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Objective. To determine the safety, feasibility and consequences of a program of progressive strength training and
cardiovascular exercise in women with fibromyalgia syndrome (FMS).
Methods. Fifteen women with confirmed FMS were monitored for injury and exercise compliance, and assessed for
muscle strength (1-repetition maximum technique), cardiovascular endurance (6-minute walk test), and functional status
(Fibromyalgia Impact Questionnaire [FIQ]) before and after a 20-week exercise intervention.
Results. Zero injuries and an 81% compliance rate occurred during training. Improvement was seen in muscle strength
of the lower (191 � 75 to 265 � 67 pounds; P < 0.001) and upper (61 � 18 to 76 � 18 pounds; P < 0.001) body, 6-minute
walk distance (530 � 80 to 629 � 74 meters; P < 0.001), and in FIQ score (44 � 9 to 32 � 14; P < 0.01).
Conclusion. A program of progressive strength training and cardiovascular exercise can be safe, well tolerated, and
effective at improving muscle strength, cardiovascular endurance and functional status in women with FMS without
exacerbating symptoms. This program may also contribute to a reduction in the severity of several symptoms.
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INTRODUCTION

Fibromyalgia syndrome (FMS) is a complex, noninflam-
matory pain syndrome characterized by total body pain,
fatigue, and dysfunctional sleep patterns, and is associated
with several comorbidities including, depression, anxiety,
irritable bowel syndrome, irritable bladder syndrome,
Raynaud’s syndrome, and neuralgias (1,2). FMS is the

second most common rheumatologic disorder in the
United States, affecting approximately 4–6 million Amer-
icans (3,4). Currently, FMS is poorly understood, having
no known etiology or cure. Symptoms demonstrate an
inconsistent and frequently unpredictable pattern of sever-
ity and a resistance to standard approaches to care. Current
treatment centers on the use of pharmacotherapy and self-
management techniques (5,6).

It is widely accepted that exercise is beneficial in the
self-management of FMS. Current recommendations in-
clude participation in aerobic and flexibility training (7,8).
The focus on cardiovascular exercise reflects early studies
that reported below-average levels of cardiovascular fit-
ness in patients with FMS (9,10). However, even though a
lower level of muscle strength has been reported in the
FMS population (11–13), most studies involving exercise
and patients with FMS have not included strength training
as part of the intervention. At least one reason has been a
concern about an increased risk for subject injury and
exacerbation of symptoms. These ideas stem from a theory
that FMS is associated with abnormal muscle tissue func-
tion (14,15). As a result, strength training has not been well
examined as part of an exercise program for the patient
with FMS. In the few published studies that include
strength training as part of an intervention, few data have
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been reported on changes in muscle strength, and most do
not clearly describe the exercise program. Currently, there
remains a lack of understanding about appropriate use of
exercise in general, and strength training in particular, in
patients with FMS. Therefore, we performed a prospective
study to answer the following questions: 1) Can an exer-
cise program combining strength training, cardiovascular
and flexibility exercise improve the fitness levels of
women with FMS without exacerbating symptoms or caus-
ing musculoskeletal injury? And, 2) how compliant will
this population be with a long-term exercise program of
this type?

SUBJECTS AND METHODS

Subjects. Twenty-four women with a confirmed diagno-
sis of fibromyalgia were recruited to participate in this
study. Subjects who met the American College of Rheu-
matology (ACR) criteria for FMS (16) were recruited pri-
marily through physician referral, with the majority com-
ing from a single rheumatologist (FGK). Each potential
volunteer was screened by telephone to ensure appropri-
ateness for the study. Volunteers were queried about their
participation in regular physical activity, the amount,
type, and intensity of the activity, and whether exercise
had ever exacerbated their FMS symptoms. The revised
Physical Activity Readiness Questionnaire (17), a vali-
dated series of 7 questions that aim to identify persons at
risk for adverse events while exercising, particularly car-
diovascular events, was also administered. Finally sub-
jects were asked about their medical history using a mod-
ified version of the Older Americans Resources and
Services medical history questionnaire (18), that had been
used previously by the authors (19,20). To participate,
volunteers needed written confirmation of a diagnosis of
FMS based on ACR criteria (16), a history of moderate to
no physical activity in the previous year, transportation to
the exercise site, and medical clearance to exercise. Each
volunteer’s primary care physician confirmed the diagno-
sis of FMS and provided written medical clearance for
participation in an exercise intervention.

