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Tension type headache is a common type of headache due to
pathophysiological change of pericranial muscle. Botulinum toxin can reduce
presynaptic release of various neurotransmitters. Therefore, several clinical studies had
investigated the effect of botulinum toxin for treating tension type headache.

We have performed systematic review and meta-analysis of these studies. The
following medical subject heading search terms “botulinum toxin” and “tension type
headache” were searched in “Pubmed”, “Ovid” and “The Cochrane Library” from 1980
to June 2006. In this search, limitation was “randomized controlled trial (RCT)”. We
found six trials from these databases involving treatment of tension type headache. Four
from six trials were eligible for meta-analysis divided into 2 papers of Dyspor’[® (n=115)
and 2 papers of Botox®(n =100).

The results from meta-analysis revealed that 500 MU botulinum toxin type A
[Dysport®] can not reduce pain and duration from tension type headache when
compared with placebo. Score of pooled mean difference of AUC [pain intensity x pain
duration] is 0.09 (95%CI| = -43.05 04 43.24, p value = 0.99). Furthermore, 100 MU
botulinum toxin type A [Botox®] can not reduce pain from tension type headache when
compared with placebo, that is the same way as Dysport®. Score of pooled effect size of
pain intensity is -0.02 (95%CI = -0.42 to 0.37, p value = 0.92)

In summary, the results from this project reveal that botulinum toxin type A dose

not have the efficacy in the treatment of tension type headache.
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dlmenduazile 7 serotype d¢ldur 1iln A S G TnaluyAunendueiin G aznud
plasmid ,14A C1 WAz D WU bacteriophages Wazain A,B,E LAY F WULY bacterial
chromosome usltannzluyatimendugiin A uazaila B whiluianansadudnguadlé

Tunsanziaiuuluafitazdnsn luluyddunendutiin A viatdimenzTuyaix

\
Saa

nanduaiin A anunsnsudnguaadlduaritlsz@ninmlunisesngnsnandriuyatiumen
TULin B

Tasvairaasluyfiumenduaiin A aztlsznaudagdauiifiu nontoxin protein T4
¥iviein 300 KDA wazdauiihi neurotoxin protein Faslvivein 150 KDA Bautiaflu 2 dou
Aot C-terminal heavy chain TN 100 KDA LavduiiElu Noterminal light
chain Htinin 50 kDA Taeidass heavy chain Seansnsaurieléifly N-terminal (H,) uaz C-

terminal (H.)
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QNBNANATINE(9)

Acetylcholine (ACh) Qﬂ@"fﬂﬂmﬂ acetylcoenzyme A (acetyl CoA) uaz choline lag
4 enzyme choline acetyltransferase (CAT) %I\i ACh ﬁgm’éﬂﬁugmﬁuiﬂu vesicle Lﬁlﬂfl
NN3NILEU presynaptic neuron axing release ACh TneNIz19UNIT exocytosis Fagaqld
synaptobrevin ‘ﬁlfagjuu synaptic vesicle uWay SNAP-25 il syntaxin ‘ﬁlﬂgj‘]_lu plasma
membrane f9azdusauiutly SNARE complex Y Alunnsvali vesicle a9
acetylcholine #1419099:L LAY nerve terminal Aawufiazilantlaas acetylcholine aanuNT
synaptic cleft Tay postsynaptic receptor%\immﬂu muscarinic (mAChRs) %38 nicotinic
receptor (NAChRs) ﬁ”Lﬁmﬂﬁfu ACh %Qﬂ‘ﬁﬁmﬂim enzyme acetylcholinesterase (AChE)
& choline way acetate %I\‘l choline AZn uptake navudnldlu presynaptic terminal L‘ﬁlﬂ
wnlia¥e ACh Tusi(10)

el luyatmendugia A Salszneudaadauiiily nontoxin protein Gl

¥iuiin 300 KDA uav@uiiiu neurotoxin protein AaTtiTn 150 KDA Sautiafhi 2 dou
Aol heavy chain TN 100 KDA wazdauiifly light chain Thiwiein 50 kDA 117
1/31904989 mortor neuron WA2 H_ domain 9184 heavy chain azLiluFaaLiL receptor‘ﬁl
presynaptic membrane 1ummxﬁﬁmmi fuse TIN184 synaptic vesicle MU plasma
membrane AALTN exocytosis &Lum@mf\i neurotransmitter%ﬂ receptor sznausag
gangliosides (complex glycolipids) L1 GT1b %mgjuu outer surface 184 plasma
membrane uAZALITL coreceptor A8 SV2 wdsantuwiAans endocytosis wesiuyaiunan
FULAZIARA vesicle acidify syndafhuladesinls heavy chain Wag light chain Lanaanan
Tulag light chain augiendnldlu cytoplasm ﬁ’mfb‘ﬁllﬂu zinc-dependent endoprotease
49z cleave DEN9IANNZIANYAT SNAP-25 Faifludanilsznatmiieres SNARE complex f
azm i ladiianssaniiuii SNARE complex deuali vesicle 184 acetylcholine 14
anunsolilsaadniu nerve terminal IdAaslaiifansantlaes acetylcholine 3
acetylcholine Hanan9091%1An muscle contraction 1§ Fsthunnseiganisvdses
acetylcholine Auinaziiualunisanennisandsus tension type Wnuimnilfisedeaula
Tunsdirsnzdeinuislss@nsnavesluynaiuneniulunisineainislonfsee tension

type AIHAAINALINNITEBNANE ML 2
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Presyn apiic
merve ending

FA
j HARE complex

B dhain

hichain
Bea il Fouit R T ]
reurataxin B mieumdaxin A

51 2 Lmmﬂ@1ﬂﬂWi@@ﬂqw%mmiumaﬁm@ﬂ%u (10)

drutlsznavaaslunadunandu (11)
frsuenesluyatimenduilidaslutlaqiiuasiier 2 fnfufe BOTOX uay
DYSPORT%@%@@@@ﬁﬁ?ﬂ@xﬂizﬂﬂuﬁqmiuuﬁﬁmm@ﬂ%umﬁm A viuiReaiuwsazsaiuly
drunsansauiitlsznatlusngy Tae BOTOX® fluanstsynetndetenaas hemagglutinin
protein il 500 mcg 184 human albumin fid 0.9 mg 184 sodium chloride IAEILBAL vial
11999 100 unit uaniedi DYSPORT® luansilsynetidetauans hemagglutinin e
fiu BOTOX" usl DYSPORT® sznaw fiag 125 mcg 284 human albumin kazdauilsenay

auluAn3ulgur 2.5 mg 199 lactose Tuusiaz vial 1999 DYSPORT® 500 units kazfes
azaneIAng sodium chloride BP (0.9%) wazsiadgldnieli 1 #2114 %9 human albumin i
ﬁiﬂﬂmﬁumnm:ﬁmﬁmmu:miﬁqﬁﬂﬁ BOTOX fifit/33170u human albumin 1NNy
Aenanama [FAndn sanfsianns assay Ausansaifiuinls 1unit 1es BOTOX uaz

DYSPORT" f#iAauuss lun1seangnauansneiufsuanslugii 3
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Parameter Botox™ Dysport™

Serotype A A

SNARE target SMNAPLS SMNAPLS

pH 74 74

Excipients Adbumin 500 pgvial Adbumin 125 pgvial
MaCl 900 pp/vial Lactose 2500 ppvial

Biological potency (MU vial) 100 500

Potency conversion factor 1 1/3

Complex size 900 kDa 900 kD

Specific biological activity 20 MU-A/ngNC-B 100 MU-Lng™NC-D

Corrected® specific hiological activity 60 MU-EY/ngBNT 100 MU-E¥/ngBNT

BNT: botulinum neurotoxing MU-A: mouse units as measured by the Allergan mouse assay;

MU-EV: equivalent mouse units, | MU-EV = | MU-A = 3 MU = 40 MU-E; MU-I: mouse units as measured by the Ipsen mouse assay;

NC-B: Botox® neurotoxin/non-toxic protein complex; NC-D: Dysport™ neurotoxin/non-toxic protein complex

519 3 uansdautlsznevlumifuuaradnussluniseengmazestuyatiunandy (11)

N15228N19ARNN (Clinical trial)

YU NTANEINIITNARAY (Experimental study) el seiiunelsc@ntuna

(efficacy) 20935n195 N lunysel TnalinnsAneFaumauNan1s3nEsyndeusazngy

D

Yo o ! o -dl ' 1 -dl ¥ =2 %’/ Vo o
VIVLE”I?UﬂW??ﬂH”I NIAIZMNIAR! IﬂEI‘VILLM@ZﬂQNVIL°I.|’1?QNﬂW?ﬂﬂHWHMi@?Uﬂ’]??ﬂHW wazN19LEN

AARNNEA LT T LA AL (12)

sluuuaulee (13)

a o

dnnuaniddendnAyet 7 wuu TunislszidulsydAnnanazanuilasaduaasen
pasia i

1. Case report/Case series

¥
=X | %

3| KR dl a ] a o £

WuseunsiiAnmfnsauliinguacuaudniaiuay Case o
senddertailianunsnriunaivanyRgauldiiesanliinguacuanuazauangios
v v ' 1 < o = 1% o o ¥
fafaannusiadnelsfinudaasdidselomilunisairapanuszingeds (awareness) lunisld
en'lgl

