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ABSTRACT

Background

Exercise training is commonly recommended for adults with fibromyalgia. We defined flexibility exercise training programs as those
involving movements of a joint or a series of joints, through complete range of motion, thus targeting major muscle-tendon units. This
review is one of a series of reviews updating the first review published in 2002.

Objectives

To evaluate the benefits and harms of flexibility exercise training in adults with fibromyalgia.

Search methods

We searched the Cochrane Library, MEDLINE, Embase, CINAHL (Cumulative Index to Nursing and Allied Health Literature), PEDro
(Physiotherapy Evidence Database), Thesis and Dissertation Abstracts, AMED (Allied and Complementary Medicine Database), the World
Health Organization International Clinical Trials Registry Platform (WHO ICTRP), and ClinicalTrials.gov up to December 2017, unrestricted
by language, and we reviewed the reference lists of retrieved trials to identify potentially relevant trials.

Selection criteria

We included randomized trials (RCTs) including adults diagnosed with fibromyalgia based on published criteria. Major outcomes were
health-related quality of life (HRQoL), pain intensity, stiffness, fatigue, physical function, trial withdrawals, and adverse events.

Data collection and analysis

Two review authors independently selected articles for inclusion, extracted data, performed 'Risk of bias' assessments, and assessed the
certainty of the body of evidence for major outcomes using the GRADE approach. All discrepancies were rechecked, and consensus was
achieved by discussion.

Main results

Weincluded 12 RCTs (743 people). Among these RCTs, flexibility exercise training was compared to an untreated control group, land-based
aerobic training, resistance training, or other interventions (i.e. Tai Chi, Pilates, aquatic biodanza, friction massage, medications). Studies
were at risk of selection, performance, and detection bias (due to lack of adequate randomization and allocation concealment, lack of

Flexibility exercise training for adults with fibromyalgia (Review) 1
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participant or personnel blinding, and lack of blinding for self-reported outcomes). With the exception of withdrawals and adverse events,
major outcomes were self-reported and were expressed on a 0-to-100 scale (lower values are best, negative mean differences (MDs) indicate
improvement). We prioritized the findings of flexibility exercise training compared to land-based aerobic training and present them fully
here.

Very low-certainty evidence showed that compared with land-based aerobic training, flexibility exercise training (five trials with 266
participants) provides no clinically important benefits with regard to HRQoL, pain intensity, fatigue, stiffness, and physical function. Low-
certainty evidence showed no difference between these groups for withdrawals at completion of the intervention (8 to 20 weeks).

Mean HRQoL assessed on the Fibromyalgia Impact Questionnaire (FIQ) Total scale (0 to 100, higher scores indicating worse HRQoL) was
46 mm and 42 mm in the flexibility and aerobic groups, respectively (2 studies, 193 participants); absolute change was 4% worse (6%
better to 14% worse), and relative change was 7.5% worse (10.5% better to 25.5% worse) in the flexibility group. Mean pain was 57 mm and
52 mm in the flexibility and aerobic groups, respectively (5 studies, 266 participants); absolute change was 5% worse (1% better to 11%
worse), and relative change was 6.7% worse (2% better to 15.4% worse). Mean fatigue was 67 mm and 71 mm in the aerobic and flexibility
groups, respectively (2 studies, 75 participants); absolute change was 4% better (13% better to 5% worse), and relative change was 6%
better (19.4% better to 7.4% worse). Mean physical function was 23 points and 17 points in the flexibility and aerobic groups, respectively (1
study, 60 participants); absolute change was 6% worse (4% better to 16% worse), and relative change was 14% worse (9.1% better to 37.1%
worse). We found very low-certainty evidence of an effect for stiffness. Mean stiffness was 49 mm to 79 mm in the flexibility and aerobic
groups, respectively (1 study, 15 participants); absolute change was 30% better (8% better to 51% better), and relative change was 39%
better (10% better to 68% better). We found no evidence of an effect in all-cause withdrawal between the flexibility and aerobic groups (5
studies, 301 participants). Absolute change was 1% fewer withdrawals in the flexibility group (8% fewer to 21% more), and relative change
in the flexibility group compared to the aerobic training intervention group was 3% fewer (39% fewer to 55% more). It is uncertain whether
flexibility leads to long-term effects (36 weeks after a 12-week intervention), as the evidence was of low certainty and was derived from
asingle trial.

Very low-certainty evidence indicates uncertainty in the risk of adverse events for flexibility exercise training. One adverse effect was
described among the 132 participants allocated to flexibility training. One participant had tendinitis of the Achilles tendon (McCain 1988),
but it is unclear if the tendinitis was a pre-existing condition.

Authors' conclusions

When compared with aerobic training, it is uncertain whether flexibility improves outcomes such as HRQoL, pain intensity, fatigue, stiffness,
and physical function, as the certainty of the evidence is very low. Flexibility exercise training may lead to little or no difference for all-cause
withdrawals. It is also uncertain whether flexibility exercise training has long-term effects due to the very low certainty of the evidence.
We downgraded the evidence owing to the small number of trials and participants across trials, as well as due to issues related to unclear
and high risk of bias (selection, performance, and detection biases). While flexibility exercise training appears to be well tolerated (similar
withdrawal rates across groups), evidence on adverse events was scarce, therefore its safety is uncertain.

PLAIN LANGUAGE SUMMARY

Flexibility exercise training for adults with fibromyalgia

This review summarizes the effects of flexibility exercise for adults with fibromyalgia.

What problems do fibromyalgia cause?

People with fibromyalgia have persistent, widespread body pain. They may also have fatigue, anxiety, depression, and sleep difficulties.
What is flexibility exercise training?

Flexibility exercise training is a type of exercise that focuses on improving or maintaining the amount of motion available in muscles and
joint structures by holding or stretching the body in specific positions.

Study characteristics

We searched the literature up to December 2017 and found 12 studies (743 individuals) that met our inclusion criteria. Flexibility
interventions were compared with control (treatment as usual), aerobic training interventions (e.g. treadmill walking), resistance-training
interventions (e.g. using weight machines that provide resistance to movement), and other interventions (e.g. Pilates). The average age of
participants was 48.6 years. Trials were conducted in seven countries, and most studies (58.3%) included only female participants. Exercise
trials ranged from 4 to 20 weeks. The stretching exercise programs ranged from 40 to 60 minutes, 1 to 3 times a day. The intensity of the
stretches (e.g. how far the stretch was taken in the available range of motion) was not reported in most cases. The time each stretch was
held ranged from 6 to 60 seconds. The targeted muscles were usually of both the upper and lower extremities, neck, and back. The flexibility
training was either supervised or done at home. Our main comparison was flexibility exercise versus land-based aerobic training.

Key results at the end of treatment for our main comparison

Flexibility exercise training for adults with fibromyalgia (Review) 2
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Compared with land-based aerobic exercise training, flexibility exercise resulted in little benefit at 8 to 20 weeks' follow-up.

Each measure below was measured on a scale from 0 to 100, with lower scores better.

Health-related quality of life: People who received flexibility exercise training were 4% worse (ranging from 6% better to 14% worse).
« People who had flexibility training rated their quality of life as 46 points.

+ People who had aerobic training rated their quality of life as 42 points.

Pain intensity: People who received flexibility exercise training were 5% worse (ranging from 1% better to 11% worse).

+ People who had flexibility training rated their pain as 57 points.

+ People who had aerobic training rated their pain as 52 points.

Fatigue: People who received flexibility exercise training were 4% better (ranging from 13% better to 5% worse).

+ People who had flexibility training rated their fatigue as 67 points.

+ People who had aerobic training rated their fatigue as 71 points.

Stiffness: People who received flexibility exercise training were 30% better (ranging from 8% better to 51% better).

« People who had flexibility training rated their stiffness as 49 points.

+ People who had aerobic training rated their stiffness as 79 points.

Physical function: People who received flexibility exercise training were 6% worse (ranging from 4% better to 16% worse).
+ People who had flexibility training rated their physical function as 23 points.

+ People who had aerobic training rated their physical function as 17 points.

Withdrawal from treatment

A total of 18 per 100 people dropped out of the flexibility exercise training group for any reason compared to 19 per 100 people from the
aerobic training group.

Harms

We found no clear information on harms. One study reported that one participant had swelling (tendinitis) of an ankle tendon (Achilles),
but it is unclear if this was related to participation in the flexibility exercise.

Quality of evidence

The evidence does not show that flexibility exercise significantly improves health-related quality of life, pain, fatigue, or physical function.
The number of people dropping out from each group was similar. Although the evidence suggests that flexibility exercise improves stiffness,
caution is advised in interpretation of these results, as this improvement was seen in only one study with very few participants. We
considered the overall certainty of the evidence to be low to very low due to study design issues, the small number of participants, and
low certainty of results.

Flexibility exercise training for adults with fibromyalgia (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Flexibility exercise training compared with aerobic exercise training for adults with fibromyalgia

Flexibility exercise training compared with aerobic exercise training for adults with fibromyalgia

Patient or population: adults with fibromyalgia

Settings: group and home program

Intervention: flexibility exercise training

Comparison: aerobic training

Outcome: measured at the end of intervention

Outcomes Anticipated absolute effects” Relative ef- Ne of partici-  Certainty of Comments

(95% ClI) fect pants the evidence

(95% Cl) (studies) (GRADE)

Risk with Risk with flexi-

aerobic (end bility

of interven-

tion)
Health-related quality of life as- Mean health- Mean 4.14 mm - 193 @000 Absolute change was 4% worse (6% bet-
sessed with: FIQ Total (0 is best) related qual- higher (2 RCTs) VERY ter to 14% worse). Relative change in the
0-to-100-millimeter scale ity of lifewas  (5.77 lower to LOW1,2,3,4 flexibility groups compared to the aerobic
Follow-up: range 12 weeks to 20 42 mm. 14.05 higher) groups was 7.53% worse (10.5% better to
weeks> 25.5% worse). NNTB n/aé
Pain intensity Mean painin-  Mean 4.72 mm - 266 @000 Absolute change was 5% worse (1% bet-
assessed with: VAS (0 is best) tensity was 52 higher (5RCTs) VERY LOW1,3,4  terto 11% worse). Relative change in the
0-to-100-millimeter scale mm. (1.39 lower to flexibility groups compared to the aero-
Follow-up: range 8 weeks to 20 10.83 higher) bic groups was 6.7% worse (2% better to
weeks8 15.4% worse).” NNTB n/ab
Fatigue Mean fatigue Mean 4.12 mm - 75 @000 Absolute change was 4% better (13% bet-
assessed with: FIQ and SF-36 con- was 71 mm. lower (2 RCTs) VERY LOWL.4 ter to 5% worse). Relative change in the
verted (0 is best) (13.31 lower to flexibility groups compared to the aerobic
0-to-100-millimeter scale 5.06 higher) groups was 6.02% better (19.4% better to
Follow-up: range 8 weeks to 20 7.4% worse).” NNTB n/a6é
weeks?®
Stiffness Mean stiffness  Mean 29.6 mm - 15 @000 Absolute change was 30% better (8% bet-
assessed with: FIQ (0 is best) was 79 mm. lower (1 RCT) VERY LOW4,11  terto 51% better). Relative change in the

0-to-100-millimeter scale
Follow-up: 8 weeks10

(51.47 lower to
7.73 lower)

flexibility group compared to the aerobic

feaqny £1
aueiyds’o) =
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group was 39% better (10% better to 68%
better).” NNTB n/a6

Physical function Mean physi- Mean 6.04 units - 60 @000 Absolute change was 6% worse (4% better
assessed with: FIQ and SF-36 con- cal function higher (LRCT) VERY LOWL1,4 to 16% worse). Relative change in the flex-
verted (0 is best) 17 units. (3.95 lower to ibility group
0-to-100-millimeter scale 16.03 higher)
Follow-up: range 8 weeks to 20 compared to the aerobic group was
weeks12 13.97% worse (9.1% better to 37.1%
worse).” NNTB n/ab
Withdrawals Study population RR0.97 301 - Absolute change was 1% fewer with-
(0.61to 1.55) (5RCTs) drawals in the flexibility groups (8% fewer
All-cause attrition 19 per 100 18 per 100 to 21% more). Relative change in the flex-
Follow-up: 8 to 20 weeks (11 to 29) ibility group was 3% fewer (39% fewer to
55% more).
Adverse events—increase in symp- Studies did Not all studies - Noreliablees- @oo0 In 1 of the 5 studies, 1 participant in the
toms, injuries, or serious adverse not measure measured or re- timate VERY LOW1,4 flexibility group was reported as having a
events or report ported events. minor adverse event. The following state-
events. ment was provided: "a patient in the FLEX

group had tendinitis of the Achilles ten-
don, which responded to treatment with
local heat and a reduction in exercise for
14 days" (McCain 1988; page 1138). How-
ever, it is unclear whether the tendinitis
was related to intervention participation.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; FIQ: Fibromyalgia Impact Questionnaire; NNTB: number needed to treat for an additional beneficial outcome; NNTH: number needed to treat for an
additional harmful outcome; RCT: randomized controlled trial; RR: risk ratio; SF-36: 36-item Short Form Health Survey; VAS: visual analogue scale

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1Downgraded two levels due to risk of bias (e.g. selection and performance bias).

2Downgraded one level due to inconsistency (i.e. heterogeneity among trials found).
3Downgraded two levels because flexibility was used as a proxy (i.e. flexibility exercise was used along with relaxation as the control in the study).
4Downgraded one level due to imprecision (sample size lower than 400 rule-of-thumb).
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5Study authors: Richards 2002; Valim 2003.

6NNTB or NNTH was not calculated, as there were no clinically important between-group differences.

TRelative change calculation as per Cochrane Musculoskeletal Review Group procedures: absolute change divided by the baseline mean of the highest-weighted aerobic group.
Richards 2002 (value was 55 on a 0-to-100-point scale on the FIQ for health-related quality of life, and 70.4 on a 0-to-100-point scale on the VAS for pain). Valim 2003 (value
was 68.4 points on a 0-to-100-point scale on the SF-36 Vitality for fatigue, and 43.23 on a 0-to-100-point scale on the SF-36 for function). Bressan 2008 (value was 75.7 points
on a 0-to-100-point scale on the FIQ for stiffness).

8Study authors: Bressan 2008; Matsutani 2012; McCain 1988; Richards 2002; Valim 2003.

9Study authors: Bressan 2008; Valim 2003.

10Study author: Bressan 2008.

11Dpowngraded one level for possible selection and performance bias.

12Study author: Valim 2003.
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BACKGROUND

Description of the condition

Fibromyalgia syndrome is defined as a condition of generalized,
chronic pain lasting at least three months accompanied with
widespread muscular tenderness (Wolfe 2016). Individuals with
this condition may also experience some degree of decreased
energy, fatigue, stiffness, sleep disturbances, depression, memory
problems, anxiety, tenderness to touch, balance challenges, and
sensitivity to loud noises, bright lights, odors, and cold (Bennett
2014; Macfarlane 2017; Wolfe 2016). Additionally, cognitive
impairment, sexual dysfunction, and reduced physical functioning
may be experienced (Ghavidel-Parsa 2015; Zettel-Watson 2011).
These symptoms compromise quality of life, thus impacting
home and work environments and possibly leading to a loss
of productivity, unemployment, and disability (Ghavidel-Parsa
2015). Genetic factors may contribute to the development of
fibromyalgia through a dysfunctional stress response resulting
from the hypothalamo-pituitary axis following a triggering event
(Fitzcharles 2013).

Based on 2012 Canadian diagnostic criteria, available estimates
of the prevalence of fibromyalgia in Canada suggest that 2%
to 3% of the population experiences the condition, and that it
more commonly affects females (Fitzcharles 2013). Other countries
have reported similar prevalence rates, using Wolfe 1990 or Wolfe
2010 diagnostic criteria, ranging from 0.4% in Greece and 0.6% in
Thailand to 6.4% in the United States and 8.8% in Turkey (Queiroz
2013). Worldwide, the estimated prevalence of fibromyalgia based
on previous diagnostic criteria is 2.7%, including 4.1% females and
1.4% males (Queiroz 2013). Following the modified 2010 American
College of Rheumatology diagnostic criteria for fibromyalgia, the
prevalence of fibromyalgia in the United Kingdom has increased
from 1.7% to 5.4% (Jones 2015). With these more recent criteria,
the condition is still disproportionately experienced by females,
though a greater proportion of males are now being diagnosed
with fibromyalgia, as sex or gender ratios have reduced from
13.7:1 to 2.3:1 (Jones 2015). The most recent fibromyalgia criteria,
updated in 2016, have identified 96.2% agreement with the 2011
criteria, suggesting that the increased diagnoses rates since the
2011 criteria may continue (Ablin 2017; Wolfe 2016). Fibromyalgia
is presentamong individuals with musculoskeletal disorders, those
with other illnesses such iHIV infection or Lyme disease (Buskila
1990; Dinerman 1992), and people with psychological disorders
such as depression (MacFarlane 1999). This highlights the diversity
of individuals who may experience this condition (Wolfe 2016), as
well as the varying comorbidity present.

Many people with fibromyalgia are hesitant to engage in
physical activity due to a fear of symptom exacerbation
following exercise (Nijs 2013), thus potentially increasing risks of
additional comorbidities (Nijs 2013). Individuals with fibromyalgia
often experience comorbid illnesses, including musculoskeletal
conditions, cardiovascular disorders, endocrinological disorders,
spondylosis/intervertebral disc disorders and other back problems,
irritable bowel syndrome, interstitial cystitis/painful bladder
syndrome, chronic pelvic pain, temporomandibular joint disorder,
depression, anxiety, and other psychiatric disorders (Ghavidel-
Parsa 2015).

Fibromyalgia care and comorbidities require significant healthcare
resources and costs (Ghavidel-Parsa 2015). Healthcare costs

include healthcare visits and hospitalizations, pharmaceuticals,
and extensive diagnostic testing (Ghavidel-Parsa 2015). On average,
individuals with fibromyalgia make 10 to 18 primary care
appointments per year and are hospitalized every 3 years
(Ghavidel-Parsa 2015). Several pharmacotherapy treatments have
shown tier 2 evidence for moderate pain relief (Macfarlane 2017).
Cochrane Reviews of these therapies have included pregabalin
and gabapentin (antiepileptics) (Derry 2016 Macfarlane 2017,
Roskell 2011; Wiffen 2013), cyclobenzaprine (a muscle relaxant)
(Macfarlane 2017; Tofferi 2004), duloxetine, milnacipran, and
fluoxetine (serotonin and norepinephrine reuptake inhibitors)
(Hauser 2012; Hauser 2013; Macfarlane 2017; Ormseth 2010;
Roskell 2011), tramadol (an opioid pain medication and serotonin
and norepinephrine reuptake inhibitor) (Macfarlane 2017; Roskell
2011), and amitriptyline (a tricyclic antidepressant) (Hauser 2012;
Macfarlane 2017; Moore 2012) and the evidence has been of
moderate and high certainty. Non-pharmacologic treatments
of fibromyalgia have recently been recommended (Fitzcharles
2013; Macfarlane 2017). Cochrane Reviews of non-pharmacologic
treatments have identified moderate-certainty evidence for
fibromyalgia management including aerobic exercise (Bidonde
2017; Busch 2007). Additional reviews have identified low-certainty
evidence for aquatic exercise (Bidonde 2014), resistance exercise
(Busch 2013), cognitive behavioral therapy (Bernardy 2013),
acupuncture (Deare 2013), and mind-body therapy (Theadom
2015).

Exercise training is now recognized as the cornerstone of treatment
and management strategies for fibromyalgia as it represents the
strongest evidence available (Fitzcharles 2013; Macfarlane 2017).
Non-pharmacological treatments, especially exercise training, are
recommended as the first treatment option for fibromyalgia
(Macfarlane 2017). Fibromyalgia treatment recommendations
include individualized exercise training tailored to a person's
physical abilities and level of conditioning in exercises enjoyed or
preferred by the individual (Fitzcharles 2013; Nijs 2013).

Description of the intervention

Flexibility exercise training is a type of exercise that focuses on
improving or maintaining the range of motion in muscles and joint
structures by holding or stretching the body in specific positions
(ACSM 2013). Joint range of motion is an important physical
characteristic that influences the capacity to perform activities
of daily living (Mulholland 2001). Muscle stretching exercises
increase the length of the muscle (or muscle group) beyond what
would customarily be used in normal activity. This can improve
non-clinical populations' range of motion temporarily right after
flexibility exercises, as well as chronically after approximately three
to four weeks of regular stretching at a frequency of at least two
to three times a week (de Weijer 2003; Decoster 2005; Guissard
2006; Kokkonen 2007; Radford 2006; Reid 2004). Range of motion
may improve in as few as 10 sessions with an intensive program
(Guissard 2004).

Different types of stretching exercises can improve range of
motion. Ballistic methods use the momentum of the moving
body segment to produce the stretch. This is commonly used
as warm-up (Woolstenhulme 2006). Dynamic or slow movement
stretching involves a gradual transition from one body position
to another, with a progressive increase in reach and range of
motion as the movement is repeated several times (McMillian
2006). Static stretching involves slowly stretching a muscle-tendon
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group and holding the position for a period (i.e. 10 s to 30 s for
young people and 30 s to 60 s for older people) Decoster 2005;
Feland 2001). Static stretching can be active or passive (Winters
2004). Active static stretching involves holding the stretched
position using the strength of the agonist muscle. In passive static
stretching, a position is assumed while holding a limb or other
part of the body with or without the assistance of a partner or
device. Static stretching, holding at the point of tightness or slight
discomfort, is the most commonly used stretching mode (Kay
2015). Proprioceptive neuromuscular facilitation (PNF) methods
take several forms but typically involve an isometric contraction
of the selected muscle-tendon group followed by a static
stretching of the same group and requires partner assistance (Rees
2007; Sharman 2006). Proprioceptive neuromuscular facilitation
regularly produces greater increases in range of motion, however
it can be problematic, as performing these contractions can be
painful and induce muscle damage (Kay 2015).

Low levels of flexibility have been associated with postural
problems, pain, injuries, decreased local vascularization, and
increased neuromuscular tensions (Coelho 2008). In fact, flexibility
training programs have been used to improve a person's well-
being and as a tool for symptom management in different
clinical populations such as those with major depressive disorders
(Ambrose 2015; Costa 2009; Jones 2006; Lanuez 2011).

How the intervention might work

The main goal of flexibility training is usually to improve or maintain
range of motion in major muscle-tendon groups in accordance
with individualized goals (ACSM 2013; Garber 2011). Flexibility
training improves postural stability and balance, Costa 2009, and
enhances physical function, range of motion, Jones 2002; Valencia
2009, and muscle strength, Jones 2006. Flexibility training also
decreases such fibromyalgia symptoms as pain, (Valencia 2009),
muscle stiffness (Chen 2011), fatigue, and psychological factors
(anxiety and depression) (Ambrose 2015; Lanuez 2011; Valencia
2009). It may be speculated that improved flexibility training could
also enhance self-perceived ability to perform activities of daily
living, and thereby improve psychosocial factors such as depressive
symptoms, Soriano-Maldonado 2016, and social interaction, which
are related to mental health and mood (Peluso 2005). Flexibility
training may thus be beneficial for both fitness improvements and
symptom control. Since stiffness and reduced range of motion
have been shown to reduce health-related quality of life (HRQoL)
in individuals with fibromyalgia (Valencia 2009), flexibility training
may contribute to decreasing these physical difficulties thus
improving HRQoL.

Flexibility training may be implemented as a program of static
stretchesthatare held for 10sto 30 s (ACSM 2013). Such activity may
be used as part of relaxation programs that have demonstrated a
positive effect on physical functioning and pain (Theadom 2015).

Why it is important to do this review

Flexibility exercises are advocated for the general public as a
method to address stiffness and increase or maintain range of
motion of major joints of the body (such as shoulders, hips,
knees, ankles, back, neck) in order to maintain or improve general
physical function (ACSM 2013). Since incorporating exercise into
one's daily routine is not a small endeavour, it is the responsibility
of clinicians and researchers to identify whether flexibility training

should be undertaken both to improve and maintain physical
function and to improve symptoms of fibromyalgia. If this
form of exercise contributes to symptom improvement, it is
important to identify which symptoms are most affected and
the magnitude of the improvement. This review is important
because flexibility training exercise is commonly recommended by
consumer organizations designed to provide peer support (such
as the National Fibromyalgia Association (www.fmaware.org/)).
These organizations include individuals with fibromyalgia and
healthcare providers, policymakers, and researchers (such as
the National Fibromyalgia and Chronic Pain Association (https://
fibroandpain.org/). This review was important to examine whether
flexibility training does or does not have an effect on symptoms of
fibromyalgia and HRQoL. Definitions for some of the terms utilized
in this review can be found in the "Glossary of terms" (Appendix 1).

OBJECTIVES

« Toevaluate the benefits and harms of flexibility exercise training
interventions for adults with fibromyalgia.

To assess the following specific comparisons:

« Flexibility versus untreated controls (e.g. usual medical
treatment)

« Flexibility versus aerobic interventions (e.g. treadmill
walking)

« Flexibility versus resistance training (e.g. progressive training
using weight machines)

« Flexibility versus other interventions (e.g. Pilates, friction
massage, medication)

METHODS

Criteria for considering studies for this review
Types of studies

We included trials described as randomized, even if the methods
of generating the random sequence were unclear or unreported,
or the method of allocating participants was likely to be quasi-
random (e.g. by alternation, date of birth, or similar pseudo-
randomized method). We did not include studies using cross-over
or cluster-randomized designs. We set no restriction on the number
of participants included in the studies.

Types of participants

We included studies that examined adults with fibromyalgia (=
18 years of age). We selected studies that used published criteria
for the diagnosis (or classification) of fibromyalgia. The American
College of Rheumatology (ACR) 1990 criteria have long been used
as the standard for classifying individuals as having fibromyalgia
(Wolfe 1990). By this method, an individual is classified as having
fibromyalgia when they have experienced widespread pain lasting
longer than three months with at least 11 active tender points (TP).
Tender points are noted at 18 designated locations on the body and
are defined as active if pain can be elicited by applying 4-kilogram
tactile pressure.

A diagnostic tool, ACR 2010 (Wolfe 2010), which does not rely upon
a physical tender point examination, is also available both as a
clinician-administered questionnaire and as a survey questionnaire
(Wolfe 2011). This measure includes the Widespread Pain Index
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(19 areas representing anterior and posterior axis and limbs),
in addition to a Symptom Severity Scale that contains items
related to secondary symptoms such as fatigue, sleep disturbances,
cognition, and somatic complaints. Scores on both measures are
used to determine whether a person qualifies for a “case definition”
of fibromyalgia. This tool has been found to correctly classify 88% of
cases that meet ACR 1990 criteria, and it allows ongoing monitoring
of symptom change among individuals with a current or previous
fibromyalgia diagnosis (Wolfe 2010). Although measures focusing
on tender point counts have been widely applied in clinical and
research settings, the methods described by Wolfe 2010 and Wolfe
2011 seem to classify people with fibromyalgia more efficiently,
while allowing improved monitoring of disease status over time.

We also included studies where participants were diagnosed with
fibromyalgia under different published diagnostic criteria, such as
those by Smythe 1979 and Yunus 1981. Although some differences
between published fibromyalgia diagnostic or classification criteria
areknown, for the purposes of this review, we considered all criteria
to be acceptable and comparable.

Types of interventions

We examined trials that studied flexibility exercise training
interventions regardless of frequency, duration, or intensity. We
defined flexibility as movements of a joint or a series of joints
through the complete range of motion that targeted major muscle-
tendon units (ACSM 2013).

We have presented data on interventions using the Frequency,
Intensity, Time, Type, Volume, Pattern and Progression (FITT-VP)
principles of exercise prescription (Table 1) outlined for healthy
individuals in Appendix 2 (ACSM 2013).

Comparator interventions included land-based aerobic training
(e.g. treadmill walking), resistance training (e.g. progressive
training using weight machines), and other interventions (e.g.
Pilates, friction massage, Tai Chi, medication, aquatic biodanza).
It should be noted that most aerobic and strength training
interventions included brief (typically 5 to 10 minutes) warm-
up and cool-down exercises before and after the main exercise
component. These warm-up and cool-down components usually
included a mix of stretching exercise and light aerobic exercise.

The main comparisons assessed in this review included the
following.

« Flexibility exercise training versus untreated control

« Flexibility exercise training versus land-based aerobic exercise
« Flexbility exercise training versus resistance training

« Flexibility exercise training versus other interventions

For the purposes of this review, we were interested in interventions
in which the effects of flexibility exercise training could be isolated,
therefore we excluded studies that combined flexibility exercise
training with other interventions or education.

