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SUMMARY. Buckgntunt l .  Trcatmcnt  o l ' l ' ibromyalg ia syndromc (FMS) rcmains a c l in ica l  chal -
lcnge.  Pain,  somat ic  and cogni t ive symptoms may bc duc to neuroscnsi t izat ion involv ing CNS-ac-
tivated autonomic and rnusculoskclctal rcactions, associatcd with EEC abnormalit ics that may
rcspond to bra inwavc-bascd st imulat ion b iof 'cedback.  This s tudy 's  ob. jcct ivc was to cxaminc thc
cl' l ' ic^acy and sal'cty ol 'a novcl E,EG ncurobiof'ccdback trcatmcnt. thc Flcxyx Ncurothcrapy Sys-
tcmu (FNS).  and c lcct rophvsio logical  rcsponscs in  pcrsons wi th f - ibnrmyalg ia.

Methrx ls .  A randomizcd,  doublc-bt ind,  p laccbo-contro l lcd c l in ica l  t r ia l  was conductcd in  two
privatc practiccs: a l 'rcc-standing ncurobiol'ccdhack ccntcr and a rhcurnatologist's ol ' l ' icc at an aca-
dcmic mcdical  ccntcr .  S ix ty- lbur  par t ic ipants wi th FMS lAmcr ican Col lcgc o l 'Rhcumatology cr i -
tcr ia :  Wol l 'c  c t  a l . .  1990) l i r r  a t  lcast  thrcc ycars and symptoms lbr  at  lcast  - l t i  months wi th no rcccnt
rcr .n iss ion wcrc randornizcd to t rcatmcnt .  A tota l  o l '22 t rcatrncnt  scssions wcrc adminis lcrcd ovcr
a t l c a s t  l l w c c k s o l ' a c t i v c l n = 3 3 ) o r s h a m ( n = 3 1 ) F N S t h e r a p y . P r i m a r y c l ' l ' i c a c y m c a s u r c s w c r c
thc Cl in ica l  Global  Imprc-ss ions inrprovcmc'nI  scorcs,  Cl in ic ian (CGI- l )  and Part ic ipant  (PGI- l )
vcrs ions.  Sccondary outcomcs inc ludcd dolor imctry and tcndcr  point  count .  qucst ionnaircs ( l ' ibro-
myalg ia symptom scalcs.  CNS Dysl 'unct ion Qucst ionnairc .  F ibromyalg ia Impact  Qucst ionnairc ,
Symptom Chcckl is t -90- l t ) .  and t ,EG act iv i ty  (dc l ta,  a lpha,  to ta l  ampl i tudc) .

Re.sul t .s .  Morc par t ic ipants t rcatcd wi th act ivc FNS than wi th sham i rnprovcd par t ia l ly  or  l 'u l ly
on  l hc  C ]G l - l  a t  scss ion  22  1p  = .01 )  and  l i r l k rw -up  (p  = .0 .1 ) .  Thc  ac t i vc  FNS g roup  had  a  h ighc r
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CGI- I  fu l l responsc ratc at  scss ion22(p<.05)  but  not  at  one-wcck post- t rcatmcnt  (p =.01) .  Signi f - -

icant active versus sham PGI-l responses wcrc not dctectcd (p>.10).Therc was no signil icant trcat-

ment effcct on any secondary outcome measure and no specific symptom improvcd prcfcrentially

with activc compirrcd with sham FNS. Thc most commonly rcportcd sidc cl ' l 'cct was latiguc/tircd-

ness. Pre-rrcarment delta/alpha EEG amplitude ratio > I was associated with PGI-l (but not CGI-I)

rcsponsc indcpcndcnt t lf trcaLmcnt group ussignmcnt.
Conclusion. FNS monothcrapy is insul't ' icicnt lbr trcating chrtlnic, nonre mitting FMS. doi:10. 1300/

Jl84vl0n02_03 fArricte copies ot'ailable.for a fee from The Hawonh Dot:ument Del.iven Sen'ice:
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t'om> @ 2006 br- The Hatt'orth Press, Inc' All rights reserved.l
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INTRODUCTION

Fibromyalgia is a syndrome of unknown et i -
ology and uncertain pathophysiology (Simms,
1994). Fibromyalgia syndrome (FMS) is char-
acterized primarily by widespread pain, de-
creased pain threshold, diffuse tenderness,
sleep disturbance, fat igue, and of ien psycho-
logical distress (Forseth, Gran, Husby & Forre ,
1999;  Lawrence e t  a l . ,  1998:  Make la ,  1999;
McBeth ,  Macfar lane,  Hunt ,  &  S i lman,200 l ) .
Diagnosed using the American Col lege of
Rheumatology's (ACR) cr i ter ia (Wolf 'e et al . ,
1990),  this condit ion is more prevalcnt in
women than in men across the ent ire adult  age
spectrum (Wolf-e, Ross, Anderson & Russcl l .
1995: Wolfe. Ross. Anderson. Russell& Heben,
199-5).  Disabi l i ty due to FMS is a nra. jor publ ic
health concern due to impaired functioning in
occupat ional.  social  and family roles. reduced
qual i ty oi l i f 'e,  and increascd health service s ut i -
l izat ion (Burckhardt,  Clark, & Bennett ,  1993:
Ca lahan & B la lock .  1997:  Whi te  &  Har th ,
1999; White, Speechley, Harth, & Ostbye,
1999; Wolf-e & Vancouver Fibromyalgia Con-
scnsus  Group.  1996) .

A cl in ical  diagnosis of FMS requires wide-
sprcad pain lbr at  least three ntonth's durat ion.
Decreased pain threshold is el ic i ted by direct
cl ig i tal  palpat ion of spcci f ic s i tcs cal led tcnder
points (Wolf 'e & Cathey, I  985) and with a prcs-
sure algometer (clolor imeter) (Simrns. Golden-
berg, Felson, & Mason, l9t l8;  Tunks. Crook.
Norman. & Kalaher,  lg l l t t ) .  ACR cr i ter ia de-
f inc "widespreacl"  as pain on palpat ion of 'at
least l  I  of  l8 designated tender point s i tes
(Wol f -e  e t  a l . .  1990) .

Treatment of FMS remains a cl in ical  chal-
lenge. In a meta-analysis of 49 short- tcrm cl ini-
cal  t r ia ls (one wcek to six months) involving
2,066 part ic ipants, Rossy et al .  (1999) found
that many pharmacological and non-phanna-
cological  t reatmcnts benef i ted persons with
FMS. In control led studies, non-pharmacologi-
cal treatrnent was more efficacious than phar-
macological  t reatment alone in improving
self-report  of  FMS symptoms (e.g.,  pain, fa-
t iguc, morning st i f l i ress) and a sirni lar t rcnd for
improvement was fbund on dai ly funct ioning
measures. Howcver.  i lnprovemc-nt in dai ly
funct ioning consistcnt ly showcd the lowest ef-
fect s ize in both pharmacological  and non-
pharnracological  studics. Modcratcly largc ef--
f'ect sizes were found lor improved physical and
psychological  status but ct tmparisons with
pharmacological  t rcatments showed no di l  r-
ent ialef f 'ect.  There were signi f icant benef i ts for
non-pharmacological treatment with and with-
out concurrenl medicat ion use.

Biofcedback is one non-pharmacological
modal i ty.  Biofeedback treatment,  part icular ly
clcctromyclgraphy bioteedback using surface
electromyography (sEMG) procedures, show
mixed results (Rossy et al . ,  1999; Schwartz,
1995:  S i rnms.  1994) .  Dona ldson.  Nc lson and
Schu lz  (1998) .  Mue l le r .  Dona ldson.  Ne lson
and Lyman (2001).  ancl  Flor.  Birbaumer, and
Turk (1990) suggestecl  that the character ist ic
FMS neuro \ornr t i c  s ) ' rnp torn \  (c .9 . .  cogn i t i ve .
rnoocl,  s lccp)nray bc due to a t tcurose nsi t iz i t t ion
process that becomes self-perpetuating through
CNS-act ivated autclnornic ancl Inusculoskeletal
react ions. result ing in muscle ischemia and
hypoxia and the release of pain-produciug sub-
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stances in the periphery that feedback to the
CNS. Thus, tender point abnormalities may
represent secondary hyperalgesia, which de-
pends on central nervous system pain mecha-
nisms (Staud, 2002). The outcome of this pro-
cess may be a chronic generalized pain
syndrome that is associated with EEG abnor-
mal i t ies and that may respond ( i .e. ,  by "CNS
desensitization") to a brainwave-based bio-
f-eedback known as EEG biofeedback or
neurofeedback (Budzynski,  1999; Muel ler et
a l . ,  2001) .

Muel ler et  al .  (2001) treated a prel iminary
series of thir ty pat ients pr imari ly (n = 26) or ex-
clusively (n = 4) with EEG-driven st imulat ion
(EDS), a specific form of ncurofccdback, and
reported that a variety of FMS symptoms im-
provcd substant ial ly.  Treatmcnt endpoint in
this case series was self-reported "noticeable
improvements in mental clarity, mood, and
slcep" and change lrorn diffuse to localized
pa in  (Mue l le re t  a l . ,  2001 ,  p .  9 - j3 ) .  Thus  i t  i s  no t
surpr is ing that they lbund "signi l rcant reduc-
tions in a broad array of symptomatology"
(p. 947). Patients were treated until they re-
sponded, at a cost of  approxiniatcly $3,500 to
$4.500 for assessment and treatment.  EDS
treatment ranged from l6 to tlO hours (mean =
37 hours) sprcad ovcr 5 to 36 wccks (mcan = l5
weeks).  Most pat ients received addit ional ther-
apies including sEMG biol-ecdback, physical
therapy, massage therapy, and medicat ion.

