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Abstract
Objective
Adapted physical activity (APA) has been recommended for fibromyalgia (FM) treatment as an essential component
of a biopsychosocial therapeutic approach for patients. Previous studies report that aerobic and resistance training are
the most effective programmes in improving the quality of life and psycho-physical well-being. Patients with FM are
[frequently affected by an impairment of small fibre innervation, which is evident in the proximal somatic districts.
Therefore, this pilot randomised controlled not pharmacological trial aimed to investigate if a 12-week home-based
multicomponent (aerobic and resistance training and mobility) physical activity (PA) intervention was effective in
improving pain perception, FM-related disability, and IntraEpidermal Nerve Fibre Density (IENFD) in adult
FM patients.

Methods
Thirty-four female subjects with a fibromyalgia diagnosis (51.5+11.88 years) were randomly assigned to an
experimental group (n=17) that received a supervised home-based multicomponent PA intervention twice a week and
a control group (n=17) that received a generic programme of aerobic exercise. Skin biopsy was performed before the
physical programme and after 18 months with constant execution of the supervised PA intervention or generic aerobic
exercise. Both groups assumed pharmacological treatment with duloxetine and/or pregabalin.

Results
We found that the group performing physical activity in a supervised and regular way showed a significant improvement
in the Fibromyalgia-linked invalidity questionnaire (FIQ) as well as epidermal fibre density at proximal and distal sites.

Conclusions
Physical activity could improve FM outcomes, with a possible beneficial impact on peripheral factors contributing
to pain-related disability.

Key words
adapted physical activity, fibromyalgia, skin biopsy

Clinical and Experimental Rheumatology 2024; 42: 1156-1163.



Eleonora Gentile, PhD

Silvia Giovanna Quitadamo, MD
Livio Clemente, MPsy

Valerio Bonavolonta, PhD
Raffaella Lombardi, MSc
Giuseppe Lauria, MD

Gianpiero Greco, PhD
Francesco Fischetti, MD*
Marina De Tommaso, MD, PhD*

*Contributed equally to this work
and share last authorship.

Please address correspondence to:
Gianpiero Greco

Dipartimento di Biomedicina
Traslazionale e Neuroscienze (DiBraiN),
Universito di Bari Aldo Moro,

Piazza Umberto 1,

70121 Bari, Italy.

E-mail: gianpiero.greco@uniba.it
Received on June 20, 2023; accepted in
revised form on September 11, 2023.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2024.

Funding: this study was funded by
Bari University Research Funding.

Competing interests: none declared.

Clinical and Experimental Rheumatology 2024

Adapted physical activity and fibromyalgia / E. Gentile et al.

Introduction

Fibromyalgia (FM) is a complex condi-
tion of chronic pain whose aetiopatho-
genetic mechanisms and causes are not
yet clearly understood. The most typi-
cal symptoms of FM disease are diffuse
skeletal muscle pain, fatigue (about
90% of the individuals), alteration of
mood (about 75% of the individuals),
sleep disturbance, cognitive dysfunc-
tion, physical deconditioning, and thus
the poor quality of life (1, 2). In the last
years’ evidence emerged about a non-
length dependent small fibre neuropathy,
causes and treatment of which are cur-
rently not fully understood (3). Small
fibre loss could in theory take advantage
of physical activity, but evidence is still
few in current literature (4).

In the management of FM, physical ac-
tivity (PA) and physical exercise (PE)
are well-recognised as important fac-
tors that contribute to an effective bi-
opsychosocial approach (2).

Several reviews have highlighted the
importance of PA in the last few years:
Macfarlane et al. (2017) (5) proposed
that exercise and, specifically, adapted
physical activity (APA) is one of the
bases for FM treatment. Specifically,
the greatest evidence of several APA
programmes has been observed on pain
and quality of life (6) and the physical
and psychological functioning of FM
subjects (2). The same review reports
that aerobic exercise and strength train-
ing are the most used training strate-
gies in non-pharmacological FM man-
agement. However, a meta-analysis
showed weak evidence of the efficacy
of physical exercise (7). Anyway, re-
cent studies suggested that aerobic
exercise is associated with reductions
in anxiety among adults with fibromy-
algia (8) and that this type of training
may be usefully applied in many dif-
ferent rehabilitation contexts for FM
treatment (9).