2. Non- comparative study
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= X o = a5 a v A a

nsAnsuuutiilunisAnmnisc@nsuareasenlunguithananlalaalud
ngnauAmiuda Fauney

3. Case — controlled study

dlunis@Ansiuy nonexperimental studies ﬁﬁﬂwﬁﬁﬂuﬂﬁd(retrospective

- o A gy oA o g L e o =

study) IﬁmL?N@Wﬂﬂ’]’a‘ﬂﬂL@ﬂﬂaﬂﬁ]m/miﬁ‘ﬂvlﬁ‘ﬂ outcome Vl[ﬁlﬂ\?ﬂﬁ’j‘ﬂgLL@fJV]”m’Wﬁﬂ‘hﬁ
¥ o dl a 3 o dl dl 3 Y a ?:/ = [ 1
EI@‘LW]ZQ\‘IL‘W‘ﬂ')Lm"]%ﬂﬂ@@ﬂmﬂﬁﬂ%ﬂﬂmﬂ outcome U I@ﬂﬂﬁ?Lﬂ?ﬂULWﬂUﬂUﬂ@Nﬂ’)U@N
= oAy oo . v R
gafunquinliilsauazidnmairindifesiu case Wninngawinnazinlé

4. Cohort study

\{lun1sAn®1 nonexperimental studies anuuunide Inannsian nLlsetnng

1 '
a =

| aa o = X = o Ay o P My s
ngunRadu@asianla nsdnsuuuBimaunziasldlunisdenliainnsoninsgulsusa
vy A A ¥ ¥ o o 1 ¥ ¥ a o o a
Ia1dY A FIBd AN UINARLNNNNN Lasaas kAN luNIRARINNANIIFNEWIY Nﬂi&luﬁm

Pnun M lunrseiiulssAnanauaasn

5. Randomized controlled trial (RCT)
RCT {lun1sAn® ULl experimental design Adnusinisdmaangilos
agine¥anu Anszuaunisguiieeliflaunsinendaenaulalasn Faumauiuaivaen

W08 1N1IMFIU TUREUL2IN9N RCT Adnanslugiii 3
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oy
nauwléen
. 0
(experimental or —
intervention group) outcome
oo A A e
naugtlae ey G NANNAFUEN 5
WEUFNG — (random —p YAaRN —
outcome
o A . .
ARALADN aliocation) (control)
nguw biFueN o)
ﬁ
HIRTFIU outcome

gﬂﬁ 3 lpasunsNLaAd Randomized controlled trial (13)
a o .il’ 1 o n:ll v 1 = . .
N1998LUU RCT ummmummmm:rmzmﬂm exposed ARLINNTA intervention

- parallel trial AauanglugLFNuLL
. v Yo A . . [ % = 1
- cross-over trial Qﬂ%@ﬂﬂ?ﬂﬂ’]ﬁ?ﬂ intervention N2 TpeIdlgzaziing
FENINUFAY intervention T93aNI1 washout period Tngl washout period Hazgnasntias
~ X o o o P , \ o A A !
e lATUALd NAT0INNAdUINEIAIRADBL WM lAN18 AR NUE AL WTaNiEENG)
carry-over effects
N3 g1unIn cross-over RCT BinsngiunisAnenuavasend Winalunisinmeisa
~ . > o A X o ~ A A o =
wazdl duration &1 winnziulsaniiuBefuazianisAinaanssazliaNNIN1IANEN
dgl o % = . . 1 v
1ANAINY RCT WL cross-over 4a13190 1L FeUlAzILNaw8 intervention 59 7 sluggﬂf)ﬂ
= o %
ALLAERTU LA
UANANNITULNATNANEUZNNT exposed ABENLAY §9NAEN1738N RCT AN

o . - X ~ , P A . Y \
@ﬂ‘]ﬂmsz‘W‘V]HLL@%Q‘UQWI?W‘LIWT@LLN‘V]?ﬁuﬁum‘ﬂ\‘lﬂﬁ‘mﬂ intervention aNA¢ il
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b2
% [ %

Lo = = oy o a =2 a
- open trial WlunnsAnenviaunmel Jiloe uasnatdsnnAunURTinges
2
. . . | o =2 dl L7 1 a dl Vo
- single-blind trial ludneuznisAnmigilaelinsuatinaesennlaiuly
dl Cs a dl ¥ 1 1 Yo
AnzunneaznIuTinaesenfgiasusarngula iy
- double-blind trial tflu RCT Maunmnsuazfilaelainsuaiinnesenilaiy

Tnewialdsiasdinisu@nen wisa intervention THRANHENAULATsAT ATadAENLALIA

|
1y

A A P o 1 =
ampule UTAATUNLNNAUNU ”me:Lﬂuﬂﬂwwmmmmnmmm mﬂmu@:mmm
(781041 “double dummy” RCT il double-blind, randomized, placebo controlled trail

o = A 4 A A A N a o
NﬂLﬂuﬂ’]?ﬂﬂ‘iﬂmwuqmﬂﬂ@N’]ﬂW@‘@ Iaganndamm (bias) [5]"]'6‘;@

o 1%

- triple-blind 1un13AnEAWNaL double-blind trial wWAAzsININTINAAEN
o Y [~3 ] =® a dl N Yo v 1 [
AnnRasastays fazlinsudatinuasenngiaaldiusaduiu (14)

nenuzdea1ed outcome variables N lunisdniss@nguaresen uiialdifu 3

aialue] Aa (14)

]
17 I

- nominal variables (classificatory variables) udiayanidunisiLia

a

%

dszinmiilunguadnedaiau i ane/ldane Ww/ldidulsa s

- ordinal variables (rank variables) iludeyafifinisuingulnefinig
(Fe9aNAL L pain scale kil Tuan Uanties dantunana damunn dapaunulalls
Wi

- ratio variables ({1 variable fiszezvinaszudnausazAyinfuas iy
continuous scale AIBENNLTI ANHARTIANNUBNLIFTANNIFG 7] AINNES siwin s

v
a o A

% Y dl o a [ % .
m@mmm‘ﬂmww@ﬂﬂumm AL ANBNATRIENTUNAN UL nominal,

%

ordinal 1139 ratio $9xY9ABIAFILLLNIUAARY ADINIVAS e NazAan FaTA N zax

o p
ANRAITINN 1
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Gl’l'i’]\‘l‘VI 140 ’WI?‘LI variable 1A °'| (15)
TUALRY | two-independent two-related 3 or more 3 or more
Variables samples samples independent related samples
(paired/matched) samples (paired/matched)
Nominal Chi Square McNemar Sign Kruskal-Wallis Friedman
Ordinal | Mann-Whitney U Rank Wilcoxon
Signed ranks
Ratio Parametric Parametric Parametric Parametric
T-test Paired T-test ANOVA ANOVA repeated
measure
Nonparametric Nonparametric Nonparametric | Nonparametric
Mann-Whitney U | Wilcoxon Signed Kruskal-Wallis Friedman

ranks

nstszidunnun neuisalngldinousiaes Jadad score (16) TAAZULLANEARD 5

AZLUY UHIEIANNHNAN 91981919

1. 19 1 AZUU FUFLNNUD

2. 19 1 AZLUY A1U51N0

197 0 AzLUY A1951a0

AANNILADT MANT random

197 0 AZLUY A1U51Ua0

UIREN

UIREN

a/dd

Juilu RCT

a v aa

1NRUNANIT random BENAUUNITAN 11 ANTATFIN YT

'
a o A

'
a o

AUNHADUNTN \NoUINg

lauandnilnng random asingls

3
o a

Az LN Al

Taiflu RCT vizaluuandnidlu RCT vigala

W -1 AzLUY U5 UNURRERRN1T random T winnzad ww ngldiaaduna

1z sviaLlszandagilos

3. 197 1 AzUY A151N1UAY RN double blind

19 0 AzLWL A u5uenundei 1l

blind 7214

4.1 1 AZLUY &195190

anwnuziii identical placebo vi3awilu double dummy

'
A o aA

UIRLNNNNT double blind LUK

n"9 double blind ¥i3aluLan31dn13 double

YAN 11U N7 lEEN AR

1 0 AzLu dusuanuidei luuandninig double blind asinals
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a o

I -1 Azuuu AUFURISENEnIT double blind ldwnnzan 1y n1sldanni
stluuuldmdeuiu (nquuilsldenda annquldanan)
5. 19 1 Azuuu A ufaniddsnusnianatazauughanaanannmaaesnau
NTNARBIAULA
T 0 Azuuu Audisdsanliuenanauazawaugioaiisanainnimaass
AAUNNINARBIRUGA
6. Systematic review
[ a o aid a o dld al o
uniesausseniddsinaanie RCT NRgUMLILNWIRENALAZ AN
nidmdauiuihNdeziaunweuldaTae b ld9snmsatif lunssusuna ans
WIADNAEENGT NINLNIUAL WHIZULTIAUNW (qualitative systematic reviews)
7. Meta-analysis
ABaN191NdRYAT89YNNUIAUNEWNUEINNIAALABNAINNTNUNIY
q350ungsnatnailuszuy (Systematic review) NnAasziizaniu v inald3an1sneadfmng
1 statistical power ﬁ@ﬁu
& a g a .
AUABUNIFTAIATIZUBNNY (Procedure of meta-analysis) (12,17)
1. nManuuaReulalunisiaisniaenseenulae
TnenuunReuluien ¥newaswtiiesin i dfasaundnaziaensieeny
ae d - cd o 5 Yo R I
Adeireslanniimezd TeRenluazdessvylidaianaseunguilszifusiag - Anaeiy
AnwozwargluuLaEn199e99eulAe Usznausan 3UuunnisI4s (research
. o a o a QI dld
design) AneUea9Lsrr1nIN1e TUIEUANY THATAIRINARRINANE (type of
interventions) NMan@anaaedliiuniag@ne (treatment allocation to the subjects) waz

