r�.46–.76

Novy et al63

Simmonds et al64

FRT V2
V3
V4

Function; measure of balance r�.95 r�.7 Duncan et al26

Tyson and Connell65

ActiGraph:
ActiSleep�

Week
before

V2
V3
V4

Function: activity and sleep
accelerometer worn on wrist

NA NA NA

Quantitative
sensory testing

PPT V2
V3
V4

Deep mechanical hyperalgesia;
pressure pain thresholds

r�.79–.94
ICC�.85–.99
Test-retest�.70–.94

Significant differences
between healthy
participants and
those with RA
(P�.05)

Fernández-de-las-Peñas et
al66

Ge et al67

Giesbrecht and Battié68

Hirayama et al69

Ruiz-Sáez et al70

CPM (DNIC) V2
V3
V4

Central inhibition Face validity as the same test in
animals activates descending
inhibitory pathways

a NRS�numeric rating scale, ICC�intraclass correlation coefficient, BPI�Brief Pain Inventory, HH/Demo�Health History/Demographic Questionnaire, NA�not applicable,
FIQR�Revised Fibromyalgia Impact Questionnaire, IPAQ�International Physical Activity Questionnaire, MAF�Multidimensional Assessment of Fatigue, PCS�Pain
Catastrophizing Scale, PSEQ�Pain Self-Efficacy Questionnaire, PROMIS�Patient Reported Outcomes Measurement Information System, NIH�National Institutes of
Health, PSQI�Pittsburgh Sleep Quality Index, SF-36�36-Item Short-Form Health Survey, TSK�Tampa Scale of Kinesiophobia, 6MWT�Six-Minute Walk Test, FTSTS�Five-
Times-Sit-to-Stand Test, FRT�Functional Reach Test, PPT�pressure pain threshold, CPM (DNIC)�conditioned pain modulation (diffuse noxious inhibitory control).
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distribution of all groups across the
collection period. The TENS alloca-
tor will not be blinded to the treat-
ment, as he or she will administer
the TENS session and will be respon-
sible for discussion with the partici-
pants between visits and with those
in the standard care group.

TENS intervention. Transcutane-
ous electrical nerve stimulation is a
nonpharmacological treatment that
applies electrical current through
the skin for pain control. The device
is portable and allows the individuals
to self-administer the treatment at
home. We will use the Empi Select
TENS unit (Empi Inc/DJO Global,
Vista, California), which uses an
asymmetrical biphasic alternating
current. There are a number of
parameters that can be modulated
on the unit, including frequency of
stimulation (1–150 Hz), pulse dura-
tion (10–250 microseconds), and
intensity (0–60 mA). We will apply
TENS using: (1) a modulating fre-
quency between 10 and 100 Hz to
prevent potential analgesic toler-
ance, as previously shown in a pre-
clinical study,30 and (2) the highest
tolerable intensity, as prior studies
have shown that intensity is critical
to effective relief of pain and that the
higher the intensity, the greater the
analgesia.22,31–33 Participants will be
given a target output number based
on a TENS trial test done during the
first visit.

The placebo TENS unit will look
exactly like the active TENS unit.
The placebo TENS unit delivers cur-
rent for 45 seconds, ramping to 0
in the last 15 seconds. This new tran-
sient placebo TENS device has
recently been validated against a tra-
ditional placebo TENS device (non-
working unit) and an active TENS
device by our laboratory in healthy
controls and individuals with pain
(osteoarthritis and fibromyalgia).32

Furthermore, there is no analgesic
effect with the new transient pla-

cebo TENS device, similar to stan-
dard placebo care, and the active
TENS unit shows greater increases in
pain thresholds compared with the
placebo TENS unit.32 Participants
will be given a target number near
sensory threshold defined during the
TENS tolerance test on visit 1.

For the standard care group, partici-
pants will receive no TENS treat-
ment but will receive a quiet rest
period of 30 minutes instead of TENS
during laboratory testing days. This
30-minute quiet rest period is done
to blind the assessor to treatment
group. Furthermore, during labora-
tory testing days, the standard care
group will have electrodes placed on
both the cervicothoracic spine and
lumbar spine, and these electrodes
will be attached to a TENS unit that is
not turned on. This placement of
electrodes and TENS unit on visits 2
and 3 again is done to blind the out-
comes assessor to treatment group
on clinic testing days. The partici-
pants will know they are not receiv-
ing a treatment and will be told
not to discuss this fact with the
outcomes assessor. The standard
care group will not receive a TENS
unit for home use. All other proce-
dures will be the same. This group,
therefore, will control for effect of
placebo and for repeated testing.
The standard care group is a critical
group to assess for potential dif-
ferences due primarily to placebo
effects. This strategy of a standard
care or no-treatment group is com-
monly used in clinical trials of
nonpharmacological treatments. For
example, exercise trials rarely use a
placebo and only compare with a
standard care group, whereas studies
on acupuncture or manual therapy
will often include placebo and stan-
dard care for comparison.34

