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Abstract: Exercise-related interventions have been recommended as one of the main compo-
nents in the management of fibromyalgia syndrome (FMS). Water therapy, which combines
water's physical properties and exercise benefits, has proven effective in improving the clinical
symptoms of FMS, especially pain, considered the hallmark of this syndrome. However, to our
knowledge, the mechanisms underlying water therapy effects on pain are still scarcely explored
in the literature. Therefore, this narrative review aimed to present the current perspectives on
water therapy and the physiological basis for the mechanisms supporting its use for pain
management in patients with FMS. Furthermore, the effects of water therapy on the musculos-
keletal, neuromuscular, cardiovascular, respiratory, and neuroendocrine systems and inflamma-
tion are also addressed. Taking into account the aspects reviewed herein, water therapy is
recommended as a nonpharmacologic therapeutic approach in the management of FMS patients,
improving pain, fatigue, and quality of life. Future studies should focus on clarifying whether
mechanisms and long-lasting effects are superior to other types of nonpharmacological inter-
ventions, as well as the economic and societal impacts that this intervention may present.
Keywords: hydrotherapy, exercise, pain management, chronic pain, physical therapy,
aquatic therapy

Introduction

Fibromyalgia syndrome (FMS) is a chronic syndrome characterized by widespread
musculoskeletal pain, chronic fatigue, and nonrestorative sleep, among other
symptoms." It can be considered a clinical and pathological heterogeneous syndrome,
thus requiring individualized and patient-tailored treatment.®> FMS is one of the most
common conditions seen in the general population and outpatient rheumatology
practice.'

The burden of FMS is substantial and comparable to some other chronic disease
such as osteoarthritis, rheumatoid arthritis, diabetes, and hypertension.“*6 FMS
patients incur direct costs approximately equal to rheumatoid arthritis patients,
but visit more emergency physicians, physicians, and physical therapists than
rheumatoid arthritis patients.” Several studies have evaluated the economic burden
of FMS, including direct and indirect costs of the disease.®® ' These costs include
the large number of medical consultations and medication, and the health system
and societal expenses of disability from work, accounting for more than three-
quarters of total FMS-related costs.'® Hence, a cost-effective treatment, or at least
one that helps decrease the economic and societal burden, is more than welcome.'”

Recent recommendations for the management of FMS have suggested the use of

pharmacological and nonpharmacological interventions,'® with exercise being
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recognized as one of the most important components of
FMS treatment.'® > Moreover, aerobic and strengthening
exercises were the only therapeutic approach with a
“strong for” recommendation by the European League
Against Rheumatism,'® due to its positive effects on
pain, physical function, and well-being, along with its
availability, relatively low cost, and low risk.”* 2°

Among different types and modalities of exercises for
FMS, water therapy can be considered one of the most
known and doctor-recommended interventions, as it com-
bines water physical properties and exercise benefits.?*’
Indeed, several studies have investigated the effects of
water therapy as a strategy in the management of FMS,
reporting improvements in well-being, fitness, and symp-
toms, especially pain.”*>? However, to our knowledge,
mechanisms underlying the water therapy effects on pain
are still scarce. Therefore, the aim of this narrative review
is to present the current perspectives of water therapy and
the physiological basis for the mechanisms supporting its
use for pain management in patients with FMS.

Clinical implication of water physics
Aquatic exercise describes an environment for structured
activity rather than a type of exercise, as water's physical
properties and the physiological effects of immersion turn
this environment into a unique one.*> According to the
Chartered Society of Physiotherapists, water therapy or
aquatic exercise refers to the use of water properties to
design a therapy program aimed at improving function.”’~*
Indeed, there is evidence®’ that aquatic exercise is able to
reduce the burden of musculoskeletal illnesses, which rely,
basically, on the therapeutic effects achieved by the summa-
tion of physiological effects of immersion and principles of
hydrodynamic exercises.®> The four most important water
physics principles are buoyancy, resistance (drag forces),
hydrostatic pressure, and thermal conduction. Definitions of
the water physics principles, their properties, and implica-
tions for clinical use are summarized in Table 12727313547

Woater therapy physiological effects

and its relationship with pain

Several studies have reported beneficial effects of aquatic
therapy on several conditions,>3%4%° among which
stands FMS.?"*%321:52 Indeed, guidelines for the manage-
ment of FMS'® have recommended water therapy mainly

due to its analgesic effects and improvement in quality of
llfe 27,28,32,51,52

Although this narrative review does not intend to per-
form a systematic review on the theme, Table 2 summarizes
the clinical trials assessing the effects of hydrotherapy on
FMS symptoms, especially pain. We carried out a search of
the following databases: MEDLINE/PubMed, Scopus, Web
of Science, SciELO, CINAHL, LILACS, ScienceDirect,
and Springer. The following keywords were used: “aquatic

LRI

exercise”,

LRI

aquatic training”,

LEINT3

balneotherapy”, “fibromyal-

EE)

gia”,
“hydrotherapy”, and “pool-based exercises”. Two authors

“fibromyalgia syndrome”, “fibromyalgic patients”,

independently extracted data from all of the trials and all
discrepancies or disagreements were resolved by consensus.

Randomized clinical trials, nonrandomized clinical
trials, and crossover design studies assessing the effects
of any aquatic intervention on pain in FMS patients were
considered eligible for inclusion. The methodological
quality of the studies was analyzed using the PEDro scale.

Thirty-five studies were included. Methodological
quality varied between 1 and 9 according to the PEDro
scale. Water temperature ranged between 28 and 37/38 °C,
and 7 studies did not report. Regarding the effectiveness of
water therapy, only 2 studies reported no significant
improvement compared to the baseline condition.
However, one of these studies was composed of only 10
participants (5 in the Ai Chi group and 5 in a control
group; PEDro score=1)** and the other comprised 18
participants (9 in the sauna group and 9 in the hydrother-
apy group; PEDro score=4).** Thus, 94% of the included
studies showed improvement in pain besides ameliorating
other symptoms. In the following sections, we will discuss
the possible mechanisms underlying the aquatic exercise

effects. 11,28,30,31,83—-82

Musculoskeletal and neuromuscular

systems and the association with pain
The main symptom reported by FMS patients is pain.'->%>5¢
Pain is a dynamic and complex phenomenon that is the final
result of several factors. The association between nocicep-
tive activity and pain perception depends on several intrin-
sic and extrinsic influences. For the same nociceptive
stimulus, pain perception and related brain activity will
greatly differ between subjects. In the case of chronic rheu-
matic diseases that do not regress spontaneously, such as
FMS, functional and structural central nervous system
changes cause a generalized reduction in the pain threshold
that is not limited to the anatomical structures involved,

thus leading to the hyperalgesia and allodynia in many, if

submit your manuscript

1972

Dove

Journal of Pain Research 2019:12


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

'3WOoJpUAs ei3[eAWOoIql ‘S|\4 UOIJBIARIqQY

;2 506 PUE 98) D, T€ PUE Of U9aM13q 03 paneay aJe sjood dnnad
-BJ9Y SJIYMm ‘BuIsIDIexa 1oy |00 A|qeliojwod aJe ({ $8-08) D, 8T
—97 Jo seumeJaduwa] |, *adue[eq [ewayyy BuiAslyde pue Jeay Suidueydxd

Appainb quswuouiaus onenbe sy 01 sadepe Apoq pasuswgns v

123lqo ay3 jo ey
oiy1dads pue ssew ayy uo spuadap adueyd aunjesadwa) jo ajed

Y1 |,"3E3Y IO P|Od UIEIDI O3 B|QEIS S| JUBWUOIIAUS dienbe ay |

199[qo padisw
-qns Y1 YaIM Jeay Sa3UBYIXS pUE JIe UBYd uonINpuod

19158} SaWN G7 aJniedadwial s1oNpuod JIIBAA [ewJay |

reOpW0d sauaned ayy
Su1JapISUOD $3SI249XA JO |0.3U0d parosdul Suimolje ‘g o1 A[aaelp
-sww 3sow|e sdop @oue3sIsaL Y3 ‘QusWwaAow sdols uos.aad e |

memmNOLU:_ uonow

1v15°2404 Seap 2y sajdnupenb paads aya Buignop ey

1v1,322190 a3 Jo adeys pue azis ayy

Aq pandaye si Yoiym ,, JUBWSAOW B2 JO U] sad.Joj 3edp

0] 9DUEISISAJ ‘SISBAIDUI JDJBM UYSnodyy paads JuswaAow 3y sy | sueaw ysiym ‘patenbs AipojaA ays jo uonouny e si 3d40y Sedq | ays o1 uondadip ausoddo ue ur si1oe Jeys ad4o4 | d1weudpoapAH
|eSWH UaIM uswom ul
Suipnpul op—p 2OUE[EQ slweudp pue dners 3uiroadwi Ysremiapun
souew.Iopad JuswaArow 3unp Juoddns sopiaoad osje L1
-doud siy] |, -peoj Alojedidsa. aseauoul pue ‘xesoys ayassaadwod | yadap uoisiawgns ays uo Supuadap 133[qo ay3 Jo sadeLINS || s1d9lqo aJnssaud
g RUAED [B3U3D Y PIBAMO] SINILISIIXD BY2 WOJJ USALIP 24 spinjy | uo [enba s1153Iqo pastawigns e uo Jaem Aq pa1axa a.nssad pasJawqgns uo pinjy ay3 Aq pa1Jaxe a.4nssa.d J1eISOIPAH
o¢w:w_u£ paAladuad ay jo mm_uwua_n_m__u Nmomgov:wm
uononpaJ ul Isisse Aew Aduedonq ‘os|y ee'se sz FUdWIAAOW JO a3ued U33q Sey Jeyl SWN|OA JJeM 33 03 JudjeAlnba (Adouedonq) pue ‘uonisodwod Apoq ‘paads Juswarow
pue uoneAnse spsnw aAoadwi djay o1 pue ‘Buipeojyo 1ySiamApoq | 92404 Sureol e s91eaUd JUSWAdE|dSIP SIY) pue Uarem sade|dsip ‘yadap uoissswiwi ayr yum diysuonejad 133.1p
9pIAo.d 03 ‘SJUSWIDAOW 3SISAJ O) U0 ISISSE O) pash aq ued Aduedong 11 ‘saduswqns Apoq aya se 9eys saaess a|dpurid sapawiyday e sey pue ‘A11AeJ38 sasoddo 1ey) 9404 paemdn Aouedong
A3aadoud
acuedyudis fesruld sanJadoud uonuyaq A93BAA

sa|dipuiad saisAyd Jasiem jo Arewwng | ajqeL

1973

submit your manuscript

Journal of Pain Research 2019:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))
‘09°0=3.102s dL.ISWose
‘0£°0=014 ¢16'0=240s dnoug
Ji3eAw ‘g|*|=saulod | asiauexa onenbe Sulioaey
J3pUS) JO JaquInu ‘78'0= 1ag 10} $}P9m T pue
(a1eas auiod-g) ured | 7| Joye sdno.d ussmiaq
$5°0=(SWA) ured :>pam SouaayIp JuedIudIS
¢ Joye Adessiposufeg *3400s JLISWOoSe
*€6'0=0402s dlBWOS[e Ul 9sea.dUul JUBDYIUBIS
29°0=0M4 ‘00'7=3102s ‘uoneneAs [eqojs
2i8jedw ‘g | -z=sulod suenisAyd pue spusned
J9puL3 Jo Jequunu g7’ | = ‘24025 213[edw ‘syuiod
(31e2s auiod-g) ured | Jspus3 jo uaquinu ‘(sfeds
80" |=(SVA) ured :sy9om | auiod-g pue SyA) onSney
7| Joue Adessyposufeg ‘(o[eas auod-g pue S\A)
'g/’0=3.102s dL.SWOose ured uj asea.9p UEd
1°0=0ld ‘7€ |=9403s -yiudis :Adesayposureg as124axd ou —
J18eAw ¢z | =saulod 9095 dlIBWOIR Ul Ade.syiosujeg uoyssa.dap
Japua) Jo Jaquinu ‘g|*|= | aseauour auesyudis '|ag uonexeoJ Ajiqe
Adeasyiosuleq Jar0 (sye2s auiod-g) ured pue ‘uonen(eAs [eqols ‘Buiynreaas pajed-uer
sasiduaxa dnenbe jo 0'1=(SYA) ured :spam suenisAyd pue sausned ‘s9SI249XD -l Aujigesip
Auowadns ou sem $T J9ye 3s1249%3 dnenby yapuosip daas ‘Di4 uoneAnde 3 pa3es-quaned
2Jay] 's309y0 Sul *79'0=3.102s dL.SWose ‘21025 213[edw ‘syuiod -snw ‘sJ1qoJae ‘9due
-1se|-493uo| panoud 1£8'0=014 ‘79’ | =402 I3pus) Jo Jaquinu dn-w.em — asp -Inpua 3pIsnw
sasiaIox® dpenby Ji3feAw {| |'z=saulod | ‘ssauyns Suiusow ‘(afeds as12.49%d ou -19x3 dpenby (zz=v) 3)| Jo Auenb
‘ured pasea.dap J3pua) Jo Jaquinu | 3ulod-G pue SyA) Sndney :Adesayyosujeg :|odol0.4 Adeasyosueg paiejeu-yajeay
Apuesyiudis ‘66°0=(3e2s 3uiod-g) ure ‘(o[eas aulod-g pue S\A) paiiodau SpPam 7| (pz=v) ‘ssouyns ‘doas
Adeasyiosuleq pue 90" 1=(SYA) Ure :jeam ured uj 9sea.09p JuEd 10U 981D PIM/x € aspJaxa dnenby ‘andney ‘saujod ¢5(#007)
VN s9s1249x3 dnenby VN | Tl oyesspioxsdnenby | -yudis :asiuaxs anenby D, LE -19xa Jnenby | ‘uoissas/uiw g¢ :sdnous J3pua} ‘ureq 10y 8 |e 30 uely
[a4ny
(ured .oy sawod3no sawod ~eqad
pa3Jodau) Arepuodag -3n0 Aie (ured 40y pajsodou) -wa) A3isuayuj j02030ud Ade (dnous yoes ui awod3no 2403s (aeak)
S9ZIS 3293 JO s3|nsaJ uiely | -puodag s9ZIs 329)3 s3|nsaJ urepy JA9JBAA as1da9x3 ~19Y3 J9JeAA J4aquinu) sdnoug Arewnag udisaq oig3d Joyny

uswnea.) Sl 4o} Adeaayy usrem 3uisn saipnis jo Auewwing g ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1974

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))

JuswaAoadwiy
uedyiudis Aue

1uasaud jou pip :dnous

(i o1)

YH LVA %001
e Jusunsnipe
ddURISISAI YIM
924> onenbe
ul S9SII9XD if
[2A3] 4H 1VA
%011 38 (uw
01) suljodwen

& uo Suidwnl :7

[oA3] "4H 1VA

(uw

) uonexe|a.
‘(uw ) sxeoyy
Buisn squi|
Jaddn jo sasip
-J9X3 dUueISIsad

‘(unw og) sasp

€p'0=ured |0J3UOD 3SIDI9X3-ON| %08 e (uw g) -19xa IqoJae
SVA ‘€€°0— €p'0=ured 'sa103s Dl pue s1eo|y uo Sumis ‘Buiydreaas
=1dd :dnous jonn SVA ‘€€°0—=1dd :dno.g ured YA Ul ases.d9p sasInIaXd quil| ‘dn-wrem (£T=v)
U0 3sIDUAX-ON |0J3UOD 3SIDI9X3-ON| pue ‘Buiaq-|lom J9MO] 1| oA :0203044 | [0J3U0D BsPIIXD ON
"0z 0—=ured ‘0T0— | SVA Ldd “OA 2AnEfRd LVA 3& payoeal SPAM 9| (£z=v) (SYA)
SVA ‘1€0=1dd =ured SYA | £0=1dd ul 9sea.dUl JUBdYIU (D,7%) | seBeausdiad YyH S9OM/xT aspuaxa onenby | ured ‘| 44 ‘oeadn 4+5(8107)
paiiodad 10N 1351249 dnEnby VN 1351249 dnenby -81s :asipJaxa dnenby D, 0€ | 934y :so1qouay UOISSas/uIW G :sdnous uaBAxo eay 1o 6 | I3 apespuy
QU
(ured .oy sawod3no sawod -eqad
pa3yiodau) Arepuodag -3no Aie (ured 4oy pajuodau) -w9y Ayisusyuj j020304d Ade (dnou8 yoes ui awod3no 24102s (aeak)
$9ZIs 3293 JO s3|nsau urely | -puodeg S9ZIs 3293 sy|nsaJ urepy A93BAA os1a9x3 -19Y3 J9JBAA Jaquinu) sdnoun Aaewrag udiseqg [ITeEF] Joyny

(penunuo)) z ajqeL

1975

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))