NNFIAANAANT (outcome measurement) UBNLTZANTUAUDIRINAAD

2. NAYT MINITAUUNIUANE

Y v 1 a o

N9AWININENUIdtATALAUdayanATY | Al e ldsneenuIdeT
Z// A Vo aa o M Yo aa - 1Y ¥ v
psauAqN M ldunsRRuiuarlllAFuntsaian uwassiumdeyatlsznaudas

v = a .
- INULRYABLAANTBUA (electronic database)

'
¥

wler

a oo

- LANENIEN9BY LASUTTTUNRNTHABNTIENIU e

o X ds
- ey uazaulaluiiianinaesnismunau
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- MaAuIGnEHe
- UnAREiRAINNNTUTTINANNN
- PNENNUANNUUINUFN ]

17 = a

sudeyadiaanseiin Dadduunassumuadsn i unsARIRINgn uay

49 a
'

FrudayandrAnyresnuiddenianisunndldun Pubmed, Ovid, Scisearch waz The
Cochrane Library IngnsAuvnandusiasnivunseiaumisand1Aty (search index of
key word or MeSH term) ﬁﬂi@ﬂﬂquﬁﬂi’mmu
Aefiaula MefunIBifeNEAEIATeLAGNIASsTn SR LAz 80 Winviu
3.MIUTENULAZNNTTILTINIU
UES P RIER RIGE Tt ”mgﬂizmqﬁLﬁﬂﬁ@ﬁimﬁﬂQf]mgﬂ INQETGN,
AN AT AUNIAUR A INLANA N IBINAN T Tma%umuﬁmﬁ;:iﬂi:l,ﬁummm
AenAuAuldachation 2 vinu ihaarzAerulunsdadanesuniide
nistsziunnnnTewuIde lugiuy RCT (14)
1. 977813 RCT R1AFUNsAfu ArsilsstunnInmaadeinyise
(peer reviewer) NOUAIANNA 1I198196119 ) LATATHAIULRY correspondence el
Fansnfiauadadauds uavdalguauusifanfunuide
2. dauumidn (introduction) AYTUBNDMANS dAQUsEaR LAY
@uuﬁgmm@wmﬁﬁﬂﬁﬁmu
3. s2llauasnn97498 (research methodology)
- inclusion WA exclusion criteria AMFARAARAIAL
M LsraAenUIaE
- 7UUULUAAE (study design) AdssrydaLaudnlgen
nmsgIuvizeevaeniunguAILAN wazAsTzyTiinges RCT 4y parallel trial, cross-
over trial L‘ﬁl'ﬂ@a\m@ﬁwﬁ(outcome) 2B9UAAE
- 43im blinding 3 {lutRia single, double %3 triple blind
Failuasioans (bias) lun17uladnulae
- 194w (randomization) A3sldANANNIENRENIMNITAN

o = o~ = X | = P
memmmLumL‘uu‘mwmmumm@uﬂ?zmmw LANAINNL
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- glanaInNguLlszaInsfanting (sample size) AT UARSDN
o dl =) A o o o a o o K K 1 aa % 1
ﬂqﬁ‘ﬂunMLW’m_l'ﬂﬂﬂ\?ﬂ’)qﬂJﬁJuﬁl@'}ﬂﬂ&lm'ﬂ\?N@Qf]uQ@ﬂ Imﬂmu\immmm l1@LLT'] alpha (Ievel
of significance, probablilty of false positive result; type | error) Iagialidinlden alpha
Winfiu 0.05. beta (probabililty of false negative result; type Il error), delta (amount of
difference to be detected), ANLaatI(mean), ﬁifnﬁmmummﬂm (standard deviation) U84
principle outcome variable power IngLnfiAn power Winiu 1-beta lnenuumaAn beta 13
¥aeaz 10-20
A a o
- ?w:mmﬂﬂummmmmN@ﬂﬁﬁm:m
o galo N A . A ANy
- HRQANDNIA I@EI@'WNL‘W?_N primary outcome UTRNN
primary outcome WAz secondary outcome WazALTLU surrogate outcome NeaNFUNM
Tmesialy
- NNIANIATN NAD ARSI ANUINE A RIAAARRINLTHA

b [ '8 v 1 . . . .
WAIUBYAUDINAAND Taun nominal, ordinal L@y ratio variable

v
o o a

4. NIUAPNNANIANEN (result) AATUBNTNANMETIEH DN FINUAAE
a8NANNIIANEA (drop out) AYTUAANHIEN TN NARAaNIdNAWALE

ANNIANTDENS
daaLs TABATUI AN NAD AL intention to treat (ITT) el AN Ta UL

a o ai aly v
NAIIUARENARNDAR LA

5. N139213004A (discussion) AYINANRDNTRANARUBINLINE
U dATYIRINANITINY 29N extrapolation UBINANITIAEIATABAARBINLITLIMLILINNUASY
IRFAYRITEER
4.471UNa189N199LANTI
[ dl v a = v v Zj/ 1 [~ ] aa
PAINT gLsNNantslssiiuFauiasndn duseldidunsldian1mieatinn

a a‘d‘ ¥ a dl ' dll A dl 1 = 1
fJLﬂ?’]:‘ﬁLW@M’WI@@‘Q‘}JLﬁﬂl@m’]m%u’]lﬁmﬂ@ sﬁﬁ‘ﬂ:ﬂ@’ni’m@&‘ﬂﬂﬂmﬂjﬂ
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a ¢ a

ADH LUNIFIATITNDNNIY

o o

1. m9m (17)

Fadnlsc@ninnaesdmasesntianldanaazas ludnsuzaessiouls

wULARLERY (continuous outcome) BATER wisnaansuLuLaeanNgu (binary outcome)

Continuous outcome

. [« 1 o rdl o o dj =
- mean difference luAnaaningnineaninlugtlrefniamai

=

Anwouzsiaileani daganliainaudduinisnszatauiulng uazenuiaamantiuld

dl A A oo A o o a a KR | o o a ' aa

LATENNAUTANATIALAN AU IUNNTTANATIIAATY 11U NN9IRAMNALWTATRA ﬂ’]?’&ﬁ;ﬂﬂ’]@ﬂﬁ]
o o dya ¥ I I dl o 1o
193 assinnitianld “AnNLRnNA1NIa9ARAE” NAWINNL

Di = X4 Xy

o

Tne x,,, x,, uAeaaluwIudas FuFUNguAaeIUAZNENALIAN FAINAAL

10
- standardized mean difference %74 effect size Iﬁumzﬁﬁ%’m&@

Junsideiinisnazanauuntng uivAdeusasGedldunnssauansnetilunisdnuansng

e 1y sziuauguuseslsantaineT Taald State Rating Scale Feazlai

Ve uI89n13 AN Asndaq A7 effect size (ES) ﬁmmmﬁwmmﬁmn@m

ES, = (X,, —%)/S,

=

Tner x,, —x,, HuAeasrangunaseaznguaLAnlwaud&ed i uay S, iudau
\JenNmI§ U39 (pooled standard deviation) aldiannnisAudILTELUNIRIFY

NANYNANGY (S,) WAZNANAILAN (S,)

2 2
S :\I (ny=1) (S;) "+ (ng=1) (Sy) 7 (ny+n-2)
Toer n,uaz n, WwanwudielungunaasauaznguatLAy mNaAL
Binary outcome

| o o a o 4‘ dla d} dl
dusdnanansienilaniaunnnlun1InAaeINIegINIsNTIHan

Weaduld1s 2 s annsauansnan i luglaasnies 2x2 Asil
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Aawenisal | ldnawgniend 9%
naNNAaeY | A C A+C
NANAILAN | B D B+D

[ %

ANAINAINITRTnR A wiAEtnasiuunaAnmnnnsallaal
pmtnaziluaesnisiawanIsallungunaaes = A/A+C
pNnaziiureInIsnAmANITinguNAaey =B/B+D

- relative risk, risk ratio Y98 rate ratio (RR) ludnauuainang
ihazifluasniafavnnisalluassnguiilsaiauiu (P,/P, ) HAwinil RR Al lias
d J 4 - . dov wee A o
UANTNAMNLAEN (risk) Wralanianaziameanisad annisfgiaaladuenauladnmulnag
azuantlugilaasiasas 199ANAENaINNN HFUENRFHLWEUAT RR = 1 wansdnlad
1 [ % 1 1 dl = o % n‘d‘ a

ANHUANANSAUIz I aasnguITaLaUAW duvnnisainsanlauns gy

(undesirable outcome) wazA1 RR A lftiaendn 1 ugANNTmANITluluNgunAaeg

v : Soa A < o L

teandnlunguatuax duReamisauladnedkaanANA@ea89mRNTlTu ] Tunns

o o/ 1% rdl a . 1 dl 14 1
naufuduuanisainenanladunalud@aunan (desirable outcome) wazeAn RR Mldunnan