In this study we invest igated thc usc ol ' thc
Flexyx Ncurotherapy Systcrn"" dcvicc- tFNS;
Flexyx. LLC. Walnut Creek. CA). Simi lar to
EDS. which is dcscr ibcd as an " intcract ivc EEG
cntrainment device" that use s a cornbinat ion of
EEG biot'eedback and liequency-niodulated
l ight st i rnulat ion that is f -ed back to thc pat ient to
ent ra in  the  EEG (Mue l le r  e t  a l . ,  2001) ,  FNS
combincs convent ional EEG biol-eedback ancl
subthrcshold phot ic st imulat ion (see Ochs
commentary in this volurne) in an el'lort tir
change EEG patterns (Schoenbcrgcr,  Shif lct t .
Es ty .  Ochs ,  &  Mathe is .  2001) .  ln i t ia l l y ,  FNS
was developed lbr al ter ing EEG pattcrns asso-
c ia tcd  w i th  cogn i t i ve  dys func t ion  and u l t i -
rnately to i lnprove l 'unct i r)ning in pcrsons with
traumatic hrain injury (Schoenberger et al . ,
2001 ).  FNS does not requirc the subject 's at ten-
t ion, fbcus, or oncnt ing toward the f 'eedback
bccausc thc st imulus is not pcrce pt ible.  Instcacl ,

the feedback signal is thought to affect tissues
of the brain and related structures in some as yet
mechanistically undefined way without the
subject's conscious participation (Len Ochs,
personal communicat ion, July 17, 1999).
FNS's potential benefit in fibromyalgia has
been shown only in the described uncontrolled
case series. The mostcommon sideeffects have
been fatigue, anxiety, hyperactivity, and a tem-
porary intensiflcation of symptoms that previ-
ously had been problematic (Len Ochs, personal
communicat ion, July 11, 1999' Schoenberger
et al . ,  2001).  These react ions usual ly resolved
within hours ordays fol lowing temporary with-
drawal fiom and/or decreased exposure to the
feedback, and may havc been due to over-treat-
ment.

We conductcd what is,  to our knowledge, the
f i rst  randomized, double-bl ind, placebo-con-
trolled study to assess the efficacy and safety of
FNS neurofeedback for short-term (22 ses-
sionst2 sessions/week for I  I  weeks) treatment
o l 'oa t ien ts  w i th  FMS.

METHODS

Participants

Outpat ients were recrui tedtothe study attwo
privatc practicc sites, a licc-standing neuro-
biofeedback ccnter in Chevy Chase, MD and a
rheumatologist 's of t ' ice locate d at an acadeuric
rncdical  ccntcr in Chicago, IL.  Thc Chevy
Chase si te also recrui ted via newspaper adver-
t iscnrcnts and at a publ ic mcet ing of ' the local
Fibromyalgia Associat ion. Ini t ia l ly,  a third si te
was involved but due to al leged protocol v iola-
t ions ancl conct:  rns regarding data inlegr i ty this
site was dropped about rnidway through its en-
rol lment;  data lbr these part ic ipants werc not
avai lable for analysis.  Dr.  Len Ochs, developer
o1'the FNS equiprnent, coordinated research ac-
t iv i ty at al l  s i tes. Thc Chicago si te handled ad-
minlstrat ive act iv i t ies and data management.
Each study si te obtained local inst i tut ional rc-
view board approval of  the protocol.  Part ic i-
pants gave written infbrmed consent at scrcen-
ing and were not paid fbr part ic ipat ing.

Enrollment occurred between September
1999 and June 2001.  Se lec t ion  c r i te r ia  in -
cluded: (a) age l8-62 years old; (b) diagnoscd
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with fibromyalgia by ACR criteria (Wolfe et
al., I 990) at least three years before study entry,
by a rheumatologist or appropriate specialist;
(c) experienced symptoms for at least 48
months with no recent remission of symptoms
to any degree; (d) free of chronic viral infection;
(e) no history of any significant medical condi-
t ions such as hepat i t is,  herpes, lupus, mult ip le
sclerosis, rheumatoid arthritis, polio. epilepsy.
rheumatic fever. or cancer, whether a current
condit ion or in remission; ( f )  f ree of any condi-
tion contributing to medical instability, such as
any history of seizures, asthma, diabetes.
hypotension; (g) no history of neck or back sur-
geries; (h) no mult iple chemical sensit iv i t ies;
( i )  no history of debi l i tat ing chronic f  at igue;
()  f iee of developmental  disabi l i t ies, or s igni f i -
cant psychological disorder for which treat-
ment has become necessary, or history of
electroconvulsive therapy; (k) not current ly
taking rnorphine or i ts der ivat ives (e.g.,  oxy-
cont in),  benzodiazepines, or f luoxet ine; ( l )  not
present ly engaged in l i t igat ion regarding their
physicalcondit ion; (rn) no pr iorcxposure to the
study treatment;  (n) at tained a minimum educa-
t ional level of  gradc 8; and (o) able to read and
comprehend Engl ish. Those meeting these cr i-
ter ia were invi ted to a scrce nins evaluat ion that
included dolor imetry and EEG mapping (dc-
scr i  bed below ) to determi ne el i  gibi  I  i ty.  Screen-
ing laboratory tests (blood and ur ine) werc done
to rule out any signi f icant medical  problems
that could contr ibute to symp(oltrs o{ '  f ibro-
myalgia or widespread pain.

Procedures

Studt' 7'reutntent

Based on previous cl in ical  experience, treat-
ment sessions were scheduled twice weekly fbr
cleven weeks. The necessary cquipmelrt  fbr
EEG neurof 'ecdback consists ol  (a) a 2186

DX2-66 MHz personal computer with 8 mega-
bytes of RAM. I  gigabytc harcl  dr ive. tape
backup, 2 ser ial- l  paral lel  input/output ports.
l6-550 UART. S-VGA capabi l i ty.  a nronitor
and ntouse, and capable o1'running Windows
3. I  or Windows 95; (b) J&J Enterpr ises l -330
Compact 2-channel EEG with an on-board
feedback generator powering: (c) J&J E,nter-
pr ises goggles, which inclLrde diodes embecl-

ded in a set of  plast ic glasses; (d) a set of  J&J
goggles modified to be incapable of providing
any feedback; and (e) Flexyx USE-2 Software
and Microsofi Word 6/Excel 5 or MS Office
4.2. The Flexyx USE2 software was written
specif ical ly for this system and is not avai lable
commercially. The equipment has been de-
scr ibed elsewhere (Muel ler et  al . ,  2001; Ochs,
1993.  1997:  Schoenberger  e t  a l . ,  2001) .  MLE
and LO trained the FNS therapists.

Prior to randomizat ion, purt ic ipants were re-
quired to demonstrate an average delta EEG
ampli tude of at  least 3.0 microvolts with a stan-
dard deviation of at least 0.70 on the EEG rnap.
These criteria are based upon clinical traumatic
brain injury data (Schoenberger et al . ,  2001).
Brain stem damage is reflected in suppressed
ampli tudes and this basel ine was establ ished to
assess the presence of dysfunct ion whi le st i l l  a l-
lowing for the effect of medications.

Data from the FNS scrccning/mapping ses-
sion provided the treatment guide for the active/
sharn FNS treatment sessions. This screening
session of topographic EEG assessment was
conducted without any f'eedback component.
FNS rnaps were done undcr medicat ic ln cclndi-
t ions requir in-e that al l  pain and ant idepressant
meclications that can be sal-cly stoppecl not hc
taken fbr48 hours pr iorto mapping. The impor-
tance of this rnapping procedure is that i t  gener-
ates a cr i t ical  path spcci fy ing the sequcnce in
which one l0-20 si te is to be designated as the
"act ive" si te l iom which to mcasure the EEG
during treatment and determines the sequence
in which si tes are treated. The EEG is ntoni-
torecl  lbr lour seconds at each ol2l  electrocle
si tes. The electr ical  act iv i ty at this so-desig-
nated si te controls thc pulsat ion l iequency of
the t-eedback.

El igible part ic ipants wcre randomly as-
si-ened to one of the two treatment condit ions,
ei ther act ive EEG neurofeedback (act ive FNS)
or a placebo condit ion (sham FNS ).  in which al l
aspects of treatment were identical except that
no f 'ecclback was given. Al l  part ic ipants wore
identical -appeari n-u gog g le s/gl asses duri ng the
treatmcnt.  Al though very smal l  electromag-
net ic pl l lses may have been del ivcrecl  through
the electrode wires. the sham FNS goggles/
glasses should not have provided suff ic ient
electrical input to provide f'eedback. A dipole
switch was added to Drevent anv st imulat ion
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from reaching the electrode wires before treat-
ing the frnal 29 participants ( l3 of whom re-
ceived sham FNS). Separate analyses of this
subgroup showed no significant increases in
active versus sham FNS treatment response dif-
ferences so all participants were combined in
the analyses. Goggles/glasses were coded by
the manufacturer and were assigned to each re-
search site by a third party. We considered the
sham (placebo) condition credible because the
intensity of feedback in the treatrnentcondition
is too low to be perceived visual ly.  Strobing of
the diodes could not be perceived by part ic i-
pants in ei ther condit ion. Double-bl inding of
both therapists and participants was maintained
unti I afier the flrst lbl low-up assess ment eval u-
ation, one week post-treatment.

During FNS treatment sessions, act ive and
sham, the participants sat comlbrtably with
their  eyes closed, engaged in no specif ic act iv-
i ty,  with the glasses held by the therapist  so that
the ear pieces did not block thc diodes, and their
ends two inches from the part ic ipant 's cheeks.
The f'eedback intensity was .001 during all
phascs o1'thc treatmcnt. Fce dback se ssions pro-
vided for a minimum of one second and a maxi-
rnum ol ' three scconds per session. A rnaxinrunr
numbcr of thrcc si tcs wcrc trcatcd during a scs-
sion. I f  a part ic ipant could not tolerate three se c-
onds per session ( i .c. ,  report ing trc i l tmcnt-rc-
lated discomfort  dur in-e the sessiort  or within
the subsequent 24 hours) f 'urther reduct ion in
in lcns i ty  was ach icved by  ho ld ing  the  g lasses
up to twenty inches from the part ic ipant 's face.