Types of outcome measures
Major outcomes

Seven outcomes were designated as major outcomes: HRQoL,
pain intensity, fatigue, stiffness, physical function, adverse events,
and number of participants who withdrew or dropped out.

Three outcomes were designated as minor outcomes: tenderness,
depression, and greater than 30% improvementin pain. In selecting
these outcomes, we sought the opinion of consumers involved in
the team and considered the consensus statement of Choy 2009a
regarding a core set of outcome measures for clinical trials in
fibromyalgia as anticipated effects of flexibility exercise training
on physical fitness. We extracted data for selected outcomes
at baseline, end of intervention (post-treatment), and follow-
up data. Review criteria required each included study to report
measurement of one or more outcomes for at least one of these
time periods.

When anincluded study used more than one instrument to measure
a particular outcome, we applied the following preferred hierarchy
to choose the outcome measure for analysis.

« Health-related of life. This outcome consists of
multidimensional indices used to measure general health status
or HRQoL, or both (Choy 2009a). When included studies used
more than one instrument to measure HRQoL, we preferentially
extracted data from the Fibromyalgia Impact Questionnaire (FIQ
Total; Bennett 2009; Burckhardt 1991), followed by the Short
Form Health Survey questionnaire (either the SF-36 total or the
SF-12 total; Busija 2011; Ware 1993) and the EuroQol-5D (EQ-5D)
(Wolfe 1997).

« Pain intensity. The International Association for the Study of
Pain defined pain as “an unpleasant sensory and emotional
experience associated with actual or potential tissue damage,
or described in terms of such damage” (Merskey 1994). For the
purposes of this review, we focused on one aspect of the pain
experience, i.e. pain intensity. When more than one measure of
pain intensity was reported in a single study, we preferentially
extracted measures of average pain intensity (as opposed to
worst, least, or current pain) assessed by visual analogue scale
(VAS), FIQ Pain, McGill pain VAS followed by the Numerical
Pain Rating Scale. In studies where unidimensional measures
of pain intensity were not reported, we extracted composite
measures that included pain intensity and interference (SF-36
or Rand 36 Bodily Pain Scale; Ware 1993) or pain intensity
and suffering from pain (Multidimensional Pain Inventory - Pain
Severity scale).

« Fatigue. Fatigue is recognized by individuals with fibromyalgia
and clinicians alike as an important symptom (Choy 2009a).
Fatigue can be measured in a global manner, in which an
individual rates fatigue on a single-item scale, or using a
multidimensional tool that breaks the experience of fatigue
down into two or more dimensions such as general fatigue,
physical fatigue, mental fatigue, reduced motivation, reduced
activity, and degree of interference with activities of daily
living (Boomershine 2012). We accepted both uni- and
multidimensional measures for this outcome. When included
studies used more than one instrument to measure fatigue, we
preferentially extracted the fatigue VAS (FIQ Fatigue, or single-
item fatigue VAS), followed by the SF-36 or Rand 36 Vitality
subscale, the Chalder Fatigue Scale (total), the Fatigue Severity
Scale, and the Multidimensional Fatigue Inventory.

« Stiffness. In focus groups conducted by Arnold 2008, individuals
with fibromyalgia ".. remarked that their muscles were
constantly tense. Participants alternately described feeling as if
their muscles were ‘lead jelly’ or ‘lead Jell-O,' and this resulted in
a general inability to move with ease and a feeling of stiffness."
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We used a common measure of stiffness encountered in this
literature, i.e. the FIQ stiffness subscale.

« Physical function. This outcome focuses on the basic actions
and complex activities considered “essential for maintaining
independence, and those considered discretionary that are
not required for independent living, but may have an impact
on quality of life” (Painter 1999). Since cardiorespiratory
fitness, neuromuscular attributes (e.g. muscular strength,
endurance, and power), and muscle and joint flexibility are
important determinants of physical function, this outcome
is highly relevant as an outcome of exercise interventions.
When more than one measure of physical function was
available within a study, we preferentially extracted data
for the FIQ physical impairment scale (Burckhardt 1991),
followed by the Health Assessment Questionnaire disability
scale (HAQ), the SF-36 or Rand 36 Physical Function, the
Sickness Impact Profile - Physical Disability (Bergner 1981), and
the Multidimensional Pain Inventory household chores scale
(Huskisson 1976; Huskisson 1983).

« Adverse events. We extracted the number of participants who
experienced adverse events during the intervention (i.e. injuries,
exacerbations of pain and/or other fibromyalgia symptoms). If
this information was not available, we extracted the nature of
the adverse events in a narrative report.

« Withdrawals. We reported the number of participants who
withdrew or dropped out of the study for any reason.

Minor outcomes

The following is a rationale and preference listing of minor
outcomes. Among the three outcomes designated as minor
outcomes, we have included one psychological and one physical
variable that could potentially improve with flexibility exercise
training.

« Depression. This is a common mental disorder characterized
by depressed mood, loss of interest or pleasure, feelings
of guilt or low self-worth, disturbed sleep or appetite, low
energy, and poor concentration. These problems can become
chronic or recurrent and lead to substantial impairments in a
person’s ability to attend to his or her everyday responsibilities
(WHO 2017). In focus groups conducted by Arnold 2008,
the emotional disturbances most commonly experienced
by participants with fibromyalgia included depression and
anxiety. A complete understanding of depression and how
best to assess it in fibromyalgia trials is still uncertain and
is an active research issue (Mease 2009). However, because
people with significant depression are commonly excluded
from fibromyalgia intervention studies, the discriminatory
power of these instruments is underestimated (Choy 2009b).
We preferentially extracted Beck Depression Inventory (BDI)
Cognitive/Affective subscale scores followed by BDI total,
BDI without fibromyalgia symptoms; Short Form translated
SF-36; Hamilton Depression Scale; Center for Epidemiologic
Studies Depression Scale (CES-D); Fibromyalgia Impact
Questionnaire (FIQ) FIQ translated- depression subscale; Mental
Health Inventory (MHI) depression subscale; Arthritis Impact
Measurement scales (AIMS) - depression subscale; Hospital
Anxiety and Depression Scale - depression (HADS); Symptom
Checklist 90 (SCL-90-R) - depression; and the Psychological
General Well-Being (PGWB depression score).

+ Tenderness. Tenderness was defined as discomfort produced as
an evoked response to mechanical pressure (Dadabhoy 2008;
Gracely 2003). Although there are concerns that measures of
tenderness can be biased by cognitive and emotional aspects
of pain perception, many studies have supported the utility
of measurement of tenderness in fibromyalgia using either TP
counts or pain pressure threshold (Dadabhoy 2008). A TP is
identified when pressure of 4 kg is perceived as painful. When
included studies used more than one instrument to measure
tenderness, we preferentially extracted the TP count followed
by pain pressure threshold (dolorimetry score, based on at least
six of the 18 ACR TPs) and the total myalgic score (sum/mean of
ordinal rating of response to thumb pressure across 18 TPs).

« Improvement greater than 30% in pain. A 30% reduction is
considered a benchmark for a moderately important change in
pain intensity, and the consensus group Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials (IMMPACT)
recommends this measure for interpreting clinical trial efficacy
(Dworkin 2008). We extracted data on the number of participants
who met this criterion for intervention efficacy when this
information was available.

Search methods for identification of studies

The team Information Specialist conducted a comprehensive
search in nine databases for studies of physical activity
interventions in adults with fibromyalgia. The citations found
in the electronic and manual searches were screened and then
classified by the type of exercise training. This comprehensive
search captured all types of physical activity intervention studies,
of which only the subset classified as studies of flexibility training
interventions was included in this review.

Electronic searches

We searched the following databases from database inception to
31st of December, 2017 using the methods outlined in Chapter 6
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We applied no language restrictions. The full search
strategies for each database are shown in the Appendices as
indicated below.

« MEDLINE (Ovid) MEDLINE In-Process and MEDLINE 1946 to 31st
of December 2017 (Appendix 3)

« Embase (Ovid) Embase Classic + Embase 1947 to 31st of
December 2017 (Appendix 4)

« CINAHL (EBSCO) (Cumulative Index to Nursing and Allied Health
Literature) 1982 to 31st of December 2017 (Appendix 5)

« Cochrane Library (Wiley) 2003, Issue 1 to present (Appendix 6)
* Cochrane Database of Systematic Reviews (Cochrane
Reviews)

* Database of Abstracts of Reviews of Effects (DARE)
* Cochrane Central Register of Controlled Trials (CENTRAL)
* Health Technology Assessment Database (HTA)
* NHS Economic Evaluation Database (EED)

« AMED (Ovid) (Allied and Complementary Medicine Database)
1985 to 31st of December 2017 (Appendix 7)

« Thesis and Dissertation Abstracts (ProQuest) 1743 to December
2017 (Appendix 8)

« PEDro (Physiotherapy Evidence Database) 1929 to December
2017 (Appendix 9)
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« US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov/) 2000 to 31st of
December 2017 (Appendix 10)

« World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (www.who.int/ictrp/en/) 2007 to 31st of
December 2017 (Appendix 11)

Searching other resources

Two review authors independently reviewed reference lists from
key journals; identified articles and reviews of all types of treatment
for fibromyalgia; scrutinized all promising or potential references;
and added appropriate titles to the search results.

Data collection and analysis
Review authors

The review authors are members of the Cochrane Musculoskeletal
Group (CMSG) - Physical Activity and Fibromyalgia Team (see
Acknowledgements). The review authors were trained in data
extraction and 'Risk of bias' assessment using a standardized
orientation program. They worked independently and in pairs
with at least one physical therapist in each pair to extract data.
Two additional members, our team consumers, assisted at several
stages of the review. They were involved in selecting the outcomes,
writing the Plain language summary, and reading the final draft for
content and readability. The entire team met regularly to discuss
progress, clarify procedures, make decisions regarding inclusion or
exclusion of studies and classification of outcome variables, and
work collaboratively in the production of this review.

Selection of studies

Two review authors independently examined the titles and
abstracts of studies generated from the searches using a set
of criteria (Appendix 12). The team used Covidence software to
assist with independent screening of literature (Covidence 2015).
We retrieved the full-text publications for all potentially relevant
abstracts. All non-English reports were translated (Amanollahi
2013; Lopez-Rodriguez 2012; Matsutani 2012). We then examined
the full-text reports to determine study eligibility based on the
selection criteria. Disagreements between the two review authors
and questions regarding interpretation of inclusion criteria were
resolved by discussion or by consulting a third review author if
needed.

In keeping with Rosenthal's recommendations (Rosenthal 1995),
publications referring to the same primary study (what we
called 'companions') but presenting follow-up data in consequent
publications were linked and presented as one. Likewise, published
studies for which protocols were found in trial registries or were
published were considered companions and presented as one.

Data extraction and management

We used electronic data extraction forms developed, piloted,
and refined in our previous reviews to facilitate independent
data extraction and consensus (Busch 2008). Pairs of review
authorsindependently extracted the data. Any disagreements were
resolved by consensus orinvolving a third person (AJB) if necessary.
Two review authors (SYK, AJB) transferred data into the Review
Manager 5 software file (RevMan 2014). We double-checked that
data were entered correctly by comparing the data presented in
the software with the study reports. We noted in the Characteristics

of included studies table whether outcome data were not reported
in a usable way (Assumpcdo 2017); instances when the data were
obtained directly from study authors (Altan 2009; Assumpgao 2017;
Jones 2002; Lopez-Rodriguez 2012; Matsutani 2012; Richards 2002);
and when data were transformed or estimated from a graph
(Calandre 2009). If both unadjusted and adjusted values for the
same outcome were reported, we extracted the adjusted values. If
the data were analyzed based on an intention-to-treat (ITT) sample
and another sample (e.g. per-protocol, as-treated), we extracted
the ITT data. Due to changes in the methods (e.g. risk of bias), we
reassessed studies included in the previous review, (Busch 2002;
Busch 2007), for this updated review.

We extracted the following data from the included studies.

« Methods: study design, total duration of study and follow-up (if
applicable), and date of study.

« Participants: N, n, mean age, age range, gender ratio, disease
duration, diagnostic criteria, inclusion and exclusion criteria.
« Interventions, comparison, concomitant treatments recording:
* for all interventions with an exercise component: frequency,
duration of exercise sessions, intensity, mode, and
congruence with American College of Sports Medicine (ACSM)
guidelines for healthy adults (ACSM 2013);

* forinterventions with a non-exercise component: frequency,
duration, and main characteristics.

« Outcomes: major and minor outcomes as indicated previously;
additional outcomes assessed (recorded in the Characteristics
of included studies table); means and standard deviations for
tests at baseline and end of intervention (post-treatment) and
follow-up for continuous outcomes.

« Characteristics of trial design as outlined in the Assessment of
risk of bias in included studies section.

« Country of study, language of article, records of author contacts,
trials registry record or protocol, and notable declarations of
interest (recorded in the Characteristics of included studies
table).

Assessment of risk of bias in included studies

We assessed risk of bias of studies based on the procedures
recommended in the Cochrane Handbook for Systematic Reviews
of Interventions. Two review authors independently evaluated the
risk of bias in each included study using a customized form
based on the Cochrane 'Risk of bias' tool (Higgins 2011). The tool
addresses seven specific domains: sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessors, incomplete outcome data, selective outcome
reporting (including publication bias), and other sources of bias.
For other sources of bias, we considered issues such as baseline
inequities despite randomization.

We assessed each criterion as low, high, or unclear risk of bias
according to the information provided in the studies and at times
based on study author responses (Altan 2009; Assumpgao 2017;
Jones 2002; Lopez-Rodriguez 2012; Matsutani 2012; Richards 2002).
We classified studies as having a low risk of bias if all key domains
had low risk of bias and no serious flaws. We judged studies
for which the absence of information or ambiguities prevented a
determination of the potential for bias as at unclear risk of bias.
In such cases, we revised our assessment if the authors responded
to our requests for more information. Any disagreements between
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the review authors were resolved through discussion at consensus
meetings. If agreement could not be reached, involvement of a third
review member was sought.

Measures of treatment effect

For continuous data, we used the group post-treatment means
and standard deviations to calculate the effect sizes, employing
Review Manager 5 software (RevMan 2014). We expressed effect
sizes preferentially in the form of mean differences (MD) and 95%
confidence intervals (95% Cl). For dichotomous data, we used risk
ratios (RR) and 95% Cl.

We used Review Manager 5 software to generate forest plots to
display the results (RevMan 2014). We used data from the latest
follow-up assessments when evaluating long-term effects.

In the comments column of the Summary of findings for the main
comparison, we provided the relative change and the number
needed to treat for an additional beneficial outcome (NNTB). The
NNTB was provided only when the outcome showed a clinically
important difference. We calculated the NNTB for continuous
measures using the Wells calculator (available at the CMSG Editorial
office). For dichotomous outcomes, such as adverse events, we
planned to calculate the NNTB from the untreated control group
event rate and the risk ratio using the Visual Rx NNTB calculator.
Data were not available, and we were unable to calculate the NNTB
for dichotomous outcomes.

In accordance with the Philadelphia Panel 2001, we assumed a
minimal clinically important difference (MCID) of 15 points on a
100-point continuous pain scale and a relative difference of 15%
on all functional scales as being clinically relevant. The MCID was
used in the calculation of NNTB for continuous outcomes. For
dichotomous outcomes, the absolute risk difference was calculated
using the risk difference statistic in Review Manager 5, with the
result expressed as a percentage (RevMan 2014). For continuous
outcomes, the absolute benefit was calculated as the improvement
in the intervention group minus the improvement in the untreated
control group, in the original units. Relative change calculation as
per CMSG procedures: absolute change divided by the baseline
mean (of the most weighted study) of the comparator groups.

Unit of analysis issues

Weincluded studies with two or more parallel groups and examined
any relevant comparison that allowed the evaluation of the effects
of flexibility exercise training interventions on individuals with
fibromyalgia. For example, a three-arm trial comparing flexibility
versus drug treatment versus friction massage could appear in
two separate analyses: flexibility versus medications, and flexibility
versus friction massage. For details see the Characteristics of
included studies table.

Dealing with missing data

When numerical data were missing, we contacted the author
requesting the additional data required for analysis. We used open-
ended questions to obtain the information needed to assess risk
of bias and for the treatment effect. When numerical data were
available only in graphic form, we used Engauge Digitizer version
5.1 to extrapolate means and standard deviations by digitalizing
data points on the graphs (Mitchell 2012).

For dichotomous outcomes (e.g. number of withdrawals), we
calculated the withdrawal rate using the number of participants
randomized in the group as the denominator. For continuous
outcomes (e.g. post-treatment in pain score), we calculated the
MD or standardized mean difference (SMD) based on the number
of individuals analyzed at that time point. When the number of
individuals analyzed was not presented for each time point, we
used the number of individuals randomized to each group at
baseline. When means were not reported, we used medians.

When post-treatment standard deviations were unavailable, we
used the standard deviations of the pre-test scores as estimates.
When the variance was expressed using statistics other than
standard deviation (e.g. standard error, confidence interval, P
value), we computed standard deviations according to the methods
recommended in Chapter 7 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). When we were
unable to derive missing standard deviations using the above
methods, we would impute them from other studies in the meta-
analysis; however, this was not necessary for this review.

Assessment of heterogeneity

We assessed clinical and methodological diversity in terms of
participants, interventions, outcomes, and study characteristics
for the included studies to determine whether a meta-analysis
was appropriate. We did this by reviewing data obtained from
data extraction tables. We assessed heterogeneity through visual
inspection of the forest plot to assess for obvious differences in
result between the studies, and through the use of 12 and Chi?
statistical tests. As recommended in the Cochrane Handbook for
Systematic Reviews of Interventions (Deeks 2017), we interpreted |12
values as follows:

« 0% to 40%: might not be important;

+ 30% to 60%: moderate heterogeneity;

» 50% to 90%: substantial heterogeneity;

« 75% to 100%: considerable heterogeneity.

We interpreted the Chi? test with a P value < 0.10 as indicating
statistical heterogeneity.

When we removed a trial from the analysis, we noted changes in
both heterogeneity and effect size. Because I? involves overlapping
categories (e.g. 0% to 40%, 30% to 60%), or 'ambiguous' zones, we
explored statistical heterogeneity thoroughly when noted (e.g. I?
between 50% and 60%). Given that values between 50% and 60%
fall into an ambiguous zone, if we could find no apparent causes of
heterogeneity, we kept the trial in the analysis and documented our
decision.

Assessment of reporting biases

We planned to draw contour-enhanced funnel plots for each meta-
analysis to assess publication reporting bias if a large enough
sample of studies (i.e. more than 10 studies) was available and
included in the meta-analysis (Sterne 2017).

If the randomized controlled trial (RCT) protocol was available, we
compared the outcomes in the RCT protocol versus the outcomes
in the published report. For studies published after 1 July 2005,
we searched the WHO ICTRP and ClinicalTrials.gov for the RCT
protocol.
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We compared the fixed-effect estimate against the random-effects
model to assess the possible presence of small-sample bias (i.e. by
which intervention effect is more beneficial in smaller studies) in
the published literature. In the presence of small-sample bias, the
random-effects estimate of the intervention is more beneficial than
the fixed-effect estimate (Sterne 2017).

Data synthesis

When two or more studies reported the same outcome and
interventions were deemed sufficiently homogeneous, we pooled
the data (meta-analysis) using Review Manager 5 (RevMan 2014).
Before pooling data, we ensured the directionality of the data that
permitted pooling; we arithmetically reversed selected scales as
needed so higher values consistently had the same meaning. We
ensured that scaling factors were consistent to permit calculations
of MD (e.g. 10-centimeter scales expressed in millimeters to match
100-millimeter scales). We presented results grouped by common
comparator, for example flexibility versus aerobics, flexibility
versus resistance training, and flexibility versus other comparators.
We included all studies for adverse events and withdrawals.

'Summary of findings' table

We used the GRADEpro software (GRADEpro GDT 2015) to prepare
the 'Summary of findings' table for major outcomes for flexibility
exercise training versus land-based aerobic training. In the
'Summary of findings' table, we integrated analysis of the certainty
of the evidence and magnitude of effect of the interventions. We
used the five GRADE considerations (study limitations, consistency
of effect, imprecision, indirectness, and publication bias) to assess
the certainty of the body of evidence at one of four levels, as follows.

« High certainty: further research is very unlikely to have an
importantimpact on our confidence in the estimate of effect and
may change the estimate.

« Moderate certainty: further research is likely to have an
importantimpact on our confidence in the estimate of effect and
may change the estimate.

o Low certainty: further research is very likely to have an
importantimpact on our confidence in the estimate of effect and
is likely to change the estimate.

o Very low certainty: research shows substantial uncertainty
about the estimate.

We downgraded the overall rating of the certainty of the evidence
for the study (outcome by outcome) by at least one grade (using

GRADE considerations) if the study had high or unclear risk of biasin
aleastone domain. We assigned GRADE certainty ratings separately
for the seven major outcomes. Because of the comprehensive
nature of the outcome variable of HRQoL, we gave it primacy over
all other variables in the 'Summary of findings' table and the Plain
language summary.

Subgroup analysis and investigation of heterogeneity

There were insufficient studies to conduct subgroup analysis as
indicated in the review protocol (Busch 2015).

We assessed statistical heterogeneity among the trials using the
heterogeneity statistics (Chi? test and I? statistic). We considered P
values<0.01 or1?>50% to be indicative of significant heterogeneity.
In the case of P value <0.01 or 12> 50% (or both), we used a random-
effects model instead of the fixed-effect model for meta-analysis. In
addition, in the case of statistical heterogeneity, we scrutinized the
studies for sources of clinical heterogeneity and methodological
differences.

Sensitivity analysis

We planned to perform sensitivity analyses to investigate the
impact of statistical heterogeneity and methodological weakness
(i.e. high or unclear risk of selection bias and detection bias, or
attrition rates > 20%).

RESULTS

Description of studies

See Characteristics of included studies; Characteristics of excluded
studies; and Characteristics of studies awaiting classification

Results of the search

Our searches identified total of 6530 records. After removal of
2771 duplicates, 3759 records remained. We excluded 3478 records
based on citation and abstract screening. We assessed 255 full-
text articles, 1 thesis, and 25 trial registry records for eligibility.
We excluded 96 full-text articles and 1 trial registry record.
After assessing full-text physical activity articles for the type of
intervention, we excluded 140 articles, 5 published study protocols,
and 22 trial registry records because the intervention type was not
flexibility. We included 14 full-text publications (12 primary studies
and 2 companion papers), 1 thesis, and 2 trial registry records. For
details see Figure 1.
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Figure 1. Study flow diagram.
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Figure 1. (Continued)
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Richards 2002; Valim 2003). We used the two registry records
(hereafter described as 'RCT protocols') to assess the certainty of
studies.

The included studies were published between 1988 and 2017 and
were conducted in seven different countries, as follows: Canada
(1 study), the United States (1 study), Turkey (1 study), Brazil
(4 studies), Iran (1 study), Spain (3 studies), and the United
Kingdom (1 study). Nine of the 12 studies were published in
English, with the remaining published in Spanish (Lopez-Rodriguez
2012), Farsi (Amanollahi 2013), and Portuguese (Matsutani 2012).
We contacted the authors of seven studies to request additional
information needed to assess risk of bias, exercise intervention,
and/or treatment effect (Altan 2009; Amanollahi 2013; Assumpcao
2017; Jones 2002; Lopez-Rodriguez 2012; Matsutani 2012; Richards
2002). We received responses from the authors of six studies
(Altan 2009; Assumpcao 2017; Jones 2002; Lopez-Rodriguez 2012;
Matsutani 2012; Richards 2002), and no response from the author of
Amanollahi 2013. The outcomes extracted for all included studies
are presented in Table 2.

Two studies had more than two study arms (Amanollahi 2013;
Assumpcao 2017). For details see the Characteristics of included
studies section.

Participants

This review included 743 participants. Seven studies included
only female participants (n = 448); one study included both male
and female participants (Calandre 2009); and four studies did
not specify the gender of participants (Lopez-Rodriguez 2012;
Matsutani2012; McCain 1988; Richards 2002). The average duration
of disease or symptoms since diagnosis ranged from 3 to 10 years.
Nine studies did not report thisinformation (Altan 2009; Amanollahi
2013; Assumpgdo 2017; Bressan 2008; Gavi 2014; Lopez-Rodriguez
2012; Matsutani 2012; McCain 1988; Valim 2003). Based on 11
studies that provided mean ages and ranges, the average age of
participants was 48.6, ranging from 35.8 to 56 (Richards 2002 did
not provide mean ages, only median).

Fibromyalgia diagnosis was based on ACR 1990 criteria, Wolfe 1990,
in all but one study (McCain 1988), where participants had to fulfill
the diagnostic criteria of Smythe 1979.

The inclusion criteria for the studies included: age; diagnosis of
fibromyalgia; willingness to keep their pharmacological treatment
constant during the study period and not start new exercise
or alternative therapies; being a patient of the study’s health
center; able to understand the procedures and follow the basic
orientation given; pass the treadmill stress test (used to determine
the effects of exercise on the heart; electrical activity of the
heart is monitored during the test); provide consent; being
sedentary women; never previously treated for fibromyalgia; newly
diagnosed with fibromyalgia.

The exclusion criteria for the studies included: presence of
an accompanying rheumatoid disease; unstable hypertension;
severe cardiopulmonary problems; psychiatric disorders affecting

participant compliance; infection; fever; severe physical
impairment; inflammatory disease, uncontrolled endocrine
diseases; allergic diseases (including allergy to chlorine);

pregnancy; malignancy; inadequate cognitive level to understand
the orientations and procedures; those who had never attended

a swimming pool; had any disease susceptible to worsening
with warm-water exercise; respiratory, metabolic, and rheumatic
disease that could limit exercise; disease associated with
autonomic dysfunction (e.g. arterial hypertension, diabetes); use
of medications such as moderate or high dose of beta blockers,
calcium channel blockers, antihypertensive, anticonvulsant, non-
tricyclic antidepressants, and opioid analgesics; exercise within
the last three months or current participation in a regular
exercise program; inability to understand questionnaires; positive
treadmill test (e.g. abnormal heart activity detected during exercise
on the treadmill or myocardial ischemia detected); receipt of
social security benefits; neurological or renal disease that would
preclude involvement in an exercise program; current cigarette
smoking; score = 29 on the Beck Depression Inventory modified
for fibromyalgia; missing 14 or more sessions or change in
pharmacological treatment during the study; history or suspicion
of neoplasia; amitriptyline within previous three months; ischemic
heart disease; symptomatic cardiac arrhythmias; exercise-induced
asthma; individuals for whom an alternative medical diagnosis
could explain current symptoms; inability to attend classes;
inability to co-operate; body mass index > 35; hyperthyroidism.

Interventions

Descriptions of trial interventions, including congruence with the
ACSM criteria for flexibility in healthy adults (ACSM 2013), are
detailed in the Characteristics of included studies section and in
Table 1, Table 3, and Table 4.

« Flexibility versus untreated controls (1 study). There was only
one study in this comparison (Assumpg¢do 2017). Exercise
frequency was two times a week. The duration of the
intervention was 12 weeks. The intensity was described
as "stretch was gradually increased to point of moderate
discomfort." The duration of each stretch was 30 seconds. Static
stretches were used and targeted large muscles of upper and
lower body. The flexibility intervention was 40 minutes in total.
Volume (estimated from duration of stretch and repetitions that
gradually increased from three to five through the intervention)
ranged from 90 seconds to 2.5 minutes. The program was
supervised.

« Flexibility versus aerobic training (5 studies). Exercise frequency
ranged from one to three times a week: one time per week
in Bressan 2008 and Matsutani 2012; two times per week in
Richards 2002; and three times per week in McCain 1988 and
Valim 2003. Duration varied from eight weeks, in Bressan 2008
and Matsutani 2012, to 20 weeks, in McCain 1988 and Valim
2003. None of the studies specified the intensity of the stretching
exercises, therefore we were unable to determine if the stretches
were taken to the intensity recommended by ACSM 2013, i.e. the
point of feeling tightness or slight discomfort (ACSM 2013). The
flexibility intervention time ranged from 40 to 60 minutes, with
the average duration for each stretch 30 seconds. Two studies
did not provide information on the duration of each stretch
(McCain 1988; Richards 2002). Studies used static stretches for
the major muscle-tendon units of both the upper and lower
limbs, however in one study, McCain 1988, it was difficult to
judge the type of stretches and body region (e.g. “Exercise
consisted of flexibility maneuvers such that sustained heart
rate responses greater than 115 beats per minute were not
attained”). None of the studies outlined volume of stretches
(i.e. total stretching time for each flexibility exercise), but we
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could calculate the volume from the duration of stretch and
repetitions in two studies (Bressan 2008; Matsutani 2012). Only
two studies provided information on the number of repetitions
for each stretching exercise, which ranged from four, in Bressan
2008, to five, in Matsutani 2012. Sessions were supervised in
two studies (McCain 1988; Richards 2002). It was unclear if
the stretching intervention was supervised in Bressan 2008,
Matsutani 2012, and McCain 1988.