1 Mn8ANd NsdnawsNsaitiulunguneaesuInndt lunguAsLAn tiupeenfisnaula

AndTananuwanisalludisuanuinnaniiues

- absolute risk reduction (ARR %78 RD) L{uuas19721319A97%

Wrazifuresnisniamgn1al N uNAABILAZNENATLANAINAIIN ARR=[a/(a+C)]-

[b/(b+d)] Al ldazueniivieaazaesdibanauisntleanuldlinamanisniiidunals

auldlaanislieniauladnunlunsaiiniafamnnisailungunasesdunnndi lungs

AILIAN NAGNST LHBNa3ENI1 absolute risk increase (ART) @9 ARR Wiy 0 uanein ldd

AYNHNUANANNAUTENINNARINGN

- Number needed to treat (NNT) a1n@1 ARR 731 leannnsnsintal

ANUIMNAN NNT B9 AN Ugaunauaed ARR (NNT=1/ARR) NNT dawlunisiimesi

T unsuszifivilszdnsnaaesen Tnarnldazuantsauaugilaenasfieslazuannig

=& d‘ d‘ o a o‘all 3| a = dl Y a a

guladne anazilasiunisinawnznisaindlunaludeas vsama liinanaludauan 1

winn1sndie RR HAlilasuuilas NNT azlipudsunduiudiaosideslunguinlazuen

wWFeney (baseline risk) nN9dnaulan1epanninaziaanldvizaldldealagunn
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#an3nun1Aa1nAl ARR waz NNT Tagr NNT fidATet < innaaand e ey
anladneiugieeienifau fazarsotlesiunafiawmanisallinelszasdlugion s 1
o Y o dld 1 nl/ A v V% dl =K o v [ o
A lunemseiuduiu NNT AAINN 7 upe sesienauladnsiugdaeduaiuou
=2 o a e a o dgl L
nnasaztlesiunisiamenisalibeaiuillalugion 1 Au
- 0dd ratio (OR) ludndauaes odds semaneandanguiLseniey
fiu AmFuAn odds Tuwsiaznguazdawiniumuiaziiluifawmanisal nssaemy
1 | dl a " ¥ v g 1o 1 dl 1o
thazilunlaifamnnisniainangednesiu OR azlAwiNAL ad/be A1 OR AWy 1
' dl a rdl ?.'/ { 1 ! [ :l/ A 1=
wnneANd lannsiazifiamgnisaiaulaluisaesngulduansiieiy duaeliianng
wANFNgTEMINARINg NN FaLRLTY OR Azl lndihes RR Tunstiimgnisninanla
Matutiasin wu annsduliilseasfainnsldnnulites vseasld OR unu RR 14
TunstinladannnsnAtuans RR 16 1 case-control studies
2. M9UsUHUANNARILARITENINNATBIINLNUIAE (Assessment of
homogeneity among results)

a

nsnaaaLneanantanldae Q-statistic TsnaAaaL mull hypothesis %

a o | '

, ' = = o o A 0 -0 - _ 9 py 0 =
NANIAIMNANTANIUBRITIENTUIALHANUNINUUUAR HO' = 5 T =  bHB AR

'
a a

1 a a al dl 4 1% a o 1 aa I o %4
ﬂ’]ﬂﬁ‘t@ﬂﬁ.ﬂquﬂ\i@\‘m@@’ENVILLVI@NV]VLQQWTN'WH']@EI IPEANATA Q A¥HNNINIZANEFIARNE
o o 1 aa Qll (e dl A o a o
NUAITNITANEAIUBANANANER X N degree of freedom WAL k-1 LHA k AR A11IUINUIAE

Wagann Q-statistic AN 1A (sensitivity) A1 TUN1IATIRABLAITNLANANNLRINANTIAE

1 o 0 o

TR faudidn Q-statistic A ldaz s Aoynieadi uifenadluly§Tinansisemanti
WANBNNTUATS SLum:ﬁLmﬁzﬁ@ﬁm??ﬁiqLLuxﬁﬂﬁﬁ’mumxﬁuﬁmﬁWﬁm&lﬁ 0,10 A1 P<0.10

waAiHansAse T lEuAnseiuedeiiTad Aymneaalunsiliduilrsinisdumang
%l\‘ifm@Lﬁmmn@mﬁﬂwmm@wuﬁﬁﬂ (study characteristics) ﬁﬂmmﬁmmﬂmma%}u LAY

A3n19nmEzaN 1NN AL TN UNATIN LT AN TN N9 RN ARadAZ Ea TR LA LT
TumaLLU4N (random effect model) 1A P>0.10 u@n3Han153aed 1 lduansinariu

2
o o |<vdll|

' a o v @ a 61 dl v ¥ KX o [ % 3;// a g
AL WNULANATY LA NvLﬂLﬂuﬂ’ﬁWQ@uQ’]N@Wi@MﬂQWNﬂﬂﬁﬂﬂ@ﬂﬂu AN NMTIUATISU

o

THAALLLAINUNAL T E NN AN 11N AN LN A TN FE AN BN NURIRINAAD
3. ‘Emmmmumﬁu@ummﬁm
- THAALLILAST (fixed effect model ) N3FLATIZUANNATINNNAD

dl =2 ¥ a d‘ ' a o 1 d‘ o = QI
mﬂ"l,ré’ﬁmLmLL‘UUmmwmmmmum;ﬂ;mmm TENTIUINERN °) NMNINITANBIEAINAIRN
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winauiy Az lFuadansmilauiy LasANNLANANRNATUITUIN9N1TRaeTuNA Wadan
Y a a ] 1 Z// d! A 1 a o . . . .
donananiEguintu Badadiluacuulstsounialuanuidde (within-study variation)
wazazligniiuiiansanluduneunisdamssidaya

-IuwaKLLgH (random effect model) NsaATIzinTL FTNAA
wuuguazEiamuteannrgundmanuasinadansunnsaiu erananalddusias

I~ ] o 1

PIENNUIAEAD uiazFvatinsiduNIAINLsEaNI NN AN TIBIAMNARDINWANFNNTTY Tae
AYNUANFNSTIAATURA MBI AN s FuN e lWwIURAELeY uasEIRAMENIATN
fladedu 9 Nenaiuasetszdnsnintesdmaaes tailuanulslsussndnewniiey
(between-study variation)
ad aa a . a ! d} 1%
Taneana luwaunsinsziednululunasig o Sedszneunig Tiaa

A | 2 o maa , ' A
LLUUﬂQWLL@xIML@@LLUU@N uuﬂ\‘]NrJﬁLLEﬂH@ﬂiﬂIuLLm@ZTNL@@ (19NN 2)

a ada dl a T a
AN 2 AGRAN ] Al lun1sapmefannny

Model Assumption Methods Effect Measures
Fixed effects Mental-Haenszel Ratio (typically odds ratio; can be applied
to

rate ratio and risk ratio)

Peto Ratio (approximates the odds ration)
Gemera; varoamce- Ration (all types) and difference
Based
Random effects DerSimonian-Laird Ratio (all types) and difference

nsrnnan1sIsadnfe el laAn pooled estimate M ldlaanisiLs

[

U9 LA LA A FAIANN AN LN LENUR9N192 38 BIANNLN U U unAUa99

v
ANNLLTUIU (variance) 189N1UAAY ﬁqﬁumm%m@miﬁﬁmmLm'ungq YEGRLGE

confidence interval (Cl) agludasuay - azldiurminuanndaaddaniaanuuwug 16

LAZIHAYANNANN L1991 R9NAN1 T LU PN UL ANUIUARasNANEN TR

a o dl o =2 L o dl % a 1 o o o a Y o
qmwalmwmmmm:rﬂusﬂﬂqmmqumﬂ NZW]VLWQZNWJ’]NLLNHEI’]QQ Yniing Wiy

a o

a o d” ' %’ o dl Y o dld L o 3
mm@mmzmnmmwuﬂﬂuﬂmﬁm@wﬂﬂ‘]:fﬂu;ﬂﬂqmmfauu@wmw (pooled result)
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nlginaeenulugdees point estimate uaz 95 % CI Inavinluuwauuuasi uazlumanuy
duazliien point estimate NlndiAeiu wilunanuuguaz1iien 95% Cl Ainfrandndailu
HAANNTIANAN LU TRz sedSedn lddues
4. NTUNALANA
- paeuansdayaresanEuesng o nessdanaaided

o & dl a = 2 = aca o 1 a o %
Y IR [ o P N T s et e T A G e L NG o I B AN N o L (2 TN o P IS A N TR b
Yo a =) 1 ac dl i/dl o =)
HEUNIILUAZ AT DIAINLANG NUAZ ATUNINYBIIEN1IN I TesinATaLAgHNDY
anEizlssannsAne 1Hn199R3mAaY NTAeNTNATeRINAaes i LNTaaANEN

(Treatment auocation to subjects) 3N @ AReswANLE AT N17Ls2IRUNARY

AR LIIFL

1
o aK o & 1

-NINUAAIHATNEURIFVTIANANEINNTUAPHAANTTDUARY
PENNUTENINAUARTUIUIUIAFIDL WUBIUARTNGH UATAIATATBIAITANFENTIAIIN
dl oI/ A o ¥ ! aa ! = oI/ ! dl = !
\T5IU 1178819 U AU AN INUAAIAE D ALAZTIANNIT AN UTBIUARZTIENTY T9TENIN
Forest plots Aauandlugii 4

Effect size meta-analysis plot [fixed effects]

Padberg 2004 -
Schmitt WJ. 2001 .

