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Abstract

Because fibromyalgia (FM) patients frequently report activity-dependent deep tissue pains,
impulse input from painful body regions may be relevant for their musculoskeletal complaints. In
addition, peripheral impulse input may induce and maintain thermal and mechanical hyperalgesia
of FM patients. If so, activity and rest may alternately enhance and diminish intensity of FM pain.
However, the effects of exercise on pain are ambiguous in studies of FM. Whereas exercise-only
studies demonstrated increased pain and hyperalgesia during and after physical activity, some
exercise studies that included rest periods resulted in decreased FM pain and increased function.
To further clarify these effects, we examined the effects of alternating exercise with rest on
clinical pain and thermal/mechanical hyperalgesia of 34 FM patients and 36 age-matched healthy
controls (NC). Using an ergometer, all subjects performed arm exercise to exhaustion twice
alternating with 15 min rest periods. Although strenuous muscle activity was reported as painful
by most FM subjects, overall clinical pain consistently decreased during the rest periods.
Additionally, FM subjects’ pain sensitivity to mechanical pressure decreased after each exercise
and rest session.

Conclusion—Alternating strenuous exercise with brief rest periods not only decreased overall
clinical pain of FM subjects but also their mechanical hyperalgesia. No prolonged worsening of
overall FM pain and hyperalgesia occurred despite vigorous muscle activity. Our findings
contribute further evidence that FM pain and hyperalgesia are at least partially maintained by
muscle impulse input and that some types of exercises may be beneficial for FM.

Perspective—FM is a pain-amplification syndrome that depends at least in part on peripheral
tissue impulse input. Whereas muscle activity increased overall pain, short rest periods produced
analgesic effects.
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Introduction

Methods

Many individuals with FM adopt sedentary lifestyles 11 resulting in cardio-pulmonary
fitness well below average levels ,7 10, While underlying pain, fatigue, and depression
likely contribute to such sedentary lifestyles and low levels of fitness, several exercise
studies indicate that individuals with FM are able to perform not only low to moderate
intensity aerobic muscle activities 15,25, flexibility and muscle-strengthening exercises 20,22,
but also high level cardio-pulmonary activities 18,50, However, while exercise is recognized
as an important part of FM management, not all of the clinically relevant and practically
important aspects of exercise related symptom improvement have been identified. Exercise
activates opioid and noradrenergic stress response systems in proportion to the magnitude
and duration of exercise 1,42, These endogenous systems also respond to nociceptive input
and reduce or limit the intensity of evoked pain sensations and related affective states 36.
Accordingly, appropriate levels of exercise should also reduce pain sensitivity, and two
reports support this hypothesis 21,23,

An important factor with respect to exercise-related pain sensitivity is the source of
nociceptive input. For example, morphine more powerfully attenuates C-fiber mediated pain
sensations than pain evoked by A-delta fiber input 12,39, Because exercise activates
endogenous opioid 26 and other analgesic mechanisms 45, the present study predominantly
evaluated effects of strenuous exercise on pain in FM and NC subjects that is predominantly
mediated by C-fiber input.

Pain modulation depends on the amount and duration of exercise-induced stress and the
status of pain modulatory systems activated by exercise. Whereas acute stressors have been
shown to attenuate nociceptive reflexes 2,13,24 35 and may inhibit pain, chronic stress
appears to increase pain sensitivity in some behavioral assays 41,52, Similarly, acute
activation of endogenous opioid systems is clearly antinociceptive, but this system may
become less effective under conditions of chronic pain 27,43, Therefore, activation of such
systems by exercise could have different effects on nociceptive processing in NC and FM
patients.

Although some aerobic exercise programs seem to attenuate clinical pain in FM patients
293153 these reports stand in contrast to complaints by FM patients of chronic muscle pain
that appears to worsen with physical exercise 32,33, The latter reports are consistent with
recent observations that nociceptive input from skeletal muscle can contribute to the
hyperalgesia of FM patients 47.