Quljaseq wouy s9dud
-1ayIp auedyuSIs ou

:dnoug joaauod ogadely

-auids

(uw o) Jeq
-wn| pue (uiw
01) [e21A422 18
paidde Adesaya
19uSew weys
jo ulw oz—
|o43u0d ogade|d
uonexeaJ
uosqooe(

pue sasioJaxd
d1qo.ae paseq
-Jood jo uiw g

— [eauswiiadxy

uoissaudap
‘k1vixue ‘yaeay
[eausw ‘uon

-ouny [eaisAyd

uon :|od0304g (9z=u) paleJ-yas 9yl
-USAJISIU| 1B JOMO| SeIM 0] |oaauod ogadeld | jo Aupenb parepa «(1100) &
paiiodau 9J9M $9103S 9€-4S S9OM/xT (£7=V) [eauswiiadxy -yajeay ‘ang 19 BUOWLIRD)
paiodad 0N patdodaa 10N 0N patiodaa 10N :dnoug jeauswiiadxy Do 8T paiJodau 0N uolssas/uIW 09 :sdnoug g -iiey ‘ured ‘deas|g 1Dv 8 -s0duy
[a4ny
(ured 4oy sawo33no sawod -eaad
pajiodau) Aaepuodag -jno Aire (ured .0y pajaodau) -way Ayisuayu) |020304d Ade (dnou8 yoes w1 awod3no 2402s (aeak)
s9zIs 32943 3O s3|nsau urepy -puodag $9ZIs 329)3 sj|nsaJ urep] ETE1TVN as1249x3 ~19Y3 J9JBAA Jaquinu) sdnoug Aaewag udisaqg oiq3d Joyny

(penunuo))  ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1976

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))
H
Aq pajjoaauod
|9A3] ploysadys
JiqoJaeue (uww o)
ay1 7e paulio} | uonexeaJ ‘(ulw
-4ad saspuaxa 0F) lwpea.nn
‘usy] ‘uoney ® uo Suluren
-depe Joj sasid JiqoJae ‘(uiw
-Jaxa Asuaiul 01) dn-w.aem
-MO| 1S9aM T Suiyozens
3sJ1} 1S9SIDJaX? — S9SI12J3X3
paseq-pue paseq-pug|
Old pue ¥WH (q *(uw
‘|ag ‘9¢ Aq pajjosauod 01) uonexejos
-4S ‘9Jeds |9A3] ploysaJyy (uw of)
ulod-g oiqoJaeue | Suluren diqoJae
® Uo Ade a3 18 pauLioy WMA “(uiw
I3y} 03 (SWYA) ured ur usw -4ad saspuaxa 01) dn-waem
ssuodsau -aroadwi Juedyiudis ‘usy] ‘uoney Buiyzens
Jo usw :S9SIDI9X® paseq-pueT] -depe Joj sasid (® :jod010.1g (9z=u)
-ssosse (SVA) -19x® Aysuaiul Sfeam G| SISIDISXS paseq-pue|
[eqo|d ured ur Juswanoadu -MOJ :$99M 9aM/x € (9z=u) yMma 45(9007)
VN VN jusney paiiodaa 10N uedyudis YA | Do 1€-8T T 354y YAAQ ‘uoissas/uiw 09 :sdnoug g (SWYA) ured 10y 6 |e 39 sissy
a4ny
(ured .oy sawod3no sawod -eqad
pa3aodau) Auepuodeg -3no Aie (ured 4oy pajiodau) -w9y Ayjisusyuj j0>0304d Ade (dnou3 yoes ui awod3no 2402s (aeak)
$9zZIs 30943 Jo synsaa urepy -puodag S9ZIs 32943 sj|nsaJ urepy EC1VY as1d49x3 -A3Y3 49JBAM J49quinu) sdnoug Aaewinag udisaqg oiQq3d Joyyny

(penunuo)) z ajqeL

1977

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

(panunuo))
uonexejaJ ‘3ul
paroadwi Apues -U239.435 ‘sasid
-yudis (surewop -19Xd UONEAIDE
1SOW JOJ S9103S 9¢ apsnw ‘saiq (sp1g jo >oy4)
-4S Jo3e2.3) 3y jJo -oJae ‘dn-waem 921A9p uppen
Ayfenb pue ‘(sa0ds ‘Buiyoraas spaudewo.n
Ol4 49moj) uonsuny uonduny ;jod030.4g =399 YIMm pauns
€6'1- 03 ‘(Ldd Pue SYdN N fIM 9| -eaw uohow [eLn 2
1% 1— :SYdN Jamoj) pasesudap | jo Aienb sonewaup| Jendeds ul 0. % paulw.a)ep oIM/xT (oz =v) Jeuoisuswip | -up wue &(£100)
1-1%0 :1dd Apueoyiudis urey ‘ureg VN sadueypd juedyiusdis oN D, 1€ juaney ‘UoISSaS/UIW G} :dnous | -9 Jejndedg -9|3uIg [ [e 39 BjIAY
[24ny
(ured .0y sawod3Ino sawod -eqad
pajaodau) Aaepuodag -3n0 Aie (ured 4oy pajuodau) -wiay fyisuayu) j02030ud Ade (dnou8 yoes ur awod3no 3403s (aeak)
s9zIs 32943 JO s3|nsau urepy -puodag $9ZIs 329)3 RV as149x3 ~19Y3 J9JBAA Jaquinu) sdnoug Arewag udisaqg oiq3d Joyany

Zamunér et al

(penunuo)) T ajqeL

12

Journal of Pain Research 2019

submit your manuscript

Dove

1978


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))

VN

VN

VN

0C'0=P

:dnoJg jonuod — Do
97 | =P :uonexeja.
onenbe aAissed — go
GG Q=P :SOsIDJIaXd

onenbe [essusl — yo

weJSoud uonexefad
onenbe ay3 ueyy
9seaudap ured 4s3eaus
papiao.d sasiauaxd
openbe Ysasmo “ured
pasea.dsp Apuedyiu
-81s uopexejas dpenbe

pue sasiJaxs U_u.mjwu{

pajiodau 30N

uonuUsAIIUI
Adesaya [ed
-1sAyd ou — D9
Alyzoows

pue Amo[s
Suop auaMm
sas|IexXIaY |
‘uon

-exe|aJ onenbe
sAIssed — go
€1 Aprew
-ixoadde sem
Adeaayy yoes
ul $35I219%3

Jo JaquinN
‘uopexee.

pue ‘Suiysrens
‘Buiuspduaas
‘dn-w.aem

— VO :jod010.d
syeam g
PdIM/xT

‘uolssas/uiw 09

(9=v)

|03u0>— DO

(g=u) uonexeja.
onenbe aAIssed— go
(g=u) saspuaxa
snenbe [essusl — yo

:sdnoug ¢

(SYA) ured

ile).}

,5(9000)

|e 30 snzaig

(ured .oy
pa3aodau)

$9ZIs 3093

sawodno
Auepuodeg

Jo s3|nsau urepy

sawod
-3n0 Aie

-puodeg

(ured 4oy pajiodau)

$9ZIs 3093

sj|nsaJ urepy

a4ny
-eqad
-way

JA9JRAA

Ayjisusyuj

as1aaxgy

j020304d Ade

~19Y3 J9JBAA

(dnou3 yoes up

Jaquwinu) sdnougy

awodjno

Aarewnag

udisaqg

94038

o4g3ad

(aeak)

Joyiny

(penunuo)) z ajqeL

1979

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))

[o]F}
LMIW9
‘@dueleq
‘p8uaazs
dug

el

X34

USWOM S|4 Pasialaxa
-uou jo dnoug jo.auod
SY3 Ul Yauow wies Y3

Ul pauIWLIBISp saN|eA

(4H rewxew
%SL-59) we.3
-oad ays jo pus
ay1 1 Ausuaaul
pasea.oul yim
pue ‘weaSoud
a3 jo BuluuiSaq
oy 3 (YH [ew
-IXeW %09-05)
Aisuaiul a1ead
-pow-03-Mo| e

paw.iopad sem

(wwior)
UMOP-|00d pue
(uw g1) squuy

Jaddn sy jo
sdnoud sppsnw
urew ay1 SuA
-|OAUI SISI249XD
y8uaazs (uw
57) Ayde.d
-oaJoyd dienbe
JiqoJae ‘(uiw
g) Jo1EMm Bay1 Ul
sdnoJg spsnw
urew ay3 jo 3ul
-yo39.435 aAIssed
‘(Ui G) Jorem

oY1 ur dn-wiem

‘ye} Apoq oY1 yam patedwod (p) 3ed "(YH diqouse ‘(uw
Yyaduaaas duid ui ‘ones diy sjiydo.anau jo sixes Jewixew %05 | ) 4o3eMm 3y Jo
asea.dul Juedyiudig -03-35IEM -owiayd padnpaJ yum —0p) Ausuaiul Ino 3uiyoiaaas (01=Y)
‘DI pue 1g} ‘xapul Jaypad0a auljeua.p 3SIDI9XD MO| :J0d01044 | 9SII9X3 OU [0.BU0D
Apoq ‘xapul ssew ssew -eJOU pue g-7| JO suon 38 paw.ioyad SPIM € (01=u) weaSoud
Apoq 9y3iam jo Apoq -BJIUIDUOD USMO| pryY aJ4am (3) pue ‘(2) S9OM/xT asiuaxa dnenby uonduny 57100
paiodad JoN | oseaudsp auedyiudis WY31I9AA paitodad 30N | dnoud ssioexa dnenby D, € (q) ‘(e) saeg ‘uolssas/uiw 09 :sdnoug g JlydoaanaN 1Dv L |e 32 2109
Q43
(ured .oy sawiod3no sowiod -eaad
pajiodau) Aaepuodag -jno Are (ured .0y pajiodau) -way Ayisuayug |020304d Ade (dnou8 yoes w1 awod3no a40ds (aeak)
S9ZIs 329y3 JO sy|nsaJ uiely | -puodeg sozZIs 329)3 s3|nsadJ urepy A9JRAA 9s1oa9x3 ~19Y3 J9JeAA Jaquinu) sdnoug Arewnag udisaq oig3ad aoyny

(penunuo))  ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1980

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))

(ev'0=P)
uojssa.dap
pue “(z€'0=P)
fiaixue

‘(85°0=p) ssau

-4is “(67°0=P)
ssauJap
-ua1 Sujuiow
“(¥9:0=p) @8
-} “(Ly"0=P)
SIoM
e Anouyip Adesayy
Ol4 14D reL 14D te] 3y aam
M-Iy Iy -13SUOD YIIYM
(ze'0=P) sjusWRAOW
uoissaidap 9l YD Y
pue *(57'0=pP) uois Hjunay
SEN -saudap pUE SeRIWRIXD
“(£1°0=p) ssau pue (2£°0=pP) saJods Jamo| pue
-4 {(97°0=P) “k1v1xue 2303 |OSd “(£5°0=P) 4addn ‘eaiased
ssauop ‘ssauyns SYA-OI4 (€5°0=P) an3ney pue ured :sea.te Apoq
-u?1 Suluiow ‘ssau 94035 [e103 Dl4 saunseaw doays Jo 93489p a3 | urew jo sspPsnw
‘(1z0=p) @n8 sdnoug -lopu=) YD Il Ja3eM—IyD Iy uo uoREINP 1299 o3 3uipJodoe JaA0 paw.oy
-13e} “(92°0=P) 430q ul pasea.dap Bujuiow (87°0=p) soJ0s J33uo| yum ‘dnous 3ul paisnipy -13d Buiyeans (zp=v)
Suom | sauods Aiaixue-ded) ‘angney 12303 |OSd “(97°0=P) | -Yo39a3s ur 30U INg YD an3ney pue ured ;lodo104d | YD 1e] JSrEM—IYD IY
1€ Anouyip dnoJ8 1y 1y u Sl4om SVYA-OIH “(5£°0=P) 1\/ Ul P9AJ3SQO $9.40DS J0 93.89p a3 SPam 9 (6g=u)
Ol :491eM 30U Inq Buiyma.a3s e And 24035 2303 Q4 10Sd Pue DI4 ?y2 o3 3uipJodde NPIM/XxE J33em Ul Bulyoreg 5(6000) [
ul 3uiymaang ul pasea.dsp |ag P O 197em Ul BulysaLaas | ur uononpad auedyiudis D, 9€ paisnlpy | ‘uoissesjuiw 09 :sdnoug g 10sd pue Dl4 10y L 39 2Jpuee)
[auny
(ured .oy sawod3no sawod -eqad
payiodau) Arepuodag -3no Aie (ured a0y pajyiodau) -w9y Ayisuayuj j020304d Ade (dnou8 yoes ui awod3no 2402s (aeak)
S9ZIs 3233 JO sy|nsaa uiely | -puodag s97Is 3233 s3|nsadJ urepy FERLTVY as1o49x3 ~13Y3 J9Jep Jaquinu) sdnoug Arewnag udisaq oig3ad Joyny

(penunuo)) 7 alqeL

1981

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))
Ajsuaaul moj ‘st polsad uonusa
e ‘UORISXD -193Ul jPeMm-7 |
31| Ajarey,, jo | sy Sunp suon
UORISXS PaAIRD -eJIpaw pue
-1ad aAnda| s|aAs| A1Ande
-qns & 03 puods Jy3 s8ueyd
=9.J403 sanjeA 01 10U payjse
3dY 9sayL :a.ed [ensn)
yeay |FI| oM (unw
Siusned ay3 uo s1d9ye 3dY jo senjeA 08—5/) pakeld
SnoLIRIBep Aue dAey wnipaw ay | dlsnw ay3 pue
10U pIp pue pajesd '3peds (aulod-og 1AIW9
-|o3 |]om sem weadoud —9) [RUORUDA Aq usnid uon pue ‘yp3uans
9y] "sIsd) ssaully [ed -uod s3iog uo -sa33ns ayy 01 duspuey
-1sAyd u1 auswaao.adu paseq 34y 3y yaoq Buipaodoe ‘o3pue dn 199}
JuBDIUSIS OU SeM Aq pajjosauod Supuep/3uirow 8 ‘Yd3e.ds deq
aJay | -odejusduad gy sem Ausuaaul | (g (uiw Gp—g¢) ‘Yoead pue s
Apoq ul asea.dap Jued! UORUSAJIIU| aseyd [equaA (ze=u) Jreyd ‘uonisod
-pudis sem au9y] (OI4 an3ney pue ured (e :jod030.44 a.Jed Jensn -wod Apoq ‘1591
Aq paJnsesw) 3oedw Jo 93.89p a3 speIm 7| (LT=Yv) puels Jreyd> 1531 05(0107)
W4 pue ured pasnpau paiiodau 03 3uipJodoe >2am/x | ‘Uols uonuaAIU| oSulwe)} pulq [e 30 ezoeg
VN VN VN paiiodau 10N uoRUBAJIRII BZUBPOIG 10N paisnipy -sas/ulw O | :sdnoug g ‘syuiod Japus) 10y 9 -|auogue)
QU
(ured .oy sawiod3no sowiod -eqad
pa3aodau) Auepuodeg -3n0 Aie (ured 4oy pajuodau) -way fyisuayug j02030ud Ade (dnou3 yoes ui awod3no 3402s (aeak)
$9ZIs 3293 JO s3|nsaJ urely | -puodeg S9ZIs 32943 sy|nsaJ urepy A93BAA os1a9x3 -19Y3 J9JBAA Jaquinu) sdnoun Arewrag udiseqg [ITEF] Joyany

(penunuo)) z ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1982

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))

(uonuaauaaul
ou) 151 3ul
1M :|0.3U0D)
(unw o)

YAAG Pue (uiw
0€ — uoneanpa

puUE 3JIAPE YUM

pauiq
SYA-1 -wod sasnw
-oQo.ng sasAjeue Jiseyd jo 8ul
(Aaoixue ‘as-1 YH pue @1 | -usyadusaas pue
pue uoissa.dap) -oQoung -J®| YIIM 3593 3jasnw d1uoy
swoidwiAs [e> quau YAAQ Pue 1591 0 Buiyma.as)
-130joyoAsd pue ‘o1 -odwod ESRICCRTIN] EENRIDC)
Jo Auenb ‘ssauyns |eausw -pea.y pape.d e paseq
Suiuiow ‘andney 9uau Aq pauiwaaiep -pue| :[03030.4 (Zz=u) |0u0D |eLiy [ed1
‘dos)s ‘uonouny [ed -odwod ploysaJy3 SpPam g (zz=v) -uip 30)1d 15(1100)
-1sAyd ‘ured ur Jusw |eaisAyd O Jiqo.seue e 3ul oM/ € YMA+ddWIW pasiwop |e 10 sediep
paiodad 30N | -sAcadwi auesyiudig T1-4S paiiodau 30N ur aseaudap Juedyudis | O, 1€-8T -ured) 9spUAX3 | ‘uoissas/uiw 09 :sdnous O -ueJuoN S -e3s9n)
[auny
(ured .oy sswod3no sawod -eqad
pa3iodau) Aaepuodeg -3no Aie (ured 4oy pajuodau) -wey Ayisusyu) |0>0304d Ade (dnou3 yoes ui awod3no 2402s (aeak)
$9ZIs 32943 JO s3nsaJ uiely | -puodag $9ZIs 329)3 s3|nsaJ urepy FELLTVY as1d49x3 ~19Y3 J9JeAA Jaquinu) sdnoag Arewnag udisaq oig3ad Joyny