Resistance training (RT), also associ-
ated with aerobic exercise, has been
found useful in reducing several symp-
toms of FM (7, 10, 11).

The European Alliance of Associations
for Rheumatology (EULAR) recom-
mendations strongly suggest a com-
bination of aerobic and strengthening
exercises either on land or in water as a

fundamental element among nonphar-
macological treatment options for the
management of FM (5).

In musculoskeletal conditions as well
as in FM treatment online-distance-
medical and non-intervention pro-
grammes including telerehabilitation
have been carried out reporting im-
provement in pain intensity, mechani-
cal pain sensitivity, and psychological
distress (12, 13).

To our knowledge, there are no avail-
able studies that evaluated the effects
of a multicomponent home-based ex-
ercise programme on clinical features
and IntraEpidermal Nerve Fibre Den-
sity IENFD) in FM patients. In a re-
cent study, we evaluated the outcome
of small fibre sufferance and clinical
features in a cohort of FM patients. The
observation of a programme of aerobic
exercise seemed to condition a better
outcome of fatigue in patients with less
severe small fibre damage (14)-
Therefore, we aimed to evaluate the
clinical and IENFD outcome in a sub-
group of FM patients treated with a su-
pervised multicomponent home-based
PA programme focused on aerobic and
resistance training, compared with pa-
tients following a generic not super-
vised aerobic exercise.

Materials and methods

Subjects and study design

The present study was conducted in
the Neurophysiopathology Unit of
Bari Policlinico General Hospital. It
was a randomised controlled interven-
tional study, comparing the clinical and
IENFD evolution in 2 groups of FM
patients, one performing a multicom-
ponent home-based PA programme fo-
cused on aerobic and resistance train-
ing, the other group receiving a pre-
scription of not supervised aerobic ex-
ercise. A priori analysis with G*Power
indicated that 34 subjects were suf-
ficient to detect a medium effect size
(f=0.25) with an 80% statistical power
and 0=0.05 using within-between sub-
jects’ design.

Forty-four consecutive FM patients
were submitted to a basal clinical eval-
uation and skin biopsy (14). Inclusion
criteria consisted in a diagnosis of FM,
according to ACR Diagnostic Criteria
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Fig. 1. Flow chart reporting the study design with 2 patients’ groups, one following Assisted Physical Activity (APA) (PHY), the other performing a not

supervised aerobic exercise (NO PHY).

for Fibromyalgia published in 2011
(15). Exclusion criteria were the fol-
lowing: low level of education (below 8
years), drugs acting on the central nerv-
ous system at baseline, a prior history
of any other neurological conditions,
active and inactive cancer, diabetes,
renal impairment, active autoimmune/
inflammatory/rheumatological disease,
psychiatric disorders except for mild
anxiety and depression, BMI >35. All
of them agreed to repeat skin biopsy
after 18 months of follow up. They
were assigned with a 1:1 randomisa-
tion to a supervised multicomponent
home-based programme (PHY) or a
generic not supervised programme of
aerobic exercise (NO PHY), consisting
of 45’ min brisk walking and/or cycling
and/or swimming four times weekly.
Twenty patients agreed to the assisted
programme, but finally, 17 completed
the 3 months and continued to follow it
during the observation period. They re-
ceived a supervised home-based PA in-
tervention twice a week for a total of 3
months. In the following time, the same
patients were suggested to continue
the home programme, monitored with
monthly telephonic interviews to assure
the prosecution of physical activity. All
patients underwent an in-person visit at
6 and 12 months and were also contact-
ed by phone or e-mail at months 3 and
9, to re-evaluate the clinical conditions,
compliance, and effects of treatment.
The clinical and skin biopsy follow-
up were performed after 18 months of
clinical observation, between Decem-
ber 2018 and April 2021. Seventeen
consecutive patients were assigned to
a not supervised programme of aerobic
exercise and completed the 18 months
follow up (Fig. 1). Demographic data
are reported in Table I. In accordance
with the routine approach of our Cen-
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Table I. Demographic and clinic characteristics of fibromyalgia patients included (PHY)
or not included (NO PHY) in a supervised physical exercise programme. No statistical dif-
ferences were found by ANOVA and chi-square test for the main clinical variables and sex