We piloted a physician approval procedure to expedite
written confirmation of a diagnosis of FMS and to obtain
medical clearance for participants’ involvement in an ex-
ercise program. A letter explaining the study and subject
participation requirements, and a 2-page clearance form
were mailed to the office of each volunteer’s primary care
physician. The form listed 7 questions in a yes/no format
to confirm the diagnosis of FMS, and identify the presence
of health-related risk factors that would exclude a patient
from participating in the study. The form also requested a
list of current medications and any physical limitations or
concerns. The form was signed by the primary care phy-
sician and returned via fax. This approach enabled us to
confirm the diagnosis of FMS and obtain clearance for
participation in the exercise intervention faster than when
there was no form and we requested a letter clearing the
volunteer for participation. Physician clearance was re-
ceived from 100% of the requests, and 22 of 24 responses
were received within 2 weeks. All subjects gave written

informed consent prior to participation. The study was
approved by The Institutional Review Board of the New
England Baptist Hospital.

Testing. Outcome measures were assessed through a
combination of performance-based and self-report formats.
All subjects were evaluated twice—at baseline, and after
completion of the 20-week exercise intervention. Preinter-
vention testing was performed within 2 weeks of starting
exercise, while posttesting was completed within 4 days of
the last exercise session.

Muscle strength was assessed in the upper and lower
body using a 1-repetition maximum technique (1-RM) (20).
Although not previously reported in persons with FMS,
this technique has been safely used in older adult popu-
lations (20–22), including frail older adults (23) and car-
diac patients (24,25). The test requires the subject to per-
form repeated single repetitions of a particular anatomic
motion, separated by periods of rest. Resistance is system-
atically added after the successful completion of a repeti-
tion, until the person’s maximum voluntary muscle force
cannot move the resistance through the full range of mo-
tion (20,26). The greatest weight a person can move
through a full range of motion is recorded as the “1-repe-
tition maximum.” Prior to any physical effort, subjects
were shown proper technique of the chest press and leg
press, and were given specific instructions on how to
perform the test and when to stop. Subjects warmed up by
performing 6 to 8 repetitions with light resistance on the
machines. Subjects were instructed to stop an effort when
they felt they “were not able to safely push against the
weight” or when a maximal voluntary effort could not
complete a repetition (i.e., momentary failure). All tests
were performed on Life Fitness Leg Press and Chest Press
machines (Life Fitness, Franklin Park, IL). The 1-RM test-
ing technique had high reproducibility within the cohort
(R � 0.95). The 1-RM test was performed after the
6-minute walk to ensure proper body warm-up and to
reduce the chance of muscle strain.

The 6-minute walk test was used to assess cardiovascu-
lar fitness and mobility endurance (27). Subjects were
instructed to walk as far as they could in 6 minutes. They
could stop and rest or terminate the rest at their own
discretion if they experienced pain, shortness of breath, or
other complication. A 5-minute rest period was given prior
to the start of testing during which the resting heart rate
was measured by radial artery palpation. Measurement of
heart rate was repeated at 0, 1, 2, and 3 minutes post
completion of the 6-minute walk. The distance walked (in
meters) and heart rate (in beats per minute) at each time
point are reported.

The Fibromyalgia Impact Questionnaire (FIQ) is a vali-
dated instrument that assesses physical function (instru-
mental activities of daily living [IADL]), general well-being
and FMS-related symptoms (pain, fatigue, morning tired-
ness, stiffness, anxiety, and depression) (28). Scoring uses
a Likert scale to document frequency of IADL perfor-
mance, number of days in a week the person “felt good,”
and a series of visual analog scales to quantify the effect of
FMS symptoms on job performance, severity of pain, gen-
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eral and morning tiredness, stiffness, anxiety and depres-
sion. A higher score indicates a greater level of difficulty or
illness, and a reduction in score an improvement in func-
tional status.