Many studies of FM patients have demonstrated the presence of mechanical and heat
hyperalgesia 46,8 49 The present study directly compares the effects of strenuous exercise
and rest not only on mechanical and heat hyperalgesia but also on clinical pain of FM
patients. Using a classic double reversal design, we hypothesized that FM endogenous pain
inhibitory systems will be effectively activated by repeated periods of strenuous exercise
and this effect would become most evident during subsequent short rest periods. Such
attenuation of clinical pain and hyperalgesia would not only provide evidence for effective
pain inhibitory systems in FM patients but also address potential concern that exercise could
result in prolonged enhancement of clinical pain.

Study Participants

36 normal control (NC) participants and 34 FM subjects were recruited from the local
community and FM support groups. Informed consent was obtained from all subjects and
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the study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki.
The University of Florida Institutional Review Board approved the procedures and protocol
for this study. Prior to testing, all subjects underwent a clinical examination and were
excluded from the study if they had abnormal findings unrelated to FM. Use of analgesics,
including non-steroidal anti-inflammatory drugs (NSAID) and acetaminophen, was not
allowed during the study. All subjects were asked to discontinue analgesics for the duration
of five drug half-lives before testing, except narcotics which had to be stopped at least two
weeks prior to study entry. Low dose muscle relaxants and/or amitriptyline (< 10 mg/day)
were permissible during the study for treatment of FM-related insomnia.

Experimental Design

A parallel group classic reversal design (A-B-A-B) was used to evaluate the effects of 2 rest
and 2 arm exercise periods on clinical pain as well as primary and secondary hyperalgesia of
NC and FM subjects 3,4,19. The study protocol started with a 15 min rest period in a
darkened, quiet room of ambient temperature followed by arm exercise to volitional
exhaustion, intolerable pain, or 15 min duration. This sequence was once repeated in the
same order (double reversal design). During the rest periods the subjects reclined on a
comfortable lounge chair with foot elevation. The exercise testing was conducted in an
adjacent room using a calibrated arm ergometer (Monark, Sweden).

Rest Period—During each of two 15 min rest periods the participants were asked every 5
minutes to rate their overall clinical pain, anxiety and fatigue using a mechanical visual
analogue (VAS) scale 38,

Arm Exercise Testing—~For exercise testing a friction braked arm ergometer was used.
This ergometer was comprised of a Monark exercise bicycle with handle bars instead of foot
pedals. The ergometer was stably mounted on a table with the handle bars at shoulder
height. As with all Monark ergometers flywheel resistance could be adjusted with a friction
brake. For this experiment all participants exercised with the friction brake setting of 1kp (=
60 watts). They were instructed to rotate the flywheel consistently at 60 revolutions per
minute (rpm). To achieve this goal they were asked to synchronize each rotation of the
flywheel with the pulse of a metronome set at 1 Hertz (Hz). Thus, with every pulse of the
metronome one complete revolution of the flywheel had to be achieved by each participant.
During each exercise period the participants were asked to rate the intensity of their clinical
pain, anxiety, and fatigue once per minute using a mechanical VAS scale. In addition, they
were instructed to rate their perceived exertion once per minute using the Borg scale (see
below).

Borg Ratings of Perceived Exertion (RPE)—The Borg scale ranges from 6 to 20,
where 6 means “no exertion at all” and 20 “maximal exertion” 6. Participants were asked to
select the number from the Borg scale that best described their level of exertion. All
participants were asked to rate their level of exertion during arm exercises. They were
instructed that their rating of perceived exertion should reflect how heavy and strenuous the
exercise felt, including all sensations and feelings of physical stress, effort, and fatigue. No
single factor such as arm or shoulder pain or shortness of breath should dominate their
exertion rating, instead they were asked to focus on their total feeling of exertion.

Ratings of Pain

Ratings of Experimental Pain—A 15 cm mechanical visual analogue scale (0-10) was
used for ratings of experimental pain during mechanical and heat stimulation 38, The scale
was anchored on the left with “no pain at all” and on the right with “the most intense pain
imaginable”.
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Ratings of Somatic Pain—The same mechanical VAS (0-10) was also used for ratings
of somatic pain of all study participants before and after the experimental protocol.
Although the NC subjects were required to be pain free at enrollment their somatic pain
ratings were obtained before and after the testing session to capture possible new onset pains
like back pain, headaches, etc.