Participants were permitted to continue sta-
blc closes o[ r ledicat ions during thc study.
Without permit t ing this,  we could not havc en-
rcl l led subjects in this study, l 'ew part ic ipants
were wi l l ing (or thought they would be ablc )  to
stop pain or sleep rnedicat ions, including
psychotropics, dcspitc thcir  apparent ine f f  ec-
t iveness (Scharl- .  2003).  However.  pain rr tedi-
cat ions, psychotropics, and ant i- int larnmatory
rnccl icat ions had to be stoppccl lbr at  lcast -18

hours befbre FNS maps (as dcscr ibed above).
During treatrncnt.  medicat ion doses could bc
reduced i l '  indicated but not raised. ancl  new
medicat ions except fbr those unrelated tcr
f ibromyalgia treatme nt (c.g.,  ant ibiot ics. ant i -
s inus nrecl icat ion) could not be started.

Randomiztrtion

The randomization schedule was obtained
from a website (http://www.randomizer.org;
June 12,2006) and was distributed in separate
blocks of eight to each site. The randomization
ratio varied within each block (i.e., not neces-
sari ly 4:4) but an overal l  l : l  study rat io of ac-
tive FNS to sham treatment was planned.
Blocks of eight were allocated so that treatment
could be unblinded after participants com-
pleted the one-week follow-up evaluation and
sham FNS nonresponders could be offered an
opportunity to repeat the 22-session treatment
protocol with open-label active FNS soon afier
complet ing the bl inded tr ial .  Non-varying and
cqual (4:4) rat ios would al low therapists to de-
tennine the treatment allocation sequence
bccause they also administcrcd the open-label
treatment.

Measurements

Select ing a single pr intary outcornc mca-
suremcnt that adequately characterizes the
FMS trcatment rcsponse is chal lenging be-
cause therc are a number of 'di f l -erent aspects.
Persons may respond to treatment in diverse
ways and FNS could have a variety of eff-ccts.
Thercfbrc several outcorne mcasurement in-
struments, each examining a di f  ferent main do-
rnain of symptom(s) and/or funct ion, wcrc
used.

C I i n icul (]k hu I hn pre ssron

The Cl inical  Global Imprcssions Scale (Guy,
1976)  g loba l  improvement  sca les ,  c l in ic ian-
(CGl- l )  and part ic ipant- (PGl- l )  rated versions,
wcre thc pr imary outcomc measure s.  Al though
there is no -qenerally accepted and reliable mea-
surement lbr gauging severi ty or change in
FMS symptoms this instrument is uscd cxten-
sively in cl in ical  t r ia ls.  White and Harth (  1996)
revicwedoutconrc measures used in cl in ical  t r i -
als for FMS and lbund that the most sensit ive
indicator ol 'change was the physician's global
assessrnent.  Physician global assessment score
as measured by visual analog scale also was a
componcnt of Sirnrns, Felson and Goldenberg's
t  l99 l  t  th rce- i t cm responsc  c r i le  r ia  se t .
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A rating of I (very much improved) or 2
(much improved) on the CGI-I and PGI-I
7-point scales is considered a full response ("re-
mission").  The cl in ic ian-rated severi ty of i l l -
ness (CGI-S) subscale ranges from I (normal,
not at  al l  symptomatic) to 7 (among the mostex-
tremely symptomatic patients) and was rated
prior to the f i rst  t reatment session.

Dolorimetry and Tender Point Counts

Dolorimetry is a procedure for quantita-
tively assessing pain tolerance/threshold over
hypersensitive areas. The dolorimeter used was
a hand-held spring-loaded gauge with a range
of 0- l0 kg and capped with a I  .54 cmr stoppe r
(pressure threshold meter; Pain Diagnostics
and Treatment, lnc.,  Creat Neck, NY). Dolor i-
metry was performed at the l8 sites delineated
in the ACR criteria for flbromyalgia (Wolf'e et
al . ,  1990).  Those performing this procedure.
masters-level trained rheumatology nurse-
pract i t ioners in Chicago and trained non-tnedi-
cal research assistants in Chevy Chase, rvere
taught to increase the dolorimeter pressure at a
consistent rate of (approxi tnately) |  kg/sccond
and to record the pressure at which participants
reported pain, not tendcrness. A mcan dolor i-
metry score was calculated at each assessment
by summing measurements f ion each of the l8
anatomic sites. To rcducc the skew of thc data.
the maximum score recorded at each doloritn-
etry si te was 4 kg/1.-5.1 cml.  Dolor imctry was
repeatcd at sessions 9, 16, 22 and post-treat-
rnent lbl low-up. Inter-rater rc l iabi l i ty data bc-
twcen sites were not obtaincd

Tender point counts were basecl on dolor-
imctry data. lnstead of conduct ing indcpcnde nt
tender point examinat ions, each dolor imetry-
el ic i ted posit ive si te was counted as a tender
point.  Thus, a "posit ive" tender point was de-
f ined as pain el ic i ted by pressure less than zl  kg/
l . -54 cmr at a dolor imetry si te.  At study entrv.
this cr i ter ion level of  pain had to be present in at
least l  l  of  the l t t  ACR cr i ter ia-del ' ined si tes.

F ib ronn ul g i0 Sv tnpt 0m S cul e.s

Participants completed seven Likert-type
scales measuring pain (gener-al ized and spe-
ci f ic) ,  " f ibro-fo-e" (memory, concentrat ion,
mult i tasking; Donaldson, Sel la & Mucl ler,

1998), depression, and fatigue, before starting
treatmentand at sessions 5, 9,  I  3,  16, 19, 22and
at follow-up. For each symptom, participants
were instructed to rate its severity over the pre-
ceding seven days ( including the session day)
on ahorizontal  scalerangingfrom I ("none")to
10 ("extremely severe").

S !-mpt om C he ckl ist -90 - R ( S C I -90 - R )

Psychological factors were measured with
the SCL-90-R (Derogat is,  1994),  a rnult id i-
mensional,  sel f-report  symptom inventory.
The two treatment groups were compared on
the three global indices of the overall extent of
psychological  distress. The Global Sevcri ty In-
dex is a mean of al l  i tems. The Posit ive Symp-
tom Total  and Posit ivc Symptom Distress In-
dex scores are based on all items endorsed as
"not at al l "  responses. Higher scores indicate
more severe symptoms. The SCL-90-R was ad-
ministered at screenins and one-week post-
tr(] atment.

Fibrornvulgia Imput't Quastirnutttire ( FIQ)

The FIQ (Burckhardt.  Clark & Bennett ,
l99l  )  is a br ic l ' ,  se l f -ratccl  rnul l ic l imensional in-
strument 1or assessing symptoms, I 'uncl . ioning
and health status. The t ime f iame is the last
seven days. The modi l- ied version that wc used
included a quest ion regarding number of days
slept wel l  and a chcckl ist  of  symptoms e xpcr i-
enced in the previous three months. Also, we
usccl hor izontal  Likert- type scales. s imi lar t i r
the specif ' ic f  ibrornyalgia synrptom scales and
ranging fiom 0 (no problem/syrnptom absent)
to 9 (symptom very scvere),  instead of thc vi-
sual analog scales. The FIQ was administered at
screening and one-week post-treatrnent.

CltlS Dv.s.fiuu'tiort Que sIirtnrtuirc ( FIa.rt'r,
LLC, t996)

This, instrumcut consists of eight subscales-
sensory, emclt ions, c lar i ty,  energy, memory,
movement.  pain. and "other problems." I t  was
completed prc-treatrrent ancl was repeated at
sessions 9, 16, and 22. The pr incipal focus was
to assess cognit ive concerns (" f ibro- log")
which are reported commonly by patients with
f ibrornyalgia. Subscales have 2 to 13 i tems
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each, which are rated on frequency of occur-
rence from 0 (not at all) to l0 (all the time); the
total score is obtained bv summing the subscale
scores.

Side Effects

Side effects were monitored at each session
by asking participants if they had experienced
any problems or symptoms. These were graded
as 0, none; l ,  does not signi f icant ly interfere
with functioning; 2, significantly interferes
with funct ioning;3, nul l i f  rcs thcrapcut ic cf fcct.

Data Analysis

Baseline characteristics were summarized
for the whole sarnple and by treatment group as-
signment. Categorical variables wcre com-
pared using chi-square or Fisher's exact test fbr
count data and cont inuous var iablcs wcrc com-
pared using independent t-tests fbr means.

Outcome assessments were conducted prior
to that session's treatment.  Thus. session I
baseline assessments were conducted afier ran-
dornizat ion but bel i rre thc l ' i rst  t reatrnent.  and
the f inal  on-treatment assessment.  which was
conducted at scssion 22, was completed pr ic lr  to
the frnal trcatmcnt. The onc-wcck post-trcat-
ment outcomes were conducted afier a wcek of
no trcat l 'ncnt to asscss cont inucd cff  icacy. Bc-
cause the purpose of this report is to prcscnt
acute treatnrent el'lccts. wc arc intcrested
rnainly in the session 22 rcsponsc. but for com-
parison we also report  the one-week post-trcat-
nrcnt outcomcs. Synrptr) ln w() l 'scrr ing at this
lbl low-up could be due to trcatmentdiscont inu-
ation cff'ects and/or loss of supportive contact
with staff .

The primary efficacy measure was the pro-
port ion achieving lul l  response on the CGI-I
and PGI-I  scalcs. Dropping the third study si te
reduced the expected totalenrollnlent to 6-l par-
t ic ipants fbr thc two rcrnaining si tcs. With 32
per treatment group. the power to detect a true
activc vcrsus sham treatrtre nt di f'f 'erencc in rc-
sponse rates is .73. bascd on a predicted 307c
dil'f-erencc in pcrccnta-ee s ol-CGI-l respondcrs.

Active versus sharn treatrncnt rcsoonsc basccl
on dichotomized end-of - t reatment global im-
provcmcnt scores was analyzed using multil 'ari-
atc logist ic regression (Hosnrer & l-emeshow.

2000) for the last available assessment point
(last observation carried fbrward). Baseline
covariates in these models included pre-treat-
ment CGI-S in the CGI-I analysis, and PGI-I
since the initial screening score for the PGI-l
analysis.