(penunuod) 7 a1qeL

1983

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))
awn oys
® Joj Ajsuaiul
Sy3 ases.d9p
03 3y3ney
34am siudned
‘BuisIaXd
aJsam Aoy
9Iym pa.aundd0o
ured UBYAA
*SISIDI9XD
oy Buluaes|
pue (sjeds
OY0g uo
11 PUB Q] S[2A3) potiad
ua9M1I3q) Ajuo uonexe|aJ
saspIax3 As ulw-g| e uay:
-uL1ul-Y31| yum pue ‘Ausuaiul
‘uoneziJeljiwe) paJisap aya
10} pasn aJom o1 SuipJodde
S}POM T ISy as104axd
9y ‘(s3esopow s1qoJae 1oedwi
dnoug Adessyrosse| O 03 3y31| wouy) -MOJ JO sw.io} uoissa.dap
-BY2 9Y3 Ul I93ea.3 sem . £6-87) 9[eds HYOd SNOLIBA JO UIW pue Aijenb
1ag u! 3uswaao.adu) Adesayy uo ¢| pue z| o ‘Buiymiaanas das|s ‘smes
'sdno.8 yyoq | -ossefey] S|9A3| UaMIq uw-g| jo Y3eay [esoual
ur |dg pue 10sd ‘Ol O urewaJ 01 pasodwod sem (gz=v) ‘Ayoeded euon
‘sauiod uspusi ‘ondney . £6-87) Po3USLIO SJoM weagoud sy Adeasyossefey | -ouny [eaisAyd
‘ured u1 3uswaaoadwi | sasiaaxa pue ulW | Jo} SpPam 7| (gz=v) | ‘sauiod uspuas jo
uedyiudis A|ed paseq | yoes patoziuow J99M/xE | sosIduexa paseq-|ood Jaquinu ‘an3ney 25(8000) e 22
VN VN VN paiJodad 30N -13S1IBIS B SBM U3y | -|ood 2J9M sjudned ‘uolssas/uiw 09 :sdnoug g ‘Aaisusiul ureq 1Dv 6 speJpuy oQq
4Ny
(ured .oy sawod3no sawod -eqad
pa3aodau) Auepuodeg -3no Aie (ured 4oy pajiodau) -wey Ayjisusyuj j020304d Ade (dnou3 yoes ui awod3no 2402s (aeak)
$9zZIs 30943 Jo synsau urepy -puodag S9ZIs 32943 sj|nsaJ urepy EC17VY as1d49x3g -A3Y3 49JBAA J49quinu) sdnoug Aaewinag udisaqg oiQ3d Joyyny

(penunuo))  ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1984

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuod)
(uiw g) umop
-|ood pue (uiw
G¢) uonexea.
‘Buiynraas
‘WOY 2AndE
EENRID )
JiqoJae ‘(uiw
07) dn-w.aem
:weaSoud asp
-19x dpenby
'SISIDISXD
UMOp-|00d
Juswaseuew pue ‘Suiysiauas
ured wua1-8uo) u a3er ‘21qoJae ‘uon
-UBAPE 2J0W dARY O} -exefad ‘WOY
swaas Adessys onenby ‘dn-wuem 1wead
"SI Ul sJo1aweded -o4d aspuaxa Ajoedes
ured pue ‘ay1| jo Auenb paseq-swoy (gg=u) weadoud |euonduny
‘Buiag-jjom paroaduwi r|o2030.4 asioJaxa dnenby pue ‘uoissaudap
sweudoud aspuaxs d1q speam § | (0g=u) weadoud asp ‘ured ‘sautod
-0.3€ paseq-awoy pue SP9OM/x € -19%9 paseq-sawoH Jop £5(8007)
VN VYN VYN paiJodad 10N Adeasya onenbe yrog D, €€ paiodad 0N uoIssas/uIW 09 :sdnoug g -u?) Jo JaquinN 1DY [ [e 39 5]PA3
[auny
(ured .oy sawo33no sawod -esad
pa3aodau) Auepuodeg -3no Aie (ured 4oy pajaodau) -wey Ayisusyu| j0>0304d Ade (dnou3 yoes ui awod3no 2402s (aeak)
s9zIs 3293 JO sy|nsaJ urely | -puodesg sazis 3293 s3|nsa4 urepy EEELTVY 9sioaax3z -19Y) J9JBA\ 4aquinu) sdnougn Arewnad udiseqg [ITEF] Joyany

(penunuod) 7 31qeL

1985

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))
Aeoye
=j|os
pue ‘Dl4
‘yaduaas
Aaeaunjon ([s4eaA] 28e — (uiw gg) @sp
|ewixew 017) SYH wnw -J9Xd Jlqo.oe
S19Up|os! -Ixew paisnipe pue (asuaxa
‘saurod -a3e Jo %5/—09 Joye ulw g
Jopuai jo o1 JusjeAInba pue a.4049q ulw
yapeay Jaquinu |ag pue syH 91esoual ) 3uiysrauas (91=u)
|eausw pue Aoedyye ‘yaeay sadueIsIP | AAW9 Ul | -nadesays o1 paudisap :|o2030.4 |os3uo)
-J|9s ‘DI “Asixue ul |eausw s129lgns dnou3d asiouexa WLIBM B, SBM sasse|d ays SPaMm €7 (51=u)
JuawaAoadwi Jued [esauad 10} sauswaAosdwi payd Jo ausuodwod 9OM/x E as1p4axa pasialadng 5(1007)
paniodas oN | -yiudis e sem auay) hraixuy pailuodau 10N uedYIUSIS S49M U3y | -ads 10N 21qoJae 3y | UOISSas/uIW OF :sdnou8 ¢ 1AMIW9 Pue |dg 104 8 | I 39 suemony
Supjiem Jare
-uado :Bupjjepp
S321A9P
uonejeo)y
noyam Suiw
-WIMms 9]A1599.1)
Buluwimg
ploysaJy (uw
1qoJatue ay3 §) umop-jood
e 3doy| sem YH pue ‘(uiw o)
W4 Yyum sauaned :dnous Bunjean as1249xa ‘(uiw
ul 3y jo Ajenb pue ploysaJy3 g) dn-wuem
Anoedes [euonsuny uostsedwod JlqoJaeue :sdnous yioq
yroq Buiroudwi dnou3-usamiaq .o} W4 Yyam sausned ays mojeq Joy [02030.g (9g=u)
1o} poyaaw sAn 891°0=92Is 399)3 'suos ur ured Bunpaa oy syeaq || e adoy SpPam 7| Bupj[eAA
-9y)3 UE S| ‘Supjlem paiiodau -1iedwod dnougesnul POYIBW SAIIRY UE SI paiiodau sem yH :dno.g 9OM/x § (6€=U) Bulwwimg 4,9(9100) I
pawiodas 10N Y| ‘BuluWIMG 10N J0y parodaa JoN [ ‘Bunjjem a1 ‘Suiuwimg 10N Suluwimg uo|ssas/uIW 0g :sdnoug g (SVA) ured 104 6 19 sopurUID4
[auny
(ured .oy sawod3no sawod -eqad
payiodau) Arepuodag -3no Aie (ured a0y pajyiodau) -w9y Ayisuayuj j020304d Ade (dnou8 yoes ui awod3no 2402s (aeak)
S9ZIs 3233 JO s3|nsaa urely | -puodag s9zIs 3233 s3|nsaJ urepy FERLTVY as1o49x3 ~13Y3 J9Jep Jaquinu) sdnoag Arewnag udisaq oig3ad Joyny

(penunuo)) 7 aiqeL

12

Journal of Pain Research 2019

submit your manuscript

1986

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))

VN

VN

VN

patiodaa 10N

JSTRITEIN
MO| I8 squii| JOMO| By}
ul yaduaazs 3Psnw pue

JOOYH paAoadwi pue

ured paasljaa Adesay )

Do €€

H

[BLIXBW JO 96/
—G9 J& pawLio}
-19d 249Mm saspd

-19X3 J1qoJay

Adesayn

ul ssoyy

03 pajefad Isid
-19X3 JO uLIo}
Aue apnpul
30U PIpP Yarym
‘saIAnde Ajiep
[ewJou mo|
-0} — |o13u0D
(uw o) umop
-|ood pue ‘(uiw
01) sdiqouae
Jo 195 Jaypoue
‘(uw o) sasp
-19xe Yaduaas

quiij-1amo|

-19A0 “(uiw Q1)

SasI249X3 2Iq
-oJae ‘(ulw )
dn-waem — asp
193 :|03010.4
SpPaMm 7|
S9aM/x €

UoIssas/uIW 09

(£1=v)
|onnuo)
(£1=v)
ENRIE |

:sdnoug g

SONIARDE SIOM
pue swn dJeds
3y jo Aujenb
pajeja.-y3feay
‘a8ua.azs sppsnw

J39UP|OS! ‘Ureqd

10y

9(9000)

[e 33 Isn

(ured .oy
pa3aodau)

S9ZIs 329)3

sawodno
Auepuodeg

JO sj|nsaJ ulepy

sawod
-3n0 Aue

-puodag

(ured 4oy pajaodau)

s9ZIs 329y3

sy|nsaJ urepy

a4y
-eqad
-way

FER1-VN

fyisuayug

as1d49x3

j02030ud Ade

~19Y3 J3JBA\

(dnou3 yoes uy

J49quinu) sdnoug

awodjno

Aaewnag

udisaqg

94028

o4g3ad

(aeak)

Joyany

(penunuo)) z ajqeL

1987

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))
(uw
G|) uoissas
Jo Bujuuiaq
I8 paw.oy
-12d sasp
-J9xa 3uiyoaas
s30adse [edisAyd swes pue ‘(ulw
paroadwi dnoug Ade 0€) >au pue
-13430Isaup| 3yY3 3Iym “unay ‘squi
‘s309dse |euonows Jaddn ‘squ
os[e paroadwi dnoud Jamo| a3
AdesayroisaupjolpAH JO JUBWIdAOW
‘yaeay SAIDE pue
[eausw pue ‘s3oadse aAIssed {(uiw
|erpos ‘ured ‘Buiuonouny G|) sasiouaxa
[ea1sAyd panroadun (jodo10.d Suiyozens s (z1=u)
sdnou3 yrog ‘weaSoud 24us ays -snw :jodo104d | AdessyioissunjoipAH
UOUIAJIIUI B3 J9)E 8unnp Asuaaul SPIM €7 (z1=v)
sdnoug usamiaq sadud Mmo|) Alpandsiqo am/x | Adeasyaoisaury| (9€-49) (1100
VN N N paiiodau 10N -1ay1p auedyiudis oN | D, pE-TE paiiodas 30N UOISSas/uIW 09 :sdnous a7 jo Aend 1oy 6 [e 33 JjoH
QU
(ured .oy sawod3no sawod -eaad
pa3aodau) Auepuodag -3n0 Aie (ured 4oy pajuodou) -wiay fyisuayu) j02030ud Ade (dnou3 yoes ui awod3no 3403s (aeak)
$9ZIs 32943 JO s3|nsau urely | -puodeg S9ZIs 3293 sy|nsaJ urepy A93BAA os1a9x3 -19Y3 J9JBAA Jaquinu) sdnoun Aaewrag udiseqg 0iQq3d Joyany

(penunuo)) z ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1988

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))

sas1249X3

uopexefa. pue

‘(Ui gp) suam

-3ed yeauq oy

-1pads Sunadiey

SISIDUIXD [e4D

-uad ‘dn-wuem

ISHOIM § HjPIM

/x} ‘UOISSaS

(sonjea /Ui 09 :OYVY

9€-4S Jo382.3) (sanss!

aj1| jo Aujenb pue parejal-yajeay

‘(sa402s QI Jamo)) J0 s3sIDIaXd

uonduny ‘(sa40ds ou paAjoAul)

SYH J4amo)) SONIARDE [euOn

Apixue ‘(sauods | dogjs e -B9423J PasiA

10Sd 4omoy) Aijenb | -ixue ‘o 3unod syujod -13dns :syam

daajs ‘(sa40ds SYA | Jo Aienb Japua) ul @dudJtayIp ¥ eam/x | (£1=v) DD (sauiod Jspusa
Jamo|) esudsAp ‘uonouny ou (s34035 SYA JaMmO|) ‘uolssas/uiw (81=\) DYV Jo Jaqwinu ‘wd 9(8000)
N ur JuswaAosdw) ‘eaudsAQ paiiodaa 10N ured ur aseaudsg D, € payads 1oN | 09 :sdnoud yrog :sdnoJg g 0l — SVA) NIvd 1oY 9 |e 32 3p|
Qauny
(ured .oy sawod3no sawod -eqad

po3aodau) Auepuodag -3n0 Aie (ured 4oy pajiodou) -wiay fyisuayu) j02030ud Ade (dnou3 yoes ui awod3no 2402s (aeak)
$9ZIs 3293 JO s3|nsaJ urely | -puodeg S9ZIs 3293 sy|nsaJ urepy A93BAA os1a9x3 -19Y3 J9JBAA Jaquinu) sdnoun Aaewrag udiseqg [ITEF] Joyany

(penunuo)) z ajqeL

1989

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))
sopashw
Jap|noys
uojssa.dap j0
pue ‘Aaixue ‘ured | swn soue J3jem Ul 0D
Buipnpour sajeds -Inpus -ojo.ud paidepe
-qns Ol [eIaA3s pue swn pawiiopad
Joy dnou 34 aya 3upjjem dnoug aspuaxs
ul syuswaAoadw ‘yaduans paseg-jood
dnoud-uiyum dug A ‘uonexeal
{(w oJ/s) awn Bul -eded Je| ‘sasII9X3
-j[em pue ‘(ayeadn -NJseAolp SuluaypBuans
O wnwixew) -1ed 4oed ‘Buiyoiaaas ‘dn
Aapoede Jejnd -Yjo-4os -WLiem ‘sojwou
-SBAOIp.JED Ul SjusW ‘(ured (sa102s D4 -034s ‘SBuiureny
-oroadwi dnous [ed0] J0} Jamol) sdnoug yioq (uoissos ssauaJ eme
-uiyam tdnous 3 SVA pue Joy paroaduw Ajlenbs 10 %0S—0F Apoq :sdno.g
ul (AnzswowreuAp 24025 uonduNy ‘uonduny 8urinp) a3e oy ylog ‘Hpam (91=u) 37
PISY-puey) yaduauas -qns ured Joy sdno.g usamiag YH wnwixew 0T “l9aMm/xT (81=u) 34 6(1000)
paiodad 0N du3 paroadwi | Qld) ured VN SIDUSISYIP ON D, vE 10 %08—09 ‘uolssas/uiw 09 :sdnoug g (D14) uonduny 1Dy [ |e 32 yoaua[
2uny
(ured .0y sawod3Ino sawod -eqad
po3aodau) Auepuodeg -3no Aie (ured a0y pajaodou) w9y Ayjisusyu| j0>0304d Ade (dnou3 yoes ui awod3no 9402s (aeak)
sazIs 3293 JO synsaJ uiely | -puodesg sazis 3293 s3|nsa4 urepy EEELTVY asioa9x3 -19Y) J3JBA\ 4aquinu) sdnoun Arewnag udissaq oiQ3d Joyany

(penunuo)) z ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1990

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuod)
(Paquasap
30U |0d0304d)
AdeasyzoapAy
dn-moj|o} 3 JO SUOISSas uiw
uonduny Areuow|nd -0T ©3 pappe
panoadwi paures W1d ‘LH+W1d
-urew 1 9+W1d {(uors
Auo 3Inq ‘qusuwnes.ny -sas/uolsJaww
Jaye sdnoJd | H+ J0 ulw 07) Yaeq
W1d PUe 19+W1d (syauow g uaye) dn Jood [ewuay
104 panoadw Ajuo -MO|[0} 343 Ul | H+W1d JO suoissas
uonouny Aseuow|nd pue | g+W1d 4o} Ajluo 6| 03 pappe
tdn-mo||o} 3e s2.00s pue JuSUIESIY JoYe W1d :19+W1d
J9139q paurey sdno.sg |[e Joj paAlssqo {(uiwg|) paJ
-urew | g+W1d sem (3unod juiod o R -eqjul pue “(uiw
Ajuo uswies.y Japual pue s|dd [@103 | /¢ Adess 9) punoseann
Jaye sdnous |je uoy ‘SVYA 4omo|) swordwiAs -ya04pAH “(uiw g1) SNIL (sauiod Jspusa
(seu0ds SyYagH pue uonouny ured ul JuswaAoadw D, 8¢ [EUOIIUDAUOD (0Z=Y) 1H+W1d uo| dd [e303 pue el
1ag Jemoy) swoy Aeuow {(LH+W1d 03 pased | —/¢€ :yseq IPM € SPIM (0z=Y) W1d ‘wd 0] — SYA paziw
-dwiAs sAissoudop -Ind ‘uo -wod) 1 g+W1d 4o} Jood /x§ ‘uolssas (91=Y) 19+W1d 4unod sjujod -opued o (1100
VN ur Juswaroadwy | -issaudag paiiodau 10N J3MO| SEM | dd [e30] Jewuay | payioads 10N U 9€ N 1d :sdnoug g J3pual) urey -1send € | Ieao sewpsay
[auny
(ured .oy sawod3no sawod -eqad
pa3iodau) Arepuodag -3no Aie (ured 4oy pajuodau) -w9y Ayisuayuj j020304d Ade (dnou8 yoes u1 awod3no 24102s (aeak)
S9ZIs 3233 JO s3|nsaJ uiely | -puodag $9ZIs 323)3 s3|nsadJ urepy FERLTVY as1o49x3 ~19Y3 J9JeA Jaquinu) sdnoug Arewnag udisaq oig3ad Joyny