T T
-0.8 -0.4 0 0.4 0.8
pooled effect size =-.020731 (95% CI =-.415313 to .373851)

519 4 nsdauenazesniTIpszvianuulng g Forest plots
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d e 4 o4 e ed s
anguh 4 uluiuouanuans individual results AasNARFaNuLNEW UL LAY

\luen point estimate dau{unaneUANLARAIAY 95% Confidence Interval ( 95%Cl)
TnedNAURAAAULEW line of no effect (EWILLUAFI) UNNEIAINNIN treatment effect NE b

o

1 1 1 v v
upnsNeNszALTdNATY 0.05 LazidunuansAn 95% Cl Mudwduduiunanslinaun

a o

= Y : o o SN S
‘J"WEI\‘]’]LL']@EINﬂ']‘ﬂ'J“ZN']ELW]Qﬂ[ﬁ]ﬂ\‘mﬁﬂﬂ'ﬂﬁ"}ﬂ\‘i’]u@@ﬁmLLZQ@\‘]LZ%‘LAEI’]Q ZG’JHWHV]EHZQLM@EIN

1 v
a o

T FAUAANTNAYHINUENTD991E91I4E ABRMALNTWNIA TR LAAIDNINLNUASRITIUE

1 1
a o al a 3

AN TN U LU NINNI121EUA SRR A VAL NAUIALAN LAZRUALNTINUATNFALAA

ANATINTDITRYA (pooled result) (12)
2A8ALUUN52A8

ANDINITUARE
ANNM9IAzaRNIY N3 TuyATmand (botulinum toxin) Nilsz@nsualunng
fnen a1nnsUamAsEe tension type 13l
TUNAUAUTBYA :
22 NpuneIU 2549
gudiaya Electronic g lun1sAUAL
- Plumed (T 1980-2006)
- Ovid (1 1980-2006)
- The Cochrane Library 2006 (ﬂ 1980-2006)
AN TAUAY :

“botulinum toxin”kae “tension type headache”
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InuwnIsAREannudsEatingnszLIunsAATIzRa R Y
(Inclusion criteria):
- ilueuddeaiin Randomized controlled trials (RCT)
- lfinausiaeg International Headache Society (IHS) Tun199AszALIAINNIULINYDS
81N1919nAIHE tension type 1895log
_eniildlungunaaes (intervention) Ae luyaiunenduluguuuan
e lunguAsuaa (placebo) A ansazaneninded i luyaiuneniuly
stluunan

- lueddandauniniaeldinusians Jadad score Tunstlssiiuiafinadinz uiig

Fausl 3 Azl

N NISARLAENINUIALANAAADANAINNTZLIUNNSIATIZHAANIY
(Exclusion criteria):

- filaefiengtiaandn 18 U vive wanndn 65 1

~ frlaefiganass vise Whuyms

- ﬁjﬂfmﬁﬁmmiamﬂﬂﬁmﬁm psychiatric disorder

- ;ﬁﬂwﬁﬁwm’%mmwLﬁmﬁumﬂmﬁqﬁwmﬁﬂm (coagulopathy) visaiinnsldemu
ANgudaFIRLAR A (anticoagution)

vy Ao = ' ) T A
- QﬂQﬂV]Nﬂqﬂq?ﬂQﬂﬂ?H$1NLﬂ?uu@ﬂﬂ’]ﬂﬂ')q 1 ATNABRLARL

Primary outcomes
- Uszifiuaugnnnalun1ananislan@see tension type (relieved pain
intensity)
- Usziiupnnudnnngn lunnrane NN TazanIzazaan ln1sUanAsee tension type

(relieved pain intensity and pain duration)
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Secondary outcomes

- dssifusuansueasiiAna Nt n A (average number of headache
days),

- smifiudnunudalusedaiifinennistinassesiady (average of headache

hours per day)

_smifiudnunuiuedafideldeninmnannisanasse (average number day on

which symptomatic treatment was taken)

- UsvifiusnunuAniedsseineildnEnannistlinAs sy (mean number of

symptomatic tablets per day)

NAN1SIAE

NANSAUAUTDYA

@fmmﬂsﬁéﬁuﬁumzﬂmi@uﬂ@ﬁﬁ WLNNLASETIVLA 6 37ENT1 (18, 19, 20, 21,
22, 23) i A
1. Rollnik JD, Karst M, Fink M, Dengler R. Botulinum Toxin Type A and EMG: A Key to
the Understanding of Chronic Tension-type Headaches?. Headache 2001; 41:985-989
2. Wilhelm J, Schulte-Mattler, Krack P, BONTTH study group. Treatment of chronic
tension-type headache with botulinum toxin A: a randomized, double-blind, placebo-
controlled multicenter study. Pain 2004; 109: 110-114
3. Rollnik JD, Tanneberger O, Schubert M, Schneider U, Dengler R. Treatment of
Tension-type Headache With Botulinum Toxin Type A: A Double-Blind, Placebo-
Controlled Study. Headache 2000; 40: 300-305
4. Padberg M, Bruijn de SFTM, Treatment of chronic tension-type headache with
botulinum toxin: a double-blind,placebo-controlled clinical trial. Cephalalgia 2004; 24:
675-680
5. Schmitt WJ, Slowey E , Fravi N, Weber S, Burgunder Jean-Marc. Effect of Botulinum
Toxin A Injections in the Treatment of Chronic Tension-type Headache: A Double-Blind,

Placebo-Controlled Trial. Headache 2001; 41: 658-664
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6. Relja M, Telarovic S. Botulinum toxin in tension-type headache. J Neurol 2004;
251(Suppl 1): 1/2-1/14

a o dl P ¥ ?:/ = a o ‘dl o
mmmq@wim UAUNUNA 6 TIENTU TARIH9NUINE 2 918911 (20, 23) NYNARBAN
dl ¥ dl % o v dl 3| o 1 o 1 o o‘d‘ ]
mmmnm@uﬂ@ﬂmmﬂmvxlﬂmﬂg@mLﬂumLmﬂum\muu@zwm’]m@@w'ﬁwimmmmm

a o

PN FeumsuiuaRasauld A9l WRasie 4 918971 (18, 19, 21, 22) (LARIINLASE)

o ¥

v @ pRpm - P Ao oo &
QUULWNELUﬂf]ﬂNuQﬂ) Ny ﬂ(]ﬂ'mzm.lr]ﬁnllLﬂmGWﬂqﬁ‘ﬂmL@@ﬂqquq@ﬂmﬂqﬁumimum@uu@ﬂ AR

1. Rolinik JD, Karst M, Fink M, Dengler R. Botulinum Toxin Type A and EMG: A Key to
the Understanding of Chronic Tension-type Headaches?. Headache 2001; 41:985-989
2. Wilhelm J, Schulte-Mattler, Krack P, BONTTH study group. Treatment of chronic
tension-type headache with botulinum toxin A: a randomized, double-blind, placebo-
controlled multicenter study. Pain 2004; 109: 110-114

3. Padberg M, Bruijn de SFTM, Treatment of chronic tension-type headache with
botulinum toxin: a double-blind,placebo-controlled clinical trial. Cephalalgia 2004; 24:
675-680

4. Schmitt WJ, Slowey E , Fravi N, Weber S, Burgunder Jean-Marc. Effect of Botulinum
Toxin A Injections in the Treatment of Chronic Tension-type Headache: A Double-Blind,

Placebo-Controlled Trial. Headache 2001; 41: 658-664
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AININUINE 4 FIENIU NUINH 2 HAANS NA1NITDUNNININTIATIZITRN N H 9T

A5 3 NAANEAINIILNIUARLNUINIT AT RN

Outcome Rollnik JD | Wilhelm J Padberg M Schmitt WJ
2001 2004 2004 2001

ANNNAINNTNLUNNTAAANTT X X

1mAsEe tension type

ANNNATNITD 1N1TAADINNT X X
wazanszazinan lunnlamAsey

tension type

X ARINEUNNTASERTUs AN B AT NN NS AR RNy
N193LASIEUNNeE DAL sungN LD lueU Meta-analysis

Tun1s@nazld@n standardised mean difference (effect size) TUNTUAAILA

= 1 1 d‘ Yaor a o a a 1 all Yaor dl
Wraniauseninangunldiuluyaiumendusiin A uaznguinlfzuamaan (placebo) a4
Tun1gAUIUAN effect size 184 visual analog scale (VAS) Wae area under the curve

(AUC) Htiayasiasialila

X, = AN L’ﬂ@il“]]'ﬂ\‘]ﬁ'ﬂ&l LANFNNIRIAY LLuuﬁ“"W]WﬂﬂuLL@”ﬁ@\‘iﬂ’Tﬂﬁ]ﬂ'}M@@ﬂ(placebo)

’ AN L’ﬂ@ﬁlﬂ‘ﬂ\?ﬂqqﬂ WANFANNUBIAY L,Luu@mqNﬂ@uu,@mmmﬂﬁumuwaﬂeﬁmum A

X, =
N, = aruaugilaglungs control
N, = auaugiloslungutreatment

SD, = ﬂ'f]mmmum@f;lmmgmmmﬂ@jmmé’%umm@ﬂ

SD, = ANTEILURALNINTFIUIINTRINGNT WL TLYATnanTuTtin A
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Taeililsunsun s dafildd syl Ae Stats Direct program faazuanaFn

ynsadRdsseliD
Fixed effects model azllan4AN

- pooled estimate of effect size with approximate % ClI

- Chi- square Statistic
Test of homogeneity

-Q statistic
Random effects model

-DerSimonian-Laird chi-square
o g aa
ﬂq‘iﬂ\uﬂi'\ﬁiﬂ"ﬂ’ﬂﬂﬂﬂqﬁﬂﬂﬂ
Wannnisdamsgidayasielilsunsy Stats Direct Ineiguavasiuyaiunandumiin A

aa = . -
NNADAITNTLLIN LL@Z?xEI::LQ@’]IHﬂ’l?ﬂ’)@ﬂ?HZ tension type SIS0

Stratum N (exptl.) N (ctrl.) Mean diff. Approximate 95% ClI

1 4 4 99.2 -1297.301934 1495.701934 Rollnik 2001
2 53 54 0 -43.150266  43.150266 Schulte 2004