« Flexibility versus resistance exercise training (3 studies). Exercise
frequency was two times a week for all three studies
(Assumpcdo 2017; Gavi 2014; Jones 2002). The duration of
the intervention ranged from 12 to 20 weeks. Intensity of the
intervention was specified in only one study (Assumpcao 2017),
which stated that “the stretch intensity was increased gradually
to the point of moderate discomfort.” The flexibility intervention
ranged from 40 to 60 minutes. The duration of each stretch was
30 seconds in Assumpc¢ao 2017 and Gavi 2014. The duration of
each stretch was 60 secondsin Jones 2002. All studies used static
stretches of major muscle-tendon units of both the upper and
lower limbs. We could estimate the volume of stretches in one
study (Assumpcdo 2017), as detailed above in thefirst bullet. The
other studies did not provide volume of stretches and number
of repetitions for each stretch. Flexibility exercise interventions
were supervised in two studies (Assumpc¢ao 2017; Jones 2002).
It was unclear if sessions were supervised in Gavi 2014.

« Flexibility versus other comparators (4 studies, 1 with 3 parallel
arms). The frequency was three times per week in all but one
study (Lopez-Rodriguez 2012), where the frequency was two
times per week. The duration of the intervention ranged from
4 to 12 weeks. None of the studies specified the intensity of
the intervention. The mean length of the flexibility intervention
was 60 minutes. One study did not specify the length of the
flexibility intervention (Amanollahi 2013). The length of each

stretch ranged from 6 to 30 seconds. Two studies did not specify
the length of each stretch (Calandre 2009; Lépez-Rodriguez
2012). For one study, we could calculate the volume of each
stretch from the number of repetitions and length of each
stretch: for example, the volume of each stretch was 90 seconds
based on the 3 repetitions and 30 seconds hold per stretch
in Amanollahi 2013. We could not calculate the volume in the
remaining studies, as the number of repetitions or the length of
each stretch (or both) was not provided.

Excluded studies

We excluded 3478 records that did not meet our inclusion criteria
based on title and abstract screening (Figure 1). We examined 255
full-text articles, 1 thesis, and 25 trial registry records for possible
inclusion in the review. We excluded full-text articles (n = 96)
and trial registry records (n = 1) due to unmet criteria as follows:
study design (n = 56); intervention (n = 23); diagnosis (n = 6);
between-group data (n = 3); implementation of randomization (n
= 5); isolation of data for fibromyalgia (n = 2); lack of designated
outcomes (n = 2). The remaining 159 full-text articles (5 of
which were published study protocols), 1 thesis, and 24 trial
registry records represented RCTs examining effects of physical
activity interventions for fibromyalgia. Of these, we ruled out 167
because the physical intervention did not have any flexibility-only
intervention or the study was reviewed, or was designated to be
reviewed, in another Cochrane Review in this series.

Risk of bias in included studies

'Risk of bias' assessments for the 12 included studies are provided
in the 'Risk of bias' table in the Characteristics of included studies
section and in Figure 2 and Figure 3. 'Risk of bias' assessments
were based on primary article, protocol when available, and data
supplemented by study author responses.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. (Continued)
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Allocation

Seven of the 12 included studies used an acceptable method of
random sequence generation (computer-generated sequence, coin
toss, drawing of cards or lots), and were therefore rated as at low
risk of bias (Altan 2009; Assumpcdo 2017; Calandre 2009; Jones
2002; Loépez-Rodriguez 2012; McCain 1988; Richards 2002). In two
studies the allocation methods used were unclear (Amanollahi
2013; Bressan 2008). Three studies used unacceptable methods
for random sequence generation and were therefore judged to
be at high risk of bias (Gavi 2014; Matsutani 2012; Valim 2003).
For allocation concealment, we rated one study as at low risk of
bias, Assumpgcao 2017, and five studies as at unclear risk of bias
as the information provided was insufficient to permit a definitive
judgement. We rated the remaining six studies as at high risk of
bias, as allocation was not concealed (i.e. open-label design), or
unacceptable methods of allocation concealment (e.g. alternating
allocation based on sequence of enrollment or use of a random
number list) was employed (Calandre 2009; Gavi 2014; Lopez-
Rodriguez 2012; Matsutani 2012; McCain 1988; Valim 2003). Overall,
we rated the risk of allocation bias as high (750%; Figure 2).

Blinding

In exercise studies, blinding of participants and care providers from
treatment allocation is rare.

Performance bias

We rated blinding of participants and personnel (performance bias)
as low risk for three studies (Calandre 2009; McCain 1988; Richards
2002); unclear risk for two studies (Amanollahi 2013; Bressan 2008);
and high risk for seven studies (Altan 2009; Assumpcao 2017; Gavi
2014; Jones 2002; Lopez-Rodriguez 2012; Matsutani 2012; Valim
2003). Overall, we rated risk of performance bias as high (~55%;
Figure 2).

Detection bias

For detection bias, we assessed subjective and objective outcomes
separately. Not all trials used a combination of both kinds of
outcomes. While completing the 'Risk of bias' tool, we were unable
to insert 'not applicable' or to leave the section blank (indicating
that the outcome was not measured), thus in such cases we
specified 'low risk' and inserted the comment 'not applicable:
objective outcomes were not assessed.'

For self-reported outcomes (subjective), we rated all nine studies
as at high risk of bias (Altan 2009; Amanollahi 2013; Assumpc¢ado
2017; Bressan 2008; Gavi 2014; Jones 2002; Lépez-Rodriguez 2012;
Matsutani 2012; Valim 2003). For objectively reported outcomes,
four studies blinded outcome assessors to participant group

assignment and were therefore rated as at low risk of bias
(Altan 2009; Jones 2002; Richards 2002; Valim 2003). We rated six
additional studies as at low risk for this domain, however these
should actually be rated as 'not applicable' because either the
data were not usable or no objective outcomes were measured
(Amanollahi 2013; Assumpcao 2017; Bressan 2008; Gavi 2014;
Lopez-Rodriguez 2012; McCain 1988). Two studies did not blind
assessors and were rated as high risk (Calandre 2009; Matsutani
2012). Overall, we rated risk of detection bias as high (100%; Figure
2).

Incomplete outcome data

Nine studies reported complete outcome data. Bressan 2008 had
no missing outcome data. Calandre 2009 analyzed data using
the intention-to-treat (ITT) principle. Missing outcome data were
balanced in numbers across intervention groups, and reasons for
missing outcome data were unlikely to be related to true outcomes
in Altan 2009, Amanollahi 2013, Gavi 2014, Jones 2002, McCain
1988, and Valim 2003. Richards 2002 replaced missing outcome
data with last known value or baseline value. Assumpcao 2017 did
not use ITT, yet had one participant from the resistance group drop
out due to increased pain, thus risk of bias was unclear. Lépez-
Rodriguez 2012 and Matsutani 2012 provided incomplete outcome
data, therefore we rated these studies as high risk. Overall, we rated
risk of attrition bias as low (~75%; Figure 2).

Selective reporting

Registered protocols were available for four of the included studies
(Assumpcao  2017; clinicaltrials.gov/ct2/show/NCT01029041;
Calandre 2009, clinicaltrials.gov/ct2/show/NCT00550641; Gavi
2014, clinicaltrials.gov/ct2/show/NCT02004405; Lépez-Rodriguez
2012, clinicaltrials.gov/ct2/show/NCT03182556). We rated three
studies as having a low risk of reporting bias. One of these three
studies had a trial protocol available (Assumpcdo 2017). Although
the remaining two studies rated as at low risk of reporting bias
did not have a registered trial protocol, it appeared that published
reports included all expected outcomes (McCain 1988; Richards
2002). We rated one study as having a high risk of reporting
bias (Calandre 2009). Calandre 2009 had some incongruence
between the outcome descriptions and the results reported in
the publication. For example, there was no information on tender
points as an outcome, yet this was presented in the results. We
rated eight out of the 12 included studies as having an unclear risk
of bias for this domain (Altan 2009; Amanollahi 2013; Bressan 2008;
Gavi 2014; Jones 2002; Lépez-Rodriguez 2012; Matsutani 2012;
Valim 2003). Overall, we rated risk of reporting bias as unclear or
high ("75%; Figure 2).
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Other potential sources of bias

We rated risk of other potential sources of bias as low (765%;
Figure 2). We assessed eight studies as at low risk of bias for
this domain (Altan 2009; Assumpcao 2017; Gavi 2014; Jones 2002;
Lopez-Rodriguez 2012; Matsutani 2012; McCain 1988; Richards
2002). We rated two studies as at unclear risk of bias due to
insufficient information to judge whether an important risk of bias
existed (Amanollahi 2013; Valim 2003). We assessed two studies as
at high risk of other potential sources of bias. Bressan 2008 had
a substantial lack of methodological information to demonstrate
rigor in the study design used (e.g. blinding on several levels,
allocation, randomization, the instructor/instructors used for the
intervention, the level of supervision). Calandre 2009 had baseline
imbalances that likely impacted the results.

Effects of interventions

See: Summary of findings for the main comparison Flexibility
exercise training compared with aerobic exercise training for adults
with fibromyalgia

See Summary of findings for the main comparison for the main
comparison of flexibility exercise training compared with land-
based aerobic exercise training. For comparisons of flexibility
exercise training versus untreated controls, resistance exercise
training, other comparators and long-term effects of flexibility
exercise training and aerobic training, see certainty of evidence in
Table 5, Table 6, Table 7, and Table 8.

Flexibility exercise training versus land-based aerobic exercise
training at the end of the intervention

Major outcomes

Two studies provided data for HRQoL (Richards 2002; Valim 2003),
five studies for pain intensity (Bressan 2008; Matsutani 2012;
McCain 1988; Richards 2002; Valim 2003), three studies for fatigue
(Bressan 2008; Richards 2002; Valim 2003), one study for physical
function (Valim 2003), and one study for the major outcome of
stiffness (Bressan 2008). No studies provided clear data for adverse
events, and five studies provided data for all-cause withdrawals
(Bressan 2008; Matsutani 2012; McCain 1988; Richards 2002; Valim
2003).

Health-related quality of life (self-reported, FIQ Total,
lower scores mean better health, negative numbers mean
improvement): Two studies provided data for the major outcome
HRQoL (Richards 2002; Valim 2003). Assessment of statistical
heterogeneity among trials indicated 1> = 74% (i.e. 50% to 90%:
substantial heterogeneity). We evaluated heterogeneity across
outcomes for these studies, and since we did not find a large
degree of heterogeneity between these studies in other measures
we decided to include both studies for the meta-analysis. Mean
HRQoL was 46 mm and 42 mm in the flexibility and aerobic groups,
respectively. The analysis showed no evidence of a clinically
important effect for flexibility exercise training compared with
aerobic training postintervention (N = 193; mean difference (MD)
4.14, 95% confidence interval (Cl) -5.77 to 14.05; Analysis 1.1).
Absolute change was 4% worse (6% better to 14% worse). Relative
change in the flexibility groups compared to the aerobic groups was
7.5% worse (10.5% better to 25.5% worse).

Pain intensity (self-reported, 0-to-100 VAS, lower scores mean
less pain, negative numbers mean improvement): Data on pain

intensity were available for five studies (Bressan 2008; Matsutani
2012; McCain 1988; Richards 2002; Valim 2003). Mean pain was 57
mm and 52 mm in the flexibility and aerobic groups, respectively.
The meta-analysis showed no evidence of a clinically important
effect with flexibility exercise training compared with aerobic
exercise training postintervention (N = 266; MD 4.72, 95% Cl -1.39
to 10.83; Analysis 1.2). Absolute change was 5% worse (1% better
to 11% worse). Relative change in the flexibility groups compared
to the aerobic groups was 6.7% worse (2% better to 15.4% worse).
Heterogeneity analysis demonstrated no evidence of heterogeneity
(Chi2=0.55, P = 0.55 with df = 2; 12 = 0%).

Fatigue (self-reported, 0-to-100 scale, lower scores mean less
fatigue, negative numbers mean improvement): Three trials
assessed fatigue as an outcome (Bressan 2008; Richards 2002;
Valim 2003). We did not include data on fatigue provided by
Richards 2002 in the meta-analysis as the Chalders fatigue scale
was not one of our accepted outcome measures. Mean fatigue was
67mmand 71 mm in the aerobic and flexibility groups, respectively.
The meta-analysis presented no evidence of a clinically important
improvement with flexibility exercise training compared to aerobic
exercise training postintervention (N = 75; MD —4.12, 95% Cl -13.31
to 5.06; Analysis 1.3). Absolute change was 4% better (13% better
to 5% worse). Relative change in the flexibility groups compared to
the aerobic groups was 6.0% better (19.4% better to 7.4% worse).

Stiffness (self-reported, 0-to-100 FIQ, lower scores mean less
stiffness, negative numbers mean improvement): Only one
study provided data on stiffness (Bressan 2008). Although the
analysis showed a clinically importantimprovement with flexibility
exercise compared with aerobic exercise postintervention (N = 15;
MD -29.6, 95% CI -51.47 to —7.73; Analysis 1.4), the 95% confidence
interval included both a clinically important and unimportant
change. Mean stiffness was 49 mm to 79 mm in the flexibility
and aerobic groups, respectively. Absolute change was 30% better
(8% better to 51% better). Relative change in the flexibility group
compared to the aerobic group was 39% better (10% better to 68%
better).

Physical function (self-reported, 0-to-100 FIQ, lower
scores means fewer limitations, negative numbers mean
improvement): Two studies assessed physical function as an
outcome (Bressan 2008; Valim 2003). Data on physical function
provided by Bressan 2008 were not presented on a 100-point scale.
In addition, there was insufficient information as to how Bressan
2008 reported their data for this particular measure. Consequently,
their data were not used for meta-analysis or reported here. Data
from Valim 2003 showed no evidence of a clinically important
improvement with flexibility exercise compared to aerobic exercise
postintervention (N = 60; MD 6.04, 95% Cl -3.95 to 16.03; Analysis
1.5). Mean physical function was 23 points and 17 points in the
flexibility and aerobic groups, respectively. Absolute change was
6% worse (4% better to 16% worse). Relative change in the
flexibility groups compared to the aerobic groups was 14% worse
(9.1% better to 37.1% worse).

Adverse events: One adverse effect was described among the 132
participants allocated to flexibility training. The study reported "a
patientin the flexibility group had tendinitis of the Achilles tendon,
which responded to treatment with local heat and a reduction in
exercise for 14 days” (McCain 1988). However, it is unclear whether
the tendinitis was related to participation in the intervention.

Flexibility exercise training for adults with fibromyalgia (Review)

20

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

Cpchrane
Library

O

Cochrane Database of Systematic Reviews

All-cause withdrawal: Rates for flexibility exercise training groups
(n1/N1) versus aerobic exercise training groups (n2/N2) were 0/8
versus 0/7 (Bressan 2008) (notincluded in the analysis); 5/17 versus
8/15 (Matsutani2012);2/22 versus 2/20 (McCain 1988); 12/67 versus
12/69 (Richards 2002); and 10/38 versus 6/38 (Valim 2003). We
found no evidence of an effect on all-cause withdrawal between
the flexibility exercise training and aerobic exercise training groups
(risk ratio (RR) 0.97, 95% Cl 0.61 to 1.55; Analysis 1.8). Absolute
change was 1% fewer withdrawals in the flexibility groups (8%
fewer to 21% more). Relative change in the flexibility groups
compared to the aerobic groups was 3% fewer (39% fewer to 55%
more).

Minor outcomes

Three studies evaluated the effect of flexibility exercise training
on the minor outcome of depression (Bressan 2008; Matsutani
2012; Valim 2003), and four studies on tenderness (Matsutani 2012;
McCain 1988; Richards 2002; Valim 2003). No studies reported data
on improvement in pain greater than 30%.

Depression (self-reported, 0-to-100 FIQ, lower scores mean
less depression, negative numbers mean improvement):

Data on depression were available for three studies (Bressan
2008; Matsutani 2012; Valim 2003). Assessment of statistical
heterogeneity among trials indicated 1 = 63% (i.e. 50% to 90%:
substantial heterogeneity). We investigated the source of this
heterogeneity by comparing this meta-analysis to other outcomes
in the same comparison. We found no other outcomes indicating
substantial heterogeneity, however clinical heterogeneity may
be present due to differences in the intervention affecting this
outcome, for example length of intervention, frequency of flexibility
intervention, type of programs, and sample sizes (i.e. Valim 2003
had a longer intervention of 20 weeks compared to the other
studies by Bressan 2008 and Matsutani 2012, which both had
interventions of 8 weeks in length; Valim 2003 administered a
supervised program 3 times per week, whereas Bressan 2008 and
Matsutani 2012 administered a home program with a frequency of
1 time per week; Valim 2003 has a total sample size of 60, whereas
Bressan 2008 and Matsutani 2012 had sample sizes of 15 and 19,
respectively). The analysis of depression showed absence of an
effect postintervention for flexibility exercise training compared
with aerobic exercise training (N = 94; MD -6.28, 95% Cl -19.28 to
6.71; Figure 4). Relative change in the flexibility groups compared to
the aerobic groups was 19.9% better (61% better to 21.2% worse).

Figure 4. Forest plot of comparison: 1 Flexibility vs aerobic (at end of intervention), outcome: 1.6 Depression, 0-63,

lower is best (end of intervention).

Flexibility Aerobic Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight I, Random, 95% CI IV, Random, 95% CI
Bressan 2008 (1) 85 23 8 587 358 TOo119% 112044722232 ¢
Matsutani 2012 (2) 192 138 12 3429 138 T 36.8% -1509[27495-2.23] —
Yalim 2003 {3 19.29 133 28 1811 949 32 91.3% 1.18[-4.82, 7.18]
Total (95% CI) 48 46 100.0%  -6.28[-19.28, 6.71]
Heterogeneity: Tau®= 76.39; Chif= 535, df= 2 (P=007); F=63% 20 a0 b 10 20

Test for overall effect; Z=0.95 (F=0.34)

Footnotes

Favors flexibility Favors aerobic

(1) Flexiblity va Aerobic. Outcome measured by FIQ (raw data reported in cms. converted to a 100 point scale, lower is best)
(2) Flexiblity vs Aerobic. Outcome measured by Beck Depression Inventory {raw scores on 0to 63 scale, converted to 100 point scale, lower is best)
(3) Flexiblity vs Aerobic. Outcome measured by Beck Depression Inventory (raw scores on 0to 63 scale, converted to 100 point scale, lower is best)

Tenderness (0-to-18 TP count, lower score means less
tenderness, negative numbers mean improvement): Four trials
assessed tenderness. Matsutani 2012, Richards 2002, and Valim
2003 used the tender point count, while McCain 1988 used the
total myalgic score. The meta-analysis presented evidence of no
effect for flexibility exercise training when compared with aerobic
exercise training postintervention (N = 253; standardised mean
difference 0.20, 95% CI -0.08 to 0.48; Analysis 1.7). Relative change
in the flexibility groups compared to the aerobic groups was 1.4%
worse (0.6% better to 3.3% worse).

Improvement in pain greater than 30%: No studies reported data
on this outcome.

Flexibility exercise training versus land-based aerobic exercise
training, long-term effects

Only one study examined long-term effects (follow-up at 48
weeks, 36 weeks after end of 12-week intervention) and provided
data on HRQol, pain intensity, fatigue, tenderness, and all-cause
withdrawals (Richards 2002). Data on stiffness, physical function,
and adverse events were not measured at follow-up (Analysis 1.9).

Major outcomes

Health-related quality of life (self-reported, FIQ Total,
lower scores mean better health, negative numbers mean
improvement): No evidence of an effect was found (N = 135; MD
0.40,95% Cl -5.01 to 5.81).

Pain intensity (self-reported, 0-to-100 VAS, lower scores mean
less pain, negative numbers mean improvement): No evidence
of an effect was found (N = 136; MD 5.00, 95% CI -2.07 to 12.07).

Fatigue (self-reported, 0-to-100 scale, lower scores mean less
fatigue, negative numbers mean improvement): Richards 2002
measured fatigue using the Chadler Fatigue Scale, which was not
one of our accepted measures, therefore this information was not
included in the review.

Minor outcomes

Tenderness (0-to-18 TP count, lower score means less
tenderness, negative numbers mean improvement): We found
evidence of an effect between flexibility and aerobic exercise
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training favoring aerobic exercise training postintervention (N =
136; MD 2.40, 95% CI 0.66 to 4.14).

Improvement in pain greater than 30%: No studies reported data
on this outcome.

Flexibility exercise training versus untreated control at the
end of the intervention

Major outcomes

One study provided data for pain intensity, physical function, and
all-cause withdrawals (Assumpcao 2017). We did not use the data
provided for HRQoL, fatigue, and stiffness, which were described
as skewed by Assumpcdo 2017. This study did not provide data on
adverse events.

Health-related quality of life (FIQ, SF-36): One study provided
data for the major outcome HRQoL (Assumpcdo 2017), but due
to skewing of the data, only medians and interquartile ranges
were provided. Although the researchers found within-group
improvements in the flexibility group in median total FIQ scores,
between-group differences were not statistically significant. The
pre-test median scores in the flexibility group of 66.3 points on a
100-point scale dropped to 57.4, versus 73.6 points at pre-test to
72.2 points postintervention in the untreated control group (P =
0.06).

Pain intensity (self-reported, 0-to-100 VAS, lower scores mean
less pain, negative numbers mean improvement): One study
provided data for the major outcome of pain intensity (Assumpgao
2017), and no statistically significant differences between groups
were found (N =28; MD -18.00, 95% CI -37.63 to 1.63; Analysis 2.1).
Relative change in the flexibility group compared to the untreated
control group was 30% better (2.7% worse to 62.7% better).

Fatigue (FIQ, SF-36): One study provided data for the major
outcome of fatigue (Assumpcdo 2017), but due to skewing of
the data, only medians and interquartile ranges were provided.
Although the researchers found within-group improvements in
the flexibility group in median FIQ fatigue scores, between-group
differences were not statistically significant. The pre-test median
scores in the flexibility group of 8.6 cm on a 10-centimeter scale
dropped to 7.8 cm at post-test, versus 9.2 cm to 8.4 cm in the
untreated control group (P =0.07).

Stiffness (FIQ): Due to skewing of data, one study provided
medians and interquartile ranges for stiffness (Assumpc¢do 2017).
The pre-test median scores in the flexibility group of 8.3 cm on a 10-
centimeter scale dropped to 5.8 cm at post-test, versus 9.2 cm to
9.0 cm in the untreated control group. Between-group differences
were not statistically significant.

Physical function (self-reported, 0-to-100 FIQ, lower
scores means fewer limitations, negative numbers mean
improvement): One study provided data for the major outcome of
physical function (Assumpgdo 2017), and no statistically significant
differences between groups were found (N = 28; MD -3.33, 95% Cl
-16.29 to 9.63; Analysis 2.2). Relative change in the flexibility group
compared to the untreated control group was 10.4% better (30.1%
worse to 50.9% better).

Adverse events: No adverse event was reported by Assumpcao
2017.

All-cause withdrawal: Rates for the flexibility exercise training
group (n1/N1) versus the untreated control group (n2/N2) were 4/18
versus 2/16 (Assumpgao 2017). We found no significant difference
in all-cause withdrawal between flexibility exercise training and the
untreated control group (RR 1.78, 95% CI 0.37 to 8.44; Analysis 2.3).

Minor outcomes

One study evaluated the effects of flexibility exercise training on
the minor outcome of improvement in pain greater than 30%
(Assumpcao 2017). We did not use the data for tenderness and
depression, which were described as skewed.

Depression (FIQ): Data were not used due to reported skewness.

Tenderness (TP count): Data were not used due to reported
skewness.

Improvement in pain greater than 30%: Upon request,
Assumpcao 2017 provided data for the flexibility exercise training
group, but not for the untreated control group.

Flexbility exercise training versus resistance training at the
end of the intervention

Major outcomes

One study provided data for HRQoL (Jones 2002), three studies
for pain intensity (Assumpcdo 2017; Gavi 2014; Jones 2002), two
studies for fatigue (Gavi 2014; Jones 2002), and two studies for
the major outcome of physical function (Gavi 2014; Jones 2002).
Three studies provided data on all-cause withdrawals (Assumpcao
2017; Gavi 2014; Jones 2002). No study reported complete data on
adverse events or measured stiffness.

Health-related quality of life (self-reported, FIQ Total,
lower scores mean better health, negative numbers mean
improvement): One study provided data for the major outcome
HRQoL (Jones 2002); data showed no evidence of an effect of
flexibility exercise training compared to resistance training (N =
56; MD 5.55, 95% Cl -1.80 to 12.90; Analysis 3.1). Absolute change
was 6% worse (2% better to 13% worse). Relative change in the
flexibility group compared to the resistance group was 11.5% worse
(27.4% worse to 3.8% better).

Pain intensity (self-reported, 0-to-100 VAS, lower scores mean
less pain, negative numbers mean improvement): Data on pain
intensity were available for three studies (Assumpgdo 2017; Gavi
2014; Jones 2002). The meta-analysis showed evidence of no effect
for flexibility exercise training compared with resistance training
(N = 152; MD 1.84, 95% Cl —-4.15 to 7.83; Analysis 3.2). Absolute
change was 2% worse (4% better to 8% worse). Relative change
in the flexibility groups compared to the resistance groups was
2.5% worse (11.1% worse to 5.9% better). There was no evidence of
heterogeneity for this meta-analysis (Tau® = 0.00; Chi*=0.55, df =2
(P=0.76); 12 = 0%).

Fatigue (self-reported, 0-to-100 scale, lower scores mean
less fatigue, negative numbers mean improvement): Two
studies assessed fatigue as an outcome (Gavi 2014; Jones 2002).
Assessment of statistical heterogeneity among trials indicated
12 = 74% (i.e. 50% to 90%: substantial heterogeneity). Some of
the clinical heterogeneity may be attributed to differences in the
resistance training arm. The meta-analysis showed evidence of
no effect for flexibility exercise training versus resistance training
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postintervention (N = 122; MD 9.83, 95% CI -5.30 to 24.97; Analysis
3.3). Absolute change was 10% worse (5% better to 25% worse).
Relative change in the flexibility groups compared to the resistance
groups was 13.1% worse (30.8% worse to 6.54% better).

Physical function (self-reported, 0-to-100 SF-36, converted so
that lower scores means fewer limitations, negative numbers
mean improvement): Two studies assessed physical function as
an outcome (Assumpcado 2017; Gavi 2014). Assessment of statistical
heterogeneity among studies indicated 1* = 91% (i.e. 50% to 90%:
substantial heterogeneity). Data were checked for accuracy (the
SF-36 scale was converted appropriately so that a lower score
indicated improvement; the 0-to-30 FIQ scale was converted to a 0-
to-100 scale). Given the very large degree of heterogeneity, we did
not perform a meta-analysis. Assumpcao 2017 compared a 12-week
flexibility intervention (N = 14) versus resistance training (N = 16)
and found an effect postintervention on physical function favoring
the flexibility intervention (FIQ physical functioning; MD -16.66,
95% Cl —28.87 to —4.45). Gavi 2014 compared a 16-week flexibility
intervention (N = 31) versus resistance training (N = 35) and found
an effect postintervention on physical function favoring resistance
training (SF-36-Physical capacity; MD 9.47, 95% CI 0.13 to 18.81).

Adverse events: Most studies did not measure adverse events, and
other studies reported them incompletely, thus we are uncertain of
the estimate. The statement "...arthrosis of the hip” is an adverse
event that was reported to have occurred after flexibility exercise
training (Gavi 2014), but it is unclear whether the arthrosis was a
flare-up related to participation in the intervention.

All-cause withdrawal: Rates for flexibility exercise training groups
(n1/N1) versus resistance training groups (n2/N2) were 4/18 versus
3/19 (Assumpcdo 2017); 9/31 versus 5/35 (Gavi 2014); and 6/28
versus 6/28 (Jones 2002). We found no evidence of effect on
all-cause withdrawal between flexibility exercise training and
resistance training groups (RR 1.43, 95% CI 0.77 to 2.67; Analysis
3.8).