Participants will be blinded to the
active and placebo TENS treatments.
The outcomes assessor will be
blinded to all 3 groups. The TENS

allocator will not be blinded to the
treatment, as he or she will admin-
ister the TENS session and will
be available throughout the study
to answer questions regarding TENS.
Assessment of blinding will be
accomplished by asking both the
outcomes assessor and the partici-
pant if they thought the individual
received the active TENS, the pla-
cebo TENS, or do not know. Our
previous studies showed that we
can blind the active placebo units
for the therapists, as they are unable
to identify the unit.32,35 We also
know that we can adequately blind
the placebo unit that will be used in
this study,32,36,37 as study partici-
pants identified it correctly only 60%
of the time, which is no different
from chance.32 In contrast, we could
not adequately blind the standard
(inactive) placebo TENS unit where
they were able to identify it correctly
79% of the time, which is a signifi-
cant difference from chance.32 Blind-
ing to the placebo is critical to exam-
ine nonspecific effects, and double
blinding of the assessor and partici-
pants removes potential expectation
biases.

For the proposed study, we specifi-
cally chose to do a 1-month blinded
trial of TENS and to follow this
trial with a second 1-month trial
where all participants will receive
active TENS. We chose the 1-month
trial with the realization that TENS
is not a “cure” for fibromyalgia but
rather an adjunct treatment aimed
at reducing pain so that functional
levels will be increased. Our pre-
liminary data showed changes in
movement pain with a single treat-
ment, suggesting that TENS pro-
duces an immediate effect and
could improve function by reduc-
ing movement pain.23 Based on
prior studies in other popula-
tions,38,39 1 month is an adequate
length of time to examine for cumu-
lative effects, to examine if there
are increases in physical activity dur-
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ing TENS usage, and to examine for
potential changes in pain. A study of
people with knee osteoarthritis by
Cheing and Hui-Chan40 supports the
notion that TENS given with an exer-
cise program not only reduces pain
but also increases function. How-
ever, the study was underpowered,
with fewer than 20 participants per
group (62 participants for 4 groups),
and the results were difficult to inter-
pret. In the proposed study, we will
add a second month where all par-
ticipants will receive the active treat-
ment; thus, some individuals will
receive 2 months of active TENS.
Giving everyone an active treatment
allows us to improve recruitment
and retention in the study and gives
us additional information that can be
used to examine the placebo and
active treatment groups in more
detail.

Because TENS is used over a long
period of time, the effect of pro-
longed utilization needs to be
assessed. A TENS unit is typically
given to the patient to take home for
daily use.

Transcutaneous electrical nerve
stimulation is thought to be more
effective during or immediately fol-
lowing treatment,27 and there is a
cumulative effect of repeated
TENS.27,38 Therefore, the study was
designed to test the long-term effects
of TENS as well as to test the effects
of TENS during a treatment session.
We will test effects of a single treat-
ment of TENS measured before and
during application on the second,
third, and fourth visits. This
approach will allow us to see acute
effects of TENS during treatment,
long-term effects of daily use of
TENS, and cumulative effects of
TENS.

Home instruction and home use
will be done on visit 2. As we have
observed a reduction in pain with
movement during TENS,23 we will

instruct participants to use the
TENS unit for a minimum of 2 hours
per day while physically active (eg,
doing chores, walking, exercising).
Furthermore, we will instruct partic-
ipants that they can break up the
2-hour block of time but that 30 min-
utes is the minimal effective time for
which the unit must be worn. They
will be allowed to use the unit more
if they wish and will record usage on
a home-record log. Usage also will be
monitored directly on the TENS unit,
which will allow us to examine the
total time, number of sessions, and
average duration of each session.
Home use will occur for 4 weeks
after visit 2, and all participants will
receive active TENS for 4 weeks
between visits 3 and 4. Weekly tele-
phone calls between visits will be
made by the TENS allocator to
ensure proper use and answer study-
related questions.