Training protocol. The intervention was designed to
gradually increase the volume and intensity of exercise
a person performed, to involve all major muscle groups
of the body, and to include all 3 aspects of fitness—
cardiovascular endurance, muscle strength, and joint
flexibility. The intervention began with a low volume of
exercise performed at a low intensity, because of the
expected lower levels of cardiovascular fitness (9) and
muscle strength (11,12) reported in women with FMS,
and the lower threshold for postexercise muscle pain
and fatigue seen in this population (29). Participants
exercised for 60 minutes per session, 3 times per week
for 20 weeks.

The intervention was composed of 2 phases of exer-
cise. The first phase (4 weeks) was performed in a pool,
and focused on active range of motion of the body’s
major joints. Movements were controlled single-joint
motions. The second phase (16 weeks) involved land-
based exercises for improving cardiovascular endur-
ance, muscle strength, and joint range of motion. Each
exercise session was divided into 3 sections— cardio-
vascular, strength training, and flexibility—and was al-
ways performed in the same order. Cardiovascular exer-
cises incorporated walking on a treadmill (Life Fitness),
an elliptical device (Precor, Bothell, WA), and walking
on a track. Strength training exercises included static
contractions for pelvic and lumbar spine stabilization,
and dynamic movement of large muscles and multijoint
actions: hip flexion/extension, knee extension/flexion,
ankle plantar/dorsiflexion, shoulder flexion, extension,
abduction and horizontal adduction and abduction, el-
bow flexion and extension, and trunk flexion and rota-
tion. Strength training exercises were performed using a
combination of machines (Life Fitness), hand weights,
and body weight. Subjects began with resistance levels
they could do easily, and progressed in an 8-10-12-12
repetition format when appropriate. Flexibility was de-
veloped using a complete range of motion during
strength training movements, traditional stretches, and a
flexibility device (Precor). The land-based exercise pro-
gram was revised after 3 months to prevent boredom and
reduce the chance of dropout.

Statistical analysis. All analyses were performed with
JMP statistical software (30) using data from all subjects
who were retested after completion of the 20-week inter-
vention, regardless of how often they attended exercise
sessions. Data were assessed for normality using the Sha-
piro-Wilk W test. A paired t-test was used for analysis
because the data for within-subject changes over time of
the 4 outcome measures were normal (P � 0.50). All t-
tests were 2-tailed. Statistical significance was set at P �
0.05.

RESULTS

Subjects. Thirty women met the inclusion criteria, 24
enrolled, and 15 completed the study. Of the 6 women
who did not participate initially, 3 were unable to meet the
time requirement of 3 times per week for 20 weeks, 2 had
a conflict with work hours, and 1 lived too far away from
the exercise site. Nine women dropped out of the study at
various times during the 20-week period. Reasons for
drop-out included time conflicts with work and family,
distance traveled to the exercise site, and non–FMS-re-
lated illness. Most of the 15 participants who completed
the intervention were married, working, approximately 45
years old, had a college education, had experience with
exercise prior to the study, and were currently taking an
average of 3 medications each (Table 1). The majority of
the patients experienced their pain in the neck, upper and
lower back, hips, and lower extremities (Table 2). The

Table 1. Subject demographics

Characteristic n %

Female 15 100
Married 10 67
Single 1 7
Divorced 4 27
Education

Postgraduate 8 53
College 3 20
Some college 4 27

Currently working outside of home 9 60
Collecting disability 3 20
Age (Mean � SD) 44.9 � 8.8 years
Number of medications 3.1 � 2.1

Antidepressants 9 60
Benzodiazapines 5 33
NSAIDS 5 33
Cyclobenzaprine 5 33
Non-FMS medications 12 80

FMS � fibromyalgia syndrome; NSAIDS � nonsteroidal antiinflam-
matory drugs.

Table 2. Subject medical history at baseline (n � 15)

Areas of pain n %

Head and neck 15 100
Lumbar 14 93
Leg and foot 12 79
Thoracic 11 71
Hip 11 71
Knee 11 71
Shoulder 7 47
Elbow and hand 7 47

Comorbidities
Depression 7 47
Arthritis 5 33
Stomach problems 4 27
Thyroid problems 3 20
Circulation problems 3 20
High blood pressure 3 20
Osteoporosis 2 13
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primary comorbidity in the study group, reported by 7 of
the 15, was clinical depression. No difference in baseline
measurements was seen between the subjects who com-
pleted the intervention and those who dropped out.