Minor outcomes

Two studies evaluated the effects of flexibility exercise training on
the minor outcome of depression (Gavi 2014; Jones 2002), and one
study evaluated the effects on tenderness (Jones 2002).

Depression (self-reported, 0-to-100 FIQ, lower scores mean less
depression, negative numbers mean improvement): Data on
depression were available for two studies (Gavi 2014; Jones 2002).
Data showed no evidence of an effect of flexibility exercise training
compared with resistance training postintervention (N = 122; MD
0.47, 95% CI -3.40 to 4.35; Analysis 3.5). Relative change in the
flexibility groups compared to the resistance groups was 1.8%
worse (16.8% worse to 13.2% better).

Tenderness (0-to-18 TP count, lower score means less
tenderness, negative numbers mean improvement): One trial
assessed tenderness as an outcome (Jones 2002), showing no
evidence of an effect of flexibility exercise training compared to
resistance training postintervention (N = 56; MD -0.32, 95% ClI
-2.03 to 1.39; Analysis 3.6). Relative change in the flexibility group
compared to the resistance group was 1.94% better (8.4% worse to
12.3% better).

Improvement in pain greater than 30%: One study evaluated
improvement in pain greater than 30% (Assumpgao 2017). Rates for

the flexibility exercise training group (n1/N1) versus the resistance
training group (n2/N2) were 5/14 and 6/16, respectively. We found
no evidence of an improvement in pain greater than 30% between
the flexibility exercise training and resistance training groups (odds
ratio 0.93,95% CI1 0.21 to 4.11; Analysis 3.7).

Flexibility exercise training versus other interventions at the
end of the intervention and long term

We did not pool studies as we did not consider interventions to
be comparable across trials. Four studies provided data for this
comparison (Altan 2009; Amanollahi 2013; Calandre 2009; Lopez-
Rodriguez 2012). The comparisons were as follows:

« flexibility exercise training versus Pilates (Altan 2009);

« flexibility exercise training versus Tai Chi (Calandre 2009);

« flexibility exercise training versus aquatic biodanza (Lopez-
Rodriguez 2012); and

« flexibility exercise training versus medication (i.e. ibuprofen)
and flexibility exercise training versus friction massage (arm 3)
(Amanollahi 2013).

Our analyses showed effect sizes on major and minor outcome
variables for each of the included studies. Unless otherwise
indicated, investigators measured HRQoL, pain, fatigue, and
stiffness on a 0-to-100 scale, with lower scores best and negative
numbers meaning improvement. Physical function was measured
on a 0-to-3 scale, depression on a 0-to-63 scale, and tenderness
on a 0-to-18 scale; lower scores are best, and negative numbers
mean improvement. No studies reported data on improvement in
pain greater than 30%. Four studies provided data on all-cause
withdrawals (Altan 2009; Amanollahi 2013; Calandre 2009; Lopez-
Rodriguez 2012). Data on adverse events were available from Altan
2009 and Amanollahi 2013, but not always for both study arms.

Flexibility exercise training versus Pilates
End of intervention

Altan 2009 compared a 12-week program of flexibility exercise
training (described as "home exercise relaxation and stretching")
(n = 25) versus Pilates (n = 25). We found evidence of an effect
postintervention favoring Pilates for both HRQoL (FIQ Total, N
= 49; MD 14.00, 95% Cl 2.50 to 25.50; Analysis 4.1) and pain
intensity (VAS; N = 49; MD 19.00, 95% Cl 8.28 to 29.72; Analysis 4.2).
Altan 2009 found no between-group differences postintervention in
tenderness (TP count; N = 49; MD 0.90, 95% Cl -1.39 to 3.19) and
reported no adverse events (i.e. injuries, exacerbations, or other) in
either group. ("We observed no adverse effect of Pilates exercises.")
There was no mention of adverse events in the control group
(flexibility exercise training and relaxation). All-cause withdrawal
rates for the flexibility exercise training group (n1/N1) versus the
Pilates group (n2/N2) were 1/24 versus 0/25.

Long term

Altan 2009 provided follow-up data 12 weeks after the end of a 12-
week intervention for HRQoL, pain intensity, and tenderness. We
found no evidence of a difference between groups for HRQoL (N
=49; MD 8.3, 95% Cl| -4.84 to 21.4) or tenderness (N =49; MD 1.1,
95% CI —0.97 to 3.17). However, we found evidence of an effect on
pain intensity favoring Pilates (N = 49; MD 13, 95% CI 0.09 to 25.91;
Analysis 4.9).
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Flexibility exercise training versus Tai Chi
End of intervention

Calandre 2009 compared a 6-week flexibility intervention (in water)
(N =39) versus Tai Chi (in water) (N=42). We found no evidence of an
effect on HRQoL (FIQ Total; N = 81; MD 3.80, 95% CI -2.89 to 10.49;
Analysis 4.1); pain intensity (VAS; N = 81; MD 0.00, 95% CI -9.58 to
9.58; Analysis 4.2); fatigue (FIQ VAS; N =81; MD 3.00, 95% C| -6.83 to
12.83; Analysis 4.3); stiffness (FIQ VAS; N = 81; MD 6.00, 95% C| -5.33
to 17.33; Analysis 4.4); depression (Beck Depression Inventory; N =
81; MD -0.10, 95% CI -2.72 to 2.52; Analysis 4.6); or tenderness (TP
count; N=81; MD -0.50, 95% CI —1.98 to 0.98; Analysis 4.7). Adverse
events were not measured for the flexibility group. However, three
participants in the Tai Chi group dropped out, two due to “pain
exacerbation” and one due to "chlorine hypersensitivity."

Long term

Calandre 2009 provided follow-up data 12 weeks after the end
of the 6-week intervention for HRQoL, pain intensity, fatigue,
stiffness, depression, and tenderness. We found no evidence of
effect between groups in HRQoL (N = 81; MD 2.3, 95% CI -3.69 to
8.29); pain intensity (N = 81; MD -2, 95% Cl -11.59 to 7.59); fatigue
(N=81; MD 2, 95% CI -5.62 to 9.62); stiffness (N = 81; MD 0.0, 95% CI
-9.37 to 9.37); depression (N = 81; MD -0.31, 95% CI -4.40 to 3.78);
and tenderness (N = 81; MD 0.0, 95% CI -1.54 to 1.54). All-cause
withdrawal rates for the flexibility exercise training group (n1/N1)
versus the Tai Chi group (n2/N2) were 5/39 versus 10/42 (RR 0.54,
95% Cl 0.20 to 1.44; Analysis 4.9).

Flexibility exercise training versus aquatic biodanza
End of intervention

Lopez-Rodriguez 2012 compared a 12-week flexibility intervention
(N =20) versus aquatic biodanza (N = 19). We found evidence of an
effect favoring aquatic biodanza postintervention on HRQoL (FIQ
Total; N = 39; MD 17.07, 95% CI 7.86 to 26.28; Analysis 4.1); fatigue
(F1Q VAS; N = 39; MD 11.40, 95% CI 1.09 to 21.71; Analysis 4.3); and
stiffness (FIQ VAS; N = 39; MD 14.00, 95% Cl 2.68 to 25.32; Analysis
4.4). Lopez-Rodriguez 2012 did not find between-group differences
postintervention in physical function (FIQ Activities of Daily Living),
0-to-3-millimeter scale; N=39; MD 0.37,95% C1 0.05 to 0.69; Analysis
4.5) or depression (Beck Depression Inventory; N = 39; MD 0.65,
95% Cl -3.79 to 5.09; Analysis 4.6). One participant in the flexibility
group dropped out of the study due to "worsening of symptom
with the training" (information obtained from correspondence with
author). No adverse events were reported for the aquatic biodanza
group. All-cause withdrawal rates for the flexibility exercise training
group (n1/N1) versus the aquatic biodanza group (n2/N2) were
15/35 versus 16/35 (RR 0.94, 95% CI 0.55 to 1.59).

Long term

Long-term effects were not investigated.

Flexibility exercise training versus friction massage
End of intervention

Amanollahi2013 compared a 4-week flexibility intervention (N = 45)
versus friction massage (N = 45). We found evidence of an effect
on pain intensity postintervention favoring flexibility (VAS; N = 90;
MD -28.00, 95% Cl -40.84 to —15.16; Analysis 4.2). Four participants
(7%) in the flexibility exercise training group and 11 participants
(22.6% ) in the friction massage group reported an increase in pain

levels. All-cause withdrawal rates for the flexibility exercise training
group (n1/N1) versus the friction massage group (n2/N2) were 0/45
versus 0/45 (RR not estimable).

Long term

Long-term effects were not investigated.

Flexibility exercise training versus medication (ibuprofen)
End of intervention

Amanollahi 2013 compared a 4-week flexibility exercise
intervention (N = 45) versus medication (ibuprofen) (N = 45). We
found no evidence of an effect on pain intensity (VAS; N = 90;
MD -8.00, 95% Cl -20.21 to 4.21; Analysis 4.2). Five participants
in the medication intervention group reported side effects to the
ibuprofen medications. All-cause withdrawal rates for the flexibility
exercise training group (n1/N1) versus the medication group (n2/
N2) were 6/45 versus 0/45 (RR 13.00, 95% CI 0.75 to 224.13).

Long term

Long-term effects were not investigated.
DISCUSSION

This review is one of a series of reviews examining the effects of
physical activity interventions for adults with fibromyalgia; this
review focused on flexibility exercise training.

Summary of main results

Twelve unique studies involving 743 people met our inclusion
criteria. The comparisons were as follows.

« Flexibility exercise training versus untreated controls. One study
involving 28 participants compared flexibility exercise training
versus control. Results showed no evidence of an effect on pain
intensity, physical function, improvement in pain greater than
30%, or all-cause withdrawals. Health-related quality of life,
fatigue, and stiffness were not analyzed as data were reported
as being skewed. No long-term effects were investigated. The
overall certainty of the evidence was low.

« Flexibility exercise training versus land-based aerobic exercise
training. Five studies involving a total of 266 participants
compared flexibility exercise training versus aerobic exercise
training. Although we found evidence of an effect favoring the
flexibility exercise group for stiffness (one study), we found no
evidence of an effect on HRQoL, pain intensity, fatigue, physical
function, all-cause withdrawal, depression, or tenderness. When
evaluating long-term effects, we found evidence of an effect
of aerobic exercise on tenderness. The overall certainty of the
evidence was very low.

+ Flexibility exercise training versus resistance training. Three
studies involving 152 participants compared flexibility exercise
training to resistance training. We found no evidence of an effect
for pain intensity, fatigue, depression, all-cause withdrawal,
HRQoL, physical function, tenderness, or improvement in pain
greater than 30%. Stiffness was not measured. No long-term
effects were investigated in any of the studies. The overall
certainty of the evidence was low to very low.

 Flexibility exercise training versus other interventions. Four
studies involving 299 participants compared flexibility exercise
training versus other interventions. Three of these studies had
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two parallel arms, and one had three parallel arms. Owing to the
differences between interventions and comparators, data were
not pooled. In between-group comparisons within single studies
comparing flexibility exercise training to a) Pilates, we found
evidence of an effect of Pilates on HRQoL and pain intensity,
but no evidence of an effect on tenderness; b) Tai Chi, we
found no evidence of an effect on HRQoL, pain intensity, fatigue,
stiffness, depression, or tenderness; c) aquatic biodanza, we
found evidence of an effect of aquatic biodanza on HRQoL,
fatigue, and stiffness, but no evidence of an effect on physical
function or depression; d) medications, we found no evidence
of an effect on pain intensity; and e) friction massage, we found
evidence of an effect of flexibility exercise training on pain
intensity. These results must be interpreted with caution due to
the risk of bias resulting from methodological weaknesses. We
assessed the certainty of the evidence for this comparison as
very low.

Overall completeness and applicability of evidence

Samples recruited by the included studies consisted mainly of
women 35 to 55 years old. Although some men were included,
we were unable to calculate a precise number due to lack of
information. The 12 included studies were conducted in seven
different countries from Europe and North and South America.
However, four of the included studies were from Brazil, and the
authors of these four studies, Assumpgdo 2017, Bressan 2008,
Matsutani 2012, and Valim 2003 may belong to a joint research
group as they are co-authors on each other's studies. Our findings
are thus not easily generalizable beyond middle-aged, largely
Caucasian (understood to be white), female populations. Sample
sizes were small, and pooled samples were still less than the
400 criterion, therefore we recommend caution in generalizing
results of this review to the wider population of individuals with
fibromyalgia.

Flexibility exercises are often embedded in programs targeting
individuals with fibromyalgia within the context of current practice;
however, in some instances flexibility exercises may be integrated
into the warm-up and/or cool-down regimens rather than being
treated as a separate treatment intervention. In our review,
some researchers employed flexibility exercises as a control,
Altan 2009; Lopez-Rodriguez 2012, or as part of a relaxation
intervention, Richards 2002, which may further underscore the lack
of recognition of flexibility exercise training as a unique treatment
onitsown. Itis thus plausible that we may have captured only some
of the published papers on flexibility exercise and fibromyalgia.

The duration of the flexibility exercise training sessions ranged from
40 to 60 minutes and were a mixture of (unsupervised) home-
based programs and supervised group sessions. The flexibility
interventions in this review did not meet all recommended FITT
(frequency, intensity, time, and type) principles for flexibility
exercise training for healthy individuals (see Table 1 and Table
4) (ACSM 2013). Consequently, the benefits of flexibility exercise
training may be underestimated in these studies.

According to the 2013 ACSM guidelines for healthy adults (ACSM
2013), the recommended frequency for flexibility training regimens
is two to three days per week, with daily being more effective.
None of the included studies had a frequency more than three
days per week, and ranged from one to three days per week, with
frequency fixed throughout the program. Regarding the intensity of

the flexibility exercise training program, the 2013 ACSM guidelines
recommend the stretch to be taken to the point of tightness
or slight discomfort. Eleven of the 12 included studies did not
provide information on the intensity of their programs, thus
making judgement difficult. The 2013 ACSM guidelines recommend
holding the stretch for 10 to 30 seconds. Seven of the 12 included
studies met the recommended time for holding each stretch; in
four studies this was unclear; and one study did not meet the
recommended hold. For type of flexibility exercise, the 2013 ACSM
guidelines recommend a series of flexibility exercises for each
of the major muscle-tendon units with static, dynamic, ballistic,
and proprioceptive neuromuscular facilitation (PNF) all stated
as being effective. Most studies met this criteria, with only one
study providing insufficient information to permit a judgement.
For volume and pattern, the guidelines suggest that a reasonable
target is to perform 60 seconds of total stretching for each flexibility
exercise with each stretch repeated two to four times. Only three
studies met the recommended guidelines, with the remaining
studies providing insufficient information to permit a judgement.

Quality of the evidence

The evidence presented in this review was obtained from trials
published in academic journals, registered and published RCT
protocols, and trial author responses to requests for information.
Using the GRADE system of rating evidence for major outcomes,
we judged the overall certainty of evidence for the comparison
of flexibility exercise training versus the land-aerobic exercise
training to be very low after downgrading due to issues related to
selection and performance bias, and potential limitations related
toinconsistency (i.e. heterogeneity of interventions) or imprecision
(i.e. total cumulative sample size lower than 400). The sample sizes
of the included trials were often small, and even after pooling
the data in the meta-analysis, participant numbers were smaller
than desired. In some trials, flexibility was used as a proxy (i.e.
flexibility exercise training was used as the control or combined
with relaxation), making judgements on the benefits of flexibility
exercise training challenging. The available evidence is limited by
the number and quality of the included trials, preventing us from
reaching robust conclusions regarding the benefits and harms of
flexibility exercise training for adults with fibromyalgia. We cannot
offer a thorough understanding of adverse effects from flexibility
exercise training due to the lack of information provided in the
included studies. We found that withdrawal rates did not differ
between flexibility and aerobic training. We rated the certainty of
the evidence as very low for long-term benefits of flexibility exercise
for HRQoL and pain intensity after downgrading for selection bias,
indirectness (i.e. flexibility was used along with relaxation as the
control), and imprecision (i.e. small number of participants) (see
Table 5). For the comparison of flexibility exercise training versus
aerobic exercise training, we are thus uncertain whether flexibility
exercise training leads to improvements in HRQoL, pain intensity,
fatigue, stiffness, and physical function or decreases withdrawals
and adverse events because the certainty of the evidence is very
low.

For the comparison of flexibility exercise training versus untreated
control, there was only one study and the overall certainty of the
evidence was low for the measured outcomes (pain intensity and
physical function). Selection and performance biasissues as well as
imprecision (i.e. total cumulative sample size lower than 400) led to
downgrading of the evidence (see Table 6). Withdrawal rates did not
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differ between flexibility exercise training and untreated control.
Consequently, flexibility exercise training may lead to little or no
difference in pain intensity, physical function, and withdrawals.

For the comparison of flexibility exercise training versus resistance
training, we found similar issues to the comparison of flexibility
exercise training versus aerobic exercise training, which led to
downgrading of the evidence for major outcomes (HRQoL, pain
intensity, fatigue, and physical function) to low to very low certainty
(see Table 7). For this comparison one study reported on the
outcome of greater than 30% improvement of pain. The certainty
of evidence was low owing to selection and performance bias and
small sample size. Flexibility may thus lead to little or no difference
in improvement of HRQoL, pain intensity, and pain greater than
30%. We are uncertain whether flexibility improves fatigue and
physical function and decreases withdrawals and adverse events
because the certainty of the evidence is very low.

For the comparison of flexibility exercise training versus other
interventions, the certainty of evidence ranged from low to very
low for HRQoL, pain intensity, fatigue, stiffness, and physical
function. We downgraded the certainty of the evidence owing to
issues related to risk of bias (selection and performance bias),
imprecision (small number of participants), and heterogeneity of
the interventions (see Table 8). Flexibility may thus lead to little
or no difference in physical function, and it is unclear whether
flexibility improves HRQoL, pain intensity, fatigue, and stiffness and
decreases withdrawals and adverse events because the certainty of
the evidence is very low.

Potential biases in the review process

We attempted to control for bias in the review process in the
following ways.

« We followed our protocol and documented any deviations from
it and reasons for the deviations. We strove for transparency in
our decisions and procedures.

« We applied no language restrictions on our search.

« We described inclusion criteria in sufficient detail to avoid
inconsistent application in study selection and documented the
inclusion criteria. We updated searches periodically and utilized
multiple databases.

« By searching clinical trial registries (e.g. ClinicalTrials.gov), we
enhanced the opportunity to identify unpublished trials and
selective reporting of outcomes. Publication bias may lead to
overestimation of treatment effect by up to 12%.

« We contacted primary authors for clarification and additional
information where indicated, although responses were not
always obtained. We asked our questions in open-ended fashion
to avoid leading questions or answers.

« Our team includes multidisciplinary views and range of
expertise, which co-create the synthesis of the evidence: our
views include library science, systematic reviews and methods,
critical appraisal, clinical rheumatology, exercise physiology,
physiotherapy, kinesiology, and knowledge translation and
lived experience (i.e. consumers).

« We used a standardized procedure to determine selection and
inclusion and assessment of studies in the review, and review
authors were trained in data extraction.

« Two members of our multidisciplinary team presented the
perspective of consumers (i.e. one team member had

fibromyalgia and another team member had another rheumatic
disease) and brought the perspective of lived experience during
the protocol and review process.

« We used intention-to-treat data preferentially.

Agreements and disagreements with other studies or
reviews

We found one previous review on flexibility exercise for
fibromyalgia (Lorena 2015). The search for the Lorena 2015 review
generated five RCTs published between 1986 and 2010. These five
studies were assessed for methodological quality using the PEDro
scale, which led to one study, Bressan 2008, being excluded for low
methodological quality (PEDro scale = 2). Lorena 2015 performed
no meta-analysis. One of the four studies included in Lorena 2015
was a thesis at the time of their review (Assumpcao 2010); it
has subsequently been published and is included in our review
(Assumpcdo 2017).

All four studies included in Lorena 2015 were included in our
review (with the thesis by Assumpcao 2010 being a companion
study to Assumpgdo 2017 (confirmed by thesis author)). Similar
to our review, Lorena 2015 observed a greater concentration of
studies investigating flexibility in adults with fibromyalgia after
the year 2000. We agree with their general conclusions on the
flexibility intervention parameters: flexibility training parameters
were poorly described with heterogeneity in the time, frequency,
and intensity of sessions between studies. We also agree with the
statement by Lorena 2015 that there is a “need for further studies
to establish the real benefits of the technique, because the majority
of published studies shows low methodological quality.”

In contrast to our review, Lorena 2015 assessed methodological
quality by the PEDro scale (we used the Cochrane ‘Risk of bias’ tool).
Lorena 2015 states that all studies demonstrated improvement in
pain intensity, as well as quality of life and physical condition,
however our meta-analyses for pain intensity do not support this.
In addition, their review only included McCain 1986, which is a
preliminary summary for McCain 1988; results from the later study,
McCain 1988, were based on a larger sample for the flexibility group.
Our study included data from McCain 1988 (we treated McCain 1986
as a companion study in our review). Matsutani 2012 was included
in our meta-analysis for studies comparing flexibility and aerobic
training, and Jones 2002 and Assumpcao 2010 (companion study
of Assumpcdo 2017) were included in our meta-analysis for studies
comparing flexibility and resistance training. Based on our results,
the absolute changes and relative improvements show no evidence
of an effect for the flexibility groups.

Theadom 2015 conducted a systematic review examining mind-
and-body therapy for fibromyalgia. Theadom 2015 categorized
their 61 included studies into five broad groups: psychological
therapies, biofeedback, mindfulness meditation therapies,
movement therapies, and relaxation-based therapies. Two of the 11
included studies within their movement therapies category, which
included interventions such as yoga, Tai Chi, and Pilates, were
included in our review (Altan 2009; Calandre 2009). In agreement
with our review, physical function and pain intensity were used as
major outcomes in Theadom 2015. However, fatigue and quality
of life were used as their minor outcomes (these were included
among our major outcomes). Also in agreement with our review,
the authors of Theadom 2015 found very low-certainty evidence for
studies investigating the effects of movement therapies, with trial
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quality being reduced by unclear details or high risk of allocation
concealment and non-blinding of outcome assessors.

There are several interdisciplinary guidelines on the management
of fibromyalgia, that are from Europe (EULAR; European League
Against Rheumatism) (Macfarlane 2017), Canada (Fitzcharles 2013),
Israel (Ablin 2013), and Germany (Arnold 2012; Langhorst 2012;
Winkelmann 2012). The most recently revised recommendations
are from the EULAR (Macfarlane 2017). Although specific
recommendations for flexibility exercise training are not provided,
the authors state that the EULAR recommendations are in
agreement with recommendations from other countries on the
principles of approach to management. They state that there needs
to be emphasis on therapy tailored to the individual, and that non-
pharmacological therapies should play afirst-line of treatment role.
As flexibility exercise training is further studied with larger trials in
this population, future treatment guidelines may begin to discuss
the possible benefits of flexibility training.

Previous Cochrane Reviews of aerobic and resistance training for
adults with fibromyalgia identified evidence of an effect associated
with exercise training in comparison to controls (Bidonde 2017;
Busch 2013). Given that in this review only one study permitted us
to evaluate the effects of flexibility training compared to control,
these previous reviews could serve as a benchmark which we can
use to establish the effects of flexibility. A previous Cochrane Review
of aerobic training for fibromyalgia identified evidence of an effect
between aerobic training and controls on HRQoL, pain intensity,
stiffness, and physical function (Bidonde 2017). If in our review, we
found no evidence of an effect between flexibility exercise training
and aerobic exercise training for similar outcomes (e.g. HRQoL, pain
intensity, and physical function), it may be plausible that flexibility
training may also lead to improvement in these same outcomes
compared to controls.

AUTHORS' CONCLUSIONS

Implications for practice

One of the main limitations of the trials included in this review
may be that the protocols for flexibility exercise training were
not set according to American College of Sports Medicine (ACSM)
guidelines (ACSM 2013), thus they may not have reached a needed
threshold to achieve benefits for participants with fibromyalgia.
None of the included studies met all the recommended FITT-
VP (frequency, intensity, time, type, volume, and progression)
principles for healthy individuals as outlined in the ACSM 2013
guidelines (see Table 4). In particular, intensity was very poorly
outlined in the studies, making judgement difficult. In addition,
volume and pattern of flexibility exercises were not met in
most studies. Furthermore, the intervention modes and muscle
groups being stretch were either poorly described or were highly
heterogeneous, which may have further underestimated the
benefits of flexibility exercise training (see Table 3).

Among the 342 participants allocated to flexibility training, only
two adverse effects were described: “symptom worsening due
to certain stretching,” Lopez-Rodriguez 2012, and "a patient in
the flexibility group had tendinitis of the Achilles tendon, which
responded to treatment with local heat and a reduction in exercise
for 14 days,” McCain 1988. These adverse effects were poorly
described, and information about whether the tendinitis was a
pre-existing condition to the intervention was not clear. It was

thus difficult to gauge the safety and potential harms of this
intervention.

Our results demonstrated no significant long-term benefits
of flexibility exercise training. However, only 3 of the 12
included studies investigated long-term effects. The length of the
interventions varied widely (6 weeks to 12 weeks), as did the
range of follow-up (12 weeks to 36 weeks). Given this variability,
it is difficult to comment on the lasting benefits participants may
experience with this form of exercise intervention.

Based on our review, we cannot make specific recommendations
about the optimal design of flexibility exercise training protocols. A
larger body of high-quality studies with clearly outlined flexibility
training protocols that meet the recommended FITT principles
and ACSM guidelines will help advance our understanding of the
benefits and harms of this exercise mode.

Our findings of a lack of significant differences between flexibility
exercise and aerobic exercise training and between flexibility
exercise and resistance training may be due to the inclusion
of stretching in the warm-up and cool-down phases of the
aerobic and resistance interventions. Since the inclusion of some
stretching in aerobic or resistance training warm-up or cool-
down interventions is a standard protocol, excluding for this was
not possible. Although the warm-up and cool-down phases of
the comparator interventions were relatively brief, their inclusion
may have dampened the magnitude of differences found in the
statistical comparisons.

Implications for research

Several implications for further research have been derived from
this review. We have used the EPICOT approach to describe
implications for future researchers as follows (Brown 2006).

Evidence

We found low- to very low-certainty evidence for outcomes
comparing flexibility exercise training to aerobic exercise training
and resistance training. A common limitation of exercise
trials involved participant and personnel blinding. In addition,
participant-reported outcome measures were frequently used. The
variability of the interventions and the limited number of studies
with very few participants in the comparisons between flexibility
exercise training and other interventions and controls precluded
meta-analysis. Studies with more standardized interventions and
detailed reporting of methodologies to minimize bias may improve
our evaluation of the certainty of the evidence in the future.

Population

The majority of individuals included in our review were middle-
aged women. Based on available information, the population
consisted largely of Caucasian (understood to be white) women
living in high-income countries, which makes generalizing the
results to other contexts difficult.

Severity of disease and level of physical activity prior to the
intervention were not clearly defined. In one study, only sedentary
women were included, but a definition of sedentary was not
provided.
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We recommend that researchers identify subgroups within the data
so that future meta-analyses can support analysis of effects by age,
level of activity, severity of disease, and pain level at baseline.

Intervention

More details with respect to the frequency, intensity, time, volume,
and pattern are needed to better judge if prescribed protocols
meet the recommendations outlined by the ACSM. Future studies
that better document the FITT-VP characteristics will help us
understand and compare the true effects of flexibility exercise
training protocols. Stretching exercises used in the warm-up and or
cool-down phases of exercise interventions used as comparators
to flexibility training should also document the details of these
components.

The mode of intervention delivery was variable, with some studies
having supervised sessions and others performing home-based
programs.

Adherence to the exercise protocols is important and can
contribute to the efficacy and success of the intervention.
Monitoring methods and adherence criteria were poorly
documented in the included studies. Future studies that better
document these details can further our understanding of possible
dose-response relationships between exercise and fibromyalgia
symptoms.

Blinding of participants to their group assignment or study
hypothesis (or both) is very important, and we recommend that
researchers report this information in detail in future trials. This will
help increase the robustness of future reviews on this topic.

Comparator

In this review flexibility exercise training was compared to aerobic
exercise training, resistance training, other interventions, and
controls via direct comparison. The body of evidence would be
strengthened by more studies in each category. In particular, our
understanding on the benefits and harms of flexibility exercise
would be improved if more studies were designed so that flexibility
exercise was not treated as part of the ‘control’ group. Robust
studies with flexibility as the main intervention being investigated
and compared to controls are needed.