(penunuod) 7 alqeL

1991

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))
umop
-|00D ‘sasIDIOXD
JiqoJae ‘3ul
-uayadusas Je|
-ndsnw Jo sasi
-1oxa ‘dn-wem
(e8eauadaad :|od030.4
18} paonpau) SPom
uonisodwiod $T ‘(sespaaxa
Apoq pue ‘(salods pug| YoaM/x |
Ol 49382.8) 3y PUE S3sID49X3
Jo Aienb ‘(sexapul Jood >Pam/x7)
adueeq pue A >99M/x € ‘UoIs
-18e J4o1e043 ‘®jeadn ay -sas/ulw 09 :H3
O wnwixew | jo Aypenb (s3urod uspusn |os0104d
J97e3.8 ‘sanfeA pue ‘uon JO Jaquinu pasnpaJ 53 03 Jejwis (saurod
Answoweudp dug -1sodwod pue | 44 J91ea.8 ‘sa40ds auou pue ‘[ensn J9pual JBA0 J dd
pley-puey J4a1ea43) | Apoq 4 SYA 49MoO)) swoa (3yeas 84og | ueys soyro sosi (£e=v) DD ‘wd 0] — SYA
Aoeded euon -ede> e -dwiAs ured paroadwi paiodau Aq pajjo.auod) (8y=u) o3 unod 3ujod paziwop 0(€100)
VN -ouny paroadwi ©3 | -uondunyg paiiodaa 10N Apueoyudis o3 10N payioads 10N -ADE OU 1D :sdnous 19pual) urey -ueJuoN S |e 39 aJiore]
2uny
(ured .oy sawod3no sawod -eaad
pa3aodau) Auepuodag -3n0 Aie (ured 4oy pajuodou) -wiay fyisuayu) j02030ud Ade (dnou3 yoes ui awod3no 3403s (aeak)
$9ZIs 32943 JO s3|nsau urely | -puodeg S9ZIs 3293 sy|nsaJ urepy A93BAA os1a9x3 -19Y3 J9JBAA Jaquinu) sdnoun Aaewrag udiseqg 0iQq3d Joyany

(penunuo)) z ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1992

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))
uonexeaJ
pue ‘Sul
-y39.35 ‘sasid
-19x3 AujiSe
pue uoneulp
-100 ‘aduejeq
(sa400s swo3 ‘Buiuap8uaas
1ag 49mo|) swol -dwis seds ‘dn-wrem
-dwAs aAissaudap QAIS payipow 1i0yd :|od0304g
pue (sa.403s -saudap paAdaad aya ‘syeam (gg=u) DD
Old 4amo)) 3y ‘Y| jo (524035 SYA Jamo)) o1 Suip.aodde Sl PaM/xT (€€=u) OH (wo (€100
VN | Jo Aienb paroadw Airend paiiodau 10N ured u aseaudaQg D, €€ 91BJIDPOL] ‘uoissas/uiw G :sdnoud 7 0l — SVA) ured 10Y 9 [LRENNCTEY|
UMOPp-|00d
‘aoueeq pue Sul
-uayaSus.as Je|
-n2snw Jo sasid
-19xa ‘dn-wirem
;J02030.4
[ESIN
8| ‘(sosiuaxa
pue| Pam/x |
(dueeq pUE S35I1249X%3
pue djweudp |ood >pam/x7)
AiSe) aoue J99M/x £ ‘UoIS
-leq pue (duSpuey -sas/ulw 09 :H3
pue 39]) y18ua.as 2ouefeq (sautod uspuan |od010.d
J93e3.8 ‘(594008 pue JO Jaquinu pasnpaJ D3 031 Jejwis (saurod
Ol4 4amo)) eijedw ‘yaduaais pue | dd 4918943 ‘s3.400s auou pue ‘lensn J9pus J9A0 | dd
-o.quy jo 30edw ‘e1SeAw SYA 4oMmo]) swol uey3 Jay3o sosid (91=u) DD ‘wd 0] — SYA (S100)
Jamo| :paroaduil -oaqy -dwis ured parosdwi paulw.I=Iep 1 (0z=v) o3 uno> jujod |e 39 uewoy
VN Apueoyiudis 3 | o 1edw paituodau 10N Apuesyiudis o3 D, 0€ uaney -AI3DE OU DD :sdnou8 g J9pusl) ureq 104 9 aJJoie]
Q2uny
(ured .0y sawod3no sawod -eqad
payiodau) Aaepuodeg -3no Aie (ured a0y pajyiodau) -w Ayisuayu) |020304d Ade (dnou8 yoes ui awod3no 24102s (aeak)
$9ZIs 32943 3O s3|nsaJ urepy | -puodeg S9ZIs 32943 s3|nsaJ urep] ECELTVN as149x3 -19Y3 J9JBAA Jaquinu) sdnoug Aaewag udisaqg oiq3d Joyany

(penunuo)) 7 alqeL

1993

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))

(S-I1dIN ®Y3 40§ ssean
-SIp 9AD3YE pue
Auaass ured oy

$9.00s Jamo)) ured
pue ‘(s2403s 9¢-4S

J21e048) Sutuonsuny
[e120s ‘(24025 9¢

-4S J91ea.8) yajeay

(uoissas

[esaua3 {(yaduaaas suon /Y | ‘suoissas 9)
duig us1eau3) ~ejw| SUOISSas uoned
y13ua.as ‘(sadods | [euonouny -npa yum 3uoje
-qns S|V J9MO)) Kooy uonexefaJ pue
uojssaudap ‘(sa40ds -j|9s ‘o ‘uoneuIpJo0d
-qns SWIV pue | jo Aujenb (LAWY 2y ut ‘Auqixa)y 9due
Ol4 4omo|) Aaixue ‘ured $2.02s J9m9q) Adeded -INpuU? 104 sasP (LAAWY)
‘(sau02sqns O|4 ‘(ured [eaisAyd paroadw -19X3 :|0d030.4 Auoeded |edisAyd
Jamol) Buluonduny | Suipnpaur) pue (s9.403s [e301 ‘Syeam (ze=yw) oD ‘(34035 [€303 paziw
[eaisAyd paroudw saJods Ol 4omoy) 1oedw paiiodau paulw.I=Iep $T O9oMm/x | (ze=u) o1 — OI4) e8eAw -opued 4,(0000) e 32
paiodad 30N Apuedys -qns Ol4 VN | ®8eAwouqy pasesussg 1ON juaney ‘uoissas/uiw g¢ :sdnou8 ¢ -0.qy jo 1oedw) -1sen®d 1% 1duosusuuely
suied Apoq
JuaJ3YIp J0}
saspdJaxd Sul
-ya304s — 9D
{5351249%3
plW pue ‘s;usw
-aAow 3upuep
aay oy SIWYIAY ‘sas1d
(sa402s Q|4 4amo)) O -Joxa Buiyaesuq
uonduny ‘(sa40ds uonduny (1dd oy sauiod . SE—€¢€ pue Ajiqixaly —
VS 4amo)) k1a ‘uols J3pus) SARDE JO U3q Jo yieq @aay :[o30104g
-IXUe ‘(24035 |DSd -saudap -WNU J3MO| PUE $3.I0DS ® Aq pap ‘SHPaM (og=u) oD (€100) &
Jamo|) Lujenb deaays ‘A1v1xue OdIA PUE SYA Jamo)) -923.d) 1 SPam/xT (67=Y) agv (1Ldd ‘OdW ‘wd 19 zangdlupoy
VN ul Juswaroadw) ‘des|g paiJodaa 10N ured ur aseaudsQg D, 61 payidads 10N ‘uolssas/ulw 09 :sdnou8 0l — SVA) ured 104 9 -zadon
[auny
(ured .oy sswod3no sawod -eqad
payiodau) Aaepuodeg -3no Aie (ured a0y pajyiodau) -w9)y Ayisuayuj |020304d Ade (dnou8 yoes ui awod3no 2402s (aeak)
S9ZIs 3233 JO sy|nsaa urely | -puodag s9zIs 3233 s3|nsadJ urepy FERLTVY as1d49x3 ~13Y) J9Jep Jaquinu) sdnoag Arewnag udisaq oig3ad Joyny

(penunuo)) 7 alqeL

12

Journal of Pain Research 2019

submit your manuscript

1994

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))
UMOP-|00D pue
‘s3512.19%3 2Iq
-0.3E ‘saSIDU9X3
dnoug josnuod r8uaas ‘sasp
(s3s23 03 paJedwod (suodsqns -19xa Ay
|ea180joydAsdoanau ured Q4 U1 uononpa. PUE S)|[EM MO|S (ww 00| — SYA)
u1 JuswaAo.dwr) uonouny pue ‘syuiod Japuan a3e yum dn-wrem (gz=v) a1odsqns ured
uonduny dARIU oAl |[e J49A0 ] dd paseaJoul 01 3uipaodde :|od0304g dnou3 AypjesH Ol4 pue ‘saujod 4,(£000)
-303 ul pue (sa40ds -800 pue ‘syuiod Jspusl YH wnw STEEIY (sz=u) o0 Japual ay3 9sa.y-zeso
Ol4 49mo)) Aarianas W4 Jo JO Jaquinu pasnpau) -IXeWw paidip 9] “YPOM/xE (5e=u) x3 uo | 44 2unod pue op.ainbz)
VN | W4 jo 3uswanoudw JSIREVEIS paiiodaa 10N ured paseaudag D, 7€ | -24d jo %08-05 ‘uolssas/uiw 09 :sdnoug ¢ uiod Jspus) 10y L -eindunyy
an3ney
‘ssauls
‘AAnoe
|eaisAyd (uoissas
awn-ains /Y | ‘suoissas 9)
-19] ‘uols suoIssas uoned
-saudap -npa yam 3uoje
pue L9 uopexejoJ pue
(seua0ds | -ixue ‘g ‘UOIIBUIP.I00D
IVd11 paseaudap) | jo Aupenb (LAAWG 3y ui ‘AuIqixa)y ‘9due
awn aJns| Joy ‘ured s3.103s 19139q) Adeded -INpU? .10} s3SI (LAAWY)
(sisAjeue 7eany | pue (seodsqns ured ‘(ured [earsAyd paroadw (Asuaaur 23649 -19X3 :|02030.4 Auoeded |edisAyd
-03-uonualUl Ol4 4omo|) ured | Buipnpdur) pue (s9.403s [e301 -pow 03 3y31|) ‘SHPaM (g8=u) np3 ‘(34035 [€303
ay1 40} §4°0) ul 93ueyd Joj udWw $a.100s Ol 4omo)) 1oedwi YH wnwixew 0T “l9aMm/x | (18=u) np3-x3 — OI4) ei8eAw 5,(6000) [e 32
690 | -oroadwi uesyiudig -qns OJ4 VN | ®8eAwouqy paseaussg 2, €€ 10 %59-8¢ ‘UoISSas/UIW G} :sdnoug g -0.qy jo 1oedw| 104 8 1daodjiauuely
Q24ny
(ured .0y sawod3no sawod -eqad
payiodau) Aaepuodag -3no Aie (ured a0y pajyiodau) -way Ayisuayu) |020304d Ade (dnou8 yoes ui awod3no 2402s (aeak)
$9ZIs 32943 JO s3|nsaJ urepy | -puodog S9ZIS 32943 s3|nsaJ urep] ECELTVN as149x3 -19Y3 J9JBAA Jaquinu) sdnoun Aaewag udisaqg oiQ3d Joyany

(penunuo)) 7 alqeL

1995

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuod)
EENRID )
ya8uans 1oedw
-MO| ‘S9SIDI9XD
dnoug eunes .o Ajuo ssauaJseme
juswIea.) 1dd U uswsroadwi o) Ajipoq :jodo30.y
9210Yd-35.1y SB | H uaw uedyuis ‘sdnoud o S€:1H ‘SPaM (6=Y) 1H Apms
Japisuod sauaned -1ea.an Buiredwod sadus Do paulw.I=Iep 9 “PaM/xT (6=U) runeg sauiod |o3uod +(1007)
VN 71 ‘81 J0 IO SnolAS.Id paiJodad 10N -1ayip auedyiudis oN | 06 reunes usned ‘UoISSas/UIW Of :sdnou8 7 | Jopusa J4ono | 4d —ose) ¥ |e 39 osld
UMOPp-|00d
(leuonows ajou pue ‘weaoud 1y
|ea1sAyd sjou 3daoxa 1y ‘dn-wem
9€-4S J0 surewop | JJov030.g 29100
Jle ur sauods | jo Aujenb (s2402s SYA syeam paquie
paseauour) a1 paiejod Jamo) ured ui 3usw D, S0F 01 “jPaM/T (0T=Y) SW4 ured Apnis pue zni>
VN | jo Aienb paroadwy -y3eaH patdodaa 10N -anoadwi juedyiudis D, €€ paiodau 0N ‘uoissas/uiw Gy :dnous | Joj (w2 1) SYA 10|d € ®| 9p 29434
UMOP-|00D pue
(squui| 4amo| ‘s3512.19%3 dIq
pue Jaddn .oy (sa400s -0Joe ‘saspIaxa
9dUBJINPUS B[ISNW Ol 4amo)) snieas Ya3uaazs ‘sesid
pasea.our) uonsuny uonouny Yajeay ur auawaaoadw) -19x® Ajiqow
|edisAyd pue (saJ0ds |ea1sAyd ‘dnoJ3 josauod o3 paued PUE SH|[EBM MO|S
1VSVd Jo180.8) ‘uonduny -wod (sauiod Juspusl a3e Yyam dn-wiem (sz=u) (e]F)]
uonduNy dARIU aAnudod |[e J49A0 ] dd paseaJoul 01 3uipaodde :|od0304g dnou3 AypjesH snieas yjeay ,.(8007)
-800 ‘(se403s DS ‘Ayjenb ‘syuiod Jopua3 WH wnw EEI (sz=u) DD ‘sauiod Jspusy 9sa.Ly-zeso
Jamo|) Aaijenb desjs dagjs JO Jaquinu pasnpau) -IXew paidip 9] PIM/x¢€ (gg=u) x3 J9AO | dd ‘Iunod pue opuainbz|
VN ur 3uswaAoadw) hvixuy paiiodau 10N ured paseaJdaQ 2, € -a.d Jo %08-05 ‘uolssas/uiw 09 :sdno.g ¢ uiod Jepua| 1DY 8 -eindunyy
[a4ny
(ured .0y sawod3Ino sawod -eqad
pajiodau) Aaepuodag -Jno Aire (ured .0y pajaodau) -way Ayisuayu) 102030ud Ade (dnou8 yoes w1 awod3no 2402s (aeak)
s9zIs 3093 3O s3|nsau urepy -puodag S9ZIs 329)3 sj|nsaJ urep] ETELTVN as149x3 ~19Y3 J9JBAA Jaquinu) sdnoug Arewag udisaqg oiq3d Joyny

(penunuo))  ajqeL

12

Journal of Pain Research 2019

submit your manuscript

1996

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

(panunuo))

VN

uonysodwod Apoq
Ul PAAJISSQO D4OM

S9dUBIRYIP ON

uon
-1sodwod

Apog

paiiodau 10N

(sa400s
SVA Paseaudap)
ured a1eIpaWIWI

ur 3uswaAoadw)

Do b€

swuiod 7F

Tl :(8109) 34y

uonexea.J
pue ‘Suiyoa.ns
‘(edueeq
:sAepsaupapn
uo ‘yiduaas
:skepuol,] uo)
S3SIDUAX3 [e4D
-uad ‘dn-wuem
;Jod030.4g
[EEIN