Safety and compliance. There were no injuries during
the exercise sessions, and subjects demonstrated a high
rate of compliance throughout the 20-week intervention
period. Five subjects reported temporary muscle soreness
after the first week of exercise in the water, and then again
during the first week on land. However, none of those
reporting soreness experienced a flare in symptoms during
these weeks of exercise. One subject reported soreness in
the shoulder and knee for more than 48 hours after com-
pleting the baseline testing. She was evaluated by an or-
thopedic surgeon and did not require medical treatment.
Specific attention was given to this subject to modify the
training intensity, as she requested, and no further inci-
dent was reported. This subject dropped out of the study
during week 12. Exercise program compliance was deter-
mined by the number of exercise sessions attended, di-
vided by the number of sessions held. Subjects who com-
pleted the study attended an average of 81% of the
exercise sessions. Program evaluations and followup dis-
cussions were held at the completion of the study to learn
more about program acceptance, unmet needs, and future
study intervention design. Social interaction, group cama-
raderie, physical benefits (improved energy, less morning
stiffness, ability to return to activities of daily life, e.g.,
shopping, riding bicycle with children, preparing dinner
for family), and fun were the most important aspects of the
program to the participants.

Fitness. All subjects who completed the intervention
exhibited improved muscle strength and cardiovascular
fitness. At baseline, strength values for the lower extrem-
ity, as measured by the 1-RM leg press, ranged from 80–
395 pounds (mean 191 pounds). Upper body strength, as
measured by the 1-RM chest press, ranged from 25–95
pounds (mean 59 pounds). After the intervention, mean
strength increased by 39% (74 � 57 pounds mean strength;
P � 0.001; 95% confidence interval [95% CI] 42–105) in
the lower extremity, and by 27% (16 pounds mean
strength; P � 0.001; 95% CI 9–23) in the upper body.
Fourteen of the 15 subjects improved their lower extremity
strength by 10–160 pounds. The one subject who did not
improve in lower extremity strength (395 pounds at base-

line–375 pounds at completion) attended the fewest ses-
sions (53%) and had a much higher baseline value than the
rest of the group (395 pounds versus 176 pounds). Twelve
of 15 women improved their upper body strength 5–40
pounds. Of the 3 who did not gain in strength, 2 had no
change, and 1 had a score 5 pounds less than baseline.
Strength improved throughout the 20-week intervention as
reflected by the continuous progression in the amount of
resistance used in training.

Six-minute walk distance improved 20% (99 � 87
meters; P � 0.001, 95% CI 51–147) in the group. Of the 13
subjects who increased their walking distance, 10 walked
�80 meters more, with 7 walking �100 meters farther than
baseline efforts. These gains were observed with no change
in heart rate (Table 3), suggesting similar effort was made
during both baseline and postexercise testing.

Symptoms. FIQ scores were used to determine changes
in symptom severity and overall functional status in our
sample (Table 4). Total FIQ score and severity of stiffness,
anxiety, pain, fatigue, morning tiredness, and depression
improved significantly (P � 0.05) in the group. These
findings suggest FMS-related symptoms did not worsen as
a result of the exercise program, but in fact improved over
the intervention period. Changes in total FIQ score
(mean � SD 12.5 � 13.7 units; P � 0.01, 95% CI 5–20)
indicate that the exercise program contributed to the im-
proved functional status of our sample.

DISCUSSION

Women with FMS safely improved their muscle strength
and cardiovascular fitness through a program of progres-
sive strength training, cardiovascular and flexibility exer-
cise. This program did not exacerbate FMS-related symp-
toms nor did it result in musculoskeletal injuries. In fact,
participants reported improvement in functional status
and reduction in FMS-related symptoms. Throughout the
20-week intervention, the participants who completed the
study (15 of 24, 63%) had high compliance, attending 81%
of exercise sessions. These findings demonstrate that an
exercise program that includes strength training activities
can be safe, feasible, and beneficial for persons with FMS,
specifically in the areas of improving muscle strength,
walking distance, functional status, and symptom severity.