Outcomes

Improved documentation is needed in the area of adverse effects
(injuries or absence thereof, the number of events, exacerbations of
fibromyalgia symptoms, and other associated adverse effects). This

information is critical for clinicians to make informed decisions on
the safety and feasibility of interventions and should be reported in
a standardized and systematic way.

Few studies investigated the long-term effects of flexibility exercise
training, and among the studies that did, the length of follow-
up was variable. Future studies should include long-term follow-
up using more standardized timelines to allow for meaningful
comparison.

In accordance with Cochrane methods and Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials (IMMPACT)
recommendations, we included a 30% improvement in pain
intensity for interpreting clinical trial efficacy (Dworkin 2008). Only
one study in our review measured this outcome. In keeping with
Cochrane recommendations, future studies should ensure this
outcome is included.

Timestamp

This review presents data identified up to December 2017; updates
will be required as new evidence emerges. This review should be
updated in three to five years.
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Methods

Length: 12 weeks; follow-up: 24 weeks

2 groups: control (FX + relaxation); Pilates

Study design: randomized clinical trial with parallel groups

Participants Female:male: 50:0

Age (years (SD)): 50.0 (8.4); 48.2 (6.5)

Inclusion: diagnosis of fibromyalgia (ACR 1990)
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Altan 2009 (continued)

Exclusion: any other rheumatoid disease, unstable hypertension, severe cardiopulmonary problems, or
any psychiatric disorders affecting participant compliance

Duration of illness (years (SD)): unspecified

Interventions

Control (n = 25): home exercise relaxation/stretching; Frequency: 3/week; Duration: 1 h; Intensity:
holding each stretch for 6 s and relaxed for 4 s; Mode: stretching of cervical, shoulder, thoracic, lumbar,
gluteal, leg, and cruris muscle groups

Pilates (n =25): Frequency: 3/week; Duration: 1 h (5 min breathing, 10 min warm-up, 35 min condi-
tioning, 10 min cool-down); Intensity: not specified; Mode: 9 modules covering postural education,
search for neutral position, sitting exercise, "anatalgic exercises," and breathing education. Resistance
bands and 26-centimeter Pilates balls were used as supportive equipment. The following components
were included in the exercises: resistance and stabilization, flexibility and range of motion, proper body
alignment, balance, co-ordination, and body awareness.

Outcomes

Health-related quality of life (FIQ Total), pain intensity (VAS), tenderness (tender point count)

Measurements taken at 0, 12, 24 weeks.

Adverse Events

In the control (FX + relaxation) group: not measured or reported

In the Pilates group: "no adverse effects of Pilates exercises" p.1987

Adherence

Monitoring methods: monthly monitoring but unreported; adherence criteria: not specified; adher-
ence: attendance rate: attendance rate 96%

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: control: met the criteria for Frequency and Type only

Notes Country: Turkey

Language: English

Study author contacted: yes, study author provided details on intervention

Trial registry record or protocol available: none found

Funding source/declaration of interest: none reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "They were assigned randomly into two groups using a random number table
tion (selection bias) by the researcher other than the one who performed the evaluation through-

out the study." (page 1984)
Allocation concealment Unclear risk Insufficient information on allocation concealment to permit evaluation
(selection bias)
Blinding of participants High risk Participants and personnel delivering the intervention were not blinded. Per-
and personnel (perfor- sonnel performing the evaluations were blinded. "All participants were asked
mance bias) to give no information to the examiner about their treatment protocol" (page
All outcomes 1984)
Detection Bias - Subjective  High risk Self-report instruments: health related quality of life (FIQ Total), pain intensity
measures (VAS)
Flexibility exercise training for adults with fibromyalgia (Review) 37

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Informed decisions.

g COCh rane Trusted evidence.
i g Library

Better health.

Cochrane Database of Systematic Reviews

Altan 2009 (continued)

Detection Bias - objective
outcomes
All outcomes

Low risk Objective measures (TP assessment, strength testing). "Evaluations were per-
formed by the same researcher who was unaware of the groups the partici-
pants belonged to." (page 1984)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Missing outcome data were balanced in numbers across intervention groups
with similar reasons for missing data across groups. "One participant in group
two was excluded from the study because she was started on selective sero-
tonin reuptake inhibitor in a psychiatric examination during the study." (page

1985)
Selective reporting (re- Unclear risk Insufficient information to permit judgement of risk of bias
porting bias)
Other bias Low risk Study appears to be free of other sources of bias.

Amanollahi 2013

Methods

3 groups: flexibility (FX); medication; friction massage
Length: 4 weeks; follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: 129:0 (analyzed); 129 were included in the final assessment
Age (years (SD)): 46.73 (11.33); 46.66 (11.44); 46.65 (12.54)
Inclusion: age 40 to 50 years, diagnosis of fibromyalgia (ACR 1990)

Exclusion: infection, fever, severe physical impairment, inflammatory diseases, cardiopulmonary dis-
eases, uncontrolled endocrine diseases, allergic diseases, pregnancy, malignancy, and severe psychi-
atric diseases

Duration of illness (years (SD)): unspecified

Interventions

Flexibility (n = 45): Frequency: 3/week; Duration: 3 repetitions with 30-second holds; Intensity: not
specified; Mode: static and non-weight bearing stretching of shoulders blade musculature, paraspinal
muscles, neck and low back muscle, hamstrings and calf muscles

Medication (n =39): 400 mg ibuprofen (Aria Pharmaceutical Co., Iran) 3 x/day and 25 mg nortriptyline
(Darou Pakhsh Pharmaceutical Mfg. Co., Iran) 1/d

Friction massage (n = 45): 3/week, 3 30-second friction massages using the second and third fingers
with a pressure of approximately 0.5 to 1 kg/point on the painful spot so that a mild pallor occurred on
the practitioner’s nails

Outcomes

Health-related quality of life (life satisfaction), pain intensity (VAS)

Measurements taken at 0, 1, 4 weeks.

Adverse Events

Not measured or reported

Adherence

Monitoring methods: not stated; adherence criteria: not stated; adherence: not specified

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: flexibility: met the criteria for Frequency, Time, Type, Volume and Pattern only

Flexibility exercise training for adults with fibromyalgia (Review)
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Notes Country: Iran
Language: Farsi with English abstract. Methods and results translated into English.
Author contact: 6 March 2016 and 27 March 2016 (no author response)
Trial registry record or protocol available: none found
Funding source/declaration of interest: none reported
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on the method used to generate the allocation se-

quence to permit evaluation

Allocation concealment Unclear risk Insufficient information on allocation concealment to permit judgement of

(selection bias) risk of bias

Blinding of participants Unclear risk No information in translation or English abstract

and personnel (perfor-

mance bias)

All outcomes

Detection Bias - Subjective  High risk Self-report instruments: pain intensity (VAS)

measures

Detection Bias - objective Low risk Not applicable: objective outcomes were not assessed

outcomes

All outcomes

Incomplete outcome data  Low risk Missing outcome data were balanced in numbers across groups with similar

(attrition bias) reasons for missing data across groups.

All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement of risk of bias

porting bias)

Other bias Unclear risk Insufficient information to assess whether an important risk of bias exists
Assumpgao 2017

Methods 3 groups: stretching (FX); resistance (RT); control

Length: 12 weeks; follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: 44:0
Age (years (SD)): 47.9 (5.3); 45.7 (67.7); 46.9 (6.5)

Inclusion: women aged 30 to 55 referred to fibromyalgia outpatient clinic, diagnosis of fibromyalgia ac-
cording (ACR 1990)

Exclusion: non-controlled systemic disorders (diabetes, hypertension), neurological and musculoskele-
tal conditions that could compromise assessments, impaired alertness or comprehension, relevant
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Assumpgao 2017 (Continued)

joint disorders (severe arthritis, arthroplasty of the hip or knee, rheumatoid arthritis), recent changes
in physical activity, and recent changes in therapy for fibromyalgia (medication, educational programs,
alternative medicine, psychotherapy)

Duration of illness (years (SD)): unspecified

Interventions

Stretching (n = 14): home exercise relaxation/stretching; Frequency: 2/week; Duration: 40 min; Inten-
sity: early stages 3 reps, from fifth week 4 reps, from ninth week 5 reps; intensity of stretch was gradu-
ally increased to point of moderate discomfort and held for 30 s; Mode: supervised program focusing
on large muscles (triceps surae, gluteus, ischiotibial, paravertebral, latissimus dorsi, hip adductor, pec-
toralis)

Resistance (n = 16): Frequency: 2/week; Duration: 40 min (5 min breathing, 10 min warm-up, 35 min
conditioning, 10 min cool-down); Intensity: first 2 sessions there was no load; 0.5 kg was added each
week if participant identified the effort as slightly intense on the Borg Scale (score = 13); 8 reps; Mode:
dumbbells for upper limbs and shin pads for lower limbs; exercises targeted triceps surae, quadriceps,
hip adductors and abductors, hip flexors, elbow flexors and extensors, pectoralis major, and rhom-
boids

Control (n = 14): continued with usual medical treatment

Outcomes

We used the data for which SDs were provided: pain intensity (VAS) and physical function (FIQ-PF;
range of scale of 0 to 30 was provided by author through email communication; scale was subsequently
converted to 0-to-100 scale for analysis).

We did not use the data for major outcomes that were described as skewed: health-related quality of
life (FIQ, SF-36), fatigue (FIQ, SF-36), and stiffness (FIQ), nor did we did not use the data for 2 minor out-
comes: tenderness (TP count) and depression (FIQ) (see Higgins 2011, Section 7.7.3.5).

Measurements taken at 0, 12 weeks.

Adverse Events

Stretching group: not measured or reported

Resistance group: authors state "one subject in the resistance group interrupted participantin the
study because of worsening pain" (page 12 of downloaded paper)

Adherence

Monitoring methods: not stated; adherence criteria: not specified; adherence: stretching group 22%;
resistance 16%; control 13%

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: flexibility: met the criteria for Frequency, Intensity, Time, and Type only

Notes

Country: Brazil
Language: English

Study author contacted: yes, study author provided details on number of participants with > 30% im-
provement in pain, range of scale used for physical function on the FIQ, adverse events, and funding

Trial registry record or protocol available: clinicaltrials.gov/ct2/show/NCT01029041

Funding source/declaration of interest: not funded

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Drawing of lots "for randomization, each subject drew a paper numbered one,
two, or three ... from an urn" (page 7 of downloaded paper)
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Allocation concealment Low risk Because the participants drew a paper from an urn, it is unlikely that the study
(selection bias) personnel could predict or control the group allocation.
Blinding of participants High risk Protocol states "Open label"; in 'limitations of the study' section authors state
and personnel (perfor- "moreover, the evaluator was not blinded in the intervention" (page 12 of
mance bias) downloaded paper).
All outcomes
Detection Bias - Subjective  High risk Self-report instruments: pain intensity (VAS)
measures
Detection Bias - objective Low risk Not applicable: tender point data not usable as data were reported as skewed
outcomes
All outcomes
Incomplete outcome data  Unclear risk ITT not used. 1 participant from resistance group dropped out due to in-
(attrition bias) creased pain.
All outcomes
Selective reporting (re- Low risk The protocol is available and all major and minor outcomes have been report-
porting bias) ed including any known adverse events.
Other bias Low risk The study appears to be free of other sources of bias.

Bressan 2008
Methods 2 groups: stretching (FX); physical conditioning exercises (AE)

Length: 8 weeks; follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: 15:0

Age (years (SD)): 49 (7); 44 (8)

Inclusion: diagnosis of fibromyalgia (ACR 1990)

Exclusion: inadequate cognitive level to understand the orientations and procedures

Duration of illness (years (SD)): unspecified

Interventions

Stretching (n = 8): Frequency: 1/week (in addition, stretching at home was recommended); Duration: 5
repetitions, with 30 s holds for 40 to 45 min; Intensity: not mentioned; Mode: static stretches of triceps
surae, ischiotibial, gluteal, paravertebral, latissimocondyloideus, pectoral, trapezius, and respiratory
muscles

Physical conditioning exercises (n = 7): Frequency: 1/week; Duration: 30 min (including 5 min warm-
up, 25 min walking, 5 min rest); Intensity: 60% to 75% of the estimated maximum heart rate; Mode:
walking on motorized treadmill

Outcomes

Pain intensity (FIQ), fatigue (FIQ), stiffness (FIQ), physical function (FIQ), depression (FIQ)
Other: feeling well (FIQ), job disability (FIQ), sleep (morning tiredness) (FIQ), anxiety (FIQ)

Measurements taken at 0, 8 weeks.

Adverse Events

Not measured or reported
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Bressan 2008 (Continued)

Adherence

Monitoring methods: heart rate monitoring, but unreported; adherence criteria: not stated; adherence:

not stated

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: stretching: met the criteria for Time, Type, Volume, and Pattern only

Notes Country: Brazil
Language: English
Study author contacted: no
Trial registry record or protocol available: none found
Funding source/declaration of interest: none reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Insufficient information on the method used to generate the randomization
tion (selection bias) sequence to permit judgement
Allocation concealment Unclear risk Insufficient information on allocation concealment to permit judgement of
(selection bias) risk of bias
Blinding of participants Unclear risk Insufficient information to permit judgement of risk of bias
and personnel (perfor-
mance bias)
All outcomes
Detection Bias - Subjective  High risk Self-report instruments: pain intensity (FIQ), fatigue (FIQ), stiffness (FIQ), phys-
measures ical function (FIQ)
Detection Bias - objective Low risk Not applicable: objective outcomes were not assessed
outcomes
All outcomes
Incomplete outcome data  Low risk No missing outcome data. No dropouts reported.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Insufficient information to permit judgement of risk of bias
porting bias)
Other bias High risk The level of supervision was not standardized; stretching group was encour-
aged to do exercises at home but physical conditioning group was not.
Calandre 2009
Methods 2 groups: stretching in water (FX); Tai Chi in water (Tai Chi)
Length: 6 weeks; follow-up: 10 weeks and 18 weeks
Study design: randomized clinical trial with parallel groups
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Participants

Female:male: 73:8

Age (years (SD)): 51 (8); 49 (8.4)

Inclusion: diagnosis of fibromyalgia (ACR 1990)

Exclusion: those who had never attended a swimming pool, had disease susceptible to worsen with
warm-water exercise such as coronary disease, allergy to chlorine, etc.

Duration of illness (years (SD)): 14.1 (8.4); 15.6 (8.7)

Interventions

Stretching in water (n = 39): warm shower to condition the body 34.5 °C to 35.5 °C, pool temperature
36 °C; Frequency: 3 times/week; Duration: 60 min (10 min relaxation, 40 min exercise, 10 min relax-
ation); Intensity: participant selected; Mode: active and gentle using 1-meter wooden stick, 1.5-meter
flexible tube. Stretches of cervical, upper, and lower extremities and trunk musculature

Tai Chi in water (n = 42): warm shower to condition the body 34.5 °C to 35.5 °C, pool temperature 36 °C;
Frequency: 3 times/week; Duration: 60 min (10 min relaxation, 40 min exercise, 10 min relaxation); In-
tensity: participant selected; Mode: participants were taught the 16 movements that constitute the Tai
Chi therapy, using a combination of deep breathing and slow, broad movements of the arms, legs, and
torso

Outcomes

Health-related quality of life (HRQoL), pain intensity (VAS), fatigue (FIQ), stiffness (FIQ), physical func-
tion (SF-12), tenderness (tender points), depression (BDI)

Other: sleep disturbance (Pittsburg Sleep Quality Index), anxiety (State and Trait Anxiety Inventory)

Measurements taken at weeks 0, 6, 10, 18 weeks.

Adverse Events

Stretching group:none reported

Tai Chi group: pain exacerbation (n = 2); chlorine hypersensitivity (n = 1)

Adherence

Monitoring method: not stated; adherence criteria: not specified adherence: attendance rate 71% (fol-
low-up) 87.1% (completed the program)

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: stretching in water: met the criteria for Frequency and Type only

Notes Country: Spain
Language: English
Author contacted: no
Trial registry record or protocol available: clinicaltrials.gov/ct2/show/NCT00550641
Funding source/declaration of interest: none reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk "Participants were randomly assigned by means of a computer-generated ta-
tion (selection bias) ble of random numbers." (page S14)
Allocation concealment High risk "open label design" (page S14)
(selection bias)
Blinding of participants Low risk Although there was no participant or care provider blinding, the review au-
and personnel (perfor- thors judged that the outcome is not likely to be influenced by lack of blinding,
mance bias) as both groups received an equivalent level of exposure to exercise personnel
All outcomes
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Calandre 2009 (Continued)

(Higgins 2011). "As the study was not blinded..." and "A trained physiothera-
pist, always the same for all of the exercise groups" (page S14)

Detection Bias - Subjective  Low risk Self-report instruments: HRQoL (FIQ total), pain intensity (VAS), fatigue (FIQ),
measures stiffness (FIQ)
Detection Bias - objective High risk Objective measures (TP assessment). From author email: "the therapist who

outcomes

performed the tender point assessment was not blinded"

All outcomes

Incomplete outcome data  Low risk Dropouts specified and ITT used.

(attrition bias)

All outcomes

Selective reporting (re- High risk Incongruence between outcomes description and results report that likely

porting bias)

led to an imbalance in results across groups. No information on TPs as an out-
come, yet shows up in the results

Other bias High risk Had baseline imbalances: "One of the groups showed significantly better
scores of mental health at baseline." (page S18)
Statement regarding conflict of interest: "none declared"
Gavi 2014
Methods 2 groups: flexibility (FX); resistance (RT)

Length: 16 weeks, follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: 66:0
Age (years (SD)): 48.65 (7.6); 44.34 (7.94)
Inclusion: women 18 to 65 years of age, diagnosis of fibromyalgia (ACR 1990)

Exclusion: cardiovascular, respiratory, metabolic, and rheumatic diseases that could limit exercise, dis-
eases associated with autonomic dysfunction (e.g. arterial hypertension, diabetes, coronary insuffi-
ciency), use of medication such as beta blockers, calcium channel blockers, and any other antihyper-
tensive, anticonvulsants, non-tricyclic antidepressants, and opioid analgesics), exercise within last 3
months, inability to understand questionnaires, positive treadmill test, positive treadmill test for my-
ocardial ischemia, receipt of social security benefits

Duration of illness (years (SD)): unspecified

Interventions

Flexibility (n = 31): Frequency 2/weeks; Duration: 45 min; Intensity: not stated; Mode: stretching pro-
gram included the major muscles

Resistance training (n = 35): Frequency: 2/week; Duration: 45 min; Intensity: moderate intensity,
(overload of 45% of the estimated 1 RM, calculated based on maximal repetitions) in 3 sets of 12 rep-
etitions;Mode: 12 dynamic resistance exercises using weight machines for 8 major muscle groups:
(quadriceps femoris, hamstrings, biceps brachii, triceps brachii, pectoral, calf, deltoid, and latissimus
dorsi) with (leg press, leg extension, hip flexion, pectoral fly, triceps extension, shoulder flexion, leg
curl, calf pulldown, shoulder abduction, biceps flexion, and shoulder extension)

Outcomes Health-related quality of life (FIQ Total), pain intensity (SF-36), fatigue (SF-36), physical function
(SF-36), depression (BDI)
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Gavi 2014 (continued)

Other: cardiorespiratory function (max treadmill), cardiorespiratory function submax (6-minute walk
test), flexibility (Sit and Reach), physical fitness strength (grip strength, shoulder flexion, leg), mental
health (SF-36)

Measurements taken at 0, 20 weeks.

Adverse Events

Resistance group: n =1 lost at follow-up due to "shoulder periarthritis"; however, details as to whether
this participant had arthritis prior to the intervention, if it flared up, or if it was aggravated by the inter-
vention was not specified

Adherence

Monitoring method: not stated; adherence criteria: not stated; adherence: 77.5% (follow-up) 100%
(completed the program)

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: flexibility: met the criteria for Frequency, Time, and Type only

Notes Country: Spain
Language: English
Author contacted: no
Trial registry record or protocol available: clinicaltrials.gov/ct2/show/NCT02004405
Funding source/declaration of interest: none reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk "The patients were sequentially randomized to resistance or flexibility groups
tion (selection bias) according to the order of inclusion in the study" (page 3)
Allocation concealment High risk The physician responsible for initial evaluation and inclusion also randomized
(selection bias) participants to groups. "The first included patient was allocated to interven-
tion and the second to control group" (page 3)
Blinding of participants High risk Only the assessor was blinded to group membership (page 3).
and personnel (perfor-
mance bias)
All outcomes
Detection Bias - Subjective  High risk Self-report instruments: HRQoL (FIQ total), pain intensity (SF-36), fatigue
measures (SF-36), physical function (SF-36), depression (BDI)
Detection Bias - objective Low risk Not applicable: objective measures were not relevant to this review
outcomes
All outcomes
Incomplete outcome data  Low risk Missing outcome data were unlikely to have led to an imbalance in results
(attrition bias) across groups.
All outcomes
Selective reporting (re- Unclear risk Study protocol was retrospective, i.e. registered after the completion date of
porting bias) study (clinicaltrials.gov/ct2/show/NCT02004405)
Other bias Low risk Study appears to be free of other sources of bias.
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Jones 2002

Methods

2 groups: stretching (FX); resistance exercises (RT)
Length: 12 weeks; follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: 68:0
Age (years (SD)): 46.4 (8.5); 49.2 (6.36)
Inclusion: female, 20 to 60 years of age, diagnosis of fibromyalgia (ACR 1990)

Exclusion: current or past history of cardiovascular, pulmonary, neurological, endocrine, or renal dis-
ease that would preclude involvement in an exercise program, current use of medications such as
moderate- or high-dose beta blockers that would significantly affect normal physiological response to
exercise, current cigarette smoking, score = 29 on the BDI modified for fibromyalgia, current participa-
tion in a regular exercise program

Duration of illness (years (SD)): 7.7 (5.5); 6.9 (6.6)

Interventions

Flexibility (n = 28): Frequency: 2/week; Duration: 60 min; Intensity: static stretches Mode: static
stretches for the same 12 major muscle groups as the resistance training group

Resistance training (n = 28): Frequency: 2/week; Duration: 60 min; Intensity: low, (single sets, initially 4
to 5 repetitions and progressed to 12 repetitions by the end of the study); Mode: non-aerobic muscle re-
sistance exercises for 12 muscle groups (gastrocnemius, tibialis anterior, quadriceps, hamstrings, glu-
teus, abdominals, erector spinae, pectorals, latissimus dorsi and rhomboids, deltoids, biceps and tri-
ceps)

Outcomes

Quiality of life (QOLS), pain intensity (FIQ-VAS), fatigue (FIQ), stiffness (FIQ), physical functioning (FIQ),
depression (BDI and FIQ)

Other: morning tiredness (FIQ), anxiety (FIQ), job difficulty (FIQ), and overall well-being in the past
week (FIQ), anxiety (Beck Anxiety), muscle strength (maximum isokinetic peak torque of non-domi-
nant side for knee extension flexion, internal and external rotation (Cybex Il), body fat was measured in
7 sites (chest, axilla, triceps, sub-scapula, abdomen, supra-iliac, thigh) using a 2-prong spring-loaded
caliper (Harpenden) per anthropomorphic standardized guidelines), body weight (kg), self-efficacy
(ASES)

Measurements taken within 2 weeks before study entry (pre-test) and within 2 weeks after the final ex-
ercise class (post-test).

Adverse Events

Not measured or reported

Adherence

Monitoring method: not stated; adherence criteria: not stated; adherence: attendance rate expressed
for total study "85% of the participants in both groups (n = 58) attended 13 or more classes" (page
1043)

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: flexibility: met the criteria for Frequency, Time, and Type only

Notes Country: United States
Language: English
Author contacted: yes, study author provided information on the sample, intervention, and dropouts
Trial registry record or protocol available: none found
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Jones 2002 (Continued)

Funding source/declaration of interest: supported by an Individual National Research Service Award
(#1F31 NR07337-01A1) from the National Institutes of Health, a doctoral dissertation grant (#2324938)
from the Arthritis Foundation, and funds from the Oregon Fibromyalgia Foundation

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Randomization was accomplished with a coin flip" (page 1042)
tion (selection bias)
Allocation concealment Unclear risk Insufficient information on allocation concealment to permit evaluation
(selection bias)
Blinding of participants High risk Insufficient information, but it is unlikely that participants were blinded. "Both
and personnel (perfor- were blinded to group assignment." (page 1042)
mance bias)
All outcomes
Detection Bias - Subjective  High risk Self-report instruments: HRQoL (FIQ total), pain intensity (FIQ), fatigue (FIQ),
measures depression (BDI)
Detection Bias - objective Low risk Objective measures: (TP count) "Data were collected by an exercise science
outcomes technician (strength and body fat) or the principal investigator (all other mea-
All outcomes sures). Both were blinded to group assignment." (page 1042)
Other measures: strength (Cybex Il isokinetic dynamometer) and body fat (2-
prong spring-loaded caliper)
Incomplete outcome data ~ Low risk Missing outcome data were unlikely to have led to an imbalance in results
(attrition bias) across groups.
All outcomes
Selective reporting (re- Unclear risk Insufficient information to permit judgement of risk of bias
porting bias)
Other bias Low risk There may be risk related to poor adherence to exercise regimen. "85% of the

participants attended only slightly more than 50% of the 24 supervised ses-
sions" (Jones 2002, page 1043). The low attendance may have contributed to
low power (i.e. type 2 error).

Lopez-Rodriguez 2012

Methods

2 groups: control (FX); biodanza (aerobic exercise in water) (AQ-AE)
Length: 12 weeks; follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: not stated
Age (years (SD)): mean age (SD): 55.30 (7.50); 55.50 (7.70)

Inclusion: 18 to 65 years of age, diagnosis of fibromyalgia (ACR 1990), willingness to keep their pharma-
cological treatment constant during the study and not start new exercise or alternative therapies, part
of a health center

Exclusion: missing 14 or more sessions or changed their pharmacological treatment during the study
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Lopez-Rodriguez 2012 (Continued)

Duration of illness (years (SD)): unspecified

Interventions

Control group (n = 20): Frequency: 2/week; Duration: 60 min; Intensity: not mentioned; Mode: stretch-
ing exercises that included global stretches and stretches specific to different muscular areas of the
body

Aerobic exercise (n = 19); Frequency: 2/week; Duration: 60 min (10 min warm-up, 40 min biodanza,

10 min cool-down; Intensity: not mentioned; Mode: biodanza in the water with water temperature ap-
proximately 29 °C preceded by a shower at 33 °C to 35 °C, biodanza-type movements like walking, slow
movements of upper and lower extremities, cool-down stretching

Outcomes

Health-related quality of life (FIQ Total), pain intensity (FIQ), fatigue (FIQ), stiffness (FIQ), physical func-
tion (FIQ), tenderness (TP algometry total), depression (BDI)

Other: anxiety (FIQ)

Measurements taken at weeks 0, 13 weeks.

Adverse Events

Control (flexibility group): n = 1 symptom worsening to certain stretching exercises and dropped from
the study; n = 3 worsening of symptoms due to family and work life or season and weather (based on
communication from author)

Biodanza group: n = 1 ankle fracture; n = 2 worsening of symptoms due to seasonal changes

Adherence

Monitoring method: attendance; adherence criteria: minimum 14 sessions attended; adherence: atten-
dance rate: 57%

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: control group: met the criteria for Frequency and Type only

Notes

Country: Spain
Language: Spanish

Study author contacted: yes, study author provided information on adverse events, blinding, random-
ization, intervention, TP evaluation, attrition, and algometry

Trial registry record or protocol available: clinicaltrials.gov/ct2/show/NCT03182556

Funding source/declaration of interest: not stated

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk In the translation: "The final sample was made of 70 patients that were ran-

tion (selection bias) domly assigned to two groups"

Allocation concealment High risk No mention in abstract or translation

(selection bias)
See above; the assignments were "group one and group two"; the participants
and researcher in charge of assignment into groups did not know what these
groups represented.

Blinding of participants High risk Insufficient information, but it is unlikely that participants were blinded

and personnel (perfor-

mance bias)

All outcomes
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Lopez-Rodriguez 2012 (Continued)

Detection Bias - Subjective
measures

High risk Self-report instruments: HRQoL (FIQ total), pain intensity (VAS), fatigue (FIQ),
stiffness (FIQ), physical function (FIQ), depression (BDI)

Detection Bias - objective Low risk Objective outcomes were not assessed.

outcomes

All outcomes

Incomplete outcome data  High risk Missing outcome data likely to have led to an imbalance in results across
(attrition bias) groups.