Secondary outcomes included two pain
measures (dolorimetry, tender point counts),
and four self-report clinical scales (symptom
scales, CNS Dysfunction Questionnaire, SCL-
90-R distress scales, FIQ). Repeated measures
analyses for data collected at more than two
timc points (including pre-treatment) were
conducted using the generalized estimating
equation approach (GEE; Diggle, Heagerty,
Liang, &Zeger,2002).  GEE models the mean
response as a f unction of time within each treat-
mcnt group and adjusts for within-site correla-
t ions of outcome measures (since subjects
within a single si te are more l ikely to be simi-
lar) .  This approach also permits inclusion of
subjects with missing data so that subjects may
contribute difl-erent numbers of observatiotts.
Pre-treatmcnt baselinc score for the outcome
rneasure was a covariate. Outcomes measured
onl,v twice .  prc-treatment and end of t reatme nt
(ei ther session 22 or one-week post-treatment),
wcre analyzccl using rcpcatcd rneasures analy-
sis of covariance. Dif fbrcnt ial  improvcmcnt in
the active FNS group versus the sham group
was asscsscd by thc treatment group-by-scs-
sion (  t ime ) interact ion. the stat ist ical  test of  pr i -
rnary interest.  Cl inicalsi te (Chevy Chase. Chi-
cago) and i ts interact ions with treatment and
t ime were included in the models. I f  any si te in-
tcract ion tenn was stat ist ical ly s igni f icant,
treatment effect was rc-estimated using only
the Chevy Chase sample sincc most part ic i-
pants wcrc tre atcd there. I f  al l  s i te intcract ion
terms were stat ist ical ly non-signif icant they
were onritted and the site was retained as ir
covariate. Safety data are presented according
t t r  rando ln iza t ion  ass ignmcnt .

E,vokccl  EEG ampli tudes (mean, standard
deviat ionl ,  in microvolts of del ta,  alpha. and to-
tal  act iv i ty.  we rc obtained belbre treatnrent was
administercd and at sessions 9. 16 and 22. Wc
dctermined whether thc bascl inc minus end-
point (session 22) arnpl i tude di f fercd bctwccn
the two treatment groups. CGI-I  and PGI-I  re-
sponses at scssion 22 wcrc cxamined as a func-
t ion of pre-treatment minus session 22 change
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in EEG amplitude means and standard devia-
tions to see if treatment outcome was related to
EEG change. Finally, we explored whether the
global impressions outcomes were related to
relative EEG amplitudes (i.e., ratios; Laibow,
1999). We expected better responses if the
pre-treatment delta mean amplitude was greater
than the alpha mean ampl i tude ( i .e. .  del tn/alpha
ratio > I ).

Statistical analyses were conducted using
the Statistical Package for the Social Sciences
(SPSS fo r  Windows Re lease 6 .1 .3 ,  SPSS Inc . ,
Chi cago, I L, I 99-5 ) and Stata ( Stata Release 7.0,
Stata Corp.,  Col lege Stat ion, TX, 2001).  Data
are presented as frequency counts, percentages.

and mean* I  sd, unless otherwise specif i  ed. Al-
pha level was set to 0.05 for stat ist ical  s igni f i -
cance and results are rcported as two-tailed
tests of hypotheses unless otherwise specified.
As described ahove, mult ip le symptom-relatcd
outcomes were analyzed because of uncer-
tainty regarding the specific outcomc mea-
surc(s) that FNS might af-fect. P values fiom
secclndary outcome measures were interpreted
as dcscr ipt ive in nature. To avoid possible Type
II errors we did not adjust fbr multiple compari-
sons (Rothman, 1990).

RESULTS

R e c ruitment and R e t e ntio tt

Of 159 screened for el ig ibi l i ty (24 in Chi-
cago, 135 in Chcvy Chase),  64 (40c/c) part ic i-
pants met entry criteria and were randomized to
t rca tmcnt  (8  [337c ]  in  Ch icago,  -56  [41V, )  in
Chevy Chase),33 to act ive FNS and 3 1 to sharn
FNS treatment,  and 58 (90.6% ) complcted al l
22 tre atment sessions (30 act ive,28 sharn).  Five
part ic ipants (3 sham, 2 act ive),  al l  f iorn the
Chevy Chase si te.  did ni t t  cornplete at least one
post-randomizat ion el f icacy evaluat ion and
were cxcluded fiorn the treatment outcomc
analyses. Reasons fbr discont i  nuance incl  uded
an extended trip abroad. pret'crred taking rnedi-
cat ion, long comtnute to trct tmcl l t  scssions.
family emergency. and job change that inter-
f 'ered with schedr,r l ing trcatmcnt scssions. No
participant dropped out due to treatment-re-
lated side effects.  C)ne Chevy Chase part ic ipant

dropped out after treatment session l4 due to
intercurrent il lness unrelated to FNS treatment.
Last available data for this participant. who was
randomized to active treatment, were carried
forward in the endpoint CGI-l and PGI-I analy-
ses. GEE analyses were based on the treated
sample of 59. Treatment outcome data col-
lected only at session 22 and/or one-week
post-treatment could be analyzed only for the
58 study completers.

Pre -Treatme nt B as e line

Su trt pl e C hu rut't e ri.st i t '.s

Table I  shows the basel ine comparisons lbr
the two treatment groups. Participants ranged
in age f iom 2l-62 years old, and were mainly
wel l-educated, middle-aged marr ied women.
Most (43; 61 .2%) were employed. On average,
participants reported that their symptoms be-
gan over a decade befbre study entry and that
thcy were first trcated for thcse symptoms ap-
proximately one to three years afier symptom
onset.  However.  they were not diagnosed with
l ibromyalgia unt i l  two to l ive and one-hal l '
years later.  Most commonly, the onset of
f ibrornyalgia symptoms was attr ibuted to phys-
ical  t rauma (e.g.,  accident or in jury) or some
other or unknown causc. Thir tecn pcrccnt re-
ported a farlily history of l ' ibrornyalgia. The
two treatment groups wcrc comparable on all ol'
thcsc character ist ics.

Medication Use

Part ic ipants randomized to act ive FNS re-
portccl using at lcast one more type of medica-
tion at study entry than those randomized to
sham treatment.  However.  Tablc I  shows that
the two treatrncnt groups difftred only in use
of al I er-ey medicati on/decon gestants. Vi tarn i ns
OL).7Vc ).  pain medicat ions (7 |  .9c/c:  persons us-
ing opioids were excluded),  and psychotropics
((t1.1(/c I  part icular ly ant idcpressants and hyp-
not ics) wcrc the rnost f icquent ly used medica-
t ions. Reproduct ive hormone therapies were
used by 34.1' /c (hormonc rcplacement or oral
contracept ive ) .  herbals or cl ietary supplements
rrr  homeopathic rernecl iesby 25c/t .  and muscle
relaxants by 18.87r.  No other type of medica-
t ion was usccl  bv at least lO% of the sample.
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TABLE 1. Baseline Characteristics of Whole Sample and Each Treatment Group
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Number of partacrpants
All Participants

04

FNS Treatment

J J "

Sham Treatment

3 1 4

P valueb

Srte, number (%)

Chevy Chase, MD

Chicago, lL

Age in years, mean (sd)

Gender, number (%) temale

Race/Ethnrcity. number ('/o)

White

Mafltal status, number (%)

Married

Sing le

Divorced

Education In years. mean (sd)

Years since symptom onset,
[/ean (sd)

Years since diagnosed,
l\ilean (sd)

Years since first treatment,
NIean (sd)

Preopitant, number ('/")

Post-rntectron

Physrcal trauma

lntection & trauma

Other/Unknown

Family history FMS, number ("i,)

Medrcatron groups, mean (sd, Range)

ITotal - 271

Allergy/Decongestant Medrcatron.
number {'/.)

CGle seventy, mean (sd. range)

PGl . l  v rs r t  1 ,  mean (sd ,  range)

Tender pornts, mean (sd, range)

Dolorimetry, mean (sd. ranqe)

56 (88)

I  ( 1 3 )

46 .9  (9 .2 )

59 (92)

s9  (92)

3 9  ( 6 1 )

1  I  (28)

7 ( 1 1 )

1 6 . 3  ( 2 . 4 )

1 1 . 3 ( 8 . 1 )
(n  -  63)

5 .6  (3 .2 )
(n  =  63)

e  5  (6 .7 )
(n  =  62)

6 ( e )

25  (3e)

8  ( 1 3 )

2s (3e)

8  ( 1 3 )

4 . 0  ( 1  . 9 )
{ 1  e )

9  ( 1 4 )

4 7  \ 1  . 1 . 3 - 7 )

4 .2  (O .9  .  2 -7)

1 6 . 8 ( 2 . 0 ,  1 1 1 8 )

1 . 6  ( 0  9 .  0 - 3 . s )

? c  / c q \

5  ( 1 s )

4s.9 (9.5)

30  (91 )

31 (94)

1 I  (s5)

1 0 (30)

s  ( 1 5 )

11 .4  ( 8 .2 )
(n = 32)

5 .1  ( 2 .6 )
(n = 32)

10  6  ( 7 .6 )
(n = 32)

3 ( e )

14 142)

4 \121

12  (36 )

4 (12)

4.6 (1 .9)

B 124)

4 . 7  ( 1  . 1 )

4 . 3  ( 1 . 1 )

1 6.8 {2.3)
1 . s  ( 1 . 0 )

28 (90)

3  ( 10 )

48.1 (8.9)

29 (94)

28 (90)

21 (68)

I (26)

2 ( 6 )

16.2 \2.2)

1 1 . 2  ( 8 . 1 )

6 2 (3.6)

8.3 (s.4)
(n = 30)

3  (10 )

1 1 (36)

4  ( 13 )

13 \421

4  ( 1 3 )

3 .4  ( 1  . 7 )

1 ( 3 )

4 .7  11 .1 )

4 .1  (O . / )

16 .8  ( 1  . 8 )

1 .7 (0.9)

. 71

.35

1 .00

.67c

.43d

1 7

1 .00

.01

.03

.27

.30

. c  I

.23

62

89

t 3

a Two partrcipants rn the Flexyx Neurotherapy System (FNS) treatment group and 3 subjects In the sham treatment group. all from the Chevy Chase site,
dropped out of the study before compleling at least one posl-lreatment assessment and were not Included in the outcome analyses. Columns may not
sum to 1 009o due to roundrng.
oBased on chr-square or Frsher's exact test for count data and on t-test for compaflng means.
c Comparrson of whrte versus mrnontres (1 Afflcan-Amencan and 1 Hispanrc In FNS group, and 2 Hrspanrcs and 1 "Other" rn sham group).
d Comparison of married versus unpartnered (srngle. divorced), chi-square test p = .41.
e Clinician's Global lmpressrons, severity of f ibromyaigia (FN,'lS) l lness at screening.
l Patrent s Global lmDressrons. how felt srnce Inrtral screen

During the treatment tr ia l ,  I  I  part ic ipants (8
sham. 3 act ive FNS) decrcased the i rpain and/or
psychotropic medicat ion (X, l  = 2.33, c l f  = I ,  p =
.  t 3 ) .