(p<0.05).
GROUP MEAN SE 95% CI
lower higher
Age (years) NO PHY 53.37 213 49.07 57.67
PHY 49.65 1.93 45.75 53.56
Duration (years of fibromyalgia) NO PHY 6.89 1.52 3.81 9.98
PHY 10.87 1.39 8.07 13.67
WPI (score) NO PHY 13.11 1.01 11.07 15.14
PHY 1491 0.92 13.06 16.77
SS (score) NO PHY 7.05 0.65 5.73 8.37
PHY 7.30 0.59 6.11 8.50
IENFD Proximal (n. fibres) NO PHY 9.98 0.56 8.19 11.57
PHY 9.54 0.68 8.09 11.00
IENFD Distal (n. fibres) NO PHY 8.28 0.72 6.74 9.80
PHY 7.54 045 6.57 8.52
Sex (M/F) NOPHY 20F 2M
PHY 23F 3M

WPI: Whole Pain Index; SS: associate symptoms; IENFD: intraepidermal nerve fibre density; SE:

standard error; CI: confidence interval.

tre, all patients were suggested to take
pharmacological treatment with an-
tiepileptics (pregabalin 150-300 mg)
and antidepressants (duloxetine 60 mg)
(14). All the enrolled subjects signed
informed consent. The local Ethical
Committee of Bari Policlinic General
Hospital approved the execution of
skin biopsy in FM patients at baseline
and follow-up (Study number 254). The
same Committee approved the study
about the efficacy of physical activity
in FM (Study number 5902). The study
was conducted in accordance with the
Helsinki Declaration of 1975/83.

Measures

Questionnaires. We tested patients with
the following scales: Visual Analog
Scale (VAS) (16), A self-rating depres-

sion scale (SDS) (17) and a self-rating
anxiety scale (SAS) (18), Fibromy-
algia-linked invalidity questionnaire
(FIQ) (19), Neuropathic Pain Diag-
nostic Questionnaire (DN4) (20), Mul-
tidimensional Assessment of Fatigue
(MAF) (21), and the Brief Pain Inven-
tory (BPI) with pain severity and inter-
ference subscores (22). Diagnosis of
FM was done in agreement with 2010
criteria, using the Wide Pain Index
(WPI) and Symptoms Severity Scale
(SS) (23).

Skin biopsy. As reported in previous
studies (14, 24) patients underwent
3-mm punch biopsies from the thigh
and distal leg following an intradermal
injection of 1% xylocaine. Briefly, the
specimens were fixed in 2% paraform-
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Table II. Description of the 12-week multicomponent physical activity intervention programme (adapted physical activity for the fibro-

myalgia patient, 2 d-wk-1).

Phase Exercise Set Reps Guidelines
Warm-up Head Rotation, flexion, extension and circles 1 20 Duration: 10 min
Shoulders moving backward to forward 1 20
Shoulders circles 1 20
Leg extension 1 20
Ankle flexo-extension 1 20
Static marching 1 5
Core training Thoracic breathing (seated) 1 2’ Duration: 40 min.
Diaphragmatic breathing (seated) 1 2’ Training load: 1-2 sets of
90° Arms Adduction (Standing cross) 2 10 8—15 repetitions with
Alternating pushes 2 10 45 sec of slow walking
French press 2 10 between each exercise.
Half squat with chair 2 10 Progression: increase
Leg extension from sitting 2 10 x leg repetitions before sets.
Cool-down Shoulders circles and move backward to forward 2 30” Total duration: 10 min.
Triceps stretching 2 307 Overload: stretch beyond resting length but not
Biceps stretching 2 307 beyond pain-free ROM.
Trunk torsions with arm extension 2 30 Duration: 10-30 sec/stretch, repetitions: 2—4,
Breathing with spine control (seated) 2 307 accumulate 60 sec per exercise.

Progression:gradual increase in stretch
duration or repetitions.

aldehyde-lysine-sodium periodate at
4°C overnight following which they
were cryoprotected, serially cut with
a cryostat, and immunostained using
polyclonal anti-protein gene product
9.5 (Ultraclone Ltd). We calculated
the intraepidermal nerve fibre density
on three non-consecutive central sec-
tions by bright-field microscopy, us-
ing a stereology workstation (Olympus
BX50. PlanApo oil-objective 40x/NA
= 1.0) and compared them to sex-and
age-adjusted normative values (25-27).
Based on the cut-off values (25-27) pa-
tients were classified into those with
proximal reduced IENFD (P) distal and
proximal reduced IENFD (D) and nor-
mal IENFD (N). The same criteria were
used at follow-up to define patients as
stable, with persistence of normal IEN-
FD, improved, with evolution from low
to normal IENFD, or worsened, with
evolution from normal to reduced IEN-
FD, based on the above-reported clas-
sification and cut-off values (26,27). In
any case, the appearance of degenera-
tive aspects determined a judgment of
worsening.