-Pooled estimate of effect size wmd+ = 0.094675

-Approximate 95% Cl = -43.047609 to 43.236959

-Chi-square (for wmd+) = 0.000018 (df =1) P =0.9966

-Q ("combinability" for wmd+) =0.019365 (df = 1) P = 0.8893
-DerSimonian-Laird pooled wmd+ =0.094675

-Approximate 95% Cl = -43.047609 to 43.236959
-DerSimonian-Laird chi-square = 0.000018 (df =1) P = 0.9966

Ipanaunazul aNatiuALfAaan 8L NAIUAISEN IHRANAAE ARSI

(Homogenous) valsl iafiaziaan model Tunisutlsua Tnagléain p value duiu Q

1
aal

statistic Tne'lunismaaaunarasiuyaiuvendusiin A Nlsanslandsse tension type JA1 p
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b

value Winfiu 0.8893 #aNINN91 0.1 (A1 p>0.1 AZhAANINEAN1TIaeR L llmnsngasined

v
o o K

o o o aa A dl . dl
HednAtynana) AativasiaaniupaluLped (fixed effects model) Tunisulang S9unnza

a o

Tunsutlanasniddenliiauuansneiu nanisuansuaazag lugilaasnswinganda Forest
plot Aawanslugiln 5

Effect size meta-analysis plot [fixed effects]

Rollnik 2001 L

Schulte 2004 .

7 T T T T
-1400 -800 -200 O 400 1000
pooled weighted mean difference = .094675 (95% CI =-43.047609 to 43.236959)

[ T 1
-2000 1600

1191 5 Forest plot 784 lanaRLILIANNLAAIAT effect size TunisifzauinauilsyAninazasiuy

o

)
atlunanduaila A fugivaanlunisanAuIuusLazsrazaa lunslandsse tension type

]
=

A1ngUn 5 iduluuuaueuLans individual results aaiutiduluuuanetluen point
. ] A ' X =2 . ) v 9 He o 9 A

estimate A9UNANNIUIAU LAANDN 95% confidence interval AN AURFANULAUN effect
size HAMWNAY 0 11119849 (line of no effect) UUNEIAIININ treatment effect N8 b WANFAIST
sLAUTRIANATY 0.05

anuasanaagtlaan mnuainislunisanaNguusuaszazinan lunisilan
= . 1 v ai Vo a o a a 1 1 L dl Vo
Aswre tension type Tunguitlaen lasutuyadumanduaiin A lduansnsangiloanlaiuen
naanlpedA1 mean difference WiniL 0.09, 95%CI WNfL -43.05 §19 43.05, p value Winiy
0.9966)

Wavnnisdamsgidayalasguatasiuyaiunendustin A NEsemuguLeslunig

1nAFT tension type Wauiuevaaniiuagil



Stratum N (exptl.) N (ctrl.) d Approximate 95% CI

1 19 21 0.128617 -0.492594 0.749828

2 30 29 -0.121738 -0.632615 0.389138
-Pooled estimate of effect size d+ = -0.020731

-Approximate 95% Cl =-.415313 to 0.373851

-Chi-square (for d+) = 0.010604 (df=1) P =0.918

-Q ("non-combinability" for d+) =0.372198 (df = 1) P =0.5418
-DerSimonian-Laird pooled d+ = -0.020731

-Approximate 95% Cl =-0.415313 to 0.373851
-DerSimonian-Laird chi-square = 0.010604 (df =1) P =0.918
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Padberg 2004
Schmitt WJ. 2001

lusua1nisUanen p value 419150 Q Statistic WinAu 0.5418 T4NIANG1 0.1 (AN

p>0.1 azuansInuan1TIaa a lluansisaensldadAyneaia) seiuasaaniueg

WUUANT (fixed effects model) TuNsulanaudds [WALAALANNTULINUATIZEZIOR

Tunistn Awanslugii 6

Effect size meta-analysis plot [fixed effects]

Padberg 2004

Schmitt WJ. 2001

T
-0.8 -0.4 0 0.4

pooled effect size = -.020731 (95% CIl =-.415313 to .373851)

0.8

5119 6 Forest plot 284 1iAALLILIAIILARIAN effect size Tun1slFaLiay
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Usz@ndnarasluyaiunanduaiia A fusnvaanlunisanauguusslunisonfssy

tension type

a1ngU#t 6 ludnuannisiaanudn A1 95% confidence interval 789AN effect size

AN TUeALLUAINTIULEY line of no effect Asagi1fdnTuyadumendumsiin A Tiaunem

= . v g . | o
179mM181N19UIARTIE tension type laAndneuaen IaaiAn mean difference Winfiu -

0.02, 95%CI Winfu -0.42 D4 0.37, p value WinfiL 0.918)

agUnan1saiAsIzuanuI

anuanIIAsIzieiNunLdnsldluyatiinendusiin A Tunsinmeinistandsse
tension type ot

AINANNNID IUNIARANTELINIATzzInan TunslanAsi tension type Tu
nqudtlaafilgFu BOTOX® Turuia 100 MU iuansineanndilaefldFuanaenatined
HadAtuneaialaaiiaAn mean difference 289 AUC WinriL 0.09 (95%2184 Cl WinfiL -
43.05 D4 43.05,P value=1.00) %uﬁlﬂﬁﬁmumﬂugﬂmm forest plot a¥W131 pool estimate
eITLAL line of no effect AaviuAsagldanliansnsnld BOTOX® lumsinenennisdan
Asee tension type 15

Tudauaaanisld DYSPORT” Tunnsinenainisiandsse tension type WL
puanusalunnsanennsUinAsyzaesdilaeiléi DYSPORT® luzwia 500 MU

o o aa

] o Ay o K a . .
me[m\wmQﬂqmim‘ummaﬂ'ammummmymmm Iﬂﬂﬁdﬁq effect size U84 pain
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intensity WAL -0.02 (95%C1=-0.42 f1 0.37,P value=0.92) GuvinWidlauanauaililug

994 forest plot AzWLIpool estimate FlFaziufLdL line of no effect ﬁﬂﬁuamgﬂiéjﬂﬂﬂ

a1:130 14 DYSPORT” lun1sinmannisiamdsee tension type 181
annuagananaseagllfdnluyaduneniusia A vietiia BOTOX uaz DYSPORT”

TdannInanszaznaIamNNIULsITasaINslanfAsee tension type 18ANINEaan

ARNTINANISILATIZHANNU

TuflariuiinnsinnisAnmnansiuyadunendusiia A atinandreaaneuazlunanedyudani
TunsAniutsulifanisldasiuydtiunenduaiia A Tunisineeinisilondsse

. KR A o [ dl £ o a & a =) a a a o
tension type AsdANATIuazFainnsiaziainuielsc&nininaesansluy Ay

2 a all o o = . o = dl
nanauttn A ngninunldlunisinmainisianfsee tension type InainnsdnenluGzes
2199152 ANEN TR NANTLNRINA1289 AUC UAZ pain intensity Tunstizas BOTOX® lu
2110 100 MU lunatidaas DYSPORT® Tuauns 500 MU $4a1nn199In193tAs1siaiuni
wudnluyadiumenduaiin A %3 2 wuuiulinalunisinweinisilondse tension type
Taunnsnsanavaan lfad 9 lTREN AT N NAD ALHEINNIANNENEETIANE 189N A
an191anAsIHY tension type 1HBINNAINNNIITAA central sensitization AANMIANNITNILE

néuilerdnslunti (pericranialmyofascial tissue) fntifladesingasaIntiunszia

svaniazly A-delta uaz C fiber 11§49 second order neuron waazn lAANIUAIANT
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FN9RRNHNNEININNEURNIEAR (extracellular space) 9aziug nssu trigerminal
neucleus caudalis (TNC) #1ag/lu brain stem wazlinu quintothalamic tract nauningzua
szamazgnaslifanesdnu thalamus wazuilanan sensory cortex sia il luanizineniu
Aaznszsu trigerminal ganglion (TGG) M WiiAN1IuAIAININ vasodilation
neuropeptide A8 neurokinin A ,substance P lag calcitonin-gene related peptides
(CGRP) N11i3198 presynaptic 21291ane1ls2@1m trigerminal ganglion Iagl CGRP 1144
aanunazllduiu CGRP, receptor @aiilu G protein coupled receptor (G,) NILHUNIL
adenylate cyclase system 1 cAMP i second messenger Analiiin nociceptor LU A-
delta LazC- fiber Lﬁmmﬁ‘ﬂ?zéjumN@iﬁﬂ’]ﬁ‘mﬁﬂgﬂg’]m pain \ila second order neuron an
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Abstract Despite the contro-
versy regarding specific mecha-
nism of botulinum toxin action in
pain relief, clinical results suggest
that botulinum toxin type A may
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Botulinum toxin in tension-type headache

be promising treatment options for
patients with primary chronic
headache. To investigate this, we in-
cluded sixteen patients with
chronic tension-type headache in a
prospective double blind, placebo-
controlled crossover study and
thirty patients in an open-label
long-term study. All of the patients
showed reduced severity of
headache, reduced pericranial
muscle tenderness and increased
headache-free days during botu-
linum toxin A treatment. Moreover,

constant and cumulative trend of
improvement was present during
long-term study indicating better
quality of life during botulinum
toxin treatment. There is need for
further placebo-controlled clinical
studies to identify the optimal
dose, optimal number and place of
injection sites as well as optimal
injection techniques.