Thermal probe—A Peltier thermode with a contact surface of 3 x 3 cm (9 cm?)
(TSA-2001, Medoc Advanced Medical Systems, Ramat Yishai, Israel) was used for the heat
stimuli. For heat pain testing the preheated probe was brought into firm contact with the skin
of the volar forearm.

Heat Stimuli—Experimental pain was elicited by 10 sec heat pulses to the volar surface of
the forearm. Three 46 deg C 10 sec heat pulses were applied to three different areas of the
forearm separated by 10 cm, in counterbalanced order. At the end of each 10 sec heat
stimulus the participants were immediately asked to rate the intensity of their experimental
pain sensations using the VAS.

Pressure Pain Threshold Testing—Using a calibrated electronic algometer (Somedic
AB, Horby, Sweden) pressure pain thresholds (PPT) were obtained at the trapezius muscle
(TrapM) tender point (TP) of each shoulder, the web space between 15t and 2" fingers
(adductor pollicis muscle) of both hands, and midpoint of the tibialis anterior muscle of the
leg. The rubber tip of the algometer was 1 cm in diameter. After the algometer was placed
on the examined site pressure was gradually increased by 50 kPa/sec until pain threshold
was reached. The subjects were instructed to push a hand-held button when the sensation
changed from pressure to pain at the examination site. PPT testing was stopped at that
moment and the results were electronically recorded. Three PPTs were obtained at each
body site after each rest and exercise period.

Anxiety and Fatigue Ratings—The subjects rated their anxiety and fatigue several
times during each rest period using a 15 cm mechanical VAS. The scale was limited on the
right with “no anxiety at all” or no fatigue at all” and on the left with “most intense anxiety
imaginable” or “most intense fatigue imaginable”.

Tender Point Testing—Nine paired TPs as defined by the ACR Criteria 5 and two
control points (at the center of the right forearm and the right thumbnail) were assessed by a
trained investigator using a Wagner Dolorimeter (Force Measurement, Greenwich, CT). The
rubber tip of the Dolorimeter was 1 cm in diameter. The Dolorimeter was placed on the
examination site, and pressure was gradually increased by 1kg/sec. The subjects were
instructed to report when the sensation at the examination site changed from pressure to
pain. Pressure testing was stopped at that moment and the result recorded as positive (1) if
maximal pressure was < 4 kg. If no pain was elicited at > 4 kg the test result was recorded
as negative (0).

Statistical Analysis—Statistical analyses were conducted using SPSS 16.0 software
(SPSS, Inc., Chicago, IL). All group results were averaged (SD). A series of mixed model
ANOVAs for repeated measures was utilized to test experimental pain ratings for
differences within and between groups (Alpha level = .05). A priori hypotheses were
evaluated by simple contrasts (two-tailed).
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Results

Study participants

We recruited 36 middle-aged healthy pain-free female subjects [mean age (SD): 44.7 (11.0)
years] and 34 female FM subjects [44.6 (12.2) years] using advertisements posted
throughout the University of Florida, Gainesville. All FM subjects fulfilled the 1990 ACR
Criteria for FM 4. NC and FM subjects were found to have 5.4 and 16.9 TP, respectively (p
<.001). All participants were right handed including 61 Caucasian Non-Hispanics, 7
African-American and 2 Hispanic subjects.

Ratings of Somatic Pain in NC and FM Subjects

At the beginning of the study the healthy subjects reported only minimal somatic pain [.3 (.
6) VAS units], whereas FM subjects’ average overall somatic pain was 4.0 (2.3) VAS units
(p <.001). Using a double reversal design, overall pain of NC and FM subjects increased
during arm exercises and decreased with rest as shown in Figure 1 (for more details, see
below).

Exercise Duration and Ratings of Perceived Exhaustion (RPE)

Exercise Duration—NC subjects were able to exercise for 8.4 (2.4) min and 7.8 (2.4) min
during exercise period 1 and 2, respectively. FM subjects, however, exercised for only 5.8
(2.7) min and 5.1 (2.6) min, respectively. A repeated measure ANOVA with exercise period
(2) as within factor and diagnostic group (2) as between factor showed a significant main
effect for exercise period (F(62) = 12.5; p =.001) and diagnostic group (F(1,62) =18.9;p <.
001). The interaction effect of exercise period x diagnostic group was not significant
(F(1,62) = .03; p > .05). Thus, NC subject were able to exercise slightly longer than FM.
Although the duration of the second exercise period was slightly shorter for both groups, this
difference was not statistically significant (p > .05).