Intervention

A home-based multicomponent exer-
cise programme was administered for
12 weeks, twice a week through the
Zoom online platform. To guarantee a
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1:4 educator/subject ratio, the EG was
divided into 6 subgroups each one fol-
lowed and instructed by a Physical
Education graduate teacher. The same
educator followed the same subgroup
throughout all the experimental inter-
ventions. As to the content of the inter-
vention, the adapted physical activity
programme is shown in Table II Each
lesson was divided into three phases:
a warm-up lasting 10 minutes charac-
terised by mobility, dynamic stretching
exercises and aerobic exercise; a central
phase lasting 40 minutes focused on the
combination of muscular strength ex-
ercises for upper and lower limbs with
active rest; finally, a cooldown phase of
10 minutes with an emphasis on static
stretching, mobility and breathing tech-
nique. At the end of the intervention,
the educator instructed patients for the
prosecution of the programme in the
following months (Table II).

Statistical analysis

We tested the parametric distribution
of data with Kolmogorov-Smirnov test.
Demographic and clinical data were
compared with one-way ANOVA test.
We employed two levels repeated meas-
ures ANOVA with the condition before
and after the intervention as within cas-
es factor, group as between cases factor
and IENFD and clinical features as vari-

ables. We applied the linear regression
analysis between the rate of change of
clinical variables and IENFD, to estab-
lish the correlation of clinical and skin
biopsy outcomes after 18 months of fol-
low-up. We used the SPSS (v. 21) statis-
tical package for all analyses. Statistical
significance was set at p<0.05.

Results

The groups following or not supervised
physical activity programmes were ho-
mogeneous for demographic, clinical
and IENFD characteristics (Table I).
All the patients included in the control
group confirmed to follow the not su-
pervised programme of aerobic exer-
cise, but most of them self-proclaimed
not being regular for the number and
duration of weekly activities.

Eleven patients included in the super-
vised physical programme activity,
and 14 not following the supervised
programme presented with proximal
small fibre denervation in basal condi-
tion, while only 1 patient for group had
also denervation at the distal site. In the
PHY group, the IENFD remained stable
in 13 cases, 3 patients showed normal
values and 1 patient worsened, in the
NO PHY group, 12 patients remained
stable, 2 improved and 3 patients wors-
ened at follow-up (chi-square 1.24,
p=0.48).
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Fig. 2. A: IENFD (intraepidermal nerve fibre density at proximal site in fibromyalgia (FM) patients
performing (PHY) or not performing (NO PHY) supervised APA. Repeated measures ANOVA with
follow up as factor F=2.26, p= 0.13; interaction follow up and physical activity: F=21.59, p <0.001.
B: IENFD (intraepidermal nerve fibre density) at distal site in Fibromyalgia (FM) patients performing
(PHY) or not performing (NO PHY) supervised APA. Repeated measures ANOVA with follow up as
factor F=1.01, p=0.32; interaction follow up and physical activity: F=8.60, p<0.006.

Table III. Means, Standard errors (SE) and 95% confidence intervals of intraepidermal
nerve fibre density (IENFD) in fibromyalgia patients following (PHY) or not following
(NO PHY) the adapted physical activity programme.

mean SE 95% lower  higher

IENFD proximal site  basal NO PHY 10.05 0.66 8.71 11.39
PHY 9.78 0.62 8.53 11.03

follow up NO PHY 9.87 0.61 8.64 11.10

PHY 11.00 0.57 9.85 12.15

IENFD distal site basal NO PHY 8.25 0.53 7.16 9.33
PHY 7.19 0.59 599 8.39

follow up NO PHY 8.00 0.49 7.00 8.99

PHY 9.13 0.54 8.02 10.23

However, the IENFD density improved
on average in patients following a su-
pervised programme of physical exer-
cise, as compared to the other group,
at both proximal and distal sites (Fig. 2
and Table III).
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Disability linked to Fibromyalgia (FIQ)
improved at follow-up, more in patients
performing the APA programme (Fig.
3a). Fatigue improvement in patients
observing supervised programme of
physical exercise approached the sta-

tistical significance (Fig. 3b). The dis-
ability linked to pain improved in both
groups at follow-up, without a relevant
effect of group (Brief Pain Inventory
Pain subscore: ANOVA with follow
up as factor F=11.76, p=0.002; inter-
action follow up and physical activity:
F=0.002, p=0.96). The DN4 and sub-
jective pain intensity measured with
a 0-10 numerical scale were similar
at follow-up between the 2 groups, as
well as anxiety and depression.