Significant improvement in muscle strength is the key

Table 3. Primary outcome measure performance at baseline and postexercise (n � 15)

Outcome measure
Baseline

(Mean � SD)
Postexercise
(Mean � SD)

Difference
(Mean � SD) P

Chest press (pounds) 61 � 18 76 � 18 15 � 13 0.001
Leg press (pounds) 191 � 75 265 � 67 74 � 57 0.0002
6-minute walk (meters) 530 � 80 629 � 73 99 � 87 0.001
Heart rate

Resting 81 � 16 84 � 16 �0.05
1 minute after walk 103 � 23 104 � 22 �0.05
2 minutes after walk 91 � 15 90 � 19 �0.05
3 minutes after walk 87 � 15 86 � 16 �0.05
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finding of this study. Numerous studies examining the
muscles of patients with FMS have reported inconsistent
findings with regard to histologic and biochemical charac-
teristics (14,31–33), and force and fatigue patterns (12–
14,34,35), providing insufficient evidence of an organic
reason for the reduced level of muscle strength. Therefore,
it can be assumed that with the proper stimulus, strength
improvements can be expected. However to date, few ex-
ercise intervention studies involving patients with FMS
have examined strength as an outcome or included
strength training exercises in the intervention. Our find-
ings agree with those of Bailey and colleagues (36), who
reported an increase in upper body strength in a sample of
patients with FMS. A comparison between their results
and those of this study is not possible because of the
difference in outcome measure (1-RM versus Canadian
Standardized Test of Fitness). The present findings dem-
onstrate that women with FMS can regularly perform sub-
maximal exercise at a sufficient intensity to stimulate
physiologic adaptation in muscle strength. Keys to this
observed change are the high compliance rate and exercise
progression.

Most FMS-related exercise studies have focused almost
exclusively on the cardiovascular (aerobic) component of
fitness. This is due in part to early reports of low cardio-
respiratory fitness (9,10), presence of pathologic changes
in muscle that include altered levels of high-energy phos-
phates and mitochondria (14), documented benefits from
cardiovascular exercise interventions (37), and the obser-
vation that highly aerobically fit individuals were resistant
to induced FMS-like sleep dysfunction (38). Baseline val-
ues of 6-minute walk distance of the participants in our
study were similar to (39,40) and greater than (41) those in
other intervention studies. The mean improvement of 99
meters seen in our participants was greater than that re-
ported by others with similar groups at baseline. Bennett et
al (39) reported an improvement of 55 meters after com-
pleting a 6-month multidimensional treatment program, of
which exercise training was part. Burckhardt et al (40)
used exercise in 1 of 3 arms (education, education plus
exercise, waiting list control) and reported a mean increase
of 5 meters in the group who completed 6 weeks of edu-
cation plus exercise. Gowans et al (41), using a 6-week
intervention of education and exercise, reported an in-
crease of 72 meters in the intervention group and 22

meters in the control group. Their sample had a lower
performance level at baseline, which possibly allowed for
greater improvement in the shorter time period. The dif-
ferences seen between our findings and those of others are
probably due to the longer duration of our intervention,
the intensity of exercise performed on a regular basis and
the concomitant increase in muscle strength.

The intensity of exercise is a critical determinant of the
magnitude of its effect. In this study, we controlled the
level of effort by holding people back during the first 5
weeks, and then adjusted the level of resistance on
strength training exercises and the speed of walking to
their level of difficulty. Subjects knew they could always
return to a lower level of intensity and were not afraid to
try to increase. This “self-paced” approach, which is based
on the person’s decision to increase, decrease, or maintain
a level of exertion for an exercise during each exercise
session, has been successful in other musculoskeletally
impaired populations (19,20). Because of the increased
risk of exercise causing an exacerbation of symptoms and
prolonged pain (29), we speculate that in previous studies
caution was used in determining the appropriate level of
exercise intensity, which resulted in interventions that
were below the threshold needed to precipitate physio-
logic changes. The absence of injury and magnitude of
changes we observed in muscle strength performance,
6-minute walk distance, and symptom severity suggest
that our intervention was appropriate for the heteroge-
neous levels of fitness seen in patients with FMS to bring
about physiologic changes while not overtraining.