Keywords botulinum toxin -
tension-type headache

Introduction

Botulinum toxin, the most potent of natural poisons has
been used in focal dystonia patients with high efficacy
and safety for more than 20 years. Botulinum toxin type
A (BoNT/A) is a neurotoxin that inhibits the release of
acetylcholine at the presynaptic nerve endings and
blocks neuromuscular junction. Understandably,
BoNT/A is effective in relieving muscle contraction un-
der clinical conditions, in which undesirable muscle ac-
tivity or increased muscle tone are predominant fea-
tures. Efficaciousness has also been reported for
treatment of hyperhidrosis, showing that BONT/A can
inhibit nonmotor as well as motor peripheral acetyl-
choline neurons. In addition, it is frequently reported
that BONT/A treatment reduces the pain associated with
cervical dystonia and muscle spasm. Recent studies also
suggest that BONT/A may relieve pain associated with
primary headache disorders as migraine and tension
type headache (TTH). Headache is one of the most com-
mon neurologic symptoms in clinical practice, while
TTH is the most common primary headache syndrome

and one of the most common forms of chronic pain.
Current therapies are often unsatisfactory because
pathophysiology of TTH is not well understood. Since
the involvement of pericranial muscles overactivity may
contribute to TTH, we were the first who started with
BoNT/A therapy in chronic TTH [8]. Since then, several
researchers have reported contradictory results [10,11].
The difference in results probably reflects the impor-
tance in the selection of dose, number and injection
sites, as well as injection methodology used. Here we re-
port our long-term experience with BONT/A treatment
in TTH.

Subjects and methods

Use of botulinum toxin in tension-type headache

Our preliminary 12-week, open-label, prospective study demon-
strated that BONT/A injection BoONT/A might be useful treatment for
patients with chronic TTH [8]. To further investigate this, we per-
formed a double-blind as well as an open-label long-term study to
asses the effect of BONT/A on headache severity, number of headache
free days and total tenderness score (TTS) in patients with chronic



TTH who have been unsatisfactory treated with standard prophylac-
tic medication including antidepressants.

Subjects

Sixteen chronic TTH patients (9 female, 7 male), age-range 23-64
years were included in a prospective, randomized, double blinded 8-
week placebo-controlled crossover study of BONT/A.

Thirty patients with chronic TTH (diagnosed according with the
1988 International Headache Society criteria [3]), age-range 24-65
years, headache duration from 2-9 years were included in an open-la-
bel, prospective, long-term (18-month duration) study.

All of the patients were resistant to standard medication includ-
ing tricyclic antidepressants. Studies were conducted in compliance
with the Declaration of Helsinki and informed consent regulations.

Assessment and treatment

In both studies clinical assessment and a home diary kept were eval-
uated at baseline (before treatment) and at 4-week interval during the
whole study duration. Pericranial tenderness was evaluated by man-
ual bilateral palpation according to the modification of the method
described by Lous and Olesen [5]. Tenderness in each muscle was
scored using the scale from 0 to 3 (0 - no pain, 1 - tenderness with-
out visible reaction, 2 - painful tenderness and visible reaction, 3 - se-
vere pain and marked reaction) and total tenderness score (TTS) was
obtained. Headache frequency and severity (an indirect measure of
quality of life) were obtained from a home diary kept by each patient.
Headache severity was described with a four-point scale (0 - none, 1
- mild headache, 2 - moderate, 3 - severe). BONT/A (Botox®) was in-
jected into the most affected (tender) pericranial muscle every 3
months during the 18 months in an open-label study, or only once in
the double-blind study. Total dose range was 40-95 U (100 U per 1 ml
saline). Adverse effects were recorded during the study.

Statistical analysis

A paired t-test and Wilcoxon’s rank sum test were used for analysis. A
p value less than 0.05 was regarded as significant.

Results
Double-blind study

All outcome measures showed a significant difference
between BoNT/A and placebo treatment during the
double-blind study. BONT/A treatment was significantly
more potent in reducing muscle tenderness (Fig. 1).

Compared with placebo, patients during BoNT/A
treatment show significantly reduced maximum sever-
ity of headache (Fig.2). While 56 % of the patients re-
ported severe pain during placebo treatment, none of
them experienced severe pain during the BoNT/A pe-
riod and 37 % reported as pain free.

Long-term open-label study

The long-term study showed a constant and cumulative
trend of improvement in the number of headache-free
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Fig.1 Total tenderness score obtained by palpation method in 16 chronic ten-
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Fig.2 Headache severity reported by 16 chronic tension-type headache treated
with a botulinum toxin type-A injection during a 8-week double-blind placebo-
controlled crossover study

days over the 18-month treatment period (p<0.01). A
statistically significant decrease of TTS was observed af-
ter 18 months (mean + SD; 1.7 £ 0.3) compared to base-
line (10.7 £ 1.1). The analysis of patients’ diaries showed
that headache severity was decreasing during the 18-
month period, suggesting constant improvement in the
quality of life during the long-term treatment with
BoNT/A. No serious adverse effects were reported dur-
ing our studies.

Discussion

TTH is the most common form of primary headache
with the lifetime prevalence between 30 and 78 % [7].
The pathogenesis of TTH is still not clear. There are only
few prophylactic drugs available for the treatment of
chronic TTH, the main options being antidepressants
[6]. But, the success rate of different therapeutic ap-
proaches is low. Although excessive muscle contraction
is not always associated with TTH, most patients have
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painful tenderness during examinations [4].In addition
to reducing pain associated with muscle hyperactivity
and spasm, BONT/A injections have been used as a new
approach to primary headache prevention [1]. Our re-
sults suggest that BONT/A may be an effective and safe
prophylactic treatment for chronic TTH sufferers who
are resistant to conventional pharmacotherapy. These
results were obtained during a double-blind crossover
study as well as during long-term follow-up study of 18-
months duration. All of the patients had a significant re-
duction in headache severity and frequency with the
concomitant evidence of the efficacy of BONT/A in TTH
treatment [2, 11, 12]. In contrast, some studies did not
show statistically significant improvement in TTH pa-
tients [9, 10]. However, in trials reported to date, differ-
ent approaches concerning the selection of botulinum
toxin dose, number and location of injection sites were
used. BONT/A injections are administered either at fixed
injection sites and/or at sites of tenderness and pain
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Botulinum toxin is increasingly advocated as effective treatment in chronic
tension-type headache. We conducted a randomized, placebo-controlled clinical
trial to prove efficacy of botulinum toxin in chronic tension-type headache.

Patients were randomly assigned to receive botulinum toxin (maximum 100 units)
or placebo (saline) in muscles with increased tenderness. After 12 weeks there was
no significant difference between the two treatment groups in decrease of head-
ache intensity on VAS (-3.5 mm, 95% confidence interval (CI) —20 to +13), mean
number of headache days (-7%; 95% CI —20 to +4), headache hours per day
(-1.4%; 95% CI =3.9 to +1.1), days on which symptomatic treatment was taken
(-1.9%; 95% CI —11 to +7) and number of analgesics taken per day (-0.01;
95% CI -0.25-0.22). There was no significant difference in patient’s assessment of
improvement after week 4, 8 and 12. Botulinum toxin was not proven effective in
treatment of chronic tension-type headache. Increased muscle tenderness might
not be as important in pathophysiology of chronic tension-type headache as hith-
erto believed. [1Chronic tension-type headache, botulinum toxin

SFTM de Bruijn, Department of Neurology, Leyenburg Hospital, Leyweg 275, 2545 CH,

The Hague, the Netherlands. Tel. +31 703 592096, e-mail s.debruijn@leyenburg-
ziekenhuis.nl Received 24 August 2003, accepted 12 December 2003

Introduction

Tension-type headache (TTH) is common with a life-
time prevalence of almost 80% (1). In the general
population 4-5% suffer from chronic daily headache
and about half of them have chronic tension-type
headache (CTTH), with headache for more than
15 days per month (2). Pathophysiology of chronic
tension-type headache is unknown. It has been
strongly suggested that increased myofascial tender-
ness and muscle hardness play an important role (3-
7), although evidence for a centrally mediated origin
of CTTH is increasing (8). Today, treatment of these
patients is unsatisfactory and includes physical ther-
apy, simple analgesics or antidepressant drugs (9,
10). Recently, open studies report botulinum toxin to
be successful in patients with CTTH (11-13). Botuli-
num toxin decreases muscle tone by presynaptic
blockade of the release of acetylcholine at motor end-

© Blackwell Publishing Ltd Cephalalgia, 2004, 24, 675-680

plates. It has been proven effective in diseases char-
acterized by increased painful muscle tone, like
cervical dystonia (14) and blepharospasm. Random-
ized data on treatment of botulinum toxin in CTTH
is scarce, and inconclusive (15, 16). We report on a
double-blind placebo-controlled randomized trial
to determine clinical efficacy of botulinum toxin in
treatment of CTTH.