We found a correlation between the
rate of change of FIQ score and IEN-
FD density at the proximal site in the
whole of FM patients (Fig. 4).

Discussion

To the best of our knowledge, this is
the first study evaluating the effect of
a supervised long-term programme of
physical activity in FM patients, taking
into consideration both clinical symp-
toms and skin biopsy data.

We observed that in the small group
regularly following the physical pro-
gramme for 18 months, there was a
general improvement in disability and
IENFD, in comparison to patients fol-
lowing a generic programme of physi-
cal inactivity.

We cannot establish if it was the spe-
cific modality of APA, consisting of
aerobic and resistance training, or if it
was the generic physical exercise, in
comparison with a not supervised and
quite irregular activity, to favour the
reduction of FM disability and small
fibre reinnervation. In general, physical
activity is recommended in FM, with
aerobic exercise and strength training
suggested for pain and fatigue (28). Our
cohort followed a supervised training in
a remote mode, and they were further
suggested to continue with the same
home-based programme in the follow-
ing months. They were compliant with
the programme, and they adhered to it
with continuity, as we assessed during
phone contacts and in-person visits.
This modality of remote programme,
based on the telemedicine approach, de-
serves further controlled studies based
on the comparison with other methods
of supervised motor training. The pre-
sent study is a primary confirmation of
its potential interest for FM, also giving

Clinical and Experimental Rheumatology 2024



the high compliance patients demon-
strated (13, 29, 30).

We did not observe a substantial im-
provement in anxiety and depression
in the group following the supervised
programme, so a direct effect of the
physical activity programme on physi-
cal performances could have improved
disability and, in a weaker way, fatigue,
more than its psychological impact.
This mild effect of physical aerobic
exercise on depression was also con-
firmed by FM specialists (28).

While the subjective perception of
maximal pain did not change consider-
ably at follow-up, the disability linked
to pain improved in both groups, sug-
gesting a pharmacological effect, a
benefit from a general improvement
of physical activity and lifestyle and
resilient behaviour. Long-term stud-
ies showed substantial stability of FM
symptoms, with a general improvement
in patients observing regular physical
training (31). All patients were also
treated with duloxetine and/or pregaba-
lin (14), which could have reduced the
impact of pain on daily life activities.
FM patients showed reduced motor
skills, together with reduced metabo-
lism of motor cortical networks (32).
Physical exercise could improve mo-
tor behaviour, with a role in FM se-
verity. In a recent study (32), we also
observed that the motor cortex metabo-
lism improved with other’s movement
observation, which was realised during
the remote training in the home-based
programme. While the effect of APA
on fatigue approached the statistical
significance, its mild reduction, due to
constant physical exercise, might im-
prove the general impact of the disease.
The new finding, in the present study,
is the improvement of peripheral small
fibre density and its correlation with
the reduction of disability in patients
observing the APA motor programme.
The role of small fibre neuropathy in
FM is a matter of debate (3). It was as-
sociated with severe phenotype (33),
but it seemed not to influence somato-
sensory system function (34).

In our recent follow-up study, conduct-
ed on a total of 62 patients, we observed
that patients with reduced IENFD and
motor skills had more severe disability

Clinical and Experimental Rheumatology 2024
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Fig. 3. A: Fibromyalgia impact questionnaire in fibromyalgia (FM) patients performing (PHY) or not
performing (NO PHY) supervised APA. Repeated measures ANOVA with follow up as factor F=5.90,
p=0.022; interaction follow up and physical activity: F=5.55, p=0.025.