CIirit 'uI.!'cyclrry

The two treatment groups were conrparably
svmptomatic on thc scrccning CGI-S scale
(rnean = 4.J ' .  nroderatclv to markecl ly synrp-
tornat ic).  The two treatment groups also had
sirni lar ntean dolor imetry (  I  .5- l  .7 kg/ I  .5,1 cml
and pos i t i ve  tender  po in t  ( r rean =  16 .8)  scores ,

indicat ing marked tenderness. At the f i rst  ses-
sion (befbre treatment), the active FNS group
was sl ight ly but s igni f icant ly more severcly
svmptomatic on CGI-S change score (act ive =
.1.9, sham = -1.5 :  t  --  2.11 .  dl-  = 62, p = .0 I  6),  and
the nrean PGI (act ive = .1.3. sham = .1. |  )  incl i -
cu ted  "no  ehangc"  s incc  scrccn ing .

Site Dilfererrce:;

Pre-treatment global impressions and dolor-
irnctry scores differed significantly at the two
sites. The Chicago sample was less severelv
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symptomatic than the Chevy Chase sample on
the CGI-S (screen,3.6 +0.5 versus 4.9 f  1.0, p =

.00 l  ;  sess ion  l ,  3 .9  *  1 .0  versus  4 .9  +  I  .1 ,  p  <

.02)but not on the PGI. Screening dolor imetry
was 2.8 + 0.5 in Chicago and I  .4 + 0.8 in Chevy
Chase, and tender point scores were 14.0 + 3.0
in Chicago and17 .2+ I  .5 in Chevy Chase (both
p < .0005).

Treatment Outcomes

P rima ry O utcome s-Global M easure s
(CGI antl PGI)

As shown in Table 2. there were notable di f-
ferences in the active FNS group response rates
measured with these two scales. In mult ivar iate
logist ic regression analyses, control l ing Ibr
baseline severity and treatment site, active
trcatment was associated with a higher im-
provement rate according to the CGI-I at ses-
s i o n  2 2  ( W a l d  t e s t  =  3 . 9 1 .  d f  =  l .  p  < . 0 5 ) .  A t
onc-week post-treattnent, there was only a
non-significant trend for a treatment group dif-
l ' c rence(Wald tcs t=  3 .  I  t l .  d f=  l ,  p= .07) .  Therc
were no significant treatment group difl 'erences
in PGI-I  scores at ei ther scssion 22 or al
one-wcck post-treatment.

TABLE 2. Summary of Treatment Outcomes-Global
lmpressions lmprovement at Final Session and
One-Week Post-Treatmenta

Session 22 One Week P Valueo
Post-Treatment

FNS Sham FNS Sham Pre-22  Pre '1 -
Week
Post

( n = 3 1 )  ( n = 2 8 )  ( n - 3 1 )  1 n = 2 8 )

CGI- | ,  n 15 (48) 7 (25) r5 (48) 8 (29)
(9.)c

P G I - I . n  7 i . 2 3 )  B ( 2 9 )  8 ( 2 6 )  6 ( 2 1 )
('L1c

a FNS, Flexyx Neurotherapy System@: CGI'1. clinicran's global impress ons
improvement scorei PGI-1, partiopant s global impressions improvement
score .  CGI - l  and PGI - l  ra ted  in  re fe rence to  change s rnce  began t rea tment

o  P va lue  fo r  each g loba l  rmpress ions  rmprovement  score  (CGl -1 ,  PGI  l )  rs
based on logistrc regression model estrmates using the Wald test statrstrc
wrth one degree of freedom tor the treatment effect, adlusted tor srte and
basehne score (CGl-l analysrs rs adlusted tor baseline CGI seventy score
because CGI- l  i s  no t  measured a t  base l ine ;  PGI - l  ana lys is  rs  ad jus ted  lo r
baseline self-reported improvement srnce screenrng vrsit). In ail anaiyses
the treatment-by-site Interactron term was dropped because rt was statrstt-
cally non-srgnrticant. Last observatron was carned torward for one FNS
treated sublect who dropped out alter sessron 1 3.

c Number (q;) rated very much or'much' rmproved.

Participants also were categorized accord-
ing to therapists' ratings of therapeutic effect
taking into account partial responses (moder-
ate/marked versus minimal/no change/worse).
At session 22,act ive FNS was rated as having a
moderate to marked effect for 56.] Va and sham
FNS was rated as having a moderate to marked
effect for 25Vc: one-week post-treatment, ac-
tive and sham FNS were rated as effective for
507c and 25%, respectively. Controlling for
basel ine symptom severi ty,  act ive FNS was
rated as having a greater therapeutic effect than
the sham therapy at session 22 (Wald test =
6. 1,1, df  -  I  ,  p = .01) and one-week post-treat-
ment (Wald test = 4.09, df  = l ,  P = .04).

Se condan' Outc'ome s-Pain und Other
Svntpt om M e us u re rn a nt s

Dolorimetrt'. Table 3 shows that the pain
threshold in the FNS trci l tmcnt group improved
rninimal ly through session 22 and at one-week
post-treatment hrl low-up. Di I' l 'ere nti al i rnprove-
ment was not obscrvcd between the act ivc and
sham FNS groups. Separatc analyses with the
Che vy Chase sample alonc also showed no sig-
ni f icant improvement for act ive versus sham
FNS treatrnent (p > .22).

Tender Poirtts. According to the criteria ol
Sirnms ct al .  (  1988) a tendcr point score reduc-
t ion of at  least 2-5% or a tcnde r point score of l r l
o r  less  (1991)  i s  a  c l in ica l l y  r lean ing fu l  t rea t -
rnent response. As Table 3 shows. no more than
25'/c of thosc in cither treatment group met ci-
thcr of thc Sirnrns et al .  re sponse cr i ter ia at ses-
sion 22 or one-week post-treatrnent.  The per-
centages did not di f fbr s igni f icant ly between
treatrrent groups.

Srn4ttont Sca/c.r. Tablc 4 shows the baseline
and endpoint symptorn scale scores. GEE anal-
yses showed no signi l ' icanl.  t rc i lLrnent-by-t ime
interact ions. indicat ing that symptom reports
dicl not dil 'f 'er betwccn thc FNS and sharn
groups over the course of tre atment on any of
the scvcrr scalcs. Analyscs wcre rcpe atecl  usirrg
data l ' rom sessions -5, 13. and l9 only,  when par-
t ic ipants rernained on their  concomitant medi-
cations. to climinate the "cold-turkey withclrarval
ef ' fbct"  associated with their  discont inuance fbr
'18 hours preceding EEG rnapping (sessions 9,
16, and 22).  These results were not substan-
t ive l l '  d i f fcrent.
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TABLE 3. Summary of Treatment Outcomes by Time Point and Treatment Group-Primary Pain Mea-
sures Baseline and End Point Scoresa

5 t

Pretreatment

FNS Sham

Session 22

FNS Sham

Post-Treatment

FNS Sham

P Valueb

Session 22 Post-
Treatmenl

( n  =  3 1 )  ( n  =  2 8 )  ( n  =  3 1 )  ( n  -  2 8 )  ( n  -  3 1 )  ( n -  2 8 )

D o r o f t m e t r y , m e a n k g / 1 . 5 4 c m 2 ( s d )  1 . 4 7 ( 0 . 9 6 )  1 . 7 2 ( 0 . 8 1 )  1 . 6 7 ( 1  . 0 9 ) c  1 . 5 6 ( 0 . 9 7 )  1 . 4 7 ( 0 . 9 6 ) c  1 . 4 5 ( 1 . 0 1 )  . 1 1

Tenderpo in ts  responders ,  n  (o ; )  7  (22 .6)a  7  Q5.0)  4  (12 .9)0  5  (17 .9)  1 .0

a Mean (sd) scores for FNS group at sessron 22 and 1 -week post-treatment Include last observation carried lomard score lor one subject.

b FNS, Flexyx Neurotherapy System@; P values for doloflmetry are lorthe treatment by-session interaction rn the general estimating equation (GEE) mod-
els. Dolorimetry score statistics are based on modeling the measures at sessrons 9, 1 6, 22 and 1 -week post-treatment follow-up as a l inear lunction ot
baseline score. treatment, site. session, treatment by session, and site by session (site-by-treatment and lreatment-by-site-by-session terms were
non-signiticant and dropped trom the models). P values lor tender pornt responders are based on Fisher's exact test.

c Mean (sd) Includes last obseruatron score for one subJect who dropped out before sessron 22 and post-treatment evaluations but was Included In GEE
anarysrs.

d Includes session 9 score carried foMard for one subiect who droooed out before session 22 and Dost-treatment evaluations.

