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Abstract
Objective—To investigate the eVects of 21
weeks’ progressive strength training on
neuromuscular function and subjectively
perceived symptoms in premenopausal
women with fibromyalgia (FM).
Methods—Twenty one women with FM
were randomly assigned to experimental
(FMT) or control (FMC) groups. Twelve
healthy women served as training controls
(HT). The FMT and HT groups carried out
progressive strength training twice a week
for 21 weeks. The major outcome
measures were muscle strength and electromyographic (EMG) recordings. Secondary outcome measures were pain,
sleep, fatigue, physical function capacity
(Stanford Health Assessment Questionnaire), and mood (short version of Beck’s
depression index).
Results—Female FMT subjects increased
their maximal and explosive strength and
EMG activity to the same extent as the HT
group. Moreover, the progressive strength
training showed immediate benefits on
subjectively perceived fatigue, depression,
and neck pain of training patients with FM.
Conclusions—The strength training data
indicate comparable trainability of the
neuromuscular system of women with FM
and healthy women. Progressive strength
training can safely be used in the treatment of FM to decrease the impact of the
syndrome on the neuromuscular system,
perceived symptoms, and functional capacity. These results confirm the opinion
that FM syndrome has a central rather
than a peripheral or muscular basis.
(Ann Rheum Dis 2001;60:21–26)

hypnotic drugs,10 11 and modern antidepressant
drugs12–14 is of little help, the use of low dose tricyclic antidepressant drugs has proved eVective
in a proportion of patients with FM.8 14 15
Exercise interventions are often included in
rehabilitation programmes of patients with
FM. A number of earlier studies have examined the eVects of aerobic exercise,16–18 relaxation programmes,19 20 or combinations of them
in multidimensional approaches21–23 and reported training induced benefits in FM.
Although muscular pain is a general feature of
FM syndrome, to our knowledge, the eVects of
strength training on it have been studied only
in a six week study as a part of an aerobic, flexibility, and strengthening programme.21
The main purpose of our study was to investigate the eVects of a prolonged period of 21
weeks’ progressive strength training on neuromuscular function in premenopausal women
with FM compared with healthy women. In
addition, the subjectively perceived symptoms
in women with FM were recorded before and
after the training period.
Methods
STUDY SUBJECTS

Twenty one premenopausal women with FM
from our outpatient clinic were recruited for
the study. Before inclusion the patients were
examined by a rheumatologist (PH) to confirm
the diagnosis of FM according to the 1990
American College of Rheumatology classification criteria.24 After inclusion the patients were
randomly allocated to the training (FMT;
n=11) or control (FMC; n=10) group. Twelve
sedentary healthy women served as training
controls (HT). Table 1 shows demographic data
of the study groups.
MUSCLE STRENGTH MEASUREMENTS

Fibromyalgia (FM) is a non-inflammatory
rheumatic syndrome characterised by widespread musculoskeletal pain with palpable tender points, muscle stiVness, fatigue, and sleep
disturbances.1 The cause of symptoms has
remained an enigma and the treatment problematic. Opinions are divided about the pathogenetic role of a peripheral versus a central
mechanism. A number of studies of muscle histology and energy metabolism have been conducted to increase the understanding of the origin of FM symptoms. Some studies suggest a
possible pathological basis in muscle tissue,2–4
whereas others report that the muscles of
patients with FM do not diVer from those of
healthy controls.5 6 On the other hand, although
treatment with glucocorticoids,7 non-steroidal
anti-inflammatory drugs,8 muscle relaxants,9
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A David-210 dynamometer was used to measure maximal voluntary bilateral concentric
Table 1 Demographic data of the groups studied: training
women with fibromyalgia (FMT), training healthy women
(HT), and non-training women with fibromyalgia (FMC).
Values are means (SD)

Age (years)
Height (cm)
Weight (kg):
Before
After
Fat (%):
Before
After
Number of tender points:
Before
After
Duration of symptoms (years)

FMT
(n=11)

FMC
(n=10)

HT
(n=12)

39 (6)
165 (6)

37 (5)
164 (6)

37 (6)
162 (5)

70 (10)
70 (10)

72 (16)
72 (16)

63 (8)
64 (8)

34 (4)
33 (4)

32 (7)
32 (7)

32 (4)
31 (5)

16 (2)
15 (4)
12 (4)

15 (2)
16 (2)
12 (10)
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ELECTROMYOGRAPHIC RECORDINGS

Electromyographic (EMG) activity during the
bilateral isometric extension actions of the leg
muscles was recorded from vastus lateralis,
vastus medialis, and biceps femoris. Bipolar
(20 mm interelectrode distance) surface EMG
recording (miniature-sized skin electrodes
650437, Beckman) was employed. The electrodes were placed longitudinally on the motor
point areas determined by an electrical stimulator. EMG signals were recorded telemetrically (2000 Glonner, Biomes). EMG was
integrated (iEMG, and expressed for one
second, µVs) for each muscle separately for the
maximal peak force phase of the maximal
isometric action. The respective maximum
iEMG values recorded for the right and left
vastus medialis and lateralis during the best
maximal leg extension force action were taken
for further analysis.27 The iEMG of the biceps
femoris acting as an antagonist was also
recorded during the isometric leg extension
action. To calculate the antagonist coactivation
percentage for the biceps femoris muscle
during the extension actions, the EMG of the
biceps femoris acting as an agonist was
recorded during the maximal unilateral isometric knee flexion (iEMG of the biceps femoris
during extension/iEMG of biceps femoris during flexion × 100).28
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JUMPS

Dynamic explosive force characteristics of the
leg muscles were measured on a force platform
by using a maximal vertical squat jump (from a
starting position of 90° for the knee angle). The
hands were kept on the hips during the jump.
The height of rise of the centre of gravity in the
squat jump was calculated from the flight time.
Three maximal jumps were recorded and the
best maximum height was taken for further
analysis. In all test conditions the time between
maximal contractions or jumps was 1.5 minutes.
SUBJECTIVELY PERCEIVED SYMPTOMS

Before and after the 21 week follow up period
the subjectively perceived and reported intensity of most essential FM symptoms were rated
on patients’ self administered questionnaires.
General pain and pain located in diVerent anatomical parts of the body were expressed using
a visual analogue scale, where the end descriptions were 0 = no pain and 100 = worst possible pain. In general health the end descriptions
were “best–worst possible condition”, in sleep
“normal sleep—totally unable to sleep”, and in
fatigue “no fatigue—worst possible fatigue”.
The Stanford Health Assessment Questionnaire (HAQ) was used for the assessment of
physical functional capacity29 and the short
version of Beck’s depression index to assess the
mood of the subjects with FM.30
EXPERIMENTAL STRENGTH TRAINING

The training period was 21 weeks. The first four
weeks of the study served as a control period.
The subjects maintained their ordinary daily
chores and physical activities, but no strength
training was carried out. Thereafter, women in
the FMT and HT groups started a supervised
strength training period. Training was carried
out twice a week and each training session
included six to eight exercises, such as a squat
exercise, knee and trunk extension/flexion exercises, and bench press. During the first three
week period strength training was started with
15–20 repetitions for each set with loads of
40–60% of the one repetition maximum (1 RM)
and continued during the next four weeks with
10–12 repetitions for each set with loads of
60–70% of 1 RM. Subsequently, during weeks
8–14 the number of repetitions was 8–12 for
each set with loads of 60–80% of 1 RM, and
during the last seven weeks 5–10 repetitions with
loads of 70–80% of 1 RM were performed. In
addition, from the seventh week onwards 30% of
the training for the leg muscles was performed as
“explosive” strength training with light loads of
40–60%, but each repetition was performed as
rapidly as possible. All training sessions included
warm up and cool down exercises using a bicycle ergometer and muscle stretching. Moreover,
the subjects continued their ordinary daily
chores and physical activities.
STATISTICS

The means and standard deviations (SD) are
given as descriptive statistics. The performance
characteristics of the training groups and the
reference group were compared with a one way
analysis of variance. To determine the eVects of
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force production of the leg extensors (hip,
knee, and ankle extensors).25 The subject was
in a seated position so that the hip angle was
110°. On verbal command the subject performed a concentric leg extension starting from
a flexed position of 70° trying to reach a full
extension of 180° against resistance. After each
separate extension the load was gradually
increased until the subject was unable to
extend the legs to the required position. The
last acceptable trial with the heaviest load was
determined as one repetition maximum (1
RM). Low resistance warm up sets were
conducted before 1 RM strength testing so that
the subjects would be familiar with the
equipment and the proper exercise techniques.
The first four weeks of the study served as a
control period without strength training. The
training subjects were assessed four weeks
before training, at the start of training, and
after 7, 14, and 21 weeks of training. The control subjects with FM were measured at weeks
−4, 0, and 21.
Maximal voluntary bilateral isometric force
and maximal rate of rise of force development
(RFD) of the leg extensors were measured
using a dynamometer reported earlier.25 RFD
was used as an isometric measure of explosive
strength of the leg extensors. Maximal unilateral isometric force of the knee flexors was
measured with a David-200 dynamometer.26
The subject was in a seated position with hip
and knee joints at 110° and 107° angles,
respectively. On verbal command the subjects
were instructed to exert their maximal force as
fast as possible for a period of three to four seconds. A minimum of three trials was completed
for each subject and the best result used for the
subsequent statistical analysis.
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FMT
FMC
HT
Bilateral 1 RM
leg extension (kg)

160
140
120

Maximum iEMG (µVs)

A
FMT
FMC
HT

400

300

–4

0

7

14

21

14

21

Weeks
500

B

400

300

–4

0

100

7

Weeks
–4

0

7

14

Control
period

Training period

Figure 1 Mean (SD) bilateral leg extension (1 RM) in
fibromyalgia (FMT) and healthy (HT) trainers and
fibromyalgia controls (FMC) during the four week control
and 21 week strength training periods.

2500
2250
2000
1750
1500
0

7

14

Training period

Figure 3 Mean (SD) maximal integrated
electromyographic (iEMG) activity of the vastus medialis
and vastus lateralis muscles in maximal isometric leg
extension in fibromyalgia (FMT) and healthy (HT) trainers
and fibromyalgia controls (FMC) during the four week
control and 21 week strength training periods. (A) left leg;
(B) right leg.

iEMG of biceps femoris (%)

FMT
FMC
HT

–4

Control
period

21

Weeks

Maximum isometric
force (N)

500

Maximum iEMG (µVs)

Results
The bilateral dynamic (1 RM) and isometric
leg extension forces remained statistically unaltered in all study groups during the four week
control period (figs 1 and 2). During the 21
weeks of strength training the mean (SD) 1
RM values increased in FMT by 23 (6)%
(p<0.001), in HT by 28 (9)% (p<0.001), while
a slight (NS) decrease of 1 (3)% occurred in
FMC (fig 1). The mean (SD) maximal bilateral
isometric leg extension strength increased by
27 (11)% (p<0.001), 37 (16)% (p<0.001), and
7 (9)% (NS) in FMT, HT, and FMC, respectively (fig 2). The diVerence in the changes of
isometric leg extension forces between FMT
and FMC and between HT and FMC were
significant (p<0.001).
None of the groups showed statistically
significant changes during the control period in
the maximal agonist iEMGs of the vastus lateralis and vastus medialis muscles of the bilateral
isometric leg extension actions (fig 3). During
the 21 week training period the iEMGs of the

right and left legs increased significantly in HT
(p=0.002 and p<0.001) and in FMT (p=0.008
and p<0.001). In FMC only minor (NS) changes
were recorded. At the post-test the diVerence of
the changes between the FMT and FMC groups
and the HT and FMC groups was significant
(p=0.023 and p=0.013), respectively. The coactivation of the biceps femoris during the isometric leg extension did not change statistically significantly in any of the groups during either the
four week control period or the 21 week experimental period (fig 4).
The mean (SD) maximal rate of the rise of
force development (RFD) did not change

FMT
FMC
HT

Maximum leg extension

50
40
30
20
10
0

–4

21

0

7

14

21

Weeks

Weeks
Control
period

Training period

Figure 2 Mean (SD) bilateral isometric leg extension
forces in fibromyalgia (FMT) and healthy (HT) trainers
and fibromyalgia controls (FMC) during the four week
control and 21 week strength training periods.
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Control
period

Training period

Figure 4 Coactivation percentage of the biceps femoris
muscle during maximal isometric leg extension in
fibromyalgia (FMT) and healthy (HT) trainers and
fibromyalgia controls (FMC) during the four week control
and 21 week strength training periods.
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strength training the data were analysed by
multivariate analysis of variance with repeated
measures. The level of statistical significance
was p<0.05. The coeYcients of correlation
were calculated with the Spearman’s test.
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Rate of force
development (N/s)
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7000
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Figure 5 Mean (SD) maximal rate of force development
in bilateral isometric leg extension in fibromyalgia (FMT)
and healthy (HT) trainers and fibromyalgia controls (FMC)
during the four week control and 21 week strength training
periods.

FMT
FMC
HT

Squat jump (m)

0.20

0.18

0.16

0.14

–4

0

7

14

21

Weeks
Control
period

Training period

Figure 6 Mean heights (SD) in maximal vertical squat
jump among fibromyalgia (FMT) and healthy (HT)
trainers and fibromyalgia controls (FMC) during the four
week control and 21 week strength training periods.

significantly during the control period in any of
the three groups (fig 5). The RFD values were
at their highest after 14 weeks of training both
in the HT (p=0.017) and FMT (p=0.013)
groups in comparison with baseline and then
decreased slightly (NS) during weeks 14–21.
The RFD values remained unchanged in FMC.
The maximal vertical heights in the squat
jump remained statistically unaltered in all
groups during the control period (fig 6).
During the 21 week training period the squat
jump height increased in FMT by 12 (10)%
Table 2 Subjectively perceived symptoms (mean (SD)) in the training (FMT) and
non-training (FMC) women with fibromyalgia before and after the 21 week study period
FMT (n=11)
Before
General pain (VAS‡, 0–100 mm)
Pain in diVerent parts of the body:
Back
Neck
Abdomen
Arms
Legs
General health (VAS, 0–100 mm)
Sleep (VAS, 0–100 mm)
Fatique (VAS, 0–100 mm)
HAQ‡ disability (0–3)
Depression index (0–21 points)

FMC (n=10)
After

Before

After

48 (25)

24 (19)

35 (19)

60 (27)

37 (32)
45 (19)
15 (15)
56 (26)
40 (21)
53 (26)
47 (23)
62 (22)
0.6 (0.6)
6.4 (5.0)

28 (24)
22(29)*
23 (26)
36 (24)
46 (26)
27 (22)
37 (14)
43 (25)*
0.3 (0.6)
3.6 (3.1)*

35 (32)
56 (33)
22 (25)
61 (30)
64 (30)
34 (29)
58 (29)
59 (31)
0.7 (0.4)
6.6 (4.9)

52 (29)
51 (35)†
31 (32)
36 (34)
61 (31)
48 (26)
55 (22)
60 (22)
0.7 (0.3)
7.5 (4.9)†

*p<0.05, change within the group between before and after the test.
†p<0.05, diVerence between the groups after the test.
‡VAS = visual analogue scale; HAQ = Health Assessment Questionnaire.
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(p=0.005), in HT by 11 (13)% (p=0.007) while
in FMC it decreased by 4 (20)% (NS). The differences in the relative changes between FMT
and FMC and between HT and FMC were
significant (p=0.003 and p=0.026, respectively).
At the beginning of the trial the perceived
symptoms were similar in both FM groups
(table 2). After the 21 week strength training
period neck pain, fatigue, and depression indices improved significantly in FMT. In FMC
none of the changes was significant. Neck pain
and depression indices were more favourable in
the FMT group than in the FMC group after the
test. There was a positive correlation between
general health and general pain both in the
FMT (rs=0.87; p<0.001) and FMC (rs=0.93;
p<0.001) groups at the post-test. In the FMT
group the change of depression index correlated positively with the change of fatigue
(rs=0.66; p=0.036), and HAQ index changes
correlated positively with the changes of
general pain (rs=0.95; p=0.004) and general
health (rs=0.86; p=0.027).
Discussion
This study showed that during the 21 week
progressive strength training female patients
with FM could increase their maximal dynamic
and isometric muscle strength to the same
extent as healthy women. The strength gains in
both FMT and HT groups were accompanied by
considerable increases in the maximal voluntary neural activation of the agonist vastus
medialis and vastus lateralis muscles. The performance in the squat jump increased significantly in both training groups as did the
changes in explosive strength of the leg
extensors recorded in the isometric action
(RFD). Moreover, the progressive strength
training showed positive eVects in the training
women with FM (FMT) on subjectively perceived fatigue, mood, and neck pain. In the
non-training women with FM (FMC) the
measured muscle strength characteristics and
perceived symptoms remained unaltered.
It has been shown that in previously
untrained healthy people the increases in
maximal strength seen during the first weeks of
strength training are largely attributable to the
increased motor unit activation of the trained
agonist muscles.31 32 In accordance with this, in
the present follow up study both FMT and HT
groups showed increases in their maximal
isometric force and iEMG during the training
period induced by strength training. The
increase of iEMG took place not only during
the initial weeks but throughout the entire
training period, probably owing to the applied
training programme with progressively increasing loads throughout the experimental period.
Increases in the magnitude of iEMG, induced
by strength training, suggest that the number of
motor units recruited has increased, or motor
units are firing at higher rates, or a combination
of these two has occurred.28 31 32 Nevertheless,
the increased iEMGs indicate that the contributing role of the nervous system for strength
development was important throughout the
entire training period. Therefore, the force and
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the other hand, the patients with FM had a
wide distribution of symptoms and thus only
the improvements in neck pain, fatigue, and
mood reached statistical significance during
the study period. In the FMT group the
improvements in pain and general health led
also to improvements in daily physical function. Thus the subjectively perceived physical
disability decreased together with decreasing
pain. The result is consistent with that of Hawley et al,34 indicating that functional disability
assessed by the HAQ index contributed to the
severity of FM.
The improvements in depression index
correlated positively with the improvements of
fatigue in FMT. However, the depression index
seemed to be unrelated to pain in both FM
groups. This result is in line with the results by
Baumstark et al showing that depression does
not predict pain behaviour among patients with
FM.35
Despite a rather small study group the
results of our supervised strength training
study indicate that the neuromuscular system
of women with FM and of age matched healthy
women can be similarly trained. The evidence
supports the suggestion of Simms that FM is a
chronic pain syndrome which has a central
rather than a peripheral or muscular basis.36
Moreover, the improvements in perceived
symptoms and function support the assumption that even heavy resistance strength training can safely be used in the treatment of
patients with FM to minimise the eVects on the
neuromuscular system of the inactivity associated with the FM syndrome. Depending on
practical conditions group programmes may
also be used and sometimes preferred to the
above individual exercise regimens as they are
financially more feasible. However, owing to
the multidimensional nature of FM, various
other scientifically eVective means, in addition
to physical activity, have to be used in the treatment of these patients.
This study was supported in part by grants from Finnish Social
Insurance Institution and the Yrjö Jahnsson Foundation.
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iEMG increases obtained in FMT women can
be considered as normal neuromuscular adaptations to strength training stimuli. To what
extent the increase in strength might be
explained by training induced hypertrophy of
the leg extensor muscles was not examined.
The magnitude of the coactivation of the
antagonist hamstring muscles during the maximal isometric leg extension was similar in all
groups at baseline. This result is consistent
with an earlier report25 and indicates that the
coactivation of these muscle groups was
already, at baseline, within the normal range
not only in the healthy women but also in the
women with FM in both study groups. The
present data also indicate the presence of a
normal neural inhibitory mechanism aimed at
protecting the musculoskeletal system from
injury when the agonist muscles become fully
activated.25 These results further show that the
magnitude of the antagonist coactivation remains rather stable not only among middle
aged healthy subjects but also among patients
with FM, at least when the present type of force
production action is applied. Strength training
does not produce any further changes in the
antagonist coactivation to influence the net
strength production of the agonist muscles, but
large neural adaptation takes place in the activation of these muscles.
The strength training programme applied
was expected to produce increases both in
maximal strength and rapid force production
of the trained muscles. The ability of muscles
to produce force rapidly is important in several
tasks of daily life, such as climbing stairs or
prevention of falls. The results show that the
increases in maximal strength were accompanied by increases in explosive strength characteristics recorded during isometric (RFD) and
dynamic (squat jump) actions both in the FMT
and HT groups. This might be explained by the
increased rapid neural activation of the trained
muscles,28 as one third of the exercises were
conducted with slightly lower loads but with
higher movement velocities in order to improve
explosive strength. However, both training
groups reached a plateau after 14 weeks of progressive strength training in both RFD and
squat jump. The findings indicate a need for
more individual programming of the training
to optimise the improvement of explosive
strength and to maintain it.
Physical exercise has been found to be an
eVective intervention strategy for long term
management of FM. McCain et al17 and Wigers
et al16 found that aerobic physical exercise
improves not only the cardiovascular fitness
but also raises the pain threshold scores of
trained patients with FM. In our strength
training intervention no statistically significant
changes were seen in the number of tender
points during the 21 week follow up time, supporting the earlier suggestion that tender point
counts are only weakly related to symptom
severity.33 All the outcome variables of the FMT
group improved, except for pain in the legs.
The training programmes included more exercises for the legs, and training induced muscle
soreness may in part explain the finding. On
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