B: Multidimensional assessment of fatigue in fibromyalgia (FM) patients performing (PHY) or not
performing (NO PHY) supervised APA. Repeated measures ANOVA with follow up as factor F=2.62,
p=0.11; interaction follow up and physical activity: F=4.16, p<0.05.
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Fig. 4. Linear regression curve between the rate of change of fibromyalgia impact questionnaire (FIQ)
and intraepidermal nerve fibre density (IENFD). ANOVA F=4.88, beta = -0.36, t=-2.29, p=0.034.

outcomes (14). The present analysis,
taking into consideration the direct ef-
fect of motor exercise, confirms that

the enrichment of small fibre innerva-
tion in patients observing regular motor
programmes is associated with a better
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evolution of the disease. Presently we
do not have an explanation for the phe-
nomenon of small fibre reinnervation
in movement-active patients. Animal
and human studies (35, 36) found that
motor exercise selectively improved
sensory nerve fibre function in diabetic
neuropathy. Evidence supports the ben-
eficial effect of motor exercise on large
myelinated sensory nerve function in
polyneuropathies (36), so an effect on
unmyelinated and small myelinated
fibres is also conceivable. Nolano et
al. (37) evaluated the outcome of skin
biopsy in Parkinson’s disease patients
displaying small fibre denervation
and subjected to a rehabilitative pro-
gramme. They found an improvement
of IENFD in a subgroup of early Par-
kinson’s disease patients and supposed
that regenerative/restorative phenome-
na may counteract nerve degeneration/
dysfunction in patients submitted to
motor rehabilitative treatment.

Study limitations

This was a study conducted in a small
sub-cohort of FM patients followed for
18 months. The reliability of physical
activity and adherence to the super-
vised programme or the generic pro-
gramme of aerobic exercise was as-
sessed with in-person visits and phone
contacts, but we have no objective tests
to prove the patient’s adherence.

Conclusions

This study provides the first evidence
that a multicomponent physical ac-
tivity home-based intervention could
improve small fibre pathology and
disease severity in a small group of
FM patients. We think that these re-
sults could be worthy of confirmation
in larger groups, pending a compari-
son among different supervised motor
programmes by randomised controlled
multicentre trials.

References

1. GIORGI V, SIROTTI S, ROMANO ME et al.:
Fibromyalgia: one year in review 2022. Clin
Exp Rheumatol 2022; 40(6): 1065-72. https://
doi.org/10.55563/clinexprheumatol/if9gk2

2. GIORGI V, BAZZICHI L, BATTICCIOTTO A et
al.: Fibromyalgia: one year in review 2023.
Clin Exp Rheumatol 2023; 41(6): 1205-13.
https://
doi.org/10.55563/clinexprheumatol/257¢99

1162

12.

13.

. DE TOMMASO M, VECCHIO E, NOLANO M:

The puzzle of fibromyalgia between central
sensitization syndrome and small fiber neu-
ropathy: a narrative review on neurophysi-
ological and morphological evidence. Neurol
Sci 2022; 43(3): 1667-84.

https://doi.org/10.1007/s10072-021-05806-x

. KLUDING PM, PASNOOR M, SINGH R et al.:

The effect of exercise on neuropathic symp-
toms, nerve function, and cutaneous inner-
vation in people with diabetic peripheral
neuropathy. J Diabetes Complications 2012;
26(5): 424-9. https://
doi.org/10.1016/j.jdiacomp.2012.05.007

. MACFARLANE GJ, KRONISCH C, DEAN LE

et al.: EULAR revised recommendations for
the management of fibromyalgia. Ann Rheum
Dis 2017; 76: 318-28. https://
doi.org/10.1136/annrheumdis-2016-209724

. ANDRADE A, DOMINSKI FH, SIECZKOWSKA

SM: What we already know about the effects
of exercise in patients with fibromyalgia:
an umbrella review. Semin Arthritis Rheum
20205 50(6): 1465-80. https://
doi.org/10.1016/j.semarthrit.2020.02.003

. BIDONDE J, BUSCH AJ, SCHACHTER CL et

al.: Mixed exercise training for adults with
fibromyalgia. Cochrane Database Syst Rev
2019; 5(5): CD013340.
https://doi.org/10.1002/14651858.cd013340

. KELLEY GA, KELLEY KS, CALLAHAN LF:

Are there inter-individual differences in anxi-
ety as a result of aerobic exercise training in
adults with fibromyalgia? an ancillary meta-
analysis of randomized controlled trials. Arch
Phys Med Rehabil 2022; 103(9): 1858-65.
https://doi.org/10.1016/j.apmr.2021.12.019