All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement of risk of bias

porting bias)

Other bias Low risk Study appears to be free of other sources of bias.

Matsutani 2012

Methods

2 groups: stretching (FX); aerobic (AE)
Length: 8 weeks; follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: not stated
Age (years (SD)): 49.2 (7.6); 44.1 (7.4)

Inclusion: individuals 35 to 60 years of age, able to understand the procedure and follow the basic ori-
entations given, diagnosis of fibromyalgia (ACR 1990)

Exclusion: history or suspicion of neoplasia

Duration of illness (years (SD)): unspecified

Interventions

Stretching (n =17): Frequency: 1/week with home program of same exercises on same days; Duration:

45 min; Intensity: active and gentle. All exercises emphasizing breathing and postural alignment. Mode:

static stretches held 30 s, repeated 4 times with 30 s rest, progressed from lying to sitting to standing
upright or in flexion. Breathing and postural alignment were emphasized. A mirror was used as an aid
to the perception of movements of the upper limbs and postural alignment.

Aerobic (n = 12): Frequency: daily except the day they had the physical therapy session; Duration: 30
min (5 min warm-up, 20 min exercise, 5 min cool-down); Intensity: defined according to heart rate be-
tween 60% and 70% for age. Mode: treadmill walking and running

Outcomes

Tenderness (TP count), depression (BDI)

Others: sleep (Post Sleep Inventory 1 to 13), anxiety-trait (Trait Inventory-State), anxiety-state (Trait
Anxiety-State)

Measurements taken at 0 and 8 weeks.

Adverse Events

Not measured or reported

Adherence

Monitoring method: attendance; adherence criteria: not specified; adherence: attendance rate: 70.5%
(FX) and 46.7% (AE)

Flexibility exercise training for adults with fibromyalgia (Review)
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Matsutani 2012 (Continued)

Congruence of EX protocol ~ ACSM 2013: stretching: met the criteria for Time, Type, Volume, and Pattern only
with ACSM criteria for flex-

ibility
Notes Country: Brazil
Language: Portuguese
Study author contacted: yes, study author provided additional information on exclusion criteria, blind-
ing of participants, exercise interventions, outcome measures, adverse events, and confirmed the lack
of a published protocol (see below)
Trial registry record or protocol available: none found
Funding source/declaration of interest: none stated
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk "The assignment to the groups was made according to the order of arrival, the
tion (selection bias) first patient was randomized and the rest were allocated consecutively in each
group. One patient did not want to perform aerobic exercise and therefore was
allocated to the stretching group" (page 2 in translated copy)
Allocation concealment High risk "Participants were allowed to choose a group if they did not have preference
(selection bias) of the exercise group in which they were allocated after randomization. One
patient did not want to perform aerobic exercise and therefore was allocated
to the stretching group." (page 2 in translated copy)
Blinding of participants High risk Neither personnel nor participants were blinded.
and personnel (perfor-
mance bias)

All outcomes

Detection Bias - Subjective  High risk Self-report instruments: pain intensity (VAS), depression (BDI)

measures

Detection Bias - objective High risk Objective measure: tender point count. In an email for more information, au-
outcomes thors stated: "No, neither the assessor nor the patient was blinded during the
All outcomes assessment"

Incomplete outcome data  High risk Missing outcome data likely led to an imbalance in results across groups.

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement of risk of bias
porting bias)

Other bias Low risk Study appears to be free of other sources of bias.

McCain 1988

Methods 2 groups: flexibility (FX); aerobic exercise (AE)

Length: 20 weeks; follow-up: none
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McCain 1988 (continued)

Participants

Female:male: mixed, details not stated
Age (years SD)): 45.9 (8.2); 35.8 (11.1)
Inclusion: diagnosis of fibromyalgia (Smythe 1981), successful treadmill stress test

Exclusion: amytriptyline within previous 3 months, ischemic heart disease, symptomatic cardiac ar-
rhythmias, exercise-induced asthma

Duration of illness (years (SD)): unspecified

Interventions

Flexibility (n = 20): Frequency: 3/week; Duration: 60 min; Intensity: not mentioned; Mode: exercises
consisted of flexibility maneuvers such that sustained heart rate responses greater than 115 beats per
minute were not attained

Aerobic exercise (n = 18): Frequency: 3/week; Duration: 60 min; Intensity: moderate to vigorous; Mode:
bicycle ergometry

Outcomes

Pain intensity (VAS), physical function (submaximal cardiorespiratory fitness cycle ergometry), tender-
ness (TMS)

Others: sleep (sleep diary), psychological function (SCL-90-R), Global (Global Severity Index)

Measurements taken at weeks 0 and 20 weeks.

Adverse Events

Flexibility group: "a patient in the flexibility group had tendinitis of the achilles tendon, which respond-
ed to treatment with local heat and a reduction in exercise for 14 days" (page 1138 but it is unclear
whether the tendinitis was related to intervention participation)

Aerobic group: none reported

Adherence

Monitoring method: attendance; adherence criteria: attendance rate; attendance rate: 90%

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: flexibility: met the criteria for Frequency only

Notes Country: Canada
Language: English
Study author contacted: no
Trial registry record or protocol available: none found
Funding source/declaration of interest: none reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk "Consecutive patients were given an odd or even number from a list of random
tion (selection bias) and 'randomized' to receive higher cardiovascular training (even numbers)
or flexibility exercise training (odd numbers) for a period of 20 weeks" (page
1136)
Allocation concealment High risk A list of random numbers was used (page 1136).
(selection bias)
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McCain 1988 (continued)

Blinding of participants Low risk "No contact between members of the 2 groups was allowed during the treat-
and personnel (perfor- ment period; patients in one group were unaware of the kind of exercises of-
mance bias) fered to patients in the other group" (page 1136)

All outcomes

Detection Bias - Subjective  Low risk Self-report instruments: pain intensity (VAS)
measures

Detection Bias - objective Low risk Objective outcomes were not assessed.
outcomes

All outcomes

Incomplete outcome data  Low risk Reasons for missing outcomes are unlikely to be related to true outcomes.

(attrition bias) Missing outcome data balanced in numbers across intervention groups, with

All outcomes similar reasons for missing data across groups.

Selective reporting (re- Low risk Study protocol is available, and most of the study's prespecified outcomes

porting bias) have been reported, except variances on the fatigue scale SCL-90-R (page
1139).

Other bias Low risk There were some baseline imbalances regarding age, pain intensity scores

on VAS (higher in CVR group), sex (both, and the only 2 men in the flexibility
group dropped out, also there was a sex difference between groups after the
dropouts), however we feel that overall there was a low risk of bias.

Richards 2002

Methods 2 groups: relaxation and flexibility (FX); aerobic exercise (AE)
Length: 12 weeks; follow-up: 24 and 48 weeks

Study design: randomized clinical trial with parallel groups

Participants Female:male: not stated
Age (years (SD)): 45 (median); 48 (median)

Inclusion: men and women aged 18 to 70 years of age, diagnosis of fibromyalgia (ACR 1990), able to to
give informed consent

Exclusion: individuals for whom an alternative medical diagnosis could explain current symptoms, in-
ability to attend classes, severe pulmonary, cardiovascular, renal, neurological disease precluding in-
volvement in aerobic exercise, inability to co-operate

Duration of illness (years (range)): 4 (3 to 4); 6.5 (3 to 10)

Interventions Relaxation and flexibility (n = 67; control treatment): Frequency: 2/week; Duration: 60 min; Mode: sta-
tic and comprised of upper and lower limb stretches and relaxation techniques based on the published
regimen by Ost 1987. As the classes continued, more techniques were introduced progressing through
progressive muscle relaxation, release-only relaxation and visualization, cue-controlled relaxation, and
differential relaxation

Aerobic exercise (n = 69): Frequency: 2/week; Duration: progressed to 60 min; Intensity: at an intensity
that made them sweat slightly while being able to talk comfortably in complete sentences. Mode: indi-
vidualized treadmill walking or cycle ergometry

Measurements taken at 0, 12, 24, 48 weeks.

Flexibility exercise training for adults with fibromyalgia (Review) 52
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Richards 2002 (continued)

Outcomes

Health-related quality of life (SF-36), pain intensity (McGill Pain Questionnaire, VAS), fatigue (Chalders
Fatigue Scale), tenderness (TP count)

Adverse Events

None reported.

Adherence

Monitoring method: attendance; adherence criteria: not specified; attendance rate: "53% of partici-
pants attended over one third of the classes" (page 2)

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: relaxation and flexibility: met the criteria for Frequency and Type only

Notes Country: United Kingdom
Language: English
Study author contacted: yes, authors provided information on data outcome measures, means and
standard deviations
Trial registry record or protocol available: none found
Funding source/declaration of interest: this study was funded by a Research Training Fellowship of the
London region of the NHS executive; no conflict reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk "an independent researcher not involved in the assessment used a random

tion (selection bias) number table for allocation"

Allocation concealment Unclear risk Insufficient information on allocation concealment to permit evaluation of risk

(selection bias) of bias

Blinding of participants Low risk The interventions were carried out by personal trainers blinded to the hypoth-

and personnel (perfor- esis of the trial.

mance bias)

All outcomes "They received standardized advise including an explanation of fibromyalgia
and encouragement and were told that the exercise offered through prescrip-
tion would improve their condition"

Detection Bias - Subjective  Low risk Self-report instruments: HRQoL (SF-36), pain (McGill Pain Questionnaire, VAS)

measures

Detection Bias - objective Low risk Objective measures: TP assessment: "To give a tender point count a blind-

outcomes ed observer recorded tenderness at the 18 sites specified in the fibromyalgia

All outcomes classification criteria." "a single blinded assessor (SR) who recorded physical
outcome measures and remained unaware of allocation throughout the tri-
al" (page 2)

Incomplete outcome data  Low risk Missing outcome data were replaced with last known value or baseline value.

(attrition bias) 12 participants in each group dropped out; reasons for dropout were not pro-

All outcomes vided.

Selective reporting (re- Low risk Not all results were published, but we obtained all unpublished results we had

porting bias) requested.

Other bias Low risk Study appears to be free of other sources of bias.
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Valim 2003

Methods

2 groups: stretching exercise (FX); aerobic exercise (AE)
Length: 20 weeks; follow-up: none

Study design: randomized clinical trial with parallel groups

Participants

Female:male: 76:0
Age (years (SD)): 44 (11); 47 (10)

Inclusion: sedentary women, 18 to 60 years of age, diagnosis of fibromyalgia (ACR 1990), never previ-
ously treated, newly diagnosed

Exclusion: cardiorespiratory disorders limiting exercise, neurological disorders, body mass index > 35,
hyperthyroidism, other rheumatologic diseases

Duration of illness (years (SD)): unspecified

Interventions

Stretching exercise (n = 28): Frequency: 3/week; Duration: 45 min; Intensity: 30 s/stretch for each max-
imum position; Mode: stretching program included 17 exercises using both muscles and joints in a gen-
eral way, including face, cervical, trunk, and extremities

Aerobic exercise (n = 32): Frequency: 3/week; Duration: 45 min (5 to 10 min warm-up, 5 min cool-
down; Intensity: moderate to vigorous; Mode: walking

Outcomes

Health-related quality of life (FIQ Total), pain intensity (VAS), physical function (SF-36), cardiorespirato-
ry maximal and submaximal treadmill test, sit-and-reach test, tenderness (TP count), depression (BDI)

Others: anxiety (State-Trait Anxiety Inventory)

Measurements taken at 0 and 20 weeks.

Adverse Events

None reported.

Adherence

Monitoring method: attendance; adherence criteria: not specified; adherence: 78.9%

Congruence of EX protocol
with ACSM criteria for flex-
ibility

ACSM 2013: stretching exercise: met the criteria for Frequency, Time, and Type only

Notes Country: Brazil
Language: English
Study author contacted: yes, clarification received September 2010 by email regarding outcomes
Trial registry record or protocol available: none found
Funding sources/declaration of interest: FAPESP (State of Sao Paulo) funding, no conflicts reported
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-  High risk Selection was based on date of admission (page 539 of 2013 paper).
tion (selection bias)
Allocation concealment High risk Alternation methods were used to allocate participants (page 1061 of 2003 pa-
(selection bias) per; page 539 of 2013 paper).
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Blinding of participants High risk Based on correspondence with author, participants were blinded to the hy-
and personnel (perfor- pothesis, and contact with care provider of other interventions was restricted
mance bias) during the study. It is likely personnel were aware of intervention.

All outcomes

Detection Bias - Subjective  High risk Self-report instruments: HRQoL (FIQ total), pain intensity (VAS), physical func-
measures tion (SF-36)

Detection Bias - objective Low risk Objective measures: TP assessment: "patients were evaluated by a blinded
outcomes investigator at the beginning and after 10 and 20 weeks (end of exercise pro-
All outcomes gram) in relation to the improvement of aerobic fitness, flexibility, pain, func-

tion, quality of life, depression, and anxiety levels" (page 1061)

Other objective measures: health professional-rated disease severity/change,
cardiorespiratory fitness, flexibility testing

Incomplete outcome data  Low risk Missing outcome data were balanced in numbers across intervention groups,
(attrition bias) with similar reasons for missing data across groups.
All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement of risk of bias
porting bias)

Other bias Unclear risk Insufficient information to assess whether an important risk of bias exists

ACR: American College of Rheumatology; ACSM: American College of Sports Medicine; AE: aerobic exercise; AQ: aquatic; ASES: Arthitis Self
Efficacy Scale; BDI: Beck Depression Inventory; CVR: cardiovascular; FIQ: Fibromyalgia Impact Questionnaire; FIQ-PF: Fibromyalgia Impact
Questionnaire: Physical Function; FX: flexibility exercise; HRQoL: health-related quality of life; ITT: intention-to-treat; QOLS: Quality of Life
Scale; RT: resistance training; SD: standard deviation; SF-12: 12-item Short Form Health Survey; SF-36: 36-item Short Form Health Survey;
SCL-90-R: Symptom Checklist-90-Revised; TMS: Total Myalgic Score; TP: tender point; VAS: Visual Analogue Scale

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ahlgren 2001 Diagnosis—trapezius myalgia

Astin 2003 Did not meet exercise criteria (QiGong)

Bailey 1999 1-group design

Bakker 1995 Between-group analysis not done

Carson 2010 Intervention did not include flexibility according to our review criteria.

Dawson 2003 1-group before-after design

Demir-Gocmen 2013 Effects of flexibility cannot be isolated.

Field 2003 Intervention included a massage component, thus deemed a more complex intervention.
Gandhi 2002 Not randomized—3-group design: (1) non-exercising control (n = 12), (2) hospital-based exercise

group (n =10), (3) home-based videotaped exercise program (n = 10)

Geel 2002 Not randomized
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Study Reason for exclusion
Genc 2015 Effects of flexibility cannot be isolated.
Gowans 2002 Focuses on measurement issues of selected variables already reported in an included study; new

variables did not include standard deviations.

Guarino 2001

Diagnosis—Gulf War Syndrome

Han 1998 Not randomized (geographic control)

Hunt 2000 Diagnosis of fibromyalgia was not clear, even when the author was contacted to clarify the diagnos-
tic criteria that were used.

Karper 2001 Not randomized (program evaluation)

Kendall 2000 Did not meet flexibility exercise criteria (Body Awareness)

Kibar 2015 Effects of flexibility cannot be isolated.

Kingsley 2005

Diagnosis of fibromyalgia made by physician or rheumatologist, but when contacted the authors
did not verify the use of published criteria (e.g. ACR 1990 classification).

Mason 1998

Not randomized (participants enrolled in a multimodal treatment compared to participants who
were unable to participate due to insurance reasons)

Matsutani 2007

Both groups did stretching, therefore the effects of stretching cannot be isolated.

Meiworm 2000

Not randomized (participants self-selected their group)

Mobily 2001 Case study

Nielens 2000 Not randomized (cross-sectional case control study of fitness)

Offenbacher 2000 Non-experimental—narrative review

Oncel 1994 Insufficient description of exercise (1 group received "medical therapy and exercise"; no further in-
formation about the exercise intervention given)

Peters 2002 Not a published diagnosis—"Persistent unexplained symptoms"

Pfeiffer 2003 1-group before-after design

Piso 2001 Not randomized—our translator reported: "The authors wrote only how they recruited nine of the
patients. They wrote nothing about if and how the patients were allocated to the two groups." Sev-
eral attempts to contact the authors for clarification were unsuccessful.

Rooks 2002 1-group design

Schmidt 2011

Intervention did not include flexibility according to our review criteria for intervention type.

Thieme 2003 Did not meet exercise criteria (passive physical therapy with light movement in water—the active
exercise was too small a component, not described or quantified sufficiently)
Tiidus 1997 1-group repeated-measures design

Valencia 2009

Effects of flexibility cannot be isolated.
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Study

Reason for exclusion

Vlaeyen 1996

Insufficient description of the mode of exercise: "Each session ended with a physical exercise such
as swimming or bicycling, excluding systematic physical or fitness training."

Wang 2010 Flexibiity group had an extensive educational component, thus effects of flexibility cannot be iso-
lated.
Worrel 2001 1-group design

ACR: American College of Rheumatology

DATA AND ANALYSES

Comparison 1. Flexibility versus aerobic (end of intervention)

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1 HRQoL, FIQ Total, 0-100, low- 2 193 Mean Difference (IV, Random, 95% Cl) 4.14 [-5.77, 14.05]
eris best (end of intervention)
2 Pain, Intensity, 0-100, lower 4 131 Mean Difference (IV, Random, 95% Cl) 2.78 [-6.29, 11.85]
is best (end of intervention)
3 Fatigue, 0-100, lower is best 2 75 Mean Difference (IV, Random, 95% Cl) -4.12 [-13.31, 5.06]
(end of intervention)
4 Stiffness, 0-100, loweris best 1 Mean Difference (IV, Random, 95% Cl) Subtotals only
(end of intervention)
5 Physical function, 0-100, low- 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
eris best (end of intervention)
6 Depression, 0-100, lower is 3 94 Mean Difference (IV, Random, 95% Cl) -6.28[-19.28,6.71]
best (end of intervention)
7 Tenderness 0-18, lower is 4 253 Std. Mean Difference (IV, Random, 95% Cl) 0.20[-0.08, 0.48]
best (end of intervention)
8 Withdrawals 5 301 Risk Ratio (M-H, Random, 95% Cl) 0.97[0.61, 1.55]
9 Long-term effects 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
9.1 HRQoL 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]
9.2 Pain 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]
9.3 Tenderness 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]
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Analysis 1.1. Comparison 1 Flexibility versus aerobic (end of intervention),
Outcome 1 HRQoL, FIQ Total, 0-100, lower is best (end of intervention).
Study or subgroup Favors flexibility Favors aerobic Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI

Richards 2002 65  54.7(14.6) 68 55(15.2) - 56.45% -0.3[-5.36,4.76]
Valim 2003 28 40.3(15.5) 32 30.4(19.2) ‘-.— 43.55% 9.9[1.11,18.69]
Total *** 93 100 100% 4.14[-5.77,14.05]

Heterogeneity: Tau?=38.63; Chi*=3.89, df=1(P=0.05); 1’=74.26%

Test for overall effect: Z=0.82(P=0.41)

Favors flexibility

-100 -50

|
T
\

50

100

Favors aerobic

Analysis 1.2. Comparison 1 Flexibility versus aerobic (end of intervention),
Outcome 2 Pain, Intensity, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Aerobic Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Bressan 2008 8 55.6 (22.6) 6 60.3(19.2) —_— 13.67% -4.7(-26.64,17.24]
Matsutani 2012 12 51(27) 7 63 (17) —T 16.05% -12[-31.8,7.8]
McCain 1988 20 49.6 (15) 18 45.4 (15) —— 38.78% 4.2[-5.35,13.75]
Valim 2003 28 46 (21.8) 32 34.2(25) —— 31.51% 11.8[-0.04,23.64]
Total *** 68 63 <> 100% 2.78[-6.29,11.85]
Heterogeneity: Tau?=31.5; Chi?>=4.78, df=3(P=0.19); 1>=37.25%
Test for overall effect: Z=0.6(P=0.55)

-100 -50 0 50 100 Favors aerobic

Favors flexibility

Analysis 1.3. Comparison 1 Flexibility versus aerobic (end of intervention),

Outcome 3 Fatigue, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Aerobic Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Bressan 2008 8 71.5(16.7) 7 82.9 (17.5) 4l—’— 27.95% -11.4[-28.78,5.98]
Valim 2003 28 57.7(22.3) 32 59 (20.2) —.— 72.05% -1.3[-12.12,9.52]
Total *** 36 39 4 100% -4.12[-13.31,5.06]

Heterogeneity: Tau?=0; Chi*=0.93, df=1(P=0.33); 1>=0%
Test for overall effect: Z=0.88(P=0.38)

Favors flexibility

0 10

20

Favors aerobic

Analysis 1.4. Comparison 1 Flexibility versus aerobic (end of intervention),

Outcome 4 Stiffness, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Aerobic Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Bressan 2008 8 49.5(20.3) 7 79.1(22.6) —_— ‘ 0% -29.6[-51.47,-7.73]
50 25 0 25 50 Favors aerobic

Favors flexibility
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Analysis 1.5. Comparison 1 Flexibility versus aerobic (end of intervention),
Outcome 5 Physical function, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Aerobic Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Valim 2003 28 31.7(21.5) 32 25.7 (17.4) —’—07 6.04[-3.95,16.03]

Favors flexibility ‘0 55 0 5 10 Favors aerobic
Analysis 1.6. Comparison 1 Flexibility versus aerobic (end of intervention),
Outcome 6 Depression, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Aerobic Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Bressan 2008 8 48.5(23) 7 59.7 (39.8) 4 11.92% -11.2[-44.72,22.32]
Matsutani 2012 12 19.2 (13.8) 7 34.3(13.8) S 36.81% -15.09[-27.95,-2.23]
Valim 2003 28 19.3(13.3) 32 18.1(9.9) —i— 51.27% 1.18[-4.82,7.18]
Total *** 48 46 e 100% -6.28[-19.28,6.71]
Heterogeneity: Tau?=76.35; Chi?=5.35, df=2(P=0.07); 1*=62.58%
Test for overall effect: Z=0.95(P=0.34)

20 -10 0 1o 20 Favors aerobic

Favors flexibility

Analysis 1.7. Comparison 1 Flexibility versus aerobic (end of intervention),
Outcome 7 Tenderness 0-18, lower is best (end of intervention).

Study or subgroup Flexibility Aerobic Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Matsutani 2012 12 13.9(5.2) 7 15.5(3.8) —_— 8.36% -0.32[-1.26,0.62]
McCain 1988 20 -158.8 18 -165.4 L a— 17.24% 0.07[-0.57,0.71]
(91.2) (98.6)
Richards 2002 67 11(5) 69 10.2 (5.6) —— 49.56% 0.15[-0.19,0.49]
Valim 2003 28 14 (4) 32 11 (6) — 24.84% 0.57[0.05,1.09]
Total *** 127 126 o 100% 0.2[-0.08,0.48]
Heterogeneity: Tau?=0.01; Chi®>=3.43, df=3(P=0.33); 1*=12.45%
Test for overall effect: Z=1.42(P=0.16)
2 1 0 1 2 Favors aerobic

Favors flexibility

Analysis 1.8. Comparison 1 Flexibility versus aerobic (end of intervention), Outcome 8 Withdrawals.

Study or subgroup Flexibility Aerobic Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Bressan 2008 0/8 0/7 Not estimable
Matsutani 2012 5/17 8/15 — 27.76% 0.55[0.23,1.32]
McCain 1988 2/22 2/20 I E— 6.17% 0.91[0.14,5.86]
Favors flexibility ~ 0-01 0.1 1 10 100 Favors aerobic
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Study or subgroup Flexibility Aerobic Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Richards 2002 12/67 12/69 40.17% 1.03[0.5,2.13]
Valim 2003 10/38 6/38 T 25.9% 1.67[0.67,4.13]
Total (95% CI) 152 149 L 2 100% 0.97[0.61,1.55]
Total events: 29 (Flexibility), 28 (Aerobic)
Heterogeneity: Tau?=0; Chi*=3.03, df=3(P=0.39); 1°=0.85%
Test for overall effect: Z=0.11(P=0.91)
Favors flexibility ~ 0-01 0.1 1 10 100 Favors aerobic

Analysis 1.9. Comparison 1 Flexibility versus aerobic (end of intervention), Outcome 9 Long-term effects.

Study or subgroup Flexibility Aerobic Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.9.1 HRQoL
Richards 2002 67 56 (14.1) 68 55.6 (17.8) —_— 0.4[-5.01,5.81]
1.9.2 Pain
Richards 2002 67 69.9 (19.4) 69 64.9 (22.6) i 5[-2.07,12.07]
1.9.3 Tenderness
Richards 2002 67 11.7 (4.5) 69 9.3(5.8) — 2.4[0.66,4.14]

Favors flexibility 10 5 0 5 10 Favors aerobic
Comparison 2. Flexibility versus control (end of intervention)
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

1 Pain, Intensity, 0-100, lower is best 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
(end of intervention)
2 Physical function, 0-100, loweris best 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
(end of intervention)
3 Withdrawals 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected

Analysis 2.1. Comparison 2 Flexibility versus control (end of intervention),
Outcome 1 Pain, Intensity, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Control Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Assumpgdo 2017 14 46 (26) 14 64 (27) 4~—‘- -18[-37.63,1.63]
-40 -20 0 20 40 Favors control

Favors flexibility
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Analysis 2.2. Comparison 2 Flexibility versus control (end of intervention),

Outcome 2 Physical function, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Control Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Assumpcao 2017 14 31.7(17.3) 14 35(17.7) + -3.33[-16.29,9.63]
Favors flexibility ~ -100 -50 0 50 Favors control

Analysis 2.3. Comparison 2 Flexibility versus control (end of intervention), Outcome 3 Withdrawals.

Study or subgroup Flexibility Control Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% ClI M-H, Random, 95% CI
Assumpcio 2017 4/18 2/16 —’—o— 1.78[0.37,8.44]
Favors flexibility ~ 002 0.1 1 10 Favors control

Comparison 3. Flexibility versus resistance (end of intervention)

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1 HRQoL, FIQ Total, 0-100, loweris best 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
(end of intervention)
2 Pain, Intensity, 0-100, lower is best 3 152 Mean Difference (IV, Random, 95% Cl) 1.84[-4.15,7.83]
(end of intervention)
3 Fatigue, 0-100, lower is best (end of 2 122 Mean Difference (IV, Random, 95% Cl) 9.83[-5.30, 24.97]
intervention)
4 Physical function, 0-100, lower is best 2 Mean Difference (IV, Random, 95% Cl) Totals not selected
(end of intervention)
5 Depression, 0-63, lower is best (end 2 122 Mean Difference (IV, Random, 95% Cl) 0.47 [-3.40, 4.35]
of intervention)
6 Tenderness, 0-18, lower is best (end 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
of intervention)
7>30% improvement of pain (end of 1 30 0Odds Ratio (M-H, Random, 95% Cl) 0.93[0.21,4.11]
intervention)
8 Withdrawals 3 159 Risk Ratio (M-H, Random, 95% Cl) 1.43[0.77,2.67]
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Analysis 3.1. Comparison 3 Flexibility versus resistance (end of intervention),
Outcome 1 HRQoL, FIQ Total, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Resistance Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Jones 2002 28 43.4(19.6) 28 37.8(3.2) —’—o— 5.55[-1.8,12.9]
Favors flexibility ‘105 0 5 10 Favors resistance

Analysis 3.2. Comparison 3 Flexibility versus resistance (end of intervention),
Outcome 2 Pain, Intensity, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Resistance Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Assumpgdo 2017 14 46 (26) 16 44 (30) } + 8.93% 2(-18.04,22.04]
Gavi 2014 31 57.5(16.5) 35 57.3(14.8) —-— 61.9% 0.19[-7.42,7.8]
Jones 2002 28 51.4(21.7) 28 46.1(20.6) — T 29.17% 5.3[-5.79,16.39]
Total *** 73 79 - 100% 1.84[-4.15,7.83]

Heterogeneity: Tau?=0; Chi*=0.55, df=2(P=0.76); 1>=0%
Test for overall effect: Z=0.6(P=0.55)

Favors flexibility 20 -10 0 10 20 Favors resistance

Analysis 3.3. Comparison 3 Flexibility versus resistance (end of
intervention), Outcome 3 Fatigue, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Resistance Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Gavi 2014 31 61.3(21.1) 35 58.9 (20.2) —— 52.17% 2.44[-7.55,12.43]
Jones 2002 28 70 (24.3) 28 52.1(20.6) —8—) 4783% 17.9[6.08,29.72]
Total *** 59 63 ——e 100% 9.83[-5.3,24.97]
Heterogeneity: Tau?=88.32; Chi>=3.83, df=1(P=0.05); 1’=73.9%
Test for overall effect: Z=1.27(P=0.2)

Favors flexibility 20 -10 0 10 20 Favors resistance

Analysis 3.4. Comparison 3 Flexibility versus resistance (end of intervention),
Outcome 4 Physical function, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Resistance Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Assumpgdo 2017 14 31.7(17.3) 16 48.3 (16.7) —t -16.66[-28.87,-4.45]
Gavi 2014 31 61.6 (18.9) 35 52.1(19.8) —t 9.47[0.13,18.81]
Favors flexibility -50 -25 0 25 50 Favors resistance
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Analysis 3.5. Comparison 3 Flexibility versus resistance (end of intervention),
Outcome 5 Depression, 0-63, lower is best (end of intervention).