TABLE 4. Summary of Treatment Outcomes by Time Point and Treatment Group-Specilic Symptom Se-
verity Scales Baseline and End Point Scores

22

72

Pretreatmenl Sess ion  22

FNS Sham

Post-Treatment

FNS Sham

P Valueb

Session 22 Post-
Treatment

F N S

( n  =  3 1 )

Sham

(n =  28) ( n  =  3 1 ) (n  =  28) ( n  =  3 1 ) (n  =  28)

Genera f tzed  parn .  6 .68  (1 .45r
mean {so)

Spec i f rc  parn .  /  35  ( l  501
mean (sd)

S h o r l t e r m m e m o r y  5  r q { 1  / 6 r
mean (soJ

Concent ra t ion ,  5 .39(1 .56)
mean (sd)

Mul t r task lng ,  4 .71  \2 .37)
mean (sd)

Depressron ,  4 .29  (2 .21)
mean (sd)

F a t i g u e ,  7 . 1 9  ( 2 . 1 0 )
mean (so)

5  96  (2  01  )  5 .03  (2 .30)

7 1 8  ( 1 . 6 1 )  6 . 2 3 ( 2 . 2 8 )

s .21  t2 .22)  4  4A (2  04)

5 . 2 5  ( 2 . 2 7 )  4 . 4 7  ( 2 . 0 5 )

5 . 3 9  ( 2 . 1 B )  3 . 8 7  ( 2 . 2 7 \

4 . 1 4  ( 2 . 3 2 )  3 . 4 3  1 2 . 6 1 )

6 . 1 1  ( 2 . 3 0 )  s . 8 3  ( 2 . 3 6 )

5 .07  (2 .36)  5 .33  (2 .s8)

6 .00  (2 .24)  6 .1  7  (2 .38)

4 .64  (2  09)  4  40  (2 .13)

4 .61  12 .2Q)  4 .70  12 .48)

4 .46  (2 .24)  4 .20  12 .7s)

3 .1  1  (2  02)  3 .83  (3 .07)

s .57  \2  32)  6 .23  (2 .60)

5.29 \2.26)

6 .O4 \2 .12)

4 .s4  (2 .08)

4 .61  (2 .28)

4 . 2 9  ( 2 . 1 1 )

3 .71  (2 .39)

5 .61  (2 .21)

30 .33

60 .61

53 .38b

88 .92

67 .82

88 .76

a FNS, Flexyx Neurotherapy System@: P values are for the treatment-by-session Interactron in the general estimatrng equation (GEE) models. Statistics
are based on modeling the scores at sessrons 5. 9, 1 3. 1 6, 1 9, and 22 and aI 1 -week postlreatment lol low-up as a lrnear tunction ol pretreatment baseline
(sessron 1 ) scores. and treatment, srte, session. and treatment-by-sessron (site by sessron. srte-by-treatment. and treatment-by-site-by-sessron lerms
were non-signifrcant and dropped from the models. except as noted In footnote b). For each symptom, severity range = 1 (none) to 1 0 (extremely severe).
One sublect In FNS group dropped out atter sessron 1 3 but was Included In the GEE analysis for both sess on 22 and 1'week posl-treatment outcomes.

D Separate analysis was conducted with the Chevy Chase sample because the s(e-by-treatment Interactron was significant (p < .05) at 1 -week postlreat
ment; the treatment-by-sessron Interactron was not srgnrfrcant In thrs srle-specifrc analysrs

CNS Dt,stilru'tion Questiortttaire. We werc
part icular ly intcrested in changc in cognit ivc
cornpl ai  nts,  especr al  I  y " f i  bro- l 'og," character-
ized by " lbggy" thinking, rcduced abi l i ty to lb-
cus attcnt ion and maint i i in conce ntrat ion. and
tbrge t fu lness  (Mue l le r  e t  a l . ,2001) .  On th is
sell-report symptorn r-neasure, there was no
s ta t i s t i ca l l y  s iqn i f i can t  t rea tn len t -bv- t i rne  in -

teraction tbr the total score or on any of the in-
strument 's eight subscales. Treatmcnt-by-si te
dif'f 'erences were found on the sensory (p < .01 )
and movement (p < .04) subscales but separate
analyses with lhc Chcvy Chase sample re-
r,ealed no signi f icant di f fbrence in outcomes
between act ive and sham FNS.

St 'nrptom Clrcckl ist-90-R. This instrument
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was administered at pre-treatment screenlng
and post-treatment follow-up. As shown in Ta-
ble 5, there were no significant differential
treatment effects on any of the three global dis-
tress change scores. On all global scores and the
nine symptom scales (data not shown), Chi-
cago participants had higher mean scores both
pre- and post-treatment. Moreover, except for
the paLranoid ideation scale, mean scores were
higher in the active treatment group compared
with the sham treat lnent group. Re-analysis
limited to the Chevy Chase sample (N = 49)
showed no significant pre-post treatmcnt dif-
f'erence between active and sham FNS groups.

Fibromtulgia Impact Questiorutuire. Table 6
shows that there were no significant trcatmcnt
effects for any FIQ item. For the "depressed"

and "number of syrnptoms" i tems, data were
reanalyzed with the Chevy Chase sample alone
because there was a signi f icant si te-by-treat-
rnent group interact ion. The trcatme nt-by-t imc
interaction was not significant for either item,
indicat ing no signi f icant cl i l ' f 'ercnce betwcen
the two trcatment groups.

EEG Mults und Treutntut Rcspon.rt'. As
shown in Table 7. thc act ive ancl shant FNS
groups did not di f fer s igni f icant ly in EEG am-
pl i tude change (means attd standard clevir t-
tions) fiorn pre-treatmcnt to the l' inaltreatnlent
scssion. The only EEG correlate ol 'g lobal im-
provement scales outcome was alpha mean
ampli tude, which decreased signi l icant ly in

TABLE 5. Symptom Checkl ist  (SCL)-90-R Global
Indices of Psychological Distress Scoresa

Pretreatmenl Post-Treatmenl

FNS Sham FNS ShAM P VAIUEO

(n =  30)  (n  =  27)  (n  -  30)  \n  =  27)

sham-treated PGI-l responders compared with
the sham-treated nonresponders (b = 1.19,
Wald test = 3.83, df  = I ,  p = .05).  There was a
trend for the alpha standard deviation to be re-
lated to PGI-l response in the active FNS -qroup
( b  =  - 3 . 5 1 ;  W a l d  t e s t  =  3 . 2 4 .  d f  =  l ,  p  =  . 0 7 ) .
Delta mean and standard deviation and total
EEG ampli tude mean and standard deviat ion
were not related to CGI-I or PGI-I response in
treatment group- and site-adjusted logistic re-
gression analyscs.

A pre-treatrnent delti/alpha EEG amplitude
rat io > I  was related to PGI-I  but not CGI-I  re-
sponse rat ings. This relat ionship was signi f i -
cant at one-week post-treatmelrt ;  part ic ipants
with dcl ta/alpha > I ,  compared with those who
had a rat io < 1, had more than a six-fbld higher
odds (odds rat io = 6.44,95% conf idence inter-
val  = I  .65-25.17; p =.007) of PGl- l -rate d "re-

mission." This relat ionship did not di f ler by
tre atment eroup; the ratio-by-trcatment intcr-
act ion was not signi f icant.  At session 22, there
was only a trcnd fbr the clc l ta/alpha rat io to bc
related to response (b = I .  l2;  Wald test = 3.27,
c l l - = l , p = . 0 7 ) .

Ade quacy qf the B linding-Participants'
Guess of Treatment Group Assignment

Bcfore unbl inding at the onc-wcek post-
treatmcnt assessment,  part ic ipants wcrc askcd
what treatment they thought they had received.
Thosc in both treatrncnl groups wcrc cqual ly
accurate in "guessing" their  t reatment.  Twenty
(67%:  n  =  30)  in  the  ac t ive  FNS group anc l  l9
(681c: n = 28)in the shanr FNS group correct ly
iclentified the treatment they had received
(F ishcr 's  cxac t  te  s t ,  p  [2 - ta i l cd ]  =  I  .0 ) .  Accord-
ing to the binomial  test,  nei ther proport ion was
si-sni l ' icant ly greatcr than chance (50c/a) expcc-
ta t ion  (ac t ive  FNS.  P  =  .10 ;  sham,  P =  .09) .
Therc was no signi f icant si te di f ference in
guessing corrcct ly (Chica-qo, 60%; Chevy
Chase.  68%;  F isher 's  exac t  tes t ,  p  [2 - ta i led l  =
1 . 0 ) .

Safety and Side Effects

Of the 59 part ic ipants who completed at least
one post-randornizat ion assessment,  3l  (52.5r/(  )
reported at least one side eff'ect at any time dur-
ing treatment.  Two addit ional part ic ipants, one

GSr.  0 .75  (0 .48)  0 .61  (0 .34)
mean (sd)

P S T .  3 . / . 4  ( 1 8  3 )  3 O . 7  ( 1 2 . 0 )
mean (so)

0 .65  (0 .54)  0 .54  (0 .44)  .87

3 2 . 7  1 1 6 4 )  2 9 7 ( 1 6 1 )  6 l

P S D i ,  1 . 7 3  ( 0 . 3 7 )  1 . 7 2  ( O . 3 7 \  1 . 6 3  ( 0 . 4 4 )  1 . 5 9  ( 0 . 4 1 )  . 2 5
mean (s0)

a  FNS,  F lexyx  Neuro therapy  Sys tem@i GSl ,  G loba l  Sever i ty  index :  PST,
Pos i t rve  Symptom Tota l :  PSDI ,  Pos t t tve  Symptom Drs t ress  index  N -  57 .
pretreatment SCL-gO-F not completed by one sham treated sublect and
one-week post-treatment SCL-gO-R not completed by one FNs'treated
subiect who terminated before the final sessron.

b P value lor treatment-by-sessron Interaction, representtng dtfferentlal im-
provement tor actrve versus sham FNS treatment. Bepeated measures
analysis of covariance model includes treatment group, srte. and all Inier'
actions.
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TABLE 6. Fibromyalgia lmpact Questionnaire lndicesa

5-l

Pretreatmenl Post

FNS

(n = 30)

Treatment

Sham

(n = 28)

FNS

(n =  30)

Sham

(n =  28)

P Valueb

Physical functioning, mean, (sd)

# days feeling good,c mean (sd)

# days slept well,c mean (sd)

# days missed work,c d mean, (sd)

Pain/symptoms Intedere wrth work,o
mean, (sd)