. LLADSE AN, MONTESO-CURTO P, LOPEZ C,

ROSSELLO L, LEAR S, TOUSSAINT L, CASA-
DO-MARTIN LC: Multidisciplinary rehabili-
tation treatments for patients with fibromyal-
gia: an international recent literature review.
Eur J Phys Rehabil Med 2021; 58(1): 76-84.
https://
doi.org/10.23736/S1973-9087.21.06432-7

. ANDRADE A, KLUMB STEFFENS RDA, SIEC-

ZKOWSKA SM, TARTARUGA LAP, VILARINO
GT: A systematic review of the effects of
strength training in patients with fibromy-
algia: clinical outcomes and design consid-
erations. Adv Rheumatol 2019; 58(1): 36.
https://doi.org/10.1186/s42358-018-0033-9

. BERARDI G, SENEFELD JW, HUNTER SK, BE-

MENT MKH: Impact of isometric and concen-
tric resistance exercise on pain and fatigue
in fibromyalgia. Eur J Appl Physiol 2021;
121(5): 1389-404.
https://doi.org/10.1007/s00421-021-04600-z
ALSOBAYEL H, ALODAIBI F, ALBARRATI A,
ALSALAMAH N, ALHAWAS F, ALHOWIMEL
A: Does telerehabilitation help in reducing
disability among people with musculoskel-
etal conditions? A preliminary study. Int J
Environ Res Public Health 2022; 19(1): 72.
https://doi.org/10.3390/ijerph 19010072
HERNANDO-GARIJO I, CEBALLOS-LAITA L,
MINGO-GOMEZ MT et al.: Immediate effects
of a telerehabilitation program based on aer-
obic exercise in women with fibromyalgia.
Int J Environ Res Public Health 2021; 18(4):
2075.
https://doi.org/10.3390/ijerph 18042075

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

QUITADAMO SG, VECCHIO E, DELUSSI M et
al.: Outcome of small fibers pathology in fi-
bromyalgia: a real life longitudinal observa-
tional study. Clin Exp Rheumatol 2023; 41(6):
1216-24.
https://doi.org/10.1007/s10072-023-06836-3
WOLFE F, CLAUW DIJ, FITZCHARLES MA et
al.: Fibromyalgia criteria and severity scales
for clinical and epidemiological studies: a
modification of the ACR Preliminary Diag-
nostic Criteria for Fibromyalgia. J Rheuma-
tol 2011; 38(6): 1113-22.
https://doi.org/10.3899/jrheum.100594
KANE RL, BERSHADSKY B, ROCKWOOD T,
SALEH K, ISLAM NC: Visual analog scale
pain reporting was standardized. J Clin Epi-
demiol 2005; 58(6): 618-23.
https://doi.org/10.1016/j.jclinepi.2004.11.017
ZUNG WW: A Self-Rating Depression Scale.
Arch Gen Psychiatry 1965; 12(1): 63-70.
https://doi.org/10.1001/archpsyc.1965.0172
0310065008

ZUNG WWK: Self-rating anxiety
BMC Psychiatry 1971.
https://doi.org/10.1037/t04092-000
STARZ TW, SINCLAIR JD, OKIFUII A, TURK
DC: Putting the finger on fibromyalgia: the
manual tender point survey. J Musculoskelet
Med 1997; 14, 61-70.