T1 “PdMm/xT

‘UoISSas/UIW G}

(€€=Y) SW4
:dnous |

(w2 01 - SYA)
ured aeIpaww
pue 3unod

auiod Jepua|

|eln
[earuip
pailo

-1uodun

(€100
Ie 32 zauswif

-eJndag

VN

VN

VN

paluodau 10N

9D

paJedwod dnoug uon
-UAJS)UI IO} PAAISSQO
sem JuawaAo.dul

uedyIudis oN

D, 96¥€

pawiodaus 10N

(sospaaxa

ays 3ul

-inp 8uiyrea.q
doap Buizis
-eydwa Syuna
pue ‘squi|
J9MOJ ‘squu|
Jaddn yum
SIUSWAAOW
SPIM pUE MO|S
Jo aduanbas)
weaSoud 1y
1y :]02030.d
(poyr

-ads J0u HPoM
Jo Jaquinu)
SUOISS3s Q|

‘UoISSas/uUIW Of

(§=u) 92
(§=u) WD 1y
:sdnou8 g

saujod
Japus) 4o ured

pue 1oedwi |4

|eln
featu

[ednAjeuy

«(0107)

[e 39 euelUES

(ured .oy
pajiodau)

S9ZIs 3233

sawodno
Aaepuodag

J0 s3|nsaa urepy

sowod
-3n0 Aue

-puodag

(ured .oy pajuodau)

s9zIs 3233

s3|nsadJ urepy

Q24ny
-eqad
-wiay

FERLTVY

Ayisuayu)

as1d49x3

|020304d Ade

~19Y) J9Jep

(dnou8 yoes w1

J4aquinu) sdnoug

2wodjno

Aaewrag

usisaqg

94028

oig3ad

(aeak)

Joyany

(penunuo)) 7 alqeL

1997

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

(panunuo))

uonexe[aJ

pue ‘sasp
-19Xd umop
-|ood .mwm_ULUXU
quii| J9MO|
RENRIENC)
31qoJae ‘sasp

-19xa Aujiqow

‘dn-w.aem
(ured Suipnpou ‘e (ured :|o2030.4
40} s2403s Jamo|) | Suipnppur) (sau00s SYEET (£1=u) 9D
saJodsqns O|4 saJods Ol 4omoy) 1oedw 9jel JBay [ewW Tl “99Mm/xg (£1=u) o3 (34035 €303 16(L000) e 32
patiodaus 10N JIe Jo 3uswaAo.dw) -qns |4 VN W4 o uswanoudw) D, €€ -IXBW %59-09 ‘uolssas/ulw 09 :sdnoug g Ol4) edwi |4 104 L snJeD)-sewo|
d3VV pue 43v
10} paqLIdsap
10U |02030.4
d3V PUe d3VvV 40} SpPIMm T|
(LAAIWG 40§ sa0ds “PaM/xT ‘uols
J93e.8) 9dUBINPUD uols -sas/ulWw 050
pue (sa403s O|4 -saudap :d3VV Pue 43v
J9MO]) SNIeIS Y3[eay o saspd
‘(sa403s |g 4amo)|) | jo Aupenb -19xe Yaduauas
uolssaudap ‘(saaods ‘adue pue 3uiysiauas (S7=Y) davy
9€-4S J4o18043) -inpus (3usuneay Joye paseg-awoy jo (§z=u) 43v
aj1| jo Auenb ‘smeas SVA 1am0|) 43y pue | pariodad YH [ew [ (syuow g) Aep (§T=) d35SI (ww (5100
VN ul Juawaroadw YajesH padodaa 10N | d3v 4oj parcadwi urey 10N -IXeW %08—09 Juw g :d3ssl :sdnou8 ¢ | 001 — SVA) ured 10y [ [e 39 1|wIASS
[auny
(ured .0y sawod3no sawod -eqad
payiodau) Arepuodag -3no Aie (ured 40} pajyiodau) -w9y Ayisuayu) j020304d Ade (dnou8 yoes ui awod3no 2402s (aeak)
S9ZIs 3233 JO s3|nsaa urely | -puodag s9zIs 3233 s3|nsaJ urepy FERTVY as1d49x3 ~13Y) J9Jep Jaquinu) sdnoag Arewnag udisaq oiQ3ad Joyny

(penunuo)) 7 alqeL

12

Journal of Pain Research 2019

submit your manuscript

1998

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

‘oyeadn uadAxo TOA ‘PIoYsaJyl dIqoBUE AIOIB|IUDA ‘| WA B[eds Sojeu [ensiA ‘SyA ‘dnoud 3uluiesd ‘| ‘UONEINWINAS 9AJDU [BD111D3[9 SNOSUBINISURA ‘SNF ] ‘A10IUDAU| AIBIXUY | -9181S ‘WS ‘ASAINg
YI[E9H W.I04 1U0YS WdlI-9§ APNIg SSWOINQ [EIIP3L ‘9€-4S ‘A101UAU| AIBIXUY 3IBIS ‘S ‘UOIISXD PAAIRDIR JO 31U ‘Jdy ‘uonow jo d8ue. ‘|JOY ‘el P3||03uod paziwopuel ‘| Y AdessyioupAy+uonenpowoiqoloyd ¢ H+|W1d ‘Adesayioaujeq+
uonenpowoiqoloyd ‘| g+ 1d ‘senijepow Adesays [edisAyd ‘|1 d xapuj Ajend) des|s ydingsnid 1OSd ‘Ploysaays ured aunssaud ¢ 44 ‘dnoud asiouexa paseq-jood ‘G4 Hise| UORIPPY [elISS AI0IpNY Paded ‘|WSVd ‘©[eds Suned ured jedliowinu
‘SYdN ‘o|qeaidde Jou ‘yN Ldreuuonsand) ured 19 ‘DdIA (UOISISA YSIPIMS — AIOIUSAU| Uled [BUOISUSWIPRINLY ‘S-|dIA ‘Suluund Jaem dosp+weaSoud AdessyaoisAyd epowninu “YAAQ+ddINIA uswinisul A11Anoe [edisAyd swn-aunsi9| ‘|vd17
tdnoug asioaoxa paseq-pue| ‘37 ‘we.doud asiduaxs Sulydia.is pue Yagua.as d1IIaWOs| paseq-awoy ¢3ss| ‘AdessyaoapAy | H oy jo Ajenb parejpu-yaesy GODOYH ‘3 1esy ‘YH ‘dnoud AdessyiolpAy ‘O ojeds duey uoissaudaq uoljiweH ‘SYdH
13[e25 AI9IXUY UOIIWEH ‘SYH ‘dWwoJpuAs eiSfeAwo.qy ‘Sl 4 Sareuuonsand) 1oedw) eidjeAwouqiy ‘Ol ‘dnou8 uoneonps pue asuaxa ‘Np3-x3 ‘dnoud asipiaxa X3 ‘9[eds So[euy [ensiA dJreuuonsand) aji jo ANEnd) uonepunod YoJeasay [odo.Ing
‘SYA-ToD04NT fadreuuonsand) aji jo Alend uonepunod yaaessay [odoJng ‘gs-1odo4ng ‘dnoud asipusxa ‘D3 ‘dnoud uonednps ‘np3 Buiuuna 4azem desp ‘YAAQ ‘dnous [0nuod ‘5 ‘Aiorusau] uoissaudaq daag ‘|gg ‘we.Soud paseq-asidiaxa
Ausoreaidsaud onenbe ‘oYY s9jedg JuswWaINSEa] 30edW| SDIIYLIY ‘S| ‘WwedBoud asiouaxa diqolae paseq-onseuwis 43y eouepoiq onenbe ‘qgy ‘wesSoud aspuaxs diqodse onenbe paseq-jood Y3yy 9591 SUDjleM UIW-9 ‘| AAW9 SUOIIRIARIQQY

uonexe|aJ

pue ‘Buiyszens
UMOPp-|00d
‘(junay pue

squui| J3MO| pue

©13) Jaddn Joy sasid
uon -19%3 Yadua.is
-ouny pue pue 3|qoJae)
(80'1- ©1 (auaw FENRIEC)
0LT-) ¥6'1— -aArow ‘dn -waem
USWSAOY (sa402s pue ‘uoneziJel
(sT Ol4 4amo)) uon 3594 Sul (suonemis uatayip g 02030.4
03 06'7-) -2uny pue (sa.1ods -inp ww ul Aems aunssaud jo us ‘syeam (Aems auns Apnis
T1'T— 359y SVA Jamo)) ured 001 — -U3d Jomo|) Aems |eam Do pauIw.I19p 91 “PaM/xT (£1=Y) SW4 -saud jo J4a3uad) w.e (5100
SYA ul juswaroadw) | SyA) ured VN -sod ur uswanoudwy | 7F D, 0€ uaney ‘UoISSas/UIW G :dnoud | |0J3u0d [eamisod -33uig 1 | ‘fe39 uesiaaa

S35I249X3 UMOP
-|003 ‘sas|DIaXd
qui| JaMO|
‘S9S12.19X3
(s3s93 @duERq pUE 31qoJat ‘sasid
Aijiqow Joj sa.ods (IVLS)

a1e3s L3sIxue pue

pasea.Joul pue

‘jeadn uaBhxo [ew (saJ0dsqgns ured :|o2030.4 (ured Buipnpoul
-IXBW Ul 9seaJdur) a40sqns ured Q4 aya Old pue ‘saJods |e103 oM (51=u) 9O ‘s24025qNS
ssouy [edisAyd ssaully J04 (£°0 03 8'1-) S0— Ol4 4amo)) 1edwi |4 93l JBaYy [BW YT AoaM/xE (51=u) o3 pue 24035 [g30) 2(6007) e 32
VN 40 3uswao.adu) [ea1sAug 40 2090 Juswnesd| | jo uondnpad uedyIUIS D, €€ -IXeW %G9—09 | ‘uoissas/uiw 09 :sdnoug g Ol4) 1edwi |4 10y L | snued-sewo)
[auny
(ured .oy sawod3no sawod -eqad
payiodau) Arepuodag -3no Aie (ured a0y pajyaodau) -w9y Ayisuayu) j020304d Ade (dnou8 yoes ui awod3no a402s (aeak)
S9ZIs 3233 JO s3|nsaJ uiely | -puodag s9zIs 3233 s3|nsaJ urepy FERLTVY as1o49x3 ~19Y3 J9Jep Jaquinu) sdnoug Arewnag udisaq oig3ad Joyny

(penunuod) 7 a1qeL

1999

submit your manuscript

12

Journal of Pain Research 2019

Dove


http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

not all, body regions.?! FMS is associated with changes in
the central nervous system that affect sensory information
processing, amplifying peripheral input and/or generating
pain perception in the absence of a noxious stimulus.*'
People with FMS are reported to present hyperactivity of

the hypothalamic—pituitary—adrenal axis,***’

and this may
be linked to the initiation or worsening of FMS symptoms.
Moreover, dopamine dysfunctions have been linked to the
pathophysiology of FMS, which are associated with hyper-
algesia and deficient pain inhibition.>

Accordingly, exercise has been one of the most
recommended nonpharmacological interventions for
FMS.""2% It has been shown that exercise is able to
influence gene expression and structural complexity in
the limbic structures that regulate the hypothalamic—
pituitary—adrenal axis®' and can improve conditioned
pain modulation due to increased endogenous opioids,
stimulation of brain structures involved in the inhibitory
descending pathways that regulate painful response.®®
Geytenbeek® has examined over 500 articles that were
available on the theme and has concluded, after examin-
ing randomized controlled trials, case—control studies,
and cohort studies, that high to moderate quality evidence
supports the use of hydrotherapy for pain, function, joint
mobility strength, and balance. Moreover, exercise seems
to be the most effective component of a hydrotherapy
program for FMS.*%-%

Hence, exercising in an aquatic environment is advan-
tageous. The pain-relieving effect of water-based exercises
is suggested to be due to the joint effect of exercise, warm
and buoyancy on thermal and

water, receptors

mechanoreceptors.>>  Sensory-motor  hyperstimulation
exerted by the hydrostatic pressure, viscosity, and water
temperature increases the triggers of thermal receptors and
4891 Tphe

viscosity of the water provides an environment with

mechanoreceptors while blocking nociceptors.

three-dimensional resistance, which facilitates propriocep-
tive feedback through functional patterns of movement
and increases the synchronization of the motor units due
to slowed movement.”> Also, immersion in warm water
helps to increase blood flow and oxygen supply, improving
nutrition and removal of catabolites, and thereby reducing
signal molecules, such as IL-8 and noradrenaline,®®
responsible for activation of nociceptors.”® In addition,
regular exercise has been shown to improve overall health,
as shown in other chronic conditions.”” This prominent
effect on pain could be previously observed in several

. 27,2 1,32
studies,?728:31:32.53

It is noteworthy to mention that patients with FMS pre-
sent abnormalities regarding pain modulation, including cen-
tral sensitization and other pathophysiological mechanisms,
such as the accumulation of cytotoxic substances in the
extracellular space (glutamate, lactate, bradykinin, prosta-
glandins, etc.) generated by muscle activity, which exert
algogenic effects by sensitizing and exciting nociceptors.”**’
Glutamate is a major cortical excitatory neurotransmitter that
acts in pain neurotransmission. Increased levels of insular
glutamate have been reported to be present in FMS. In
addition, the concentration of this molecule is correlated
with pain report. Enhanced glutamatergic neurotransmission
resulting from higher concentrations of glutamate within the
posterior insula may play a role in the pathophysiology of
FMS and other central pain augmentation syndromes.”®
Moreover, the sympathetic nervous system, which is already
in a condition of hyperactivity (see section “Cardiovascular
and respiratory systems and the association with pain”),
under the action of bradykinin stimulates the release of
noradrenaline and prostaglandins that further potentiate sym-
pathetic hyperactivity and sensitize the nociceptors.

Therefore, another mechanism explaining the pain
improvement may rely on the combination of hydrostatic
pressure and temperature on nerve endings, which would
lead to competing stimuli that would diminish the periph-
eral nociceptive input.”’ Aquatic therapy also leads to
muscle relaxation,”® which would in turn lead to less
pain. Buoyancy decreases compressive weight-bearing
stresses on joints and allows functional exercise with les-
sened gravitational load, making the movements easier,
and even facilitating the improvement of both strength
and range of motion.>**" Furthermore, drag forces can
be used as a resource to assist movements or to impose
resistance favoring muscle strengthening.’® Nonetheless,
quantifying the resistance training intensity and planning
a progressive overload program in aquatic environments is
challenging due to several factors (eg, speed of move-
ments, range of motion, shape and size of floats, etc.).
Therefore, it is still not clear whether aquatic exercises
can really induce strength gains, since controversial results
have been reported.>

Regarding chronic fatigue, another core feature of
FMS, its perception may be reduced after water therapy
due to the buoyancy effects.*” Buoyancy helps reduce the
musculoskeletal system’s gravitational forces due to grav-
itational muscle relaxation and energy conservation, which
seems to reduce perceived fatigue. Water immersion may
also reduce neuromuscular responses or trigger inhibitory
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mechanisms, with an overall reduction in neural transmis-
sions, which would impact not only on the perceived
fatigue but also on the nociceptive input, reducing pain
perception.

Cardiovascular and respiratory systems

and the association with pain

FMS patients present cardiorespiratory dysfunction char-
acterized by reduced respiratory muscle endurance,
inspiratory muscle strength, and thoracic mobility.'*
Moreover, cardiovascular autonomic control and barore-
flex sensitivity have been also shown to be altered in this
population.**'°192 In addition, although it is not possible
to identify a causal relationship, several studies have
shown that these cardiorespiratory abnormalities are

1'% showed

related to the pain in these subjects. Forti et a
that inspiratory muscle strength is associated with the
number of active tender points. In addition, Zamunér
et al'”® found that FMS show reduced respiratory sinus
arrhythmia magnitude as compared to healthy women.
Also, the indices obtained during the deep breathing test,
a vagal maneuver, had an important association with pain

1'% also showed

in FMS. In another study, Zamunér et a
that sympathetic activity, as assessed by muscle sympa-
thetic nerve activity, was related to pain in this population.

Several studies have described the interaction between
autonomic and nociceptive pathways occurring at multiple

leVCIS,mel 07

with the nucleus tractus solitarius playing an
important role. The nucleus tractus solitarius, located in
the brainstem, receives visceral information through the
primary afferents of the vagus nerve and receives the
spinal pathways involved in pain processing, functioning
as an interface between the autonomic and sensory
systems.'””'% Therefore, improving cardiovascular and
respiratory outcomes in FMS patients should be consid-
ered one of the aims in the management of FMS.