RPE—NC and FM subjects were asked to perform arm exercises to exhaustion or until
intolerable pain occurred. All subjects stopped because of exhaustion and not of pain,
including all FM participants. Because there was no significant difference in RPE between
the two exercise periods within each diagnostic group (all p > .05), we combined the RPE of
each group. RPE of NC and FM subjects was 15.7 (3.2) and 16.6 (2.0) Borg units,
respectively, and this difference was not statistically significant (p > .05).

Effects of Arm Exercise on Pain

This analysis compares the pain ratings during 2 exercise periods in FM and NC subjects.
During the 15t period of arm exercises the pain ratings of NC and FM subjects increased
from .6 (.7) and 3.1 (2.2) VAS units to 2.8 (2.7) and 5.3 (2.3) VAS units, respectively. Pain
ratings rapidly declined over 5 min to .3 (.4) and 3.4 (2.0) for NC and FM subject. During
the 2Nd period the pain ratings of NC and FM subjects increased from .7 (1.2) and 3.3 (1.8)
VAS units to 2.9 (2.7) and 5.2 (2.2) VAS units (see Fig. 2). Within approximately 5 min
they returned to baseline. A repeated measures ANOVA with time (2) and exercise period
(2) as within and diagnostic group (2) as between subjects’ factor showed significant main
effects for time (F(1,62) = 75.8 = p < .001) and diagnostic group (F(1,66) = 47.6; p <.001),
indicating that overall pain significantly increased in NC and FM subjects during exercise.
However, there was no significant interaction effect between time and diagnostic group
noted (F(1,62) = .3; p > .05) demonstrating that the increase of exercise induced pain was
similar for both diagnostic groups. The significant main effect of diagnostic group indicated
that pain ratings of FM subjects were higher than NC. There was, however, no significant
difference in pain ratings between exercise periods (F(1,62) = .5; p > .05) demonstrating that
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strenuous exercise alternating with rest was well tolerated. A correlational analysis was done
to explore the impact of exercise duration on pain. The lack of significant associations
between pain and exercise duration (p > .05), however, argues against this hypothesis and
supports subjects’ reports that their exercise duration was limited by exhaustion and by pain.

Effects of Rest on Pain

This analysis examines the effects of 2 rest periods on clinical pain in FM and NC subjects.
During the 15 rest period (15 min) the pain ratings of NC and FM subjects changed from .2
(.4) and 3.5 (2.4) VAS unitsto .1 (.3) and 2.4 (2.4) VAS units, respectively (see Fig 3).
Subsequently, rest alternated with arm exercises to exhaustion and then all subjects rested
again for 15 min. During the 2"d rest period the pain ratings of NC and FM subjects changed
from .3 (.4) and 3.2 (2.1) VAS units to .2 (.3) and 2.1 (1.7) VAS units, respectively. A
repeated measures ANOVA with exercise periods (2) and time (2) as within and diagnostic
group (2) as between subjects’ factor showed significant main effects for time (F(1,68) =
60.4; p <.001) and diagnostic group (F(1,68) = 70.2; p < .001). There was also a statistically
significant interaction effect of time x diagnostic group noted (F(1,68) = 41.8; p <.001).
These results showed that pain ratings of FM subjects were higher than those of NCs and
that pain decreased faster for FM than NC subjects (However, the lesser effects of rest on
pain of NC may be explained by floor effects). In addition, the magnitude of pain reductions
was similar during each rest period in NC and FM subjects (F(1,68) =.7; p > .05). Thus,
each rest period resulted in significant pain reductions of FM patients and this effect was
neither significantly diminished nor enhanced by exercise.