Study or subgroup Flexibility Resistance Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Gavi2014 31 16.4(9.5) 35 18.5 (12) = 37.04% 2.1[-7.3,3.1]
Jones 2002 28 10.3(6.1) 28 8.3(6.1) ——— 62.96% 1.99[-1.23,5.21]
Total *** 59 63 ———— 100% 0.47[-3.4,4.35]
Heterogeneity: Tau?=3.51; Chi*=1.72, df=1(P=0.19); 1>=41.91%
Test for overall effect: Z=0.24(P=0.81)

Favors flexibility 5 25 0 25 5

Favors resistance

Analysis 3.6. Comparison 3 Flexibility versus resistance (end of intervention),
Outcome 6 Tenderness, 0-18, lower is best (end of intervention).

Study or subgroup Flexibility Resistance Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Jones 2002 28 14.7 (3.5) 28 15(3) —o—’— -0.32[-2.03,1.39]
Favors flexibility -4 2 0 2 4 Favors resistance
Analysis 3.7. Comparison 3 Flexibility versus resistance (end of
intervention), Outcome 7 > 30% improvement of pain (end of intervention).
Study or subgroup Flexibility Resistance 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Assumpcgo 2017 5/14 6/16 B 100% 0.93[0.21,4.11]
Total (95% CI) 14 16 100% 0.93[0.21,4.11]

Total events: 5 (Flexibility), 6 (Resistance)

Heterogeneity: Not applicable

Test for overall effect: Z=0.1(P=0.92)

|
|
|

Favors flexibility

0.01

0.1

10 100

Favors resistance

Analysis 3.8. Comparison 3 Flexibility versus resistance (end of intervention), Outcome 8 Withdrawals.

Study or subgroup Flexibility Resistance Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Assumpgdo 2017 4/18 3/19 * 21.22% 1.41[0.36,5.43]
Gavi 2014 9/31 5/35 — 40.28% 2.03[0.76,5.42]
Jones 2002 6/28 6/28 L 38.5% 1[0.37,2.73]
Total (95% CI) 77 82 el 100% 1.43[0.77,2.67]
Total events: 19 (Flexibility), 14 (Resistance)
Heterogeneity: Tau?=0; Chi*=0.98, df=2(P=0.61); 1>=0%
Test for overall effect: Z=1.13(P=0.26)

Favors flexibility 0.2 0.5 1 2 5

Favors resistance
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Comparison 4. Flexibility versus other comparators (end of intervention)

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

1 HRQoL, FIQ Total, 0-100, lower is best (end of 3 Mean Difference (IV, Random, Totals not selected
intervention) 95% Cl)
1.1 Flexibility vs Pilates 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
1.2 Flexibility vs Tai Chi 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
1.3 Flexbility vs aquatics 1 Mean Difference (IV, Random, 0.0[0.0, 0.0]

95% Cl)
2 Pain, Intensity, 0-100, lower is best (end of in- 3 Mean Difference (IV, Random, Totals not selected
tervention) 95% Cl)
2.1 Flexibility vs Pilates 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
2.2 Flexibility vs Tai Chi 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
2.3 Flexibility vs friction massage 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
2.4 Flexibility vs medication 1 Mean Difference (IV, Random, 0.0[0.0, 0.0]

95% Cl)
3 Fatigue, 0-100, lower is best (end of interven- 2 Mean Difference (IV, Random, Totals not selected
tion) 95% Cl)
3.1 Flexibility vs Tai Chi 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
3.2 Flexibility vs aquatics 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
4 Stiffness, 0-100, lower is best (end of inter- 2 Mean Difference (IV, Random, Totals not selected
vention) 95% Cl)
4.1 Flexibility vs Tai Chi 1 Mean Difference (IV, Random, 0.0[0.0, 0.0]

95% Cl)
4.2 Flexibility vs aquatics 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
5 Physical function, 0-100, lower is best (end of 1 Mean Difference (IV, Random, Totals not selected
intervention) 95% Cl)
5.1 Flexibility vs aquatics 1 Mean Difference (IV, Random, 0.0[0.0,0.0]

95% Cl)
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
6 Depression, 0-63, lower is best (end of inter- 2 Mean Difference (IV, Random, Totals not selected
vention) 95% Cl)
6.1 Flexibility vs Tai Chi 1 Mean Difference (IV, Random, 0.0[0.0, 0.0]
95% Cl)
6.2 Flexibility vs aquatics 1 Mean Difference (IV, Random, 0.0[0.0,0.0]
95% Cl)
7 Tenderness, 0-18, lower is best (end of inter- 2 Mean Difference (IV, Random, Totals not selected
vention) 95% Cl)
7.1 Flexibility vs Pilates 1 Mean Difference (IV, Random, 0.0[0.0,0.0]
95% Cl)
7.2 Flexibility vs aquatics 1 Mean Difference (IV, Random, 0.0[0.0, 0.0]
95% Cl)
8 Withdrawals 4 Risk Ratio (M-H, Random, 95%  Totals not selected
Cl)
9 Long-term effects: flexibility vs other com- 2 Mean Difference (IV, Random, Totals not selected
parators 95% Cl)
9.1 HRQoL 2 Mean Difference (IV, Random, 0.0[0.0,0.0]
95% Cl)
9.2 Pain 2 Mean Difference (IV, Random, 0.0[0.0,0.0]
95% Cl)
9.3 Fatigue 1 Mean Difference (IV, Random, 0.0[0.0, 0.0]
95% Cl)
9.4 Stiffness 1 Mean Difference (IV, Random, 0.0[0.0,0.0]
95% Cl)
9.5 Depression 1 Mean Difference (IV, Random, 0.0[0.0,0.0]
95% Cl)
9.6 Tenderness 2 Mean Difference (IV, Random, 0.0[0.0,0.0]
95% Cl)

Analysis 4.1. Comparison 4 Flexibility versus other comparators (end of
intervention), Outcome 1 HRQoL, FIQ Total, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Other Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
4.1.1 Flexibility vs Pilates
Altan 2009 24 77.5(21.4) 25 63.5(19.6) — 14[2.5,25.5]
Favors flexibility =~ -100 -50 0 50 100 Favors other
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Study or subgroup Flexibility Other Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
4.1.2 Flexibility vs Tai Chi
Calandre 2009 39 55.5(14.1) 42 51.7 (16.6) T+ 3.8[-2.89,10.49]
4.1.3 Flexbility vs aquatics
Lépez-Rodriguez 2012 20 69.2 (12.9) 19 52.2(16.2) — 17.07(7.86,26.28]
-100 -50 0 50 100 Favors other

Favors flexibility

Analysis 4.2. Comparison 4 Flexibility versus other comparators (end of

intervention), Outcome 2 Pain, Intensity, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Other Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
4.2.1 Flexibility vs Pilates
Altan 2009 24 60 (21) 25 41(17) — 19[8.28,29.72]
4.2.2 Flexibility vs Tai Chi
Calandre 2009 39 66 (21) 42 66 (23) — 0[-9.58,9.58]
4.2.3 Flexibility vs friction massage
Amanollahi 2013 45 24 (29) 45 52 (33) — -28[-40.84,-15.16]
4.2.4 Flexibility vs medication
Amanollahi 2013 45 24 (29) 39 32 (28) — -8[-20.21,4.21]

-100 -50 0 50 100 Favors other

Favors flexibility

Analysis 4.3. Comparison 4 Flexibility versus other comparators (end of
intervention), Outcome 3 Fatigue, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Other Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
4.3.1 Flexibility vs Tai Chi
Calandre 2009 39 79 (20) 42 76 (25) —— 3[-6.83,12.83]
4.3.2 Flexibility vs aquatics
Lépez-Rodriguez 2012 20 74.5 (13.9) 19 63.1(18.5) —— 11.4[1.09,21.71]
1100 '5‘0 0 5‘0 106 Favors other

Favors flexibility

Analysis 4.4. Comparison 4 Flexibility versus other comparators (end of
intervention), Outcome 4 Stiffness, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Other Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
4.4.1 Flexibility vs Tai Chi
Calandre 2009 39 68 (24) 42 62 (28) -+ 6[-5.33,17.33]
"100 ';0 0 ;0 106 Favors other

Favors flexibility

Flexibility exercise training for adults with fibromyalgia (Review)
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Study or subgroup Flexibility Other Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
4.4.2 Flexibility vs aquatics
Lépez-Rodriguez 2012 20 75.5(15.7) 19 61.5(20) — 14[2.68,25.32]

Favors flexibility ~ -100

-50

50 100 Favors other

Analysis 4.5. Comparison 4 Flexibility versus other comparators (end of
intervention), Outcome 5 Physical function, 0-100, lower is best (end of intervention).

Study or subgroup Flexibility Other Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
4.5.1 Flexibility vs aquatics
Lépez-Rodriguez 2012 20 1(0.4) 19 0.6 (0.6) e e— 0.37[0.05,0.69]
Favors flexibility 05 025 0 025 05 Favors other

Analysis 4.6. Comparison 4 Flexibility versus other comparators (end of
intervention), Outcome 6 Depression, 0-63, lower is best (end of intervention).

Study or subgroup Flexibility Other Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
4.6.1 Flexibility vs Tai Chi
Calandre 2009 39 9(5.3) 42 9.1(6.7) + -0.1[-2.72,2.52]
4.6.2 Flexibility vs aquatics
Lépez-Rodriguez 2012 20 16.7 (6.7) 19 16.1(7.4) + 0.65[-3.79,5.09]

Favors flexibility =~ -100

-50

Favors other

Analysis 4.7. Comparison 4 Flexibility versus other comparators (end of
intervention), Outcome 7 Tenderness, 0-18, lower is best (end of intervention).

Study or subgroup Flexibility Other Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
4.7.1 Flexibility vs Pilates
Altan 2009 24 14.1 (4.5) 25 13.2(3.6) 0.9[-1.39,3.19]
4.7.2 Flexibility vs aquatics
Calandre 2009 39 14.6 (3.1) 42 15.1(3.7) e -0.5[-1.98,0.98]

Favors flexibility

Favors other

Flexibility exercise training for adults with fibromyalgia (Review)
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Analysis 4.8. Comparison 4 Flexibility versus other comparators (end of intervention), Outcome 8 Withdrawals.

Study or subgroup Flexibility Other Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Altan 2009 1/24 0/25 ———— 3.12[0.13,73.04]
Amanollahi 2013 6/45 0/45 — 13[0.75,224.13]
Amanollahi 2013 0/45 0/45 Not estimable
Calandre 2009 5/39 10/42 — 0.54[0.2,1.44]
Lépez-Rodriguez 2012 15/35 16/35 —— 0.94[0.55,1.59]
‘0.002 011 1 fo 506 Favors other

Favors flexibility

Analysis 4.9. Comparison 4 Flexibility versus other comparators (end of
intervention), Outcome 9 Long-term effects: flexibility vs other comparators.

Study or subgroup Flexibility Other Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
4.9.1 HRQoL
Altan 2009 24 77.6(22.2) 25 69.3 (24.7) R 8.3[-4.84,21.44]
Calandre 2009 39 57(13.2) 42 54.7 (14.3) -1+ 2.3[-3.69,8.29]
4.9.2 Pain
Altan 2009 24 65 (21) 25 52 (25) —t 13[0.09,25.91]
Calandre 2009 39 69 (22) 42 71(22) —_— -2[-11.59,7.59]
4.9.3 Fatigue
Calandre 2009 39 80 (17) 42 78 (18) —— 2[-5.62,9.62]
4.9.4 stiffness
Calandre 2009 39 71(21) 42 71(22) _— 0[-9.37,9.37]
4.9.5 Depression
Calandre 2009 39 14.3(8.3) 42 14.6 (10.5) — -0.31[-4.4,3.78]
4.9.6 Tenderness
Altan 2009 24 14.6 (3.6) 25 13.5(3.8) T 1.1[-0.97,3.17]
Calandre 2009 39 15.1(3.3) 42 15.1(3.8) + 0[-1.55,1.55]

ADDITIONAL TABLES

Favors flexibility

-10 0 10 20

Favors other
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Table 1. FITT-VP parameters

Author, Frequency, Lengthin Intensity Time/dura-  Session, Type/mode Pattern
year, inter-  times per weeks tion minutes
vention week
Flexibility versus control
Assumpcdo  2times/ 12 weeks Stretchinten-  30s 40 min Supervised program focusing on large muscles (tri- Not mentioned
2017 week sity was in- ceps surae, gluteus, ischiotibial, paravertebral, latis-
creased grad- simus dorsi, hip adductor, pectoralis)
ually to the
point of mod-
erate discom-
fort.
Flexibility versus aerobic
Bressan 1time/week 8 weeks Not men- 30s 40to45min  Static muscular stretching of the triceps surae, ischi- Performed in a
2008 tioned otibial, gluteal, paravertebral, latissimocondyloideus, series of 5 repeti-
pectoral, trapezius, and respiratory muscles. Stretch- tions
ing was performed in dorsal decubitus or sitting.
Matsutani 1time/week 8 weeks Not men- 30s 45 min All exercises emphasized breathing and postural align-  For each exer-
2012 tioned ment corrections. cise there were
4 replications,
holding the
stretch for 30 s on
each repetition,
followed by 30 s
of rest.
McCain 1988  3times/ 20 weeks Not men- Not men- 60 min Exercise consisted of flexibility maneuvers such that Not mentioned
week tioned tioned sustained heart rate responses greater than 115 beats
per minute.
Richards 2 times/ 12 weeks Not men- Not men- 60 min Relaxation and flexibility comprised upper and lower Not mentioned
2002 week tioned tioned limb stretches and relaxation techniques based on the
published regimen by Ost 1987.
Valim 2003 3times/ 20 weeks Not men- 30s 45 min Stretching program included 17 exercises using both Not mentioned
week tioned muscles and joints in a general way, including face,

cervical, trunk, and extremities.

Flexibility versus resistance
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Table 1. FITT-VP parameters (continued)

Assumpcdo  2times/ 12 weeks Stretchinten-  30s 40 min Supervised program focusing on large muscles (tri- Not mentioned
2017 week sity was in- ceps surae, gluteus, ischiotibial, paravertebral, latis-
creased grad- simus dorsi, hip adductor, pectoralis).
ually to the
point of mod-
erate discom-
fort.
Gavi 2014 2 times/ 16 weeks Not men- 30s 45 min Stretching program included major muscle groups. Not mentioned
week tioned Authors reference the stretching protocol used by Val-
im 2003.
Jones 2002 2 times/ 12 weeks Not men- 60s 60 min Stretching program included stretches performed in Not mentioned
week tioned standing, sitting, or lying positions.
Flexibility versus other
Altan 2009 3times/ 12 weeks Not men- 6s 60 min Non-weight bearing stretching of cervical, shoulder, Not mentioned
week tioned thoracic, lumbar, gluteal leg and crusis muscle
Amanollahi 3times/ 4 weeks Not men- 30s Not men- Non-weight bearing stretching of shoulders blade Each time includ-
2013 week tioned tioned musculature, paraspinal muscles, neck and low back ed 3 repetitions
muscle, hamstrings and calf muscles of each stretching
exercise
Calandre 3times/ 6 weeks Not men- Not men- 60 min Stretching exercises were performed on musclesover ~ Not mentioned
2009 week tioned tioned the main body area: cervical, upper and lower groups
extremities, and trunk.
Lopez-Ro- 2 times/ 12 weeks Not men- Not men- 60 min Flexibility stretching exercises that included global Not mentioned
driguez week tioned tioned stretches and specific to different muscular areas of
2012 the body
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Table 2. Outcome measures used for analysis in the included studies
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Outcome Name of instrument or index/subscale

Health-related quality of life FIQ Totall (0 to 100)

Pain intensity Current pain (VAS), FIQ painl (VAS), SF-36 bodily pain

Fatigue FIQ fatiguel (0 to 100), SF-36 Vitality (0 to 100)

Stiffness FIQ stiffness (0 to 100)

Physical function FIQ physical function! (0 to 100), SF-36

Depression Beck Depression Inventory (0 to 63), FIQ depression? (0 to 100)

Tenderness Tender point count (0 to 18), total myalgic score

Adverse events Not a standardized instrument or index/narrative information

FIQ: Fibromyalgia Impact Questionnaire; SF-36: 36-item Short Form Health Survey; VAS: visual analogue scale
1The revised FIQ scale, Bennett 2009, and any language-translated version of the FIQ (Portuguese version; Assumpcdo 2017) were
considered to be equivalent to the original version of the FIQ (Burckhardt 1991).

Table 3. Detailed description of exercise protocol

Study Group Flexibility Aerobic Strength Other
(naming of

the inter-

vention as

described

by author)

1. None 1. None 1. None

2. None

Altan 2009  Length: 24 1. Muscle groups/exercises:

weeks stretching of cervical, shoul-

2. The protocol com-

1. HOME der, thoracic, lumbar, gluteal, prised 9 modules cov-
EXERCISE1 legand cruris muscle groups. ering postural educa-
h, 3/week Holding each stretch for 6 s tion, search for neutral
RELAX- and relaxed for4 s position, sitting exer-
ATION/STRETCHING cise, antalgic exercis-
1h,3/week 2.None es, and breathing ed-
2. PILATES ucation. Equipment:

1 h, 3/week resistance bands and

26-centimeter Pilates
balls were used as
supportive equip-
ment. The following
components were in-
cluded in the exer-
cises: resistance and
stabilization, flexi-
bility and range of
motion, proper body
alignment, balance,
co-ordination, and
body awareness. 1-
hour program (5 min

2. None

Flexibility exercise training for adults with fibromyalgia (Review)
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Table 3. Detailed description of exercise protocol (continued)

breathing, 10 min
warm-up, 35 min con-
ditioning, 10 min cool-
down)

Amanol- Length: 4
lahi 2013 weeks
1.
FLEXIBILITY
3/week
2. MEDI-
CATION 3/
dayand 1/
day

3. FRICTION
MASSAGE
3/week

1. Static and non-weight- 1. None
bearing stretching of shoul- 2.None
ders blade musculature,

paraspinal muscles, neckand ~ 3-None
low back muscle, hamstrings

and calf muscles. 3 reps with

30s holds

2. None

3. None

1.None 1. None

2.None 2.400 mg
ibupro-

3.None fen (Aria
Pharma-
ceutical
Co., Iran)
3 x/day
and 25
mg nor-
triptyline
(Darou
Pakhsh
Pharma-
ceutical
Mfg. Co,
Iran) 1/
day

3.330-
second
friction
massages
using the
second
and third
fingers
with a
pressure
of approx-
imately
05t01
kg/point
on the
painful
spot so
thata
mild pal-
lor oc-
curred on
the prac-
titioner’s
nails

As- Length: 12
sumpcao weeks
2017

FLEXIBILITY
2/week

2. RESIS-
TANCE 2/
week

1. Supervised program fo- 1. None
cusing on large muscles (tri-

ceps surae, gluteus, ischi- 2.None
otibial, paravertebral, latis-
simus dorsi, hip adductor,
pectoralis). In early stages 3
reps, from fifth week 4 reps,
from ninth week 5 reps; in-
tensity of stretch was grad-
ually increased to point of
moderate discomfort and
held for 30 s holds for 40 min.

3. None

1. None 1. None

2. Dumbells for upper 2. None
limbs and shin pads

for lower limbs; exer- 3. None
cises targeted triceps

surae, quadriceps, hip

adductors and abduc-

tors, hip flexors, el-

bow flexors and exten-

sors, pectoralis ma-

jor, and rhomboids.

Flexibility exercise training for adults with fibromyalgia (Review)
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Table 3. Detailed description of exercise protocol (continued)

3.CON- 2. None Duration of 40 min (5
TROL min breathing, 10 min
3. None warm-up, 35 min con-
ditioning, 10 min cool-
down); first 2 sessions
there was no load; 0.5
kg was added each
week if participant
identified the effort
as slightly intense on
the Borg Scale (score =
13); 8 reps
3. None
Bressan Length: 8 1. Static stretches of triceps 1. None 1. None 1.None
2008 weeks surae, ischiotibial, gluteal, 2. None
1 paravertebral, latissimo- 2. Walking for a period of 30 min 2. None
STRETCHING condyloideus, pectoral, using a motorized treadmill (5
1/week trapezius, and respiratory min warm-up, 25 min walking,
2. PHYSI- muscles. In addition, stretch- 5 min rest). The walking speed
CAL ing at home was recom- was determined at 60% to 75%
CONDITIONINGmended. Exercises were per-  ©f the maximum HR, deducting
EXERCISES  formed in a series of 5 repeti- ~ Participant's age from 220.
1/week tions, with 30 s holds for 40 to
45 min.
2.None
Calandre Length: 6 1. Training was doneina 1. None 1. None 1. None
2009 weeks pool with water heated at 2. Partic-
36 °C and was preceded by 2.None 2.None ipants
L a shower with warm water were
STRETCHING  (34.5°C t0 35.5 °C). In order taught the
(inwater) 1 to facilitate the stretching, 16 move-
h, 3/week participants were given 1- ments
meter-long wooden sticks. which
2.‘ TAI CHI Stretching was performed constitute
(in water) 1 over the muscles of main the Tai Chi
h, 3/week body areas: cervical area, up- therapy
per and lower extremities, without
and trunk. the assis-
tance of
2.None addition-
al mate-
rial. Tai
Chiis per-
formed
standing
in shoul-
der-depth
water us-
ing a com-
bination
of deep
breathing
and slow,
broad
move-
ments of
the arms,

Flexibility exercise training for adults with fibromyalgia (Review)
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Table 3. Detailed description of exercise protocol (continued)

legs, and
torso.
Gavi2014  Length: 16 1. Stretching program includ- 1. None 1.None 1.None
weeks ed the major muscles groups.
Valim 2003 is referenced for 2. Resistance training groupre- 2. None 2.None
1. stretching program. ceived supervised progressive
FLEXIBILITY training in the standing and sit-
45 min, 2/ 2. None ting positions using weight ma-
week chines. The intensity was mod-
erate, with an overload of 45%
2. RESIS- of the estimated 1 RM, calcu-
TANCE lated based on maximal rep-
TRAINING etitions. 8 major groups were
45 min, 2/ trained (quadriceps, femoris,
week hamstrings, biceps brachii, tri-
ceps brachii, pectoral, calf, del-
toid, and latissimus dorsi) in 12
different exercises, with 3 sets
of 12 repetitions (leg press, leg
extension, hip flexion, pectoral
fly, triceps extension, shoulder
flexion, leg curl, calf, pulldown,
shoulder abduction, biceps flex-
ion, and shoulder extension).
Jones Length: 12 1. The muscles included in 1and 2 warm-up 1.None 1.None
2002 weeks the protocol were gastroc- 2. The muscles in- 2. None
1. nemius, tibialis anterior, cluded in the proto-
FLEXIBILITY  quadriceps, hamstrings, glu- col were gastrocne-
1h,2/week teus, abdominals, erector mius, tibialis anteri-
2. spinae, pectorals, latissimus or, quadriceps, ham-
STRENGTH dorsi, rhomboids, deltoids, strings, gluteus, ab-
1h,2/week biceps, triceps. Static stretch, dominals, erector
participant controlled in- spinae, pectorals,
tensity of stretches. 10 min latissimus dorsi and
warm-up, 40 min stretching, rhomboids, deltoids,
10 min cool-down of guided biceps, triceps. Equip-
imagery and relaxation ment used: 1- to 3-
2. Warm-up and cool-down pound weights and/or
surgical tubing. Con-
centric/eccentric con-
tractions with mini-
mized work during ec-
centric phase. Intensi-
ty and progression di-
rected by participant.
Single set throughout,
repetitions progressed
from 4 or 5 to 12. Par-
ticipants encouraged
to decrease activity
during fibromyalgia
flares. 1-hour program
including 5 min warm-
up, 45 min strengthen-
ing, 10 min cool-down
Flexibility exercise training for adults with fibromyalgia (Review) 74
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Table 3. Detailed description of exercise protocol (continued)

Lopez-Ro-  Length: 12 1. Flexibility stretching ex- 1. None 1.None 1.None
driguez weeks ercises that included global 2. Biodanza in the water with 2. None 2. None
2012 stretches and stretches spe- water temperature approxi-
1. (CON- cific to different muscularar-  mately of 29 °C preceded by a
TROL) eas of the body shower at 33 °C to 35 °C, biodan-
FLEXIBILITY 2 None za-type movements like walk-
1h,2/week ing, slow movements of upper
and lower extremities, cool-
2. EXPERI- down stretching. The duration
MENTAL . of the intervention was 60 min
GROUP bio- (10 min warm-up, 4 min biodan-
danza 1h, za, 10 min cool-down).
2/week
Matsutani  Length: 8 1. Static stretching exercis- 1. None 1.None 1.None
2012 weeks es were performed in a seg- 2. Atreadmill walk was per- 2. None 2. None
ment of the muscle groups: formed with intensity defined
L triceps leg, gluteal, iliopsoas,  according to HR, between 60%
STRETCHING  hamstring, paraspinal, latis-  and 70% HR for age (formula
45min, 1/ simus dorsi, diaphragm, ad-  used, HR max = 220-age).
week ductor pubic associated with
lumbar pelvic movements,
2. AEROBIC, trapezius, and major and mi-
30 min, dai- nor pectoralis. All exercises
ly emphasized breathing and
postural alignment. Static
stretches held 30 s, repeat-
ed 4 times with 30 s rest, pro-
gressed from lying to sitting
to standing upright or in flex-
ion. Breathing and postural
alignment were emphasized.
A mirror was used as an aid
to the perception of move-
ments of the upper limbs and
postural alignment.
2.None
McCain Length: 20 1. Exercises consisted of 1. None 1. None 1. None
1988 weeks flexibility maneuvers such 2. After a 10-minute preliminary 2. None 2. None
that sustained HR respons- warm-up exercise, individuals
L es greater than 115 beats per  were subjected to sustained
FLEXIBILITY  min were not attained. HR elevation training through
1h,3/week the use of a bicycle ergometer.
2.None Heart rate was maintained in ex-
2. AEROBIC cess of 150 beats per minute for
EXERCISE 1 . h . .
gradually increasing time peri-
h, 3/week ods.
Richards Length: 12 1. Relaxation and flexibility 1. None 1. None 1. None
2002 weeks comprised upper and low- 2. Exercise therapy comprised 2. None 2. None
er limb stretches and relax- an individualized aerobic exer-
1. RELAX- ation techniques based on cise program, mostly walking
ATIONAND  the published regimen by on treadmills and cycling on ex-
FLEXIBILITY  Ost 1987. As the classes pro-  ercise bicycles. Each individual
1h,2/week  ceeded, more techniques was encouraged to steadily in-
were introduced progress- crease the amount of exercise
2. AEROBIC ing through progressive mus-  as tolerated.
EXERCISE 1 cle relaxation, release-only
h, 2/week
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Table 3. Detailed description of exercise protocol (continued)

relaxation and visualization,
cue-controlled relaxation,
and differential relaxation.