It is well established that aerobic exercise improves
cardiorespiratory function in patients with FMS.'""'% In
addition, an aquatic environment can allow higher-intensity
exercises to be undertaken, with lower cardiovascular stress
than is possible on land."”'"* In this sense, some studies
have assessed the effects of water therapy on the cardior-
espiratory system. Zamunér et al*> found that a 16-week
aquatic therapy program proved to be effective in amelior-
ating symptoms, aerobic functional capacity, and cardiac
autonomic control in FMS patients. Surprisingly, improve-
ments in cardiac autonomic control were related to the

improvements in pain and the impact of FMS on quality
of life, thus suggesting an important role of autonomic
control mediating symptoms. Regarding the improvement
of functional aerobic capacity, aquatic therapy has also been
proven to be effective.’*>'** However, studies have shown
no association between cardiorespiratory fitness improve-
ments and FMS symptom improvements.*>>!-111-113

In summary, cardiorespiratory function and cardiac
autonomic control should be routinely monitored in the
management of FMS patients since they seem to be related
to the symptoms; and water therapy might be seen as a
strategic method to improve these outcomes in this popu-
lation. However, improving cardiorespiratory fitness
should not be the main goal in the therapy, but instead a
tailored approach directed to the key FMS symptoms
(pain, sleep disorders, fatigue, depression, disability) with
exercise assignment that does not exacerbate post-exercise

pain should take place.''*'"?

Neuroendocrine system and

inflammation
Growing interest has been shown in the study of the benefits

116-118 and

of aquatic therapy on the neuroendocrine system
inflammation. However, little is known about these in FMS
patients. This is of interest since neurohormonal abnormal-
ities have been reported in this population, such as low
levels of serotonin,''® hypothalamic—pituitary—adrenal axis

dysfunction,'?*'??

and low levels of growth hormone, which
is associated with poor sleep quality.'*>'** Moreover,
although there are no specific biomarkers for FMS, some
studies have suggested the involvement of inflammatory
disorders on its etiology.'?>*'*® Those disorders involve cyto-
kines, proteins responsible for mediating the inflammatory
reaction in the immune system.'*’ Studies have shown that
FMS patients have increased levels of serum IL-8,"28 1L-6,
IL-10, and IL-1B.'%° Ortega et al'*® found that FMS patients
present a higher circulation concentration of C-reactive pro-
tein and that their monocytes release more IL-1f, tumor
necrosis factor alpha, IL-6, and IL-10 than those from an
age-matched healthy control group. Additionally, FMS
patients present a greater concentration of IL-8 in cerebro-
vascular fluid."*"'3? IL-8 release is stimulated by substance
P secretion and promotes sympathetic pain,'** and thus is
considered an inflammatory marker of FMS,°® which is
indicative of underlying low-grade systemic inflammation.
There is evidence showing the participation of chemokines
(signaling molecules present in inflammatory and immune
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responses) in FMS, with higher concentrations of inflamma-
tory chemokines (TARC/CCL17, MIG/CXCL9, MDC/
CCL22, I-TAC/CXCLI1, and eotaxin/CCL11)."**

Aquatic therapy has been shown to reduce plasma levels

of norepinephrine,'*> '3’ 135,138

epinephrine, B-endorphin,
and cortisol*® in healthy men. In this context, we may
suggest that aquatic therapy may contribute to a reduction
of stress, improvement of sleep quality, and reduction of
pain sensitivity.”>'?” Regarding FMS patients, to our
knowledge, no studies have assessed the effects of aquatic
therapy on the neuroendocrine system. However, Bote
et al'*® found that a single session of moderate cycling
improved the inflammatory and stress status of FMS
patients. Moreover, their results also suggest that the neu-
roendocrine mechanism seems to be an exercise-induced
decrease in the stress response of these patients, since they
observed a reduction in the systemic concentration of corti-
sol, noradrenaline, and extracellular heatshock protein 72.
In agreement with these findings, Ortega et al'*° studied the
effects of an aquatic fitness program performed for 8
months twice a week. After the program, monocytes from
FMS patients presented similar spontaneous release of IL-
1B and IL-6 to that of healthy controls and a reduction in C-
reactive protein, showing that aquatic exercise might exert
anti-inflammatory effects.

Current perspectives

A considerable amount of evidence?’ has shown that water
therapy improves pain, fatigue, and quality of life.
However, current recommendations for the management
of fibromyalgia elaborated by the FEuropean League
Against Rheumatism'® suggest a “weak for” recommenda-
tion, implying that most therapists would, although a sub-
stantial minority would not, recommend water therapy for
FMS patients. This recommendation underlies the small
amount of evidence suggesting superiority of water ther-
apy over land-based therapies.'*!

Therefore, future studies should focus on the possible
mechanisms explaining the beneficial effects of water ther-
apy in order to elucidate whether they are similar or not to
the mechanisms leading to the improvement of symptoms
and quality of life promoted by land-based exercises.
Moreover, studies should also compare the detraining
effects or long-lasting effects promoted by water therapy
and land-based exercises since these have been addressed
only by a few studies and the results are controversial. A
recent study>* showed that 16 weeks of aquatic exercise
therapy was effective in improving aerobic capacity and

symptomatology such as pain, quality of life, and fatigue
in FMS patients. However, after 16 weeks of detraining, all
variables returned to near baseline. Thus, elucidating
whether this is comparable to land-based exercises would
assist FMS patients and therapists on the proper therapeutic
approach recommendation and selection.

Another noteworthy point to be mentioned regards the
FMS patient’s adherence to treatment and engagement
with aftercare tasks in the long term.®® Coupled with the
fact that pharmacological interventions seem to be ineffec-
tive, as they seldom induce minimally important clinical
142,143 thlS

makes the development of treatments that benefit patients

differences in pain after 3 months of therapy,

over their lifetime extremely challenging. Hence, a multi-
disciplinary approach and educational strategies may be
helpful additions to physical treatment, in this case, water
therapy; these strategies show the importance of continu-
ing with treatment, that the disease may vary in intensity
over the time, and, more importantly, that they have to take
responsibility for their healthcare and habits that influence
on FMS symptoms, giving them tools to help with daily
FMS management. Water therapy, in this context, comes
as an alternative that makes movement easier and may
increase compliance with the treatment.

Another topic to be discussed is the cost-effectiveness of
water therapy for FMS. One previous study'' has shown that
adding water therapy to the usual care for FMS patients is
cost-effective for both healthcare and societal costs. The
authors also concluded that the characteristics of facilities
(distance from patients’ homes and the number of patients
who can participate per session) are major determinants that
have to be considered before a health manager decides to
invest in such a program. Therefore, this point should be
addressed in future studies that aim to elucidate whether the
cost-effectiveness differs among other kinds of interventions.
Studies involving cost-effectiveness may also be helpful in
guiding the development of public policies for the healthcare
of FMS patients, and, as such, are much needed.

The present study has some limitations, as it is not a
systematic review. As such, performance of a metaanalysis
was not possible. As a narrative review, the scope of the
present study was to highlight and discuss the possible
mechanisms involved in the improvement of pain for FMS
patients who undergo water therapy. Nonetheless, this
discussion is still difficult as the protocols described vary
in duration, session length, and techniques used into the
swimming pool, as well as the outcomes chosen; also,
several outcomes are not sufficiently described.
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Conclusion
Water therapy may be recommended as a nonpharmacolo-

gic therapeutic approach for the management of FMS

patients, improving pain, fatigue, and quality of life; these

therapeutic effects are achieved by the physiological

changes caused by in-water exercising. However, future

studies should be conducted in order to clarify the action

mechanisms and whether long-lasting effects are superior to

other types of intervention, especially land-based exercises.

Disclosure
The authors declare no conflicts of interest in this work.

References

1.

10.

12.

13.

Wolfe F, Clauw DJ, Fitzcharles M-A, et al. 2016 Revisions to the
2010/2011 fibromyalgia diagnostic criteria. Semin Arthritis Rheum.
2016;46(3):319-329. doi:10.1016/j.semarthrit.2016.08.012

Sluka KA, Clauw DJ. Neurobiology of fibromyalgia and chronic
widespread pain. Neuroscience. 2016;338:114-129. doi:10.1016/j.
neuroscience.2016.06.006

. Hauser W, Perrot S, Clauw DJ, Fitzcharles M-A. Unravelling

fibromyalgia—steps toward individualized management. J Pain.
2018;19(2):125-134. doi:10.1016/j.jpain.2017.08.009

Doron Y, Peleg R, Peleg A, Neumann L, Buskila D. The clinical
and economic burden of fibromyalgia compared with diabetes
mellitus and hypertension among Bedouin women in the Negev.
Fam Pract. 2004;21(4):415-419. doi:10.1093/fampra/cmh411
Ghavidel-Parsa B, Bidari A, Amir Maafi A, Ghalebaghi B. The iceberg
nature of fibromyalgia burden: the clinical and economic aspects.
Korean J Pain. 2015;28(3):169-176. doi:10.3344/kjp.2015.28.3.169
White LA, Birnbaum HG, Kaltenboeck A, Tang J, Mallett D,
Robinson RL. Employees with fibromyalgia: medical comorbidity,
healthcare costs, and work loss. J Occup Environl Med. 2008;50
(1):13-24. doi:10.1097/JOM.0b013e31815cff4b

Silverman S, Dukes EM, Johnston SS, Brandenburg NA, Sadosky
A, Huse DM. The economic burden of fibromyalgia: comparative
analysis with rheumatoid arthritis. Curr Med Res Opin. 2009;25
(4):829-840. doi:10.1185/03007990902728456

Berger A, Dukes E, Martin S, Edelsberg J, Oster G. Characteristics
and healthcare costs of patients with fibromyalgia syndrome. Int J
Clin Pract. 2007;61(9):1498-1508.

Annemans L, Le Lay K, Taieb C. Societal and patient burden of
fibromyalgia syndrome. PharmacoEconomics. 2009;27(7):547-559.
Boonen A, van Den Heuvel R, van Tubergen A, et al. Large differ-
ences in cost of illness and wellbeing between patients with fibro-
myalgia, chronic low back pain, or ankylosing spondylitis. Ann
Rheum Dis. 2005;64(3):396-402. doi:10.1136/ard.2003.019711

. Gusi N, Tomas-Carus P. Cost-utility of an 8-month aquatic training

for women with fibromyalgia: a randomized controlled trial.
Arthritis Res Ther. 2008;10(1):R24. doi:10.1186/ar2377

Perrot S, Winkelmann A, Dukes E, et al. Characteristics of patients
with fibromyalgia in France and Germany. Int J Clin Pract. 2010;64
(8):1100-1108. doi:10.1111/).1742-1241.2010.02418.x

Skaer TL. Fibromyalgia: disease synopsis, medication cost effec-
tiveness and economic burden. PharmacoEconomics. 2014;32
(5):457-466. doi:10.1007/s40273-014-0137-y

Wagner J-S, Chandran A, DiBonaventura M, Cappelleri JC. The
costs associated with sleep symptoms among patients with fibro-
myalgia. Expert Rev Pharmacoecon Outcomes Res. 2013;13
(1):131-139. doi:10.1586/erp.12.82

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Annemans L, Wessely S, Spaepen E, et al. Health economic con-
sequences related to the diagnosis of fibromyalgia syndrome.
Arthritis Rheumatol. 2008;58(3):895-902. doi:10.1002/art.23265
Chandran A, Schaefer C, Ryan K, Baik R, McNett M, Zlateva G.
The comparative economic burden of mild, moderate, and severe
fibromyalgia: results from a retrospective chart review and cross-
sectional survey of working-age U.S. adults. J Manag Care Pharm.
2012;18(6):415-426. doi:10.18553/jmcp.2012.18.6.415

Brown TM, Garg S, Chandran AB, McNett M, Silverman SL,
Hadker N. The impact of ‘best-practice’ patient care in fibromyal-
gia on practice economics. J Eval Clin Pract. 2012;18(4):793-798.
doi:10.1111/5.1365-2753.2011.01678.x

Macfarlane GJ, Kronisch C, Dean LE, et al. EULAR revised recom-
mendations for the management of fibromyalgia. Ann Rheum Dis.
2017;76(2):318-328. doi:10.1136/annrheumdis-2016-209724
Bidonde J, Busch AJ, Schachter CL, et al. Acrobic exercise train-
ing for adults with fibromyalgia. Cochrane Database Syst Rev.
2017;6:CD012700.

Busch AJ, Webber SC, Brachaniec M, et al. Exercise Therapy for
Fibromyalgia. Curr Pain Headache Rep. 2011;15(5):358-367.
doi:10.1007/s11916-011-0214-2

Eller-Smith OC, Nicol AL, Christianson JA. Potential mechanisms
underlying centralized pain and emerging therapeutic interventions.
Front Cell Neurosci. 2018;12. doi:10.3389/fncel.2018.00035

Lauche R, Cramer H, Hauser W, Dobos G, Langhorst J. A systematic
overview of reviews for complementary and alternative therapies in
the treatment of the fibromyalgia syndrome. Evid Based Complement
Alternat Med. 2015;2015:610615. doi:10.1155/2015/610615
Ambrose KR, Golightly YM. Physical exercise as non-pharmacolo-
gical treatment of chronic pain: why and when. Best Pract Res Clin
Rheumatol. 2015;29(1):120-130. doi:10.1016/j.berh.2015.04.022
Demir-Gé¢men D, Altan L, Korkmaz N, Arabaci R. Effect of super-
vised exercise program including balance exercises on the balance
status and clinical signs in patients with fibromyalgia. Rheumatol Int.
2013;33(3):743—750. doi:10.1007/s00296-012-2444-y

Geneen LJ, Moore RA, Clarke C, Martin D, Colvin LA, Smith BH.
Physical activity and exercise for chronic pain in adults: an overview
of Cochrane Reviews. Cochrane Database Syst Rev. 2017;4:
CD011279. doi:10.1002/14651858.CD011279.pub3

Thomas EN, Blotman F. Aerobic exercise in fibromyalgia: a prac-
tical review. Rheumatol Int. 2010;30(9):1143—1150. doi:10.1007/
500296-010-1369-6

Bidonde J, Busch AJ, Webber SC, et al. Aquatic exercise training
for fibromyalgia. Cochrane Database Syst Rev. 2014;(10):
CDO011336. doi:10.1002/14651858.CD011336

Avila MA, Camargo PR, Ribeiro IL, Alburquerque-Sendin F,
Zamuner AR, Salvini TF. Effects of a 16-week hydrotherapy pro-
gram on three-dimensional scapular motion and pain of women
with fibromyalgia: a single-arm study. Clin Biomech. 2017;49:145—
154. doi:10.1016/j.clinbiomech.2017.09.012

Carbonell-Baeza A, Aparicio VA, Chillon P, Femia P, Delgado-
Fernandez M, Ruiz JR. Effectiveness of multidisciplinary therapy
on symptomatology and quality of life in women with fibromyal-
gia. Clin Exp Rheumatol. 2012;29(6 Suppl 69):S97-S103.

Latorre PA, Santos MA, Heredia-Jiménez JM, et al. Effect of a 24-week
physical training programme (in water and on land) on pain, functional
capacity, body composition and quality of life in women with fibro-
myalgia. Clin Exp Rheumatol. 2013;31(6 Suppl 79):S72—S80.
Trevisan DC, Avila MA, Driusso P, Gramani-Say K, Araujo-Moreira
FM, Parizotto NA. Effects of hydrotherapy on postural control of
women with fibromyalgia syndrome: a single arm study. Myopain.
2015;23(3—4):125-133. doi:10.1080/24708593.2017.1300205
Zamunér AR, Andrade CP, Forti M, et al. Effects of a hydrotherapy
programme on symbolic and complexity dynamics of heart rate
variability and aerobic capacity in fibromyalgia patients. Clin Exp
Rheumatol. 2015;33(1 Suppl 88):S73-S81.

Journal of Pain Research 2019:12

submit your manuscript

2003

Dove


https://doi.org/10.1016/j.semarthrit.2016.08.012
https://doi.org/10.1016/j.neuroscience.2016.06.006
https://doi.org/10.1016/j.neuroscience.2016.06.006
https://doi.org/10.1016/j.jpain.2017.08.009
https://doi.org/10.1093/fampra/cmh411
https://doi.org/10.3344/kjp.2015.28.3.169
https://doi.org/10.1097/JOM.0b013e31815cff4b
https://doi.org/10.1185/03007990902728456
https://doi.org/10.1136/ard.2003.019711
https://doi.org/10.1186/ar2377
https://doi.org/10.1111/j.1742-1241.2010.02418.x
https://doi.org/10.1007/s40273-014-0137-y
https://doi.org/10.1586/erp.12.82
https://doi.org/10.1002/art.23265
https://doi.org/10.18553/jmcp.2012.18.6.415
https://doi.org/10.1111/j.1365-2753.2011.01678.x
https://doi.org/10.1136/annrheumdis-2016-209724
https://doi.org/10.1007/s11916-011-0214-2
https://doi.org/10.3389/fncel.2018.00035
https://doi.org/10.1155/2015/610615
https://doi.org/10.1016/j.berh.2015.04.022
https://doi.org/10.1007/s00296-012-2444-y
https://doi.org/10.1002/14651858.CD011279.pub3
https://doi.org/10.1007/s00296-010-1369-6
https://doi.org/10.1007/s00296-010-1369-6
https://doi.org/10.1002/14651858.CD011336
https://doi.org/10.1016/j.clinbiomech.2017.09.012
https://doi.org/10.1080/24708593.2017.1300205
http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Heywood S, McClelland J, Mentiplay B, Geigle P, Rahmann A,
Clark R. Effectiveness of aquatic exercise in improving lower limb
strength in musculoskeletal conditions: a systematic review and
meta-analysis. Arch Phys Med Rehabil. 2017;98(1):173-186.
doi:10.1016/j.apmr.2016.08.472

Charter of Physiotherapists. The definition of aquatic physiother-
apy. Aqualines. 2009;21(2):6.