Effects of Exercise and Rest on Mechanical and Thermal Hyperalgesia

Effects of Exercise on PPT—Average PPTs obtained at the TrapM of NC and FM
subjects before and after exercise period 1 & 2 are shown in Table 1. A mixed model
ANOVA with time (4) as between groups and diagnostic group (2) as within groups factors
showed a main effect for diagnostic group (F(1,69) = 36.6; p <.001) and for time (F(3,207)
=5.1; p =.002). Simple contrasts showed a significant increase of PPT from the beginning
of exercise period 1 to the end of exercise period 2 for FM and NC subjects (F(1,69) =7.2; p
=.009). These findings demonstrate significantly greater mechanical hyperalgesia for FM
subjects than NC at any time during the exercise periods. In addition, FM subjects became
significantly less hyperalgesic and NC subjects became hypoalgesic.

Effects on Heat Hyperalgesia—Average heat pain ratings obtained at the forearms of
NC and FM subjects before and after exercise periods 1 & 2 are shown in Table 2. A mixed
model ANOVA with time (4) as between groups and diagnostic group (2) as within groups
factors showed a main effect for diagnostic group (F(1,55) = 20.8; p < .001), indicating that
FM subjects’ heat pain ratings were greater than NC’s at any time during the exercise
periods. There was no significant main effect detected for time (F(3,165) = 1.4; p > .05).

Ratings of Anxiety and Fatigue

Ratings of anxiety and fatigue were low for NC and moderate for FM subjects before each
rest period (see Table 3 & 4). A series of mixed model ANOVA was used to analyze the
effects of time and number of rest periods on anxiety and fatigue in NC and FM subjects.

Anxiety—The mixed model ANOVA of anxiety ratings (see Table 3) demonstrated
significant main effects for individual time points (F(3,189) = 3.4; p = .02), rest period
(F(1,63) = 5.8; p =.02), and group membership (F(1,63 = 22.6; p < .001), indicating that
anxiety ratings significantly decreased over time in FM and NC subjects. The interaction
effect of time points x group membership, however, was not significant (F(3,189) = 2.1, p
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> .06), showing that the reductions of anxiety during rest were similar over time for FM
subjects and NC. The significant main effect for diagnostic group, however, demonstrated
that anxiety ratings of FM subjects were higher than NC. The significant main effect for rest
periods indicated that anxiety ratings were higher during the 15t compared to the 2" rest-
period. Although this effect was greater for FM subjects than NC (F(1,63) = 4.6; p = .04),
this is most likely due to floor effects of NC ratings.

Fatigue—The mixed model ANOVA of fatigue ratings (see Table 4) showed significant
main effects for time points (F(3,189) = 14.2; p <.001) and group membership (F(1,63 =
35.4; p <.001). These findings indicated that fatigue ratings were higher in FM than NC
subjects and significantly decreased over time. The interaction effect of time points x group
membership was also significant (F(1,63) = 6.7, p = .01), showing that reductions of fatigue
during rest were greater for FM subjects than NC. The lack of significant main effects of rest
period on fatigue ratings (F(1,63) = .3; p > .05) demonstrated that fatigue reductions during
rest were similar during each rest period.

Discussion

Using a classic double reversal design 19 this study is the first to demonstrate that exercise
consistently increases and rest reduces FM pain and fatigue. Moreover, some effects appear
to be cumulative because large reductions in mechanical hyperalgesia occurred at the end of
two brief exercise bouts alternating with 15 min rest periods. These sequential effects
provide strong support for a role of peripheral impulse input in induction and maintenance
of FM pain 47. In addition, these results encourage a therapeutic strategy of using rest as
well as exercise and also provide evidence for effective exercise-induced anti-hyperalgesic
mechanisms in FM. Although FM patients reported a short-lasting increase in overall pain
intensity during arm exercises, their clinical pain always rapidly declined during the rest
periods to below baseline levels allaying potential concerns that exercise might produce
prolonged exacerbation of FM pain 28. Although the mean duration of each exercise period
in this study was quite short (approx. 5 min) for FM and NC subjects alike, most likely due
to low physical fitness of the participants, high physical exertion ratings (RPE) indicate
excellent efforts by all participants. Thus short periods of exercise alternating with rest seem
to be an effective adjunctive therapy for FM symptoms.