Parn severily, mean (sd)

Tiredness, mean (sd)

Waking tired, mean (sd)

Stiftness, mean (sd)

Tense/anxious, mean (sd)

Depressed, mean (sd)

# symptoms,e mean (sd)

1 .41  1O .77 )

1 .43  (2 .10 )

1 .77 \2.14)

0 .55  (1 .39 )

4.30 (2.98)

6.27 \2.411

7 .63  (1 . s0 )

8.00 (1.44)

6.97 (2.17)

5.30 (2.88)

3 .23  (1 .94 )

17 .53  (4 .55 )

1 .32  (0 .85 )

1 .61  (1 .85 )

1 .82  (1 .93 )

0.22 (0.73)

4.39 (2.73)

6 .43  (1 .79 )

6 .75  (1 .58 )

6 .75  (1 .80 )

6.43 (2.08)

s.04 (2.55)

3.82 (2.42]'

15 .68  (4 .18 )

1 .28  (0 .82 )

2.57 (2.60)

2.43 (2_28)

0.55 (1 .s4)

3.00 (2.79)

5.23 (2.341

6.40 (2.30)

6.43 (2.18)

5.47 (2.83)

4.77 (2.79)

3.63 (3.03)

14.87 (5.76)

1 .1 s (0.87)

2.5O (2.27]'

2.s7 (2.39)'

0.08 (0.35)

3 .39  (3 .1  1 )

5.57 (2.23],

s . 61  (2 .13 )

5.57 (2.s7)

5.43 (2.17)

3.82 (2.63)

3.39 \2.771

13.79 (5.26)

.34

.92

.46

. t o

.33

.8'1

. 1 2

.24

.95

.'17

.70

a N = 58. one-week p^ost-treatment questronnarre not completed by one FNS-treated sublect who termrnated belore the trnal sessron. FNS, Flexyx
Neurotherapy System@.

b P value for treatment-by-session interaction, representing ditferential improvement for active versus sham FNS treatment. Repeated measures analysis
of covarrance model includes treatment group, site, and all Interactions.

c Number (#) of days rn past week (0-7).

o Based on 38 subjects employed at study intake. 20 in the active FNS group and 1 8 In the sham FNS group. Sites combrned because only 3 Chicago sub'
jects were employed.

e Number (#) of symptoms (0-29).

TABLE 7.  FNS EEG Maosa

Pretreatment

FNS

(n =  30)

Sessron 22

F N S

(n -  30)

Sham

( n  =  2 8 )

Sham

(n =  28)

P Va lueb

Alphac mean (sd)

A lphau SD,  mean (sd)

Deltad mean (sd)

Deltad SD, mean (sd)

Total, mean (sd)

Total SD, mean (sd)

4 .07  (1  .27)

1 . 0 3  ( 0 . 3 8 )

3 .69  (0 .55)

1 .20  10 .22)

7 . 8 0  ( 1 . 3 4 )

1 .42  10 .34)

4 . 4 7  ( 1 . 9 6 )

1 . 0 5  ( 0 . 4 9 )

3 . 8 6  ( 0 . 7 7 )

1 . 4 1  ( 0 . 5 5 )

8 . 5 2  1 1 . 9 3 )

1  . 6 1  ( 0 . 5 8 )

4 . 2 0  ( 1 . 7 4 )

1  03  (0  4s)

3 .76  (0 .84)

1  . 1  8  ( 0 . 3 3 )

/  9 4  ( 1 . 9 9 )

1 . 3 5  ( 0 . 4 2 )

4 62 (2.25)

1 .1 5 (0.63)

4 .04  (1  . 1  4 )

1 33 (0.38)

8.63 \2.42)

1 .54 lO.42)

.86

. 7 5

.76

.90

.87

.62

a FNS. Flexyx Neurolherapy System@ Pretreatment versus sessron 22 recordrngs ol EEG amplrtude averaged across 21 scalp srtes, means (microvolts)
and standard devrations (SD). N = 58, postlreatment recording not avarlable tor one FNs-treated sublect who termrnated before the final session.

D P value lor treatment group-by-sessron rnteractron, representrng drtferentral rmprovemenl lor actrve versus sham FNS treatment. Model rncludes treat-
ment group, ste, and all interactrons.

c  A lpha -  B '12  Hz.

d  De l la  =  1 -a  Hz.

in the act ive FNS grol lp and one in the sharn
FNS group, rcportcd a sidc cf f tct  only at the
one-week lbl low-up. The percentages report-
ing side ef fects cl i l l 'ered signi f icant ly (Xr = 7.35.
d l ' =  I ,  p  < . 0 0 7 )  b e t w c e n  a c t i v e  ( 1 4 . 2 % )  n r l

sharn (-j-5.77 ) trcatment groups. 
'Ihe 

sytnptorn
rcporte d most cornmonly, tatiguc/tiredness, was
reported by l3 part ic ipants (10 in the act ive
FNS group).  Pain, including headache, was rc-
ported by l0 part ic ipant"s (6 in the act ive FNS
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group). Three participants in the active FNS
group reported pain/fatigue associated with
stopping their medications at the FNS mapping
sessions (sessions 9, 16, and 22).Four part ic i-
pants in the active FNS group reported sleep,
drowsiness, or change in sleep patterns. Three
participants in the active FNS group reported
stiffness or muscle spasms. No other symptom
was reported by more than two participants.
Most side effects occurred early in the course of
treatment;  2l  part ic ipants (  l5 with FNS, 6 with
sham) reported at least one at session 5. dimin-
ish ing  to  on ly  l0  (6  w i th  FNS,2  w i th  sham;by
the last two sessions and 8 at fbl low-up. Earl ier
in treatment. most side effects did not affect
f'unctioning. During later scssions, 50'ft -64'/c

of side effects were rated as severe enough to in-
terfere with funct ioning. For two part ic ipants
receiving active FNS, side effects were rated as
"nullifies therapeutic ef'fbct"; one participant
did not report  this level of  scveri ty unt i l  thc
one-week post-treatment assessment. None
dropped out due to sidc ef l -ects,  but in a fcw
cases treatment sessions were suspended tetn-
porar i ly he fore resuming.

DISCUSSION

The major f ' incl ing in this f i rst  randomizccl
control led cl i nical tri al ol'FNS fbr treati ng FM S
was that only the cl in ic ian-rated global impres-
sions scores dctected a trcatmcnt-relatcd rc-
sponse, which persisted through one-week
post-treatment fol low-up only fbr thc corn-
bincd part ial  and f l l l  rcsponclers. Signif icant ly
more part ic ipants treated with act ive compared
with sham FNS were ratcd as part ial ly or ful ly
remitted. This result is tempered by the finding
that CGI-I  and PGI- l  outcomes were cl iscrep-
ant,  with cl in ic ians'  rat ings more opt imist ic
than those of part ic ipants. Moreover.  a pl 'e-
treatmcnt delta/alpha EEG ampli tudc rat io > I
was associated with PGI-I  (but not CGI-I)
responsc independent ol' treatlncnt groLlp
assignment.

Improvement in global s1'mptoms has been
usecl to rneasure outcorne in cl in ical  t r ia ls in-
volving other somatic condit ions, such as i rr i ta-
ble bowel syndrome (Brandt et al . .  2002).  As in
irr i table bowel syndrome. the cl in ic ian's treat-
ment strategy for managing FNS is symp-

tom-driven, so we also examined symptom out-
comes. Dolorimetry ratings and tender point
counts did not improve signi f icant ly more in
the active than in the sham FNS group, and
other symptom, psychological, and function-
ing measures showed no bcnefit fbr active FNS
compared with sham.

Three studies on the efficacy of FNS have
been publ ished and two, both by the same
group, involved pat ients with f ibromyalgia.
The first was a retrospective study of 252 pa-
tients ref'erred with fibromyalgia, but only 157
me t ACR cr i tcr ia plus had sleep and mental  pro-
cessing problems (Donaldson, Sel la & Muel ler,
1998).  Only 44 completed treatment and 40 re-
ported syrnptonlatic improvement (6 had no
symptoms). EEG neurofeedback was com-
bined with sEMG biofeeclback and other myo-
fascial treatment, and continued until symp-
toms reached a platcau, usual ly after threc to six
rnonths of the integrated re-9imen.

The second study, descr ibed earl ier (Muel ler

e t  a l . ,  2001) ,  invo lved 30  consccut ive  ou tpa-
t ients with ACR-diagnosed f ibromyalgia (-5
also haclchronic fat iguc syndromc). Thcrc was
no control  group, treatment was non-bl indcd
cl inical  pract ice, and pat ients paid for t rcal-
rncnt.  Al l  but lbur had at least one addit iortal
non-pharmacological  therapeut ic moclal i ty
(sEMG, physical  and/or massagc therapy) and
cont inued treatment unt i  I  they experienced sul-
l ' ic ient syrnptort tat ic re l ief ,  or ran out t t f  t i rne or
rnoncy I  or f  

'urthe 
r  thcrapy. Thcir  pat icnts avcr-

aged 5 I  .9 hours of l reatme nt over 14.7 weeks,
compared with 22 sessions ovcr i l  tn ininrum cl l '
I  I  weeks in clur study.

Did we under-treat ' l  Muel ler et  al .  (200l )  re-
portcd that pain measurcs (percent of body in-
volved in pain. pressure algometry,  tender
points;  only I  7 ol '30 had the lat ter two reassess-
ments) as wel l  as other f ibromyalgia symptoms
improved signi f icant ly at the conclusion of ac-
t i  vc treatment.  Fol low-up assessl.nent i  ndicated
that.  courparcd to pre-trcir t l l tent,  pat icnts indi-

cate d they we re on average 62.2 t 21.6(/r in-r-
provecl 3 to l8 lnonths (mean = 8.2 months)
post-trcatme nt.