Statistical Analysis
We will use intention-to-treat analy-
sis to examine treatment effect. For
the primary aim, we will use a linear
mixed model analysis for repeated
measures, with treatment group,
time (visit 3 � visit 2), and treatment
group � time interaction as fixed
effects. A post hoc pair-wise compar-
ison of mean change among all 3
treatment groups will be conducted,
with P values adjusted using Bonfer-
roni correction. Potential confound-
ers include age, race, ethnicity, edu-
cational attainment, marital status,
TENS dose or intensity, and medica-
tion intake, and rescue medications
will be included as covariates as
appropriate. All data will be analyzed
using SAS 9.5 or higher, and data
with P values of �.05 will be consid-
ered statistically significant. More
details on statistical analysis for aim 1
and a detailed analysis for aims 2
through 4 are included in Table 2.

Role of Funding Source
The funding for this study was pro-
vided by National Institute of Arthri-

tis Musculoskeletal and Skin Diseases
research grants UM1 AR063381 and
R34 AR060278. The study funder did
not have a role in the design, imple-
mentation, analysis, interpretation of
results, or the decision as to if and
where to publish papers.

Discussion
This clinical trial aims to examine
the efficacy of TENS on pain in peo-
ple with fibromyalgia, particularly
pain during movement. Transcu-
taneous electrical nerve stimula-
tion is the application of electrical
current to the skin for pain con-
trol, and the TENS unit is a port-
able device for nonpharmacological
pain management that patients can
self-administer. Fibromyalgia affects
many aspects of a patient’s function
and quality of life. Furthermore,
patients with fibromyalgia have a
fear of movement and significant
fatigue, which further affects their
function and quality of life.8,9,41 If
treatments can be aimed at reduc-
ing pain during movement, we
expect to decrease fear of move-
ment, and this decreased fear of
movement would be associated
with an increase in physical activity.
The increase in physical activity
should then result in reductions in
resting pain and fatigue and in
improvements in function and qual-
ity of life. Previous studies showed
that increasing physical activity by
30 minutes per day was sufficient
to decrease pain in people with
fibromyalgia.42,43 Further repetitive
treatment with TENS reduces pain
at rest in a cumulative manner in
people with musculoskeletal pain
such as low back pain.38,39 Thus,
we expect initial decreases in
movement-related pain but subse-
quent decreases in resting pain after
1 month of treatment.

Although TENS has been used
for the treatment of pain for decades,
only recently have high-quality
placebo-controlled trials been imple-
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Table 2.
Description of the Statistical Analysis to Take Place Showing What Measures Will Be Analyzed for Each Specific Aim of the Study
and What the Statistical Plan Is for the Analysis of the Data by Aima

Aim
Visit
(V) Measures Statistical Plan

General considerations V1
V2
V3
V4

All outcome measures:
Pain NRS, rest and movement
Fatigue NRS, rest and movement (BPI, PPT,

6MWT, FTSTS, FRR, CPM)
Accelerometry: FIQR, SF-36, TSK, GIC, PROMIS,

MAF

● Descriptive statistics
● Number, mean, standard deviation, standard error, median, first

and third quartiles, minimum, maximum
● Outcomes summarized by visit
● Changes from visit to baseline; shift tables may be used to

investigate shifts from visit 1 to visit 3
● If variables not normally distributed, nonparametric tests will be

used

Aim 1 V3–V2 Pain NRS with movement (6MWT and FTSTS)
for the treatment groups: active TENS,
placebo TENS, or standard care

● LMM analysis for repeated measures with treatment group, time
(V3–V2), and treatment group � time interaction as fixed effects

● Post hoc pair-wise comparison of mean change among all 3
treatment groups

● P values adjusted using Bonferroni method to account for the
number of tests

● Potential confounders include BMI, age, race, ethnicity,
educational attainment, marital status, TENS dose/intensity,
medication intake, rescue medications; if there are differences
between potential confounders, we will include covariates

Aim 1
ITT

V3–V2 Pain NRS with movement (6MWT and FTSTS)
for the treatment groups: active TENS,
placebo TENS, or standard care

● ITT analyses using all available data for all randomized
participants will be used

● If there are missing data, MAR LMM will be used
● Sensitivity analysis will be performed using pattern mixture

models because data cannot be determined if MAR or MNAR
● Multiple imputation will be used for sensitivity analysis by

imputing from a nonrandom pattern mixture model
● Modified ITT will be conducted to account for participants who

did not achieve adequate dose (based on previous work, 5% of
participants randomized to active TENS group are expected to
not achieve adequate dose); this will be limited to those who
achieved at least one adequate-intensity dose71,72

Aim 2 V3–V2 Primary: fear of movement scores
Secondary: changes in function, fatigue, resting

pain, use of rescue medications,
accelerometry, and quality-of-life
questionnaires

● Comparison between the randomized groups will be performed
as described in aim 1

● Additional analysis using change in fatigue, fear of movement,
function, resting pain measures, and quality of life as dependent
variables in linear regression models; associations among these
outcomes and changes in pain values will be investigated

Aim 3 V3–V2 Change in PPT, CPM for those who complete
1 mo of active TENS

● Classification of participants who complete 1 mo of active TENS
as responders or nonresponders using published criteria49

● Linear regression models will assess for factors that predict
responders and nonresponders to treatment using data
obtained prior to the intervention

Aim 4 V2
V3
V4

Prior to randomization: FIQR and SF-36
PROMIS modules for comparison with FIQR

and SF-36

● Pearson correlation and testing for nonzero correlation between
PROMIS modules and corresponding domains of the FIQR and
SF-36.