2.None
Valim Length: 20 1. 17 static exercises using 1. None 1. None 1. None
2003 weeks both muscles and jointsin a 2. Exercise group underwent 2. None 2. None
1. general way, including face, a walking program monitored
STRETCHING cervical, trunk, and extremi-  with frequency meters and su-
EXERCISE ties. Exercises chosen to pro-  pervised by a physiotherapist.
GROUP vide flexibility without in- The walking speed (training
45 min, 3/ creasing HR. Each maximum load) was determined by the
week position was sustained for30  training HR. Training HR de-
2.AEROBIC . fined as the load beat imme-
EXERCISE 2. None diately preceding the onein
GROUP which the anaerobic threshold
45 min, 3/ occurred. Each training session
week was preceded by a warm-up pe-
riod in which participants were
instructed to walk freely and
slowly for 5 to 10 min. After each
session the participants were
placed in a circle and performed
rhythmic movements, to pro-
mote cooling off, for 5 min.
HR: heart rate; RM: maximum repetition; Max: maximum
Table 4. Congruence with 2013 ACSM flexibility criteria for healthy adults (continued)
Author, year Met ACSM 2013 criteria
Frequency Intensity Time Type Volume Pattern
2to3d/ Stretch to the point 10sto30  Aseries of flex- 60 s of total 2 to 4 repe-
week of feeling tightness s ibility exercis- stretching time for titions
. . or slight discomfort es for each of each flexibility ex-
with daily the major mus-  ercise
being most cle-tendon units
effective
Altan 2009 Yes Unclear No Yes Unclear Unclear
Amanollahi 2013 Yes Unclear Yes Yes Yes Yes
Assumpgao 2017 Yes Yes Yes Yes Unclear Unclear
Bressan 2008 No Unclear Yes Yes Yes Yes
Calandre 2009 Yes Unclear Unclear Yes Unclear Unclear
Gavi 2014 Yes Unclear Yes Yes Unclear Unclear
Jones 2002 Yes Unclear Yes Yes Unclear Unclear

Flexibility exercise training for adults with fibromyalgia (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

76



c Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

Table 4. Congruence with 2013 ACSM flexibility criteria for healthy adults (continued)

L6épez-Rodriguez Yes Unclear Unclear Yes Unclear Unclear

2012

Matsutani 2012 No Unclear Yes Yes Yes Yes

McCain 1988 Yes Unclear Unclear Unclear Unclear Unclear

Richards 2002 Yes Unclear Unclear Yes Unclear Unclear

Valim 2003 Yes Unclear Yes Yes Unclear Unclear
Flexibility exercise training for adults with fibromyalgia (Review) 77
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Table 5. Quality of evidence—GRADE assessment: long-term effects of flexibility exercise training versus aerobic exercise training

Certainty assessment Ne of participants Certainty Impor-
tance
Ne of studies and study de-  Risk of bias  Inconsisten- Indirectness Impreci- Other con- Flexibil- Aerobic (end of
sign cy sion siderations ity intervention)
HRQoL (follow-up 36 weeks after end of intervention; assessed with FIQ Total 0 to 100, lower is best)
1 randomized trial Serious? Not serious Very seriousb Serious¢ None 67 68 @000 CRITICAL
VERY LOW
Pain intensity (follow-up 36 weeks after end of intervention; assessed with VAS 0 to 100, lower is best)
1 randomized trial Seriousd Not serious Very seriousb Serious¢ None 67 69 eee) CRITICAL
VERY LOW
Fatigue, stiffness, and physical function: not measured
Withdrawals, adverse events: not reported
FIQ: Fibromyalgia Impact Questionnaire; HRQoL: health-related quality of life; VAS: visual analogue scale
aDowngraded one level for selection bias.
bDowngraded two levels because flexibility was used as a proxy (i.e. flexibility exercise was used along with relaxation as the control in the study).
¢Downgraded one level for imprecision (sample size lower than 400 rule-of-thumb).
Table 6. Quality of evidence—GRADE assessment: flexibility intervention versus control (continved)
Ne of studies and study design  Risk of Inconsistency Indirectness Impreci- Other Ne of participants Certainty Impor-
bias sion consid- tance
erations  Flexibility Control (end of
intervention)
Pain, intensity, 0 to 100, lower is best (end of intervention)
1 randomized trial Serious? Not serious Not serious SeriousP None 14 14 &POO CRITICAL
LOW
Physical function, 0 to 100, lower is best (end of intervention)
1 randomized trial Serious? Not serious Not serious SeriousbP None 14 14 SPO0 CRITICAL
LOW
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Table 6. Quality of evidence—GRADE assessment: flexibility intervention versus control (continued)

Withdrawals
1 randomized trial Seriousd Not serious Not serious SeriousP None 4/18 2/16 (12.5%) S&P00 IMPOR-
(22.2%) LOW TANT
HRQoL, fatigue, and stiffness: data were described as skewed, thus were not used
Adverse events: not measured/reported for either group
HRQoL: health-related quality of life
aDowngraded one level because of selection and performance bias.
bDowngraded one level because of imprecision (sample size lower than 400 rule-of-thumb).
Table 7. Quality of evidence—GRADE assessment: flexibility intervention versus resistance training intervention
Certainty assessment Ne of participants Certainty Impor-
tance
Ne of studies and study design  Risk of bias  Inconsistency Indirectness Impreci- Other Flexibil- Resistance
sion consid- ity (at end of in-
erations tervention)
HRQolL, FIQ Total, 0 to 100, lower is best (end of intervention)
1 randomized trial Serious? Not serious Not serious Seriousb None 28 28 &P00 CRITICAL
LOW
Pain, intensity, 0 to 100, lower is best (end of intervention)
3 randomized trials Serious? Not serious Not serious SeriousP None 73 79 e CRITICAL
LOW
Fatigue, 0 to 100, lower is best (end of intervention)
2 randomized trials Very seri- Seriousd Not serious SeriousP None 59 63 @000 IMPOR-
ous¢ VERY LOW TANT
Physical function, 0 to 100, lower is best (end of intervention)
2 randomized trials Seriousd Very seriouse Not serious Seriousb None 45 51 eee) IMPOR-
VERY LOW TANT
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Table 7. Quality of evidence—GRADE assessment: flexibility intervention versus resistance training intervention (continved)

>30% improvement of pain (end of intervention)

1 randomized trial Seriousd Not serious Not serious Seriousb None 5/14 6/16 (37.5%) SBOO IMPOR-
(35.7%) LOW TANT
Withdrawals
3 randomized trials Seriousd Not serious Not serious Seriousb None 19/77 14/82 (17.1%) &BOO IMPOR-
(24.7%) LOW TANT
Stiffness: not measured
Adverse events: not measured/reported for flexibility training group
For resistance training group, "one subject in the resistance group interrupted participation in the study because of worsening pain" (page 13 of 22)
FIQ: Fibromyalgia Impact Questionnaire; HRQoL: health-related quality of life
aDowngraded one level because of selection and performance bias.
bDowngraded one level for imprecision (sample size lower than 400 rule-of-thumb).
¢Downgraded two levels because of selection and performance bias.
dDowngraded one level for inconsistency.
eConsiderable heterogeneity (1 = 91%).
Table 8. Quality of evidence—GRADE assessment: flexibility intervention versus other comparators
Certainty assessment Ne of participants Certainty Impor-
tance
Ne of studies and study Risk of Inconsis- Indirectness Impreci- Other considera- Flexibil- Other com-
design bias tency sion tions ity parators
(end of in-
tervention)
HRQoL, FIQ Total, 0 to 100, lower is best (end of intervention)
3 randomized trials Serious? SeriousbP Not serious Serious¢ Studies not pooled 83 86 @000 CRITICAL
VERY LOW
Pain, intensity, 0 to 100, lower is best (end of intervention)
3 randomized trials Serious? SeriousP Not serious Serious¢ Studies not pooled 153 151 @000 CRITICAL
VERY LOW
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Table 8. Quality of evidence—GRADE assessment: flexibility intervention versus other comparators (continued)

Fatigue, 0 to 100, lower is best (end of intervention)

2 randomized trials Serious? SeriousbP Not serious Serious¢ Studies not pooled 59 61 @000 IMPOR-
VERY LOW TANT

Stiffness, 0 to 100, lower is best (end of intervention)

2 randomized trials Serious? SeriousP Not serious Serious¢ Studies not pooled 59 61 @000 IMPOR-
VERY LOW TANT

Physical function, 0 to 100, lower is best (end of intervention)

1 randomized trial Serious? Not serious Not serious Serious¢ 1 study 20 19 5 00) IMPOR-
LOW TANT

Withdrawals

4 randomized trials Seriousd Serious Not serious Seriousc 27/188 26/192 HO00 IMPOR-

(14.4%)  (13.5%) VERY LOW TANT

Adverse events: not reported for flexibility group

In the medication arm, 5 participants who received ibuprofen and 1 participant who received nortriptyline experienced side effect (from translated version of article).

FIQ: Fibromyalgia Impact Questionnaire; HRQoL: health-related quality of life
aDowngraded one level because of selection and performance bias.

bInterventions not consistent across studies.

cDowngraded one level for imprecision (sample size lower than 400 rule-of-thumb).
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APPENDICES

Appendix 1. Glossary of terms

Term

Meaning

Aerobic exercise training

Aerobic exercise training primarily affects the circulatory system and the respiratory system. Fol-
lowing aerobic exercise training, the heart pumps out more blood per beat and there are more cap-
illaries available to transfer this blood to the working muscles and to the lungs. In addition, the
lungs become more efficient at moving air in and out and in transferring oxygen into the blood and
removing carbon dioxide. As a result of these improvements in heart and lung function, people
have an increased total work capacity, and they can do a higher rate of work at a given submaximal
level (ACSM 2013).

Ballistic stretching

Exercise characterized by repeated bouncing

Cardiorespiratory fitness

The ability of the cardiovascular and respiratory systems to supply oxygen to muscles during sus-
tained physical activity

Companion study

In keeping with Rosenthal's recommendations (Rosenthal 1995), publications referring to the same
primary study were called companions.

Complex activities

An intervention comprising multiple components which interact to produce change. Complexity
may also relate to the difficulty of behaviors targeted by interventions, the number of organization-
al levels targeted, or the range of outcomes.

Concomitant

Existing or occurring with something else

Confidence interval

A range of values so defined that there is a specified probability that the value of a parameter lies
within it

Dolorimetry A method of measuring intensity of pain perception in degrees ranging from unpleasant to unbear-
able by using heat applied to the skin as a gauge

Efficacy The ability to produce a desired or intended result

Exercise Physical activity that is planned, structured, and repetitive and that has as a final or intermediate

objective the improvement or maintenance of physical fitness (Caspersen 1985)

Exercise training

Program that is designed to meet individual health and physical fitness goals; a single exercise ses-
sion should include warm-up, stretching, conditioning, and cool-down components. The rate of
progression depends on the individual's health status and exercise tolerance.

Exacerbation

Worsening of signs and symptoms

Flexibility exercise training

Flexibility exercise training targets the major muscle tendon units of the shoulder girdle, chest,
neck, trunk, lower back, hips, posterior and anterior legs, and ankles. There are several types of
flexibility exercises that can improve range of motion such as ballistic methods, or 'bouncing'
stretches, dynamic or slow movement stretching, static stretching, active or passive stretching,
and proprioceptive neuromuscular facilitation (PNF) (ACSM 2013).

Maximum heart rate (HRmax)

The highest number of beats per minute the heart can reach during maximum physical exertion. It
is unique to each individual and depends on hereditary factors and age.

Muscle strength

The amount of force a muscle can generate
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Myalgic score

A measure used to monitor the patient's condition through patient's report of pain or tenderness

Non-pharmacological or non-

pharmacologic

Treatment that does not include medication

Neuromuskuloskeletal

Including components of the nervous system (e.g. peripheral nerves and the brain), the muscular
system (muscles and tendons), and the skeletal system (bones)

PEDro scale

A measure of the methodological quality of clinical trials. The scale considers two aspects of trial
quality, namely the 'believability' (or 'internal validity') of the trial, and whether the trial contains
sufficient statistical information to make it interpretable.

Proprioceptive neuromuscular

facilitation (PNF)

A rehabilitation technique used to stimulate the neuromuscular system in an effort to excite pro-
prioceptors (sensory organs in muscles, tendons, bones, and joints) in order to produce a desired
movement

Physical activity

Any bodily movement produced by skeletal muscles that results in energy expenditure above rest-
ing (basal) levels. Physical activity broadly encompasses exercise, sports, and physical activities
done as part of daily living, occupation, leisure, and active transportation (Caspersen 1985).

Physical fitness

The ability to carry out daily tasks with vigour and alertness, without undue fatigue and with am-
ple energy to enjoy leisure pursuits and to meet unforeseen emergencies. Physical fitness is opera-
tionalised as a set of measurable health and skill-related attributes.

Physical function

The capacity of an individual to carry out the physical activities of daily living. Physical function re-
flects motor function and control, physical fitness, and habitual physical activity and is an indepen-
dent predictor of functional independence, disability, and morbidity.

Physiology The branch of biology dealing with the functions and activities of living organisms and their parts,
including all physical and chemical processes
Prevalence Rate of occurrence of a condition, usually expressed on a per-year basis

Pseudorandomization

A pseudorandom process is a process that appears to be random but is not. Pseudorandom se-
quences typically exhibit statistical randomness while being generated by an entirely deterministic
causal process.

Resistance exercise training

Resistance training can take several forms, producing more strength, more power, or more en-
durance in the muscles. The effects of resistance training are in the muscles and their neuromuscu-
lar effectors (ACSM 2013).

Skewness

Not every distribution of data is symmetric—sets of data that are not symmetric are said to be
'asymmetrical.' The measure of how asymmetrical a distribution can be is called 'skewness.'

Sleep disturbance

A score derived from a questionnaire that measures sleep quantity and quality. The Medical Out-
comes Survey Sleep Scale measures six dimensions of sleep (initiation, staying asleep, quantity,
adequacy, drowsiness, shortness of breath, snoring).

Somatic comorbidities

Conditions of the body related to a disease

Symptoms

A patient's perceptions of an 'abnormal' physical, emotional, or cognitive state

Tenderness

Pain evoked by tactile pressure on the skin surface

Tender points

Anatomic locations used to identify fibromyalgia. The deep diffuse muscular pain is localized to
a number of reproducible (from patient to patient) areas that are tender when palpated. Tender
points differ from trigger points, in that pain does not radiate to referred areas.

Flexibility exercise training for adults with fibromyalgia (Review) 83
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Trial registry An official platform and catalogue for registering a clinical trial

Appendix 2. 2013 ACSM recommendations for flexibility exercises in healthy adults

FITT-VP Evidence-based recommendations

Frequency > 2 to 3 days/week, with daily being most effective

Intensity Stretch to the point of feeling tightness or slight discomfort

Time Holding a static stretch for 10 to 30 s is recommended for most adults.

In older individuals, holding a stretch for 30 to 60 s may confer greater benefit.

For proprioceptive neuromuscular facilitation (PNF) stretching, a 3 to 6 s light-to-moderate con-
traction (e.g. 20% to 75% of maximum voluntary contraction) followed by a 10 to 30 s assisted
stretch is desirable.

Type A series of flexibility exercises for each of the major muscle-tendon units is recommended.

Static flexibility (i.e. active or passive), dynamic flexibility, ballistic flexibility, and PNF are each ef-

fective.
Volume A reasonable target is to perform 60 s of total stretching time for each flexibility exercise.
Pattern Repetition of each flexibility exercise 2 to 4 times is recommended.

Flexibilitiy exercise is most effective when the muscle is warmed through light-to-moderate aerobic
activity or passively through external methods such as moist heat pack or hot packs.

Progression Methods for optimal progression are unknown.

Appendix 3. MEDLINE (Ovid) search strategy

1 Fibromyalgia/

2 fibromyalgi$.tw.

3 fibrositis.tw.

40r/1-3

5 exp Exercise/

6 Physical Exertion/

7 Physical Fitness/

8 exp Physical Endurance/

9 exp Sports/

10 Pliability/

11 exertion$.tw.

12 exercis$.tw.

13 sportS.tw.

14 ((physical or motion) adj5 (fitness or therapy or therapies)).tw.
15 (physical$ adj2 endur$).mp.
16 manipulat$.tw.

17 (skate$ or skating).tw.

18 jogS.tw.

19 swimS$.tw.

20 bicycl$.tw.
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21 (cycle$ or cycling).tw.
22 walk$.tw.

23 (row or rows or rowing).tw.
24 weight train$.tw.

25 muscle strength$.tw.
26 exp Yoga/

27 yoga.tw.

28 exp Tai Ji/

29 tai chi.tw.

30 ai chi.tw.

31 exp Vibration/

32 vibration.tw.

33 pilates.tw.

34 or/5-33

354and 34

Appendix 4. Embase (Ovid) search strategy

1 FIBROMYALGIA/

2 fibromyalgi$.tw.

3 fibrositis.tw.

40r/1-3

5 exp exercise/

6 fitness/

7 exercise tolerance/

8 exp sport/

9 pliability/

10 exertion$.tw.

11 exercisS.tw.

12 sportS.tw.

13 ((physical or motion) adj5 (fitness or therapy or therapies)).tw.
14 (physical$ adj2 endur$).tw.
15 manipulatS.tw.

16 (skate$ or skating).tw.

17 jog$.tw.

18 swimS.tw.

19 bicycl$.tw.

20 (cycle$ or cycling).tw.

21 walk$.tw.

22 (row or rows or rowing).tw.
23 weight train$.tw.

24 muscle strength$.tw.

25 or/5-24

26 4 and 25

27 (randomS$ or placebo$).ti,ab.

28 ((single$ or double$ or triple$ or treble$) and (blind$ or mask$)).ti,ab.

29 controlled clinical trial$.ti,ab.
30 RETRACTED ARTICLE/
310r/27-30

32 (animal$ not humans$).sh,hw.
3331 not32

3426 and 33

Appendix 5. CINAHL (EBSCO) search strategy

S38 S36 AND S37

S37 S4 ORS50R S6 ORS7OR S8 ORS9ORS100RS11 0RS120RS130RS14 ORS150RS16 ORS17 OR

S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR

S31 OR S32 ORS33 OR S34 OR S35

Flexibility exercise training for adults with fibromyalgia (Review)
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S36 S10RS20RS3
S35 TX vibration
S34 (MH "Vibration")
S33 (MH "Pilates") OR "pilates"
S32 TX pilates
S31 TX tai ji
S30 (MM "Tai Chi")
S29 TX tai chi
S28 TX yoga
S27 (MH "Yoga") OR (MH "Yoga Pose")
S26 Tl manipulat* OR AB manipulat*
S25 Tl muscle strength* OR AB muscle strength*
S24 Tl weight train* OR AB weight train*
S23 TI (row or rows or rowing ) OR AB ( row or rows or rowing )
S22 Tl walk* OR AB walk*
S21 Tl ( cycl* or cycling ) OR AB ( cycl* or cycling)
S20 Tl bicycl* OR AB bicycl*
S19 Tl swim* OR AB swim*
S18 Tljog* ORAB jog*
S17 Tl ( skate* or skating ) OR AB ( skate* or skating)
S16 Tl physical* N2 endur* OR AB physical* N2 endur*
S15 Tl motion N5 fitness OR AB motion N5 fitness OR TI motion N5 therapy OR AB motion N5 therapy
OR Tl motion N5 therapies OR AB motion N5 therapies
S14 Tl physical N5 fitness OR AB physical N5 fitness OR Tl physical N5 therapy OR AB physical N5 thera-
py OR Tl physical N5 therapies OR AB physical N5 therapies
S13 Tl sport* OR AB sport*
S12 Tl exercis* OR AB exercis*
S11 Tl exertion* OR AB exertion*
S10 (MH "Physical Endurance+")
Flexibility exercise training for adults with fibromyalgia (Review) 86
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(Continued)

S9 (MH "Pliability")

S8 (MH "Sports+")

S7 (MH "Exercise Test+")

S6 (MH "Physical Fitness")

S5 (MH "Exertion+")

S4 (MH "Exercise+")

S3 AB fibrositis OR Tl fibrositis

S2 Tl fibromyalgia OR AB fibromyalgia
S1 (MH "Fibromyalgia")

Appendix 6. Cochrane Library (Wiley) search strategy

#1MeSH descriptor: [Exercise] explode all trees

#2MeSH descriptor: [Exercise Therapy] explode all trees
#3MeSH descriptor: [Physical Therapy Modalities] explode all trees
#4MeSH descriptor: [Physical Fitness] explode all trees
#5MeSH descriptor: [Exercise Tolerance] explode all trees
#6MeSH descriptor: [Sports] explode all trees

#7MeSH descriptor: [Pliability] explode all trees

#8MeSH descriptor: [Pliability] explode all trees

#9MeSH descriptor: [Motion] explode all trees

#10MeSH descriptor: [Physical Endurance] explode all trees
#1lexercise:ti,ab

#12swim:ti,ab

#13skate:ti,ab

#14jog:ti,ab

#15bike:ti,ab

#16cycle:ti,ab

#17walk:ti,ab

#18row:ti,ab

#19weight train:ti,ab

#20muscle strength:ti,ab

#21#1 or#2 or#3 or#4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20
#22MeSH descriptor: [Fibromyalgia] explode all trees
#23fibromyalgia:ti,ab

#24 #22 or #23

#25 #21 and #24

Appendix 7. AMED (Ovid) search strategy

1 Fibromyalgia/

2 fibromyalgi$.tw.

3 fibrositis.tw.

40r/1-3

5 exp exercise/

6 physical fitness/

7 exp physical endurance/
8 exp sports/

9 Pliability/

10 exertion$.tw.
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11 exercis$.tw.

12 sportS.tw.

13 ((physical or motion) adj5 (fitness or therapy or therapies)).tw.
14 (physical$ adj2 endur$).tw.
15 manipulat$.tw.

16 (skate$ or skating).tw.

17 jog$.tw.

18 swim$.tw.

19 bicycl$.tw.

20 (cycle$ or cycling).tw.

21 walk$.tw.

22 (row or rows or rowing).tw.
23 weight train$.tw.

24 muscle strength$.tw.

25 exp pilates/

26 exp yoga/

27 Tai chi/

28 tai ji.tw.

29 yoga.tw.

30 (hatha or kundalini or ashtanga or bikram).tw.
31 pilates.tw.

32 exp exercise therapy/

33 or/5-32

344 and 33

Appendix 8. ProQuest Thesis and Disseration Abstract Global search strategy

Terms searched fibromyalg* or fibrositis (in citation or abstract)

Appendix 9. PEDro search strategy

PEDro was searched using 6 combinations:
fibromyalg* AND fitness training
fibromyalg* AND strength training
fibromyalg* AND exercise

fibrositis AND fitness training

fibrositis AND strength training

fibrositis AND exercise

Appendix 10. ClinicalTrials.gov search strategy

Terms searched: fibromyalg* or fibrositis

Appendix 11. WHO International Clinical Trials Registry Platform (ICTRP) search strategy

Terms searched: fibromyalg* or fibrositis

Appendix 12. Selection criteria
Level One screen:

Based on title and abstract of the report:

Does it include exercise? No—exclude, Yes or uncertain—go to step three

> w e

Is it a randomized controlled trial (RCT)? No—exclude, Yes or uncertain—include

Level Two screen:

Based on the full text or protocol of the report:

Does the study deal exclusively with fibromyalgia? No—exclude, Yes or uncertain—go to step two

Does the study deal exclusively with adults? No—exclude, Yes or uncertain—go to step four

Flexibility exercise training for adults with fibromyalgia (Review)
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1. Does the study deal exclusively with fibromyalgia? No—exclude, Yes—go to step three, Uncertain—add to list of questions for study
author and proceed to step three

2. Isthe diagnosis of fibromyalgia based on published criteria? No—exclude, Yes—go to step three, Uncertain—add to list of questions for
study author and proceed to step three

3. Does the study deal exclusively with adults? No—exclude, Yes—go to step three, Uncertain—add to list of questions for study author
and proceed to step three

4. Isitan RCT? (the study uses terms such as 'random,' 'randomized,' 'RCT,' or 'randomization' to describe the study design or assignment
of participants to groups) No—exclude, Yes—go to step three, Uncertain—add to list of questions for study author and proceed to step
three

5. Does it include exercise (the study involves at least one intervention that includes exercise)? No—exclude, Yes—go to step three,
Uncertain—add to list of questions for study author and proceed to step three

6. (for full text) Are between-group data provided for the outcomes? No (the study contains ONLY fibromyalgia, or results are reported
such that effects on fibromyalgia cannot be isolated—exclude, Yes—include the study, Yes but uncertain about one or more of steps—
reserve judgement until study authors are contacted

Level Three screen (classification of the study using team’s intervention listing):

1. Classification of design
2. Number of interventions
3. Type of comparisons:
« Head-to-head comparison?
« Exercise to control?
« Composite to control?
1. Control group
« Classify type of control
1. Exercise
« Enter types of exercise interventions used in the study
« Complete naming of the intervention groups

Appendix 13. Busch 2002 search strategy

Process Particulars

Databases used MEDLINE (1966-12/2000), CINAHL (1982-12/2000), HealthSTAR (1990-12/2000), Sports Discus
(1975-12/2000), Embase (1974 to 12/2000), the Cochrane Controlled Trials Register (2000, Issue 4)

Adjunctive search methods Reference lists from identified articles, meta-analyses, and reviews of all types of treatment for fi-
bromyalgia were reviewed independently by two review authors and all promising references were
scrutinized. We searched without language restriction and translated all non-English studies that
were initially identified as possibly meeting the inclusion criteria

Search strategy used for Search strategy on SilverPlatter v3.0 for Windows
MEDLINE

1 "Fibromyalgia"/ all subheadings

2 fibromyalgia

3 fibrositis

4 fibromyalgia or fibrositis

S#lor#4

6 explode "Exertion"/all subheadings

7 "Physical-Fitness"/all subheadings

8 explode "Physical-Therapy"/all subheadings
9 "Exercise-Test"/all subheadings

10 "Exercise-Tolerance"/all subheadings
11 explode "Sports"/all subheadings

12 "Pliability"/all subheadings
13#6or#7or#8or#9 or#10 or #11 or #12

Flexibility exercise training for adults with fibromyalgia (Review) 89
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(Continued)

14 exertion*

15 exercis*

16 physical 17 motion

18 fitness

19 therapy

20 therapies

21 (physical or motion) near (fitness or therapy or therapies)
22 physical

23 endurance

24 physical near endurance

25 manipulation™

26 skating

27 running

28 jogging

29 swimming

30 bicycling

31cycling

32 walking

33 rowing

34 weight

35 training

36 muscle

37 strengthening

38 skating or running or jogging or swimming or bicycling or cycling or walking or rowing or weight
training or muscle strengthening

39 #13 or #14 or #15 or #21 or #24 or #25 or #38
40 #5 and #39

41 explode "Research-Design"/all subheadings
42 explode "Clinical-Trials"/all subheadings
43 #41 or #42

44 #40 and #43

45 PT ="CLINICAL-TRIAL"

46 #40 and (PT = "CLINICAL-TRIAL")

47 #44 or #46

HISTORY

Review first published: Issue 9,2019
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
None.
NOTES

We prepared no new protocol for this review. This review presents a major update of previous reviews completed in 2002 and 2007 on
exercise for fibromyalgia. Although this is an update, review team members ran the search from inception of the databases, screened
studies, and extracted data from all included studies. Given growth in the literature, we have split this review into several reviews (ie,
resistance, aquatic, mixed, aerobic, flexibility, and whole body vibration). Differences between the 2007 review and this update include
the following.

« Further refinement of the definition of what constitutes an flexibility exercise training intervention as required to provide clear criteria
on the types of interventions that would and would not meet criteria for inclusion in this review.

« Revisions to search terms, databases, and registries (see Appendix 13).

« Changes in membership of the review team (new review authors and two consumers added).

« Use of the "Risk of bias" tool (Higgins 2011) instead of van Tulder 2003 and Jadad 1996 to assess certainty of the evidence.

« Outcomes presented to facilitate standardization of outcomes between reviews on fibromyalgia within Cochrane.

« Adverse events and withdrawals for groups added to major outcomes to reflect otherimportant potential harmful outcomes of flexibility
exercise interventions.

« Revisions to Cochrane methods described in version 5.1.0 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011), including addition of the Plain Language Summary, the "Summary of findings" table, and GRADEpro to judge evidence certainty.
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« Use of electronic data screening (Covidence) extraction methods (Google Docs) as opposed to paper-based methods used in earlier
versions of the review

« Post hoc sensitivity analysis.
« Compliance with MECIR standards.

INDEX TERMS

Medical Subject Headings (MeSH)

*Quality of Life; Exercise; Exercise Therapy [*methods]; Fatigue [*therapy]; Fibromyalgia [physiopathology] [*therapy]; Pain
Measurement; Randomized Controlled Trials as Topic; Resistance Training; Treatment Outcome

MeSH check words

Humans
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