Becker BE. Aquatic therapy: scientific foundations and clinical reha-
bilitation applications. PM&R. 2009;1(9):859-872. doi:10.1016/j.
pmrj.2009.05.017

Haupenthal A, Fontana H, Ruschel C, Dos Santos DP, Roesler H.
Ground reaction forces in shallow water running are affected by
immersion level, running speed and gender. J Sci Med Sport.
2013;16(4):348-352. doi:10.1016/j.jsams.2012.08.006

Roesler H, Haupenthal A, Schiitz GR, de Souza PV. Dynamometric
analysis of the maximum force applied in aquatic human gait at 1.3
m of immersion. Gait Posture. 2006;24(4):412—417. doi:10.1016/j.
gaitpost.2005.09.014

Torres-Ronda L, Schelling I Del Alcazar X. The properties of water
and their applications for training. J Hum Kinet. 2014;44(1):237—
248. doi:10.2478/hukin-2014-0129

Barker AL, Talevski J, Morello RT, Brand CA, Rahmann AE,
Urquhart DM. Effectiveness of aquatic exercise for musculoskele-
tal conditions: a meta-analysis. Arch Phys Med Rehabil. 2014;95
(9):1776-1786. doi:10.1016/j.apmr.2014.04.005

Wilcock IM, Cronin JB, Hing WA. Physiological response to water
immersion: a method for sport recovery? Sports Med. 2006;36
(9):747-765. doi:10.2165/00007256-200636090-00003

Ayme K, Gavarry O, Rossi P, Desruelle A-V, Regnard J, Boussuges
A. Effect of head-out water immersion on vascular function in
healthy subjects. Appl Physiol Nutr Metab. 2014;39(4):425-431.
doi:10.1139/apnm-2013-0153

Aveiro MC, Avila MA, Pereira-Baldon VS, et al. Water- versus
land-based treatment for postural control in postmenopausal osteo-
porotic women: a randomized, controlled trial. Climacteric.
2017;20(5):427-435. doi:10.1080/13697137.2017.1325460

Avelar NCP, Bastone AC, Alcantara MA, Gomes WF.
Effectiveness of aquatic and non-aquatic lower limb muscle endur-
ance training in the static and dynamic balance of elderly people.
Braz J Phys Ther. 2010;14(3):229-236.

Furnari A, Calabro RS, Gervasi G, et al. Is hydrokinesitherapy
effective on gait and balance in patients with stroke? A clinical and
baropodometric investigation. Brain Inj. 2014;28(8):1109-1114.
doi:10.3109/02699052.2014.910700

Volpe D, Giantin MG, Maestri R, Frazzitta G. Comparing the effects
of hydrotherapy and land-based therapy on balance in patients with
Parkinson’s disease: a randomized controlled pilot study. Clin
Rehabil. 2014;28(12):1210-1217. doi:10.1177/0269215514536060
Zhu Z, Cui L, Yin M, et al. Hydrotherapy vs. conventional land-
based exercise for improving walking and balance after stroke: a
randomized controlled trial. Clin Rehabil. 2016;30(6):587-593.
doi:10.1177/0269215515593392

Poyhonen T, Keskinen KL, Hautala A, Mélkia E. Determination of
hydrodynamic drag forces and drag coefficients on human leg/foot
model during knee exercise. Clin Biomech (Bristol, Avon). 2000;15
(4):256-260.

Bender T, Karagulle Z, Balint GP, Gutenbrunner C, Balint PV,
Sukenik S. Hydrotherapy, balneotherapy, and spa treatment in pain
management. Rheumatol Int. 2005;25(3):220-224. doi:10.1007/
s00296-004-0487-4

Batterham SI, Heywood S, Keating JL. Systematic review and
meta-analysis comparing land and aquatic exercise for people
with hip or knee arthritis on function, mobility and other health
outcomes. BMC Musculoskelet Disord. 2011;12:123. doi:10.1186/
1471-2474-12-181

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Gibson AJ, Shields N. Effects of aquatic therapy and land-based
therapy versus land-based therapy alone on range of motion, edema,
and function after hip or knee replacement: a systematic review and
meta-analysis. Physiother Can. 2015;67(2):133-141. doi:10.3138/
ptc.2014-01

Andrade CP, Zamuner AR, Forti M, Franca TF, Tamburus NY,
Silva E. Oxygen uptake and body composition after aquatic phy-
sical training in women with fibromyalgia: a randomized controlled
trial. Eur J Phys Rehabil Med. 2017;53(5):751-758. doi:10.23736/
S1973-9087.17.04543-9

Rivas Neira S, Pasqual Marques A, Pegito Perez I, Fernandez
Cervantes R, Vivas Costa J. Effectiveness of aquatic therapy vs
land-based therapy for balance and pain in women with fibromyal-
gia: a study protocol for a randomised controlled trial. BMC
Musculoskelet Disord. 2017;18(1):22. doi:10.1186/s12891-017-
1624-z

Altan L, Bingol U, Aykac M, Koc Z, Yurtkuran M. Investigation of
the effects of pool-based exercise on fibromyalgia syndrome.
Rheumatol Int. 2004;24(5):272-277. doi:10.1007/300296-003-
0371-7

Andrade CP, Zamuner AR, Forti M, Tamburus NY, Silva E. Effects
of aquatic training and detraining on women with fibromyalgia:
controlled randomized clinical trial. Eur J Phys Rehabil Med.
2019;55(1):79-88. doi:10.23736/S1973-9087.18.05041-4
Arcos-Carmona IM, Castro-Sanchez AM, Mataran-Penarrocha
GA, Gutierrez-Rubio AB, Ramos-Gonzalez E, Moreno-Lorenzo
C. [Effects of aerobic exercise program and relaxation techni-
ques on anxiety, quality of sleep, depression, and quality of life
in patients with fibromyalgia: a randomized controlled trial].
Med Clin. 2011;137(9):398-401. doi:10.1016/j.medcli.2010.
09.045

Assis MR, Silva LE, Alves AM, et al. A randomized controlled
trial of deep water running: clinical effectiveness of aquatic exer-
cise to treat fibromyalgia. Arthritis Rheum. 2006;55(1):57-65.
doi:10.1002/art.21693

Biezus J, Ide MR, Tanaka C, Caromano FA, Rodrigues JRAL.
Aquatic exercises for the pain of individuals with fibromyalgia.
Rev Bras Cienc Farm. 2006;10(3):246.

Bote ME, Garcia JJ, Hinchado MD, Ortega E. An exploratory
study of the effect of regular aquatic exercise on the function of
neutrophils from women with fibromyalgia: role of IL-8 and nor-
adrenaline. Brain Behav Immun. 2014;39:107-112. doi:10.1016/j.
bbi.2013.11.009

Calandre EP, Rodriguez-Claro ML, Rico-Villademoros F, Vilchez
JS, Hidalgo J, Delgado-Rodriguez A. Effects of pool-based exer-
cise in fibromyalgia symptomatology and sleep quality: a prospec-
tive randomised comparison between stretching and Ai Chi. Clin
Exp Rheumatol. 2009;27(5 Suppl 56):S21-S28.

Carbonell-Baeza A, Aparicio VA, Martins-Pereira CM, et al.
Efficacy of Biodanza for treating women with fibromyalgia. J
Altern Complement Med. 2010;16(11):1191-1200. doi:10.1089/
acm.2010.0039

Cuesta-Vargas Al, Adams N. A pragmatic community-based inter-
vention of multimodal physiotherapy plus deep water running
(DWR) for fibromyalgia syndrome: a pilot study. Clin Rheumatol.
2011;30(11):1455-1462. doi:10.1007/s10067-011-1825-z

de Andrade SC, de Carvalho RF, Soares AS, de Abreu Freitas RP,
de Medeiros Guerra LM, Vilar MJ. Thalassotherapy for fibromyal-
gia: a randomized controlled trial comparing aquatic exercises in
sea water and water pool. Rheumatol Int. 2008;29(2):147-152.
doi:10.1007/500296-008-0644-2

Evcik D, Yigit I, Pusak H, Kavuncu V. Effectiveness of aquatic
therapy in the treatment of fibromyalgia syndrome: a randomized
controlled open study. Rheumatol Int. 2008;28(9):885-890.
doi:10.1007/500296-008-0538-3

2004

submit your manuscript

Dove

Journal of Pain Research 2019:12


https://doi.org/10.1016/j.apmr.2016.08.472
https://doi.org/10.1016/j.pmrj.2009.05.017
https://doi.org/10.1016/j.pmrj.2009.05.017
https://doi.org/10.1016/j.jsams.2012.08.006
https://doi.org/10.1016/j.gaitpost.2005.09.014
https://doi.org/10.1016/j.gaitpost.2005.09.014
https://doi.org/10.2478/hukin-2014-0129
https://doi.org/10.1016/j.apmr.2014.04.005
https://doi.org/10.2165/00007256-200636090-00003
https://doi.org/10.1139/apnm-2013-0153
https://doi.org/10.1080/13697137.2017.1325460
https://doi.org/10.3109/02699052.2014.910700
https://doi.org/10.1177/0269215514536060
https://doi.org/10.1177/0269215515593392
https://doi.org/10.1007/s00296-004-0487-4
https://doi.org/10.1007/s00296-004-0487-4
https://doi.org/10.1186/1471-2474-12-181
https://doi.org/10.1186/1471-2474-12-181
https://doi.org/10.3138/ptc.2014-01
https://doi.org/10.3138/ptc.2014-01
https://doi.org/10.23736/S1973-9087.17.04543-9
https://doi.org/10.23736/S1973-9087.17.04543-9
https://doi.org/10.1186/s12891-017-1624-z
https://doi.org/10.1186/s12891-017-1624-z
https://doi.org/10.1007/s00296-003-0371-7
https://doi.org/10.1007/s00296-003-0371-7
https://doi.org/10.23736/S1973-9087.18.05041-4
https://doi.org/10.1016/j.medcli.2010.09.045
https://doi.org/10.1016/j.medcli.2010.09.045
https://doi.org/10.1002/art.21693
https://doi.org/10.1016/j.bbi.2013.11.009
https://doi.org/10.1016/j.bbi.2013.11.009
https://doi.org/10.1089/acm.2010.0039
https://doi.org/10.1089/acm.2010.0039
https://doi.org/10.1007/s10067-011-1825-z
https://doi.org/10.1007/s00296-008-0644-2
https://doi.org/10.1007/s00296-008-0538-3
http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Fernandes G, Jennings F, Nery Cabral MV, Pirozzi Buosi AL,
Natour J. Swimming improves pain and functional capacity of
patients with fibromyalgia: a randomized controlled trial. Arch
Phys Med Rehabil. 2016;97(8):1269-1275.

Gowans SE, deHueck A, Voss S, Silaj A, Abbey SE, Reynolds W1J.
Effect of a randomized, controlled trial of exercise on mood and
physical function in individuals with fibromyalgia. Arthritis
Rheum. 2001;45(6):519-529.

Gusi N, Tomas-Carus P, Hakkinen A, Hakkinen K, Ortega-Alonso
A. Exercise in waist-high warm water decreases pain and improves
health-related quality of Life and strength in the lower extremities
in women with fibromyalgia. Arthritis Rheum. 2006;55(1):66-73.
doi: 10.1002/art.21718

Hecker CD, Melo C, Tomazoni S, Martins RABL, Leal Junior
ECP. Analise dos efeitos da cinesioterapia e da hidrocinesioterapia
sobre a qualidade de vida de pacientes com fibromialgia: um ensaio
clinico randomizado. Fisioter Mov. 2011;24:57-64. doi:10.1590/
S0103-51502011000100007

Ide MR, Laurindo IMM, Rodrigues-Junior AL, Tanaka C. Effect of
aquatic respiratory exercise-based program in patients with fibro-
myalgia. Int J Rheum Dis. 2008;11(2):131-140. doi:10.1111/
j.1756-185X.2008.00348.x

Jentoft ES, Kvalvik AG, Mengshoel AM. Effects of pool-based and
land-based aerobic exercise on women with fibromyalgia/chronic
widespread muscle pain. Arthritis Rheum. 2001;45(1):42-47.
doi:10.1002/1529-0131(200102)45:1<42::AID-ANR82>3.0.CO;2-A
Kesiktas N, Karagulle Z, Erdogan N, Yazicioglu K, Yilmaz H,
Paker N. The efficacy of balneotherapy and physical modalities
on the pulmonary system of patients with fibromyalgia. J Back
Musculoskelet Rehabil. 2011;24(1):57-65.

Latorre Roman PA, Santos ECMA, Garcia-Pinillos F. Effects of
functional training on pain, leg strength, and balance in women
with fibromyalgia. Mod Rheumatol. 2015;25(6):943-947.

Letieri RV, Furtado GE, Letieri M, et al. Dor, qualidade de vida,
autopercepgdo de satide e depressdo de pacientes com fibromialgia,
tratados com hidrocinesioterapia. Rev Bras Reumatol. 2013;53:494—
500.

Lopez-Rodriguez MM, Fernandez-Martinez M, Mataran-Penarrocha
GA, Rodriguez-Ferrer ME, Granados Gamez G, Aguilar Ferrandiz
E. [Effectiveness of aquatic biodance on sleep quality, anxiety and
other symptoms in patients with fibromyalgia]. Med Clin. 2013;141
(11):471-478.

Mannerkorpi K, Nyberg B, Ahlmen M, Ekdahl C. Pool exercise
combined with an education program for patients with fibromyal-
gia syndrome. A prospective, randomized study. J Rheumatol.
2000;27(10):2473-2481.

Mannerkorpi K, Nordeman L, Ericsson A, Arndorw M; Group
GAUS. Pool exercise for patients with fibromyalgia or chronic
widespread pain: a randomized controlled trial and subgroup ana-
lyses. J Rehabil Med. 2009;41(9):751-760.

Munguia-Izquierdo D, Legaz-Arrese A. Exercise in warm water
decreases pain and improves cognitive function in middle-aged
women with fibromyalgia. Clin Exp Rheumatol. 2007;25(6):823—
830.

Munguia-Izquierdo D, Legaz-Arrese A. Assessment of the effects
of aquatic therapy on global symptomatology in patients with
fibromyalgia syndrome: a randomized controlled trial. Arch Phys
Med Rehabil. 2008;89(12):2250-2257.

Perez de la Cruz S, Lambeck J. A new approach to the improve-
ment of quality of life in fibromyalgia: a pilot study on the effects
of an aquatic Ai Chi program. Int J Rheum Dis. 2018;21(8):1525—
1532. doi:10.1111/1756-185X.12930.

Segura-Jimenez V, Carbonell-Baeza A, Aparicio VA, et al. A warm
water pool-based exercise program decreases immediate pain in
female fibromyalgia patients: uncontrolled clinical trial. Int J
Sports Med. 2013;34(7):600—605.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Sevimli D, Kozanoglu E, Guzel R, Doganay A. The effects of
aquatic, isometric strength-stretching and aerobic exercise on phy-
sical and psychological parameters of female patients with fibro-
myalgia syndrome. J Phys Ther Sci. 2015;27(6):1781-1786.
Tomas-Carus P, Hakkinen A, Gusi N, Leal A, Hakkinen K, Ortega-
Alonso A. Aquatic training and detraining on fitness and quality of
life in fibromyalgia. Med Sci Sports Exerc. 2007;39(7):1044-1050.
Tomas-Carus P, Gusi N, Hakkinen A, Hakkinen K, Raimundo A,
Ortega-Alonso A. Improvements of muscle strength predicted ben-
efits in HRQOL and postural balance in women with fibromyalgia:
an 8-month randomized controlled trial. Rheumatology. 2009;48
(9):1147-1151.

Santana JS, Almeida AP, Brandao PM. [The effect of Ai Chi
method in fibromyalgic patients]. Cien Saude Colet. 2010;15
(Suppl 1):1433-1438. doi:10.1590/S1413-81232010000700054
Piso U, Kiither G, Gutenbrunner C, Gehrke A. Analgetische
Wirkungen der Sauna bei der Fibromyalgie. Phys Med Rehab
Kuror. 2001;11(03):94-99. doi:10.1055/s-2001-14438

Clauw DJ. Fibromyalgia. JAMA. 2014;311(15):1547-1547.
Hauser W, Ablin J, Fitzcharles MA, et al. Fibromyalgia. Nat Rev
Dis Primers. 2015;1:15022.