Methods

Patients

Patients were eligible if they had chronic tension-
type headache according to the International Head-
ache Society criteria (17). Exclusion criteria were:

e age<1g;
e pregnancy;

675
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e neuromuscular disorders;

e previous use of other investigational new drugs
in the past 30 days prior to the screening visit;

e previous use of botulinum toxin;

e migraine frequency of more than one attack per
month; analgesics or caffeine abuse (IHS-criteria).

The institutional ethics committee approved the
study protocol, and patients gave informed consent
before inclusion.

Study design

The trial had a double-blind, placebo-controlled par-
allel design. After patient’s consent was obtained,
we recorded baseline demographics (age, gender).
During a baseline period of 4 weeks, patients used a
diary to record the presence of headache, number of
headache hours per day, number of days on which
medication was taken, and number of tablets taken
per day. At baseline (week 0) patients recorded their
mean headache intensity scored on 100 mm Visual
Analogue Scale of the previous 4 weeks (VAS-
pretreatment). At 12 weeks follow-up they recorded
again their mean headache intensity (VAS-post-
treatment). Pericranial tenderness was measured at
baseline using the Total Tenderness Score (TTS) (3).
A higher score indicates more tenderness. After this
baseline period, patients were randomly assigned to
receive 1 unit botulinum toxin (Botox®) per kg with
a maximum of 100 units or placebo (saline) in 2 cc
syringes. The local trial pharmacist prepared the
drug, coded the syringes, and kept treatment codes.
The pharmacist had no further participation in the
trial. An experienced clinical neurophysiologist (DT)
performed all injections. Injection sites were selected
individually in muscles with clinically increased
muscle tone or muscle tenderness and included m.
occipitofrontalis, m.temporalis, m. masseter, m. ster-
nocleidomastoideus, m. splenius capitis, m. trape-
zius and m. semispinalis with a maximum of 10-20
unit’s Botox® per muscle.

Outcomes

After patients were injected at week 0, clinical char-
acteristics were recorded using diaries during the
12 weeks post-treatment. Primary outcome measure
was the intensity of the headache of the total study
period, week 0-12, scored on the VAS at week 12
(one single measurement) compared to baseline.
Patients were asked to rate (in a single value) sever-
ity of headache which at times may be mild and
perhaps at others severe, by ‘integrating severity
over time’ (18).

Secondary outcome measures were average num-
ber of headache days, average number of headache
hours per day, average number of days on which
symptomatic treatment was taken, mean number of
symptomatic tablets per day at 12 weeks compared
to baseline. Additionally, a blinded investigator
asked patients whether there was any improvement
in their condition after 4, 8 and 12 weeks in the two
treatment groups (five-point scale: great worsening,
any worsening, no improvement, any improvement
and great improvement). We also divided all
patients in responders and nonresponders at week
12. We considered at least 45% reduction in the VAS
compared to baseline to be clinically relevant (e.g.
responder). All adverse events during the 3 months
follow-up were recorded by the investigators.

Sample size determination

At baseline we expected mean headache intensity on
the VAS of 40/100 mm. The estimated placebo effect
was a 8§ mm reduction to a VAS intensity of 32/100
at 12 weeks. We expected a 18 mm reduction in the
treatment group to a VAS intensity of 22/100. To
detect this clinically relevant effect (8 vs. 18 mm
improvement) at a 5% level of statistical significance
(two-tailed), with a power of 80%, a total of 40
patients was needed.

Statistical analysis

We calculated mean differences between baseline
VAS data and VAS data after 12 weeks, using the f-
test; statistical uncertainty was expressed in 95%
confidence intervals. The responders at week 12 in
each treatment group were compared by use of the
¥ test.

Improvement scores were compared with use of
two-sided Mann-Whitney U-tests. All these analysis
were done with SPSS (version 10.0).

Results

Between October 1999 and August 2001 40 patients
were included at Leyenburg hospital The Hague(see
Fig. 1). No patient was lost to follow-up.

In three patients the headache diary for the post-
treatment period was incomplete (missing data on
headache duration, days on which medication was
taken and mean number of tablets per day for one
patient in the botulinum toxin group and for 2
patients in the placebo group). There were no differ-
ences in baseline characteristics between the two
treatment groups. Headache intensity, VAS at

© Blackwell Publishing Ltd Cephalalgia, 2004, 24, 675-680
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Assessed for eligibility
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Not meeting inclusion criteria (n = 19)
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Figure 1 Profile of the trial.

Table 1 Baseline characteristics

Botulinum toxin type A Placebo
Characteristic n=19) (n=21)
Mean age, years (range) 43 (25-68) 46 (19-79)
Female sex (%) 14 (73.7%) 14 (66.7%)
Headache severity, mean VAS (SD) 64.5 (16.0) 69.3 (25.3)
Mean number of headache days, % (SD) 93 (13) 92 (16)
Mean headache duration per day, hours (SD) 13.2 (6.1) 12.4 (4.9)
Mean number of medication days, % (SD) 26 (30) 30 (29)
Mean number of analgesics per day, tablets (SD) 0.6 (0.8) 0.7 (0.8)
Total tenderness score (SD) 72 5.7t 8.3 (6.3)%

T (n=18); $(n=19).

baseline was 64.5 + 16.0 mm (mean * SD) in the bot-
ulinum group and 69.3+25.3 mm in the placebo
group (Table 1). At 12 weeks the VAS scores were
53.9+£33.1 mm in the botulinum group and
62.2%£29.1 mm in the placebo group. Mean differ-
ences between VAS pre- and post-treatment
was +10.6 in the botulinum group and +7.1 in the
placebo group. The therapeutic gain (= difference in
improvement between the two treatment groups
measured in mm) was —3.5 (P = 0.68; 95% confidence
interval —20 to +13). Six patients in the botulinum
group were responders as defined, vs. three in the
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placebo group (NS, P=0.19) (Table?2). Patients’
assessment of improvement showed no significant
difference between the two groups at week 4
(P=0.68), 8 (P=0.51) and 12 (P =0.37) (Table 3).
There were patients with worsening of their com-
plaints: at week 4 one patient in both groups. At
week 8 two patients in both groups, and at week 12
two in the treatment group vs. one patient in the
placebo group. There were no significant differences
between the two treatment groups in mean number
of headache days, mean number of headache hours
per day, mean number of days on which medication
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was taken, and mean number of tablets taken per
day pre- and post-treatment (Table 4). Twenty-one
patients reported minor side-effects, 13 in the pla-
cebo group and 8 in the botulinum toxin group.
Main complaint was short-lasting pain at the injec-
tion sites (Table 5).

Table 2 Responders

Botulinum toxin

Discussion

We could not demonstrate botulinum toxin to be
more effective than placebo in patients with chronic
tension-type headache.

The sample size was estimated to detect a clinical
relevant difference for all patients with CTTH. A
sample size of approximately 800 patients would be
necessary to significantly detect the present small
difference of 3.5 mm improvement on the VAS. This
difference in favour of botulinum toxin, however, is

type A Placebo  Total too small to be of clinical relevance. It would cer-
(n=19) (n=21) (n =40) . . . . .
tainly not justify this expensive therapy for all
Responder 6 3 9 patients w1th CTTH.. o
Non responder 13 18 31 Only patients with CTTH (IHS-criteria) were
Total 19 21 40 included. In clinical practice CTTH is often diag-
nosed if patients do not fulfil criteria for migraine,
Table 3 Improvement scale
At 4 weeks At 8 weeks At 12 weeks
Botulinum toxin Placebo Botulinum toxin Placebo Botulinum toxin Placebo
Improvement (n=19) (n=21) (n=19) (n=21) (n=19) (n=21)
Great worsening 0 1 1 1 1 0
Any worsening 1 0 1 1 1 1
No improvement 10 9 7 9 8 14
Any improvement 6 10 5 8 5 4
Great improvement 2 1 5 2 4 2
Total 19 21 19 21 19 21
Table 4 Secondary outcome measures
Botulinum toxin Placebo Therapeutic gain
Outcome (n=19) (n=21) (95% CI)
Headache days (% + SD)
Baseline (4 weeks) 93+13 92+16
Post-treatment (12 weeks) 80+ 26 87 +21
Mean difference 12+20 5+14 -7 (=20 to +4)
Headache duration (hours/day * SD)
Baseline (4 weeks) 13.2+6.1 12.4+49
Post-treatment (12 weeks) 10.5 + 6.4* 11.1 £5.0**
Mean difference 23149 093+24 1.4 (-39 to +1.1)
Days on which analgesics were taken (% + SD)
Baseline (4 weeks) 26 +29 29 +29
Post-treatment (12 weeks) 16 +£23* 27 +26**
Mean difference 5.6+89 3.7+17 -1.9 (-11-7)
Number of analgesics taken per day (tablets/day + SD)
Baseline (4 weeks) 0.58 £0.80 0.65+0.78
Post-treatment (12 weeks) 0.33 £ 0.52* 0.56 + 0.86**
Mean difference 0.12+0.29 0.10+£0.40 —-0.01 (-0.25-0.22)

*one missing data, **two missing data.
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Table 5 Side-effects

Botulinum toxin

type A Placebo
Side-effect n=19) (n=21)
None 11 8
Pain at injection site 5 9
Small haematoma at 0 2

injection site

Weakness frontal muscle 1 0
Nausea 1 1
Numbness neck 1 0
Dizziness 0 1
Total side-effects 8 (42.1%) 13 (61.9%)

cluster headache or other well-defined primary
headache syndromes. Not seldom CTTH patients
have a mixture of diverse headache syndromes