Compliance is critical to the success of an exercise in-
tervention. Participants who completed our study at-
tended 81% of the exercise sessions over the 20-week
intervention period. This level of compliance was similar
to the 86% reported by Gowans et al (41) for a 12-week
education and exercise intervention. Comparison with
other studies examining exercise interventions in the FMS
population is not possible since compliance rates have not
been customarily reported (36,40,42–44). Our compliance
rate is a key reason for the improvements seen in this
study, and reflects a combination of the positive experi-
ence people had at the exercise sessions, the perceived
efficacy of the exercise program throughout the interven-
tion period, the benefit of the group dynamics, and com-
mitment of the subjects to the project and themselves.

Table 4. Fibromyalgia Impact Questionnaire (FIQ) results at baseline and postexercise (n � 15)

Scale
Baseline

(Mean � SD)
Postexercise
(Mean � SD) P

Total FIQ score 44.3 � 9.0 31.8 � 13.5 0.002
Physical impairment 3.7 � 0.7 3.3 � 0.7 0.18
Felt good 6.0 � 1.8 4.8 � 2.0 0.03
Missed work 1.6 � 1.8 2.1 � 2.4 0.19
Symptoms interfered w/job 5.0 � 2.5 3.6 � 2.6 0.04
Pain 6.1 � 1.7 4.8 � 2.5 0.03
Fatigue 7.3 � 1.8 5.3 � 2.6 0.02
Rested 7.7 � 1.9 5.5 � 2.5 0.02
Stiffness 7.3 � 1.5 4.8 � 2.3 0.008
Anxiety 6.1 � 2.4 4.2 � 2.9 0.008
Depression 4.9 � 2.3 3.2 � 2.4 0.03
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Sixty-three percent of subjects completed the study (15 of
24 subjects). This attrition rate of 37% is similar to that
reported in other group interventions for FMS of shorter
(36,42) or similar length (39,43).

Several limitations exist in our study. First, the sample
size is small. Although this limits the ability to generalize
the findings, the consistency and magnitude of a positive
effect on muscle strength, cardiovascular fitness and
symptoms, and the high compliance rate we observed in
the group suggest the findings are real. Second, our study
lacked a control group for comparison. Improvements in
upper and lower body strength and 6-minute walk dis-
tance documented in this study could be due to changes in
effort. Patients with FMS have been reported to exert be-
low-maximum effort on performance measures of muscle
strength and cardiovascular fitness (11–13). In our study,
this could mean that all subjects (because all improved in
1 or more measurements) did not give maximal effort on
each test at baseline, but did at followup testing. This is
highly unlikely. To assess effort (i.e., intensity) during the
6-minute walk test, we used posttest heart rate (Table 3),
an objective measure that cannot be consciously con-
trolled, rather than rated perceived exertion scores, a self-
reported measure (45). Our finding of similar posttest heart
rates suggests similar levels of effort during both testing
sessions. Muscle strength testing is more difficult to eval-
uate because subjects repeatedly progressed until momen-
tary failure, and there are no reports of 1-RM testing values
in the FMS literature for comparison. There are precedents
in the literature for this uncontrolled, simple approach
(46). However, the next step in maximizing the exercise
program for patients with FMS is the performance of ran-
domized, controlled trials.

In summary, the data from this pilot study indicate that
women with FMS can safely participate in and benefit
from a program of moderate-intensity strength training,
cardiovascular, and range of motion exercises progressed
at a slow to moderate rate of intensity. Moreover, women
with FMS can exercise at a sufficient intensity to precipi-
tate fitness changes, specifically muscle strength and car-
diovascular fitness, without causing an exacerbation of
symptoms or increased risk of musculoskeletal injury. We
also found a positive effect of this exercise program on
several key FMS-related symptoms: pain, fatigue, sleep,
stiffness, anxiety, and depression. With the growing list of
health benefits from exercise in general, and strength train-
ing in particular, these data support the inclusion of
strength training as part of the recommended regimen of
exercise for women with FMS. However, because these
data are from a nonrandomized, uncontrolled study with a
small sample, further work on exercise selection, inten-
sity, volume, and progression needs to be performed in a
randomized, controlled trial design before appropriate
strength training guidelines can be developed for patients
with FMS.
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