Wingenfeld K, Heim C, Schmidt I, Wagner D, Meinlschmidt G,
Hellhammer DH. HPA axis reactivity and lymphocyte glucocorti-
coid sensitivity in fibromyalgia syndrome and chronic pelvic pain.
Psychosom Med. 2008;70(1):65-72.

Naugle KM, Riley JL. Self-reported physical activity predicts pain
inhibitory and facilitatory function. Med Sci Sports Exerc. 2014;46
(3):622-629.

Geytenbeek J. Evidence for effective hydrotherapy. Physiotherapy.
2002;88(9):514-529.

Perraton L, Machotka Z, Kumar S. Components of effective ran-
domized controlled trials of hydrotherapy programs for fibromyal-
gia syndrome: A systematic review. J Pain Res. 2009;2:165-173.
Mooventhan A, Nivethitha L. Scientific evidence-based effects of
hydrotherapy on various systems of the body. N Am J Med Sci.
2014;6(5):199-209.

Brody LT, Hall CM. Impaired muscle performance. In: 4th ed. Brody
LT, Hall CM, editors. Therapeutic Exercise: moving toward function.
Philadelphia: Wolters Kluwer;2018: 70-115.

Hall J, Swinkels A, Briddon J, McCabe CS. Does aquatic exercise
relieve pain in adults with neurologic or musculoskeletal disease?
A systematic review and meta-analysis of randomized controlled
trials. Arch Phys Med Rehabil. 2008;89(5):873-883.

Coutaux A, Adam F, Willer JC, Le Bars D. Hyperalgesia and allody-
nia: peripheral mechanisms. Joint Bone Spine. 2005;72(5):359-371.
Mense S. Algesic agents exciting muscle nociceptors. Exp Brain
Res. 2009;196(1):89-100.

Harris RE, Sundgren PC, Craig AD, et al. Elevated insular gluta-
mate in fibromyalgia is associated with experimental pain. Arthritis
Rheum. 2009;60(10):3146-3152.

Melzack R, Wall PD. Pain mechanisms: a new theory. Science.
1965;150(3699):971-979.

Kjellgren A, Sundequist U, Norlander T, Archer T. Effects of
flotation-REST on muscle tension pain. Pain Res Manag. 2001;6
(4):181-189.

Péyhénen T, Sipilda S, Keskinen KL, Hautala A, Savolainen J,
Milkia E. Effects of aquatic resistance training on neuromuscular
performance in healthy women. Med Sci Sports Exerc. 2002;34
(12):2103-2109.

Forti M, Zamuner AR, Andrade CP, Silva E. Lung function,
respiratory muscle strength, and thoracoabdominal mobility in
women with fibromyalgia syndrome. Respir Care. 2016;61
(10):1384-1390.

Furlan R, Colombo S, Perego F, et al. Abnormalities of cardiovas-
cular neural control and reduced orthostatic tolerance in patients
with primary fibromyalgia. J Rheumatol. 2005;32(9):1787-1793.

Journal of Pain Research 2019:12

submit your manuscript

2005

Dove


https://doi.org/10.1002/art.21718
https://doi.org/10.1590/S0103-51502011000100007
https://doi.org/10.1590/S0103-51502011000100007
https://doi.org/10.1111/j.1756-185X.2008.00348.x
https://doi.org/10.1111/j.1756-185X.2008.00348.x
https://doi.org/10.1002/1529-0131(200102)45:1%3C42::AID-ANR82%3E3.0.CO;2-A
https://doi.org/10.1111/1756-185X.12930
https://doi.org/10.1590/S1413-81232010000700054
https://doi.org/10.1055/s-2001-14438
http://www.dovepress.com
http://www.dovepress.com

Zamunér et al

Dove

102. Reyes Del Paso GA, Garrido S, Pulgar A, Duschek S. Autonomic 120. Crofford LJ. The hypothalamic-pituitary-adrenal stress axis in
cardiovascular control and responses to experimental pain stimula- fibromyalgia and chronic fatigue syndrome. Z Rheumatol.
tion in fibromyalgia syndrome. J Psychosom Res. 2011;70(2):125— 1998;57(Suppl 2):67-71.

134. doi:10.1016/j.jpsychores.2010.09.012 121. Crofford LJ. Neuroendocrine abnormalities in fibromyalgia and

103. Zamunér AR, Forti M, Andrade CP, Avila MA, Da Silva E. related disorders. Am J Med Sci. 1998;315(6):359-366.
Respiratory sinus arrhythmia and its association with pain in 122. Griep EN, Boersma JW, de Kloet ER. Altered reactivity of the
women with fibromyalgia syndrome. Pain Pract. 2016;16(6):704— hypothalamic-pituitary-adrenal axis in the primary fibromyalgia
711. doi:10.1111/papr.12321 syndrome. J Rheumatol. 1993;20(3):469-474.

104. Zamunér AR, Barbic F, Dipaola F, et al. Relationship between 123. Cuatrecasas G, Riudavets C, Guell MA, Nadal A. Growth hormone
sympathetic activity and pain intensity in fibromyalgia. Clin Exp as concomitant treatment in severe fibromyalgia associated with
Rheumatol. 2015;33(1 Suppl 88):S53-S57. low IGF-1 serum levels. A pilot study. BMC Musculoskelet Disord.

105. Bou-Holaigah I, Calkins H, Flynn JA, et al. Provocation of hypo- 2007;8:119. doi:10.1186/1471-2474-8-119
tension and pain during upright tilt table testing in adults with 124. Jones KD, Deodhar P, Lorentzen A, Bennett RM, Deodhar AA.
fibromyalgia. Clin Exp Rheumatol. 1997;15(3):239-246. Growth hormone perturbations in fibromyalgia: a review. Semin

106. Aicher SA, Randich A. Antinociception and cardiovascular Arthritis Rheum. 2007;36(6):357-379. doi:10.1016/j.
responses produced by electrical stimulation in the nucleus tractus semarthrit.2006.09.006
solitarius, nucleus reticularis ventralis, and the caudal medulla. 125. Omoigui S. The biochemical origin of pain: the origin of all pain is
Pain. 1990;42(1):103-119. inflammation and the inflammatory response. Part 2 of 3 - inflam-

107. Bruehl S, Chung OY. Interactions between the cardiovascular and matory profile of pain syndromes. Med Hypotheses. 2007;69
pain regulatory systems: an updated review of mechanisms and (6):1169—-1178. doi:10.1016/j.mehy.2007.06.033
possible alterations in chronic pain. Neurosci Biobehav Rev. 126. van West D, Maes M. Neuroendocrine and immune aspects of
2004;28(4):395-414. doi:10.1016/j.neubiorev.2004.06.004 fibromyalgia.  BioDrugs. 2001;15(8):521-531.  doi:10.2165/

108. Bruehl S, Chung OY, Jirjis JN, Biridepalli S. Prevalence of clinical 00063030-200115080-00004
hypertension in patients with chronic pain compared to nonpain 127. Totsch SK, Sorge RE. Immune system involvement in specific pain
general medical patients. Clin J Pain. 2005;21(2):147-153. conditions. Mol Pain. 2017;13:1744806917724559. doi:10.1177/

109. Andrade A, Vilarino GT, Serafim TT, Junior AAP, de Souza CA, 1744806917724559
Sieczkowska SM. Modulation of autonomic function by physical 128. Wang H, Buchner M, Moser MT, Daniel V, Schiltenwolf M. The
exercise in patients with fibromyalgia syndrome: A systematic role of IL-8 in patients with fibromyalgia: a prospective longitudi-
review. PM&R. 2019. doi:10.1002/pmrj.12158 nal study of 6 months. Clin J Pain. 2009;25(1):1-4. doi:10.1097/

110. Hall J, Grant J, Blake D, Taylor G, Garbutt G. Cardiorespiratory AJP.0b013e31817e13a3
responses to aquatic treadmill walking in patients with rheumatoid 129. Imamura M, Targino RA, Hsing WT, et al. Concentration of
arthritis. Physiother Res Int. 2004;9(2):59-73. cytokines in patients with osteoarthritis of the knee and fibro-

I11. Valim V, Oliveira L, Suda A, et al. Aerobic fitness effects in myalgia. Clin Interv Aging. 2014;9:939-944. doi:10.2147/CIA.
fibromyalgia. J Rheumatol. 2003;30(5):1060—1069. S60330

112. Langhorst J, Musial F, Klose P, Hauser W. Efficacy of hydrother- 130. Ortega E, Bote ME, Giraldo E, Garcia JJ. Aquatic exercise
apy in fibromyalgia syndrome—a meta-analysis of randomized con- improves the monocyte pro- and anti-inflammatory cytokine pro-
trolled clinical trials. Rheumatology. 2009;48(9):1155-1159. duction balance in fibromyalgia patients. Scand J Med Sci Sports.
doi:10.1093/rheumatology/kep182 2012;22(1):104-112. doi:10.1111/j.1600-0838.2010.01132.x

113. McVeigh JG, McGaughey H, Hall M, Kane P. The effectiveness of 131. Kadetoff D, Lampa J, Westman M, Andersson M, Kosek E.
hydrotherapy in the management of fibromyalgia syndrome: a Evidence of central inflammation in fibromyalgia — increased
systematic ~ review.  Rheumatol  Int.  2008;29(2):119-130. cerebrospinal fluid interleukin-8 levels. J Neuroimmunol.
doi:10.1007/500296-008-0674-9 2012;242(1-2):33-38. doi:10.1016/j.jneuroim.2011.10.013

114. Cazzola M, Atzeni F, Salaffi F, Stisi S, Cassisi G, Sarzi-Puttini P. 132. Kosek E, Altawil R, Kadetoff D, et al. Evidence of different
Which kind of exercise is best in fibromyalgia therapeutic pro- mediators of central inflammation in dysfunctional and inflam-
grammes? A practical review. Clin Exp Rheumatol. 2010;28(6 matory pain — interleukin-8 in fibromyalgia and interleukin-1 f
Suppl 63):S117-S124. in rheumatoid arthritis. J Neuroimmunol. 2015;280:49-55.

115. Hauser W, Arnold B, Eich W, et al. Management of fibromyalgia doi:10.1016/j.jneuroim.2015.02.002
syndrome—an interdisciplinary evidence-based guideline. German 133. Ortega E, Garcia JJ, Bote ME, et al. Exercise in fibromyalgia and
Med Sci. 2008;6:Doc14. related inflammatory disorders: known effects and unknown

116. Arca EA, Martinelli B, Martin LC, Waisberg CB, Franco RJ. chances. Exerc Immunol Rev. 2009;15:42—-65.

Aquatic exercise is as effective as dry land training to blood 134. Garcia JJ, Cidoncha A, Bote ME, Hinchado MD, Ortega E. Altered
pressure reduction in postmenopausal hypertensive women. profile of chemokines in fibromyalgia patients. Ann Clin Biochem.
Physiother Res Int. 2014;19(2):93-98. doi:10.1002/pri.1565 2014;51(Pt 5):576-581. doi:10.1177/0004563213506413

117. Asa C, Maria S, Katharina SS, Bert A. Aquatic exercise is effective 135. Grossman E, Goldstein DS, Hoffman A, Wacks IR, Epstein M.
in improving exercise performance in patients with heart failure Effects of water immersion on sympathoadrenal and dopa-dopa-
and type 2 diabetes mellitus. Evid Based Complement Alternat mine systems in humans. Am J Physiol. 1992;262(6 Pt 2):R993—
Med. 2012;2012:349209. doi:10.1155/2012/349209 R999. doi:10.1152/ajpregu.1992.262.6.R993

118. Benfield RD, Hortobagyi T, Tanner CJ, Swanson M, Heitkemper 136. Johansen LB, Pump B, Warberg J, Christensen NJ, Norsk P.
MM, Newton ER. The effects of hydrotherapy on anxiety, pain, Preventing hemodilution abolishes natriuresis of water immersion
neuroendocrine responses, and contraction dynamics during labor. in humans. Am J Physiol. 1998;275(3 Pt 2):R879-888.
Biol Res Nurs. 2010;12(1):28-36. doi:10.1177/1099800410361535 doi:10.1152/ajpregu.1998.275.3.R879

119. Tander B, Gunes S, Boke O, et al. Polymorphisms of the serotonin- 137. Semiz EA, Hizmetli S, Semiz M, et al. Serum cortisol and dehy-
2A receptor and catechol-O-methyltransferase genes: a study on droepiandrosterone-sulfate levels after balneotherapy and physical
fibromyalgia susceptibility. Rheumatol Int. 2008;28(7):685-691. therapy in patients with fibromyalgia. Saudi Med J. 2016;37
doi:10.1007/500296-008-0525-8 (5):544-550. doi:10.15537/sm;j.2016.5.15032

2006  supmicyour manuscript Journal of Pain Research 2019:12

Dove


https://doi.org/10.1016/j.jpsychores.2010.09.012
https://doi.org/10.1111/papr.12321
https://doi.org/10.1016/j.neubiorev.2004.06.004
https://doi.org/10.1002/pmrj.12158
https://doi.org/10.1093/rheumatology/kep182
https://doi.org/10.1007/s00296-008-0674-9
https://doi.org/10.1002/pri.1565
https://doi.org/10.1155/2012/349209
https://doi.org/10.1177/1099800410361535
https://doi.org/10.1007/s00296-008-0525-8
https://doi.org/10.1186/1471-2474-8-119
https://doi.org/10.1016/j.semarthrit.2006.09.006
https://doi.org/10.1016/j.semarthrit.2006.09.006
https://doi.org/10.1016/j.mehy.2007.06.033
https://doi.org/10.2165/00063030-200115080-00004
https://doi.org/10.2165/00063030-200115080-00004
https://doi.org/10.1177/1744806917724559
https://doi.org/10.1177/1744806917724559
https://doi.org/10.1097/AJP.0b013e31817e13a3
https://doi.org/10.1097/AJP.0b013e31817e13a3
https://doi.org/10.2147/CIA.S60330
https://doi.org/10.2147/CIA.S60330
https://doi.org/10.1111/j.1600-0838.2010.01132.x
https://doi.org/10.1016/j.jneuroim.2011.10.013
https://doi.org/10.1016/j.jneuroim.2015.02.002
https://doi.org/10.1177/0004563213506413
https://doi.org/10.1152/ajpregu.1992.262.6.R993
https://doi.org/10.1152/ajpregu.1998.275.3.R879
https://doi.org/10.15537/smj.2016.5.15032
http://www.dovepress.com
http://www.dovepress.com

Dove

Zamunér et al

138

139.

140.

. Connelly TP, Sheldahl LM, Tristani FE, et al. Effect of increased
central blood volume with water immersion on plasma catechola-
mines during exercise. J Appl Physiol. 1990;69(2):651-656.
doi:10.1152/jappl.1990.69.2.651

Sramek P, Simeckova M, Jansky L, Savlikova J, Vybiral S. Human
physiological responses to immersion into water of different tem-
peratures. Eur J Appl Physiol. 2000;81(5):436-442. doi:10.1007/
s004210050065

Bote ME, Garcia JJ, Hinchado MD, Ortega E. Fibromyalgia:
anti-inflammatory and stress responses after acute moderate
exercise. PLoS One. 2013;8(9):e74524. doi:10.1371/journal.
pone.0074524

Journal of Pain Research

Publish your work in this journal

The Journal of Pain Research is an international, peer reviewed, open
access, online journal that welcomes laboratory and clinical findings in
the fields of pain research and the prevention and management of pain.
Original research, reviews, symposium reports, hypothesis formation
and commentaries are all considered for publication. The manuscript

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

141. Naumann J, Sadaghiani C. Therapeutic benefit of balneotherapy and
hydrotherapy in the management of fibromyalgia syndrome: a quali-
tative systematic review and meta-analysis of randomized controlled
trials. Arthritis Res Ther. 2014;16(4):R141. doi:10.1186/ar4603

142. Hauser W, Urrutia G, Tort S, Uceyler N, Walitt B. Serotonin and
noradrenaline reuptake inhibitors (SNRIs) for fibromyalgia syn-
drome. Cochrane Database Syst Rev. 2013;(1):CD010292.
doi:10.1002/14651858.CD010292

143. Hauser W, Wolfe F, Tolle T, Uceyler N, Sommer C. The role of
antidepressants in the management of fibromyalgia syndrome: a
systematic review and meta-analysis. CNS Drugs. 2012;26(4):297—
307. doi:10.2165/11598970-000000000-00000

Dove

management system is completely online and includes a very quick
and fair peer-review system, which is all easy to use. Visit http://
www.dovepress.com/testimonials.php to read real quotes from pub-
lished authors.

Journal of Pain Research 2019:12

submit your manuscript 2007

Dove


https://doi.org/10.1152/jappl.1990.69.2.651
https://doi.org/10.1007/s004210050065
https://doi.org/10.1007/s004210050065
https://doi.org/10.1371/journal.pone.0074524
https://doi.org/10.1371/journal.pone.0074524
https://doi.org/10.1186/ar4603
https://doi.org/10.1002/14651858.CD010292
https://doi.org/10.2165/11598970-000000000-00000
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