● Multiple linear regression may be used to investigate this
relationship while controlling for potential confounding variables

● FIQR, PROMIS, and SF-36 will be obtained at 3 time points and
summarized as values, changes from pretreatment and percent
changes, changes observed in the randomized phase; time
points are (1) V2: pretreatment, (2) V3 randomized phase, and
(3) V4 nonrandomized active TENS

● Linear models may be used where treatment status—(1) V2:
pretreatment, (2) V3: randomized phase, and (3) V4:
nonrandomized active TENS—is treated as a time-varying
covariate to estimate the impact of changes in treatment status

Exploratory analysis Changes in pain responder status
Relationships between endpoints
Relationships between changes in pain,

sensory, and quality-of-life measures

● Further investigation during nonrandomized phase for
participants with 2 mo of active TENS (initially randomized to
active TENS) and those with a single month of active TENS
(initially randomized to placebo TENS or standard care)

● Multivariate methods (eg, partial least squares, principal
component analysis, classification and regression trees)

a NRS�numeric rating scale, BPI�Brief Pain Inventory, FIQR�Revised Fibromyalgia Impact Questionnaire, MAF�Multidimensional Assessment of Fatigue,
PROMIS�Patient Reported Outcomes Measurement Information System, SF-36�36-Item Short-Form Health Survey, TSK�Tampa Scale of Kinesiophobia, GIC�global
impression of change, ITT�intention to treat, LMM�linear mixed model analysis, BMI�body mass index, TENS�transcutaneous electrical nerve stimulation,
MAR�missing at random, MNAR�missing not at random, 6MWT�Six-Minute Walk Test, FTSTS�Five-Times-Sit-to-Stand Test, FRT�Functional Reach Test, PPT�pressure
pain threshold, CPM�conditioned pain modulation.
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mented to examine its effects. How-
ever, most studies of TENS examine
effects on pain, predominantly at
rest. Furthermore, effectiveness of
TENS remains controversial but
may depend on many factors, includ-
ing adequate stimulation parameters
and outcome measures.22,32,44 For
example, prior work showed that
pain during function is more likely
to be reduced by TENS and that
there is minimal effect on pain at
rest.19 It is also clear that pain is
not the only indicator of effective-
ness, and clinical trials with phar-
maceutical agents in people with
fibromyalgia also assess effects on
function, quality of life, and other
associated symptoms such as fatigue
or sleep.45–48 Therefore, we will
apply these same principles by
examining not only whether TENS
decreases pain with movement, but
also whether this decrease in pain
translates to improved function and
quality of life.

This clinical trial will uniquely exam-
ine whether TENS affects pain phys-
iology and whether improvements in
clinical symptoms correlate with
normalization of pain-processing
physiology. The findings will allow
us a scientific rationale for the effec-
tiveness of TENS in the patient with
fibromyalgia and will validate prior
animal studies. Our preliminary stud-
ies strongly suggest that we will see
changes in pain with movement,
function, and pain physiology. In
addition, we are assessing the utility
of using the PROMIS modules in the
assessment of the pain and other
symptoms of fibromyalgia by validat-
ing its performance against disease-
and domain-specific instruments
used in fibromyalgia clinical trials.
Lastly, we will evaluate the perfor-
mance of the PROMIS modules com-
pared with other measurement strat-
egies as components of the ACR
FM30 responder criteria.49
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Blanco CR, et al. Changes in pressure pain
sensitivity in latent myofascial trigger
points in the upper trapezius muscle after
a cervical spine manipulation in pain-free
subjects. J Manipulative Physiol Ther.
2007;30:578–583.

71 Carpenter J, Kenward MG. Multiple Impu-
tation and Its Application. West Sussex,
United Kingdom: John Wiley & Sons Ltd;
2013.

72 Molenberghs G, Kenward MG. Missing
Data in Clinical Studies. West Sussex,
United Kingdom: John Wiley & Sons Ltd;
2007.

FAST Protocol

140 f Physical Therapy Volume 95 Number 1 January 2015