In the third study (Schoenberger et al . .  200 I  ) ,
l2 pat ients with traurnat ic brain injury were
randomized to receive 25 FNS treatl-nent ses-
sions over 5 to 8 weeks inirnediatelv or af ier l
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delay of 6 to 8 weeks ("wait-list" control
group). The immediate active treatment group
was compared at time 2 with the delayed (con-
trol) group, which was post-treatment for the
former group and pre-treatment for the latter
group. The active treatment group improved
significantly on a range of symptoms. Particu-
larly relevant for fibromyalgia vis-I-vis the
"fibro-fog" symptoms (which we measured
with the CNS Dysfunct ion Quest ionnaire and
the concentration, short-term memory, and
mult i tasking symptom scales),  s igni f icant im-
provement was observed on measures of
cognit ive funct ioning.

Based on the prornising results of these threc
studies, we conducted this double-bl ind, pla-
cebo-control led cl in ical  t r ia l .  The results raise
quest ions regarding FNS's treatment eff  icacy
as wel l  as study val idi ty.  What happened?

Does FNS real ly work or did the global im-
prcssions scalc mcasurc somc othcr aspcct of
improvement,  such as the qual i ty of the part ic i-
pants'  rc lat ionship with thc thcrapist '? Thc
CGI-1, not the PGI-1. rat ing was the a pr ior i  pr i -
mary outcomc and the outcome on which the
power analysis was bascd. In fact.  CGI- l  act ivc
vs. sham response di f ferences were 23% and
l9(/c at session 22 and onc-wcck post-trcat.-
mcnt,  rcspcct ively.  Including part ial  rcspond-
ers in the analysis ol ' therapeut ic el ' f 'ect,  the di l ' -
f-ercnccs wcrc 3l.J(/c; ;tt session 22 and 25c/c ,tI
one-week post-treatment. These latter differ-
cnccs are closr: to our prcdictcd 307c dil 'f 'crcncc.
thc basis f i l r  our powcr analysis.

Nevertheless, how can wc explain the dis-
crepancy bctwccn cl in ic ian and part ic ipant
global impressions rat ings' l  For cxample, dic l
thcrapists "brcak thc bl ind" and wcrc rat ings bi-
ased according to expcctat ions and awareness
of treatment al locat ion (note, we had no mea-
sure of c l in ic ians'  "guesses," only part ic ipants'
gucsse s) '? Was si te hcte rogene i ty.  c i ther r  n typc
of'FMS patients secn, the therapists/cvaluators.
or trcatment urientation at thesc two clil-l 'erent
geographical ly dist inct locales a source of
study inVal idi ty ' l  Was Ihc sharn Lrci"r tnrent a true
p laccbo ( i .e . ,  was  i t  rea l l y  inac t ive  b io log i -
cal ly) ' l  Are 22 scssions an aclequate treatrnent
regirnen'? Was the experirnental  design incon-
sistent with actual FNS use in cl in ical  pract ice
in regards to the nun-rber ol ' t reatmcnt sessions
ancl concorni  tant i  ntcrvent ions' .)

Did the blind remain intact? Although ac-
tive- and sham-treated participants were equally
accurate in guessing treatment assignment,
those in the active group were more likely to
rate the study treatment as more effective than
previous treatment and those in the sham group
were more likely to rate study treatment as no
different or worse than previous treatment.
Moreover, of those rating themselves as remit-
ted, FNS treatment was rated as more effective
than previous treatments by IOOVI at session 22
and937c at one-week post-treatment. Of those
who did not rate themsclves as remitted, only
29% at session 22 and33Vc at one-week post-
treatment ratcd the treatment as more effective
than previous treatmcnt.  Thus, there is some ev-
idence that treatment "guesses," perceived
comparativt: treatment efficacy and, to a lesser
extent. self-rated improvement (PGI-I) were
associated.

An important methodological  issue must bc
raised here-does the site heterogeneity repre-
scnt truc diff-crcncc in FMS patients, particu-
larly in regards to symptom severity, or does it
indicate a lack ol- inter-rater rel iabi l i ty '? Thera-
oists rcceivcd the same trainins in administer-
ing tr."trn.nt incl recording EE-G activity (FNS
maps).  Howcver,  dolor imetry raters did not un-
dergo inter-rater rc l iabi l i ty t raining. Chicago
raters were two masters-level trained rheuma-
tology nurse-pract i t ioners with considcrablc
experience in conduct ing dolor imetry exami-
nat ions. In Chevy Chase, fbur people with di-
versc cl in ical  backgrounds did the dolor imetry
rat ings-a registered nurse, two myolascial ina-
t ional ly ccrt i l ' iccl  massagc thcrapists,  and a very
experienced sEMG therapist .  Two of these rat-
ers lef t the study but trained their replacemonts.
Dolorirnetry has becn considered more objc-c-
t ive than tender point examinat ion; neverthe-
lcss. discrcpancics bctwccn dolor irnetry and
tender point digi tal  exam have been reported
(Cott  et  al . ,  1992: Wolf 'e,  Ross, Andcrson, &
Russe l l ,  199-5 :  Wol fc  e t  a l . .  1990) .  Th is  i s  a
moot point in our case because tender point
counts wcre dcr ived l iorn dolor inrctry as
described by Muel lcret al .  (2001 );  inclependent
cl igi tal  examinat ion was not done.

Except ing thc therapist  CGI, al l  other ou1-
come instruments are participant-rated. AI-
thou-sh no speci l . ic inter-rater rel iabi l i ty t rain-
ing on the CGI- l  scale was conducted. there also
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were no statistically significant site differences
on this outcome. Analytically, concerns can be
raised regarding the comparatively smaller
Chicago sample. To compensate. s i te was in-
cluded as a factor and separate site-specific
analyses were conducted when significant in-
teractions involving site were found. Another
problem was that the study's power was dimin-
ished afler the third site was dropped midway
through the study, which was compounded by
an effect size that was smaller than expected.

While the pathogenesis of fibromyalgia is
not well understood. the proposed theories
share the postulate that these patients do not
perceive or respond normally to physical or
psychological  stresses (Block, 1999).  Thcse
stresses are l ikely to be mult i factor ial ,  requir ing
a combined therapeutic approach. Furthcr-
more, not all I ' ibromyalgia may bc alike-
fibromyalgia attributed to different etiologic
factors may respond differently in terms o['ratc
and cornpleteness. For example, FMS acquired
post-infection (9%; of our sarnplc) may bc
slower to respond compared with FMS that de-
veloped post-physical  t rauma (397c of our sam-
plc);  l3% of our sample re ported both of these
factors and 39c/c reported "other/unknown"

precipi tants.  Donaldson, Scl la,  and Muel ler
( 1998) reported that those who responded only
sl ight ly gave histor ies ol '  I ' ibromyalgia tr ig-
gercd by a viral inf'ection whcreas those who
were greatly improved or symptom-free gave
histor ies of an antecedent trauma.

A possible l imitat ion of our study is that
those with debi l i tat ing chronic {-at igLre were not
inclucled. Thus, our sample may have been
somewhat atypical  of  FMS pat ients seekins
treatment.  In fact,  our sarnple could have in-
cluded pat ients with co-exist ing chronic fa-
tigue symptoms but they were not lhe more
SCVCTE CASCS.

The most important linding may be that for
f ihromyalgia pat ients EEG treatrncnt alone is
not sufficient for recovery. In this study we ex-
amined the the rapeut ic eff icacy of FNS r lono-
therapy. Cl inicallv. fibromyal gi a patients treated
with FNS receive a mult i rnoclal  t reatment regi-
men including the sEMG ancl myofascial  t reat-
ment as well, because the pain from the body
tencls to perpetuate the CNS problems. prevent-
ing recovery (Donaldson, Nelson & Schulz.
1998;  Mue l le re t  a l . ,  2001 ) .  I t  may be  nece ssary

to combine the EEG stimulation with sEMG to
get rid of muscle imbalances thatcause spasms.
sEMG is used to teach people to retrain their
muscles, thereby reducing muscle spasm. The
EMG identifies the problem. and the patient is
given specific exercises to do at home. The
sEMG treatment is coordinated with myofascial
release treatment. The fascial constrictions that
bui ld up over years of imbalances have to be re-
moved by myofascial therapy in order for the
patient to regain l'ull muscle function. The EEG
stimulation may facilitate muscle relaxation as
well as sofiening of trigger points/tender points
by some as yet not understood mechanism.
Lichtbroun, Raicer,  and Smith (2001) noted
sinr i lar ly that cranial  c lectrotherapy st imula-
tion. while more effective than a sham treat-
ment cornparator lbr treating f'ibromyalgia, has
potentiated the ef fbcts o1'biol'eedback when the
two were given together tor migraine (Brotman,
1989).  Interact ions among these various l t ' lo-
dal i t ies and the need to individual izetreatments
complicatc the design ancl conduct of c l in ical
tr ia ls involving FNS or other EEG-bascd st im-
ulat ion for f ihromyalgia.

Final ly,  Paterson and Dieppe (200-5) noted
that placebo or sham control led tr ia l  designs
uscd for e valuat ing comple x non-pharmace ut i -
cal  intervent ions rnay gencrate lalse negat ive
resu I ts. Rcduced acti ve-shan1 treatment ef-fect
sizes and inadequately powered studies can re-
sult fiom failure to consider that factors such as
cmpathy ancl focusecl at te nt ion may be integral .
not "non-specific," aspects of the total treat-
ment cf fcct.  This certainly is a considerat ion in
FNS therapy.

Cont inued inves t iga t ion  o f  non-phar tna-
cological  intcrvent ions in wel l -dcsignecl con-
trolled clinical trials is essential. Wallace ( l99l\.
c i t ing Pioro-Boisset.  Esdai le,  and Fitzcharles
( 1996),  noted that in Canada 9l ' /c <tt 'FMS pa-
tients. compared with63'/a of control rheumatic
cl iscasc pat ients.  usc complcrrcntary and al tcr-
nat ive medicine rneasures. Our negat ive study
may have been due at least in part  to an experi-
rnental  desrgn that was inconsistent with how
FNS is used in cl in ical  pract ice. such as in terrns
of concomitant intervent ions and nurnbcr o1'
treatment sessions. Thus. cliff-erences between
research  and c l in ica l  p rac t icc  sc t t ings  rn  how
and when FNS is administerecl may account for
discrenant treatment outcontes.
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