Exercise and Pain

Over the last 20 years exercise has become an integral part of the nonpharmacological
treatment of FM patients after patients randomized to 20 weeks of high-intensity exercise
had greater improvements in fitness, tender point pain thresholds, and patient/physician
global assessment ratings than patients randomized to flexibility training 30. The acceptance
of high-intensity exercise by chronic pain patients, however, is limited because of its
association with more activity-related pain than low intensity exercise ® and due to high
attrition rates (up to 67%) 34.

Four meta-analyses have examined the benefits of exercise for individuals with FM 89,17 40,
Whereas most of these reviews examined the combined effects of exercise and other non-
pharmacological interventions, only one meta-analysis focused exclusively on the effects of
exercise 2. This meta-analysis limited its study to exercise interventions that met or
exceeded established criteria for improving aerobic conditioning or strengthening. There
was moderate quality evidence that short-term aerobic-only exercise provides medium
effect-size improvements of global well-being and physical function. Self reported pain
decreased in about half of the included high-quality studies but this effect was not
significant. There was, however, limited evidence that strength-only exercise has a positive
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effect on pain, global well-being, physical function, tender points, and depression. Although
exercise did not decrease self-reported pain in many exercise studies, it is important to note
that by the end of short-term exercise programs, pain had also not increased.

Peripheral Impulse Input Dynamically Induces and Maintains Clinical FM Pain and
Hyperalgesia

FM is characterized by widespread hyperalgesia to mechanical, thermal, chemical, and
electrical stimuli 14,44. Despite convincing evidence for central sensitization of nociceptive
pain pathways in FM, increasing support exists for the role of peripheral tissue impulse input
in the initiation and maintenance of this chronic pain syndrome. A previous study tested the
effects of trapezius muscle (TrapM) tender point injections with 1% lidocaine on local pain
thresholds as well as on remote heat hyperalgesia at the forearm of FM patients 4/. Both
local TrapM hyperalgesia and remote heat hyperalgesia (forearm) were significantly reduced
after muscle injections, emphasizing the important role of peripheral impulse input in
maintaining central sensitization in FM. The present results add to this interpretation by
showing that short periods of arm exercise temporarily increase clinical pain, emphasizing
the important role of peripheral impulse input for FM hyperalgesia and pain. In this respect,
the interaction between peripheral impulse input and central sensitization may be similar to
other persistent pain conditions like irritable bowel syndrome 37 and complex regional pain
syndrome 16.

Conclusions

Short bouts of strenuous arm exercise were rated as painful by FM patients while brief rest
periods consistently decreased their overall clinical pain, fatigue, and mechanical
hyperalgesia. The reversibility of these findings strongly argues against unspecific effects on
pain and hyperalgesia, including time. Therefore, this type of exercise regimen appears to be
beneficial for FM symptoms. Importantly, no prolonged worsening of overall FM pain,
fatigue, and hyperalgesia occurred despite vigorous muscle activity. Increase in pain during
exercise and decreased pain during rest contribute further evidence that FM pain is at least
partially maintained by muscle impulse input.
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Figure 1.

Demonstration of a classic double reversal design as a useful tool for assessing the effects of
arm exercise alternating with rest on clinical pain of 36 NC and 34 FM subjects. All subjects
consistently reported increasing pain with exercise and attenuation of pain with rest.
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Figure 2.

Average (SD) pain ratings of NC and FM subjects during 2 periods of arm exercise. Pain
ratings of FM subjects were significantly higher than those of NC before and after each
exercise period (p <.001). Arm exercises significantly increased pain ratings of NC and FM
subjects (p < .001). However, the overall pain increase from arm exercise was not different
between NC and FM groups (p > .05).
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Figure 3.

Average (SD) pain ratings of NC and FM subjects during 2 rest periods. Pain ratings of NC
were minimal before the rest periods and significantly decreased during the rest periods (p
<.001). FM subjects’ overall pain ratings were significantly higher than NCs’ before,
during, and after the rest periods (p < .001). 15 min of rest significantly attenuated clinical
pain ratings of FM subjects (p < .001) and this effect become stronger over time (p < .001).
These beneficial effects of effects of rest were not attenuated by exercise.
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