BOUHASSIRA D, ATTAL N, ALCHAAR H et al.:
Comparison of pain syndromes associated
with nervous or somatic lesions and develop-
ment of a new neuropathic pain diagnostic
questionnaire (DN4). Pain 2005; 114(1): 29-
36. https://doi.org/10.1016/j.pain.2004.12.010
BELZA BL: Comparison of self-reported
fatigue in rheumatoid arthritis and controls.
J Rheumatol 1995; 22(4): 639-643.
STANHOPE J: Brief pain inventory review.
Occup Med 2016; 66(6): 496-7.
https://doi.org/10.1093/occmed/kqw041
VECCHIO E, LOMBARDI R, PAOLINI M et al.:
Peripheral and central nervous system corre-
lates in fibromyalgia. Eur J Pain 2020; 24(8):
1537-47. https://doi.org/10.1002/ejp.1607
DEVIGILI G, TUGNOLI V, PENZA P et al.
The diagnostic criteria for small fibre neu-
ropathy: from symptoms to neuropathology.
Brain 2008; 131(7): 1912-25.
https://doi.org/10.1093/brain/awn093
LAURIA G, HSIEH ST, JOHANSSON O et al.:
European Federation of Neurological Socie-
ties/Peripheral Nerve Society Guideline on
the use of skin biopsy in the diagnosis of small
fiber neuropathy. Report of a joint task force
of the European Federation of Neurological
Societies and the Peripheral Nerve Society.
Eur J Neurol 2010; 17: 903-12. https://
doi.org/10.1111/§.1468-1331.2010.03023 x
LAURIA G, BAKKERS M, SCHMITZ C et al.:
Intraepidermal nerve fiber density at the distal
leg: a worldwide normative reference study.
J Peripher Nerv Syst 2010; 15: 202-7. https://
doi.org/10.1111/j.1529-8027.2010.00271 x
KUNDAKCI B, HALL M, ATZENI F et al.
International, multidisciplinary Delphi con-
sensus recommendations on non-pharmaco-
logical interventions for fibromyalgia. Semin
Arthritis Rheum 2022; 57: 152101 https://
doi.org/10.1016/j.semarthrit.2022.152101
MCHUGH CG, KOSTIC AM, KATZ JN, LOSINA
E: Effectiveness of remote exercise programs

scale.

Clinical and Experimental Rheumatology 2024



Adapted physical activity and fibromyalgia / E. Gentile et al.

in reducing pain for patients with knee osteo-
arthritis: A systematic review of randomized
trials. Osteoarthr Cartil Open 2022; 4(3):

100264.

https://doi.org/10.1016/j.0carto.2022.100264
29. ARSLAN T, GULTEKIN MZ: The effect of a
supervised online group exercise program
on symptoms associated with patellofemoral
pain syndrome in women. Technol Health

Care 2022; 31(2): 771-82.
https://doi.org/10.3233/thc-220533

30. SANTOS E CAMPOS MA, PARRAGA-MONTIL-
LA JA, ARAGON-VELA J, LATORRE-ROMAN
PA: Effects of a functional training program
in patients with fibromyalgia: a 9-year pro-
spective longitudinal cohort study. Scand J

Med Sci Sports 2020; 30(5): 904-13.
https://doi.org/10.1111/sms.13640

31. GENTILE E, BRUNETTI A, RICCI K, BEVILA-

Clinical and Experimental Rheumatology 2024

32.

33.

34.

CQUA V, CRAIGHERO L, DE TOMMASO M:
Movement observation activates motor cor-
tex in fibromyalgia patients: a fNIRS study.
Sci Rep 2022; 12: 4707.
https://doi.org/10.1038/s41598-022-08578-2
EVDOKIMOV D, FRANK J, KLITSCH A et al.:
Reduction of skin innervation is associated
with a severe fibromyalgia phenotype. Ann
Neurol 2019; 86(4): 504-16.
https://doi.org/10.1002/ana.25565
FASOLINO A, DI STEFANO G, LEONE C et al.:
Small-fibre pathology has no impact on so-
matosensory system function in patients with
fibromyalgia. Pain 2020; 161(10): 2385-93.
https://
doi.org/10.1097/j.pain.0000000000001920
LEE EC, KIM MO, ROH GH, HONG SE: Effects
of exercise on neuropathy in streptozotocin-
induced diabetic rats. Ann Rehabil Med

35.

36.

37.

2017; 41(3): 402-12.
https://doi.org/10.5535/arm.2017.41.3.402
STUBBS EB JR, FISHER MA, MILLER CM et
al.: Randomized controlled trial of physical
exercise in diabetic veterans with length-
dependent distal symmetric polyneuropathy.
Front Neurosci 2019; 13: 51.
https://doi.org/10.3389/fnins.2019.00051
STRECKMANN F, BALKE M, CAVALETTI G
et al.: Exercise and neuropathy: systematic
review with meta-analysis. Sports Med 2022;
52(5): 1043-65.
https://doi.org/10.1007/540279-021-01596-6
NOLANO M, PROVITERA V, STANCANELLI A
et al.: Small fiber pathology parallels disease
progression in Parkinson disease: a longitu-
dinal study. Acta Neuropathol 2018; 136(3):
501-3.
https://doi.org/10.1007/s00401-018-1876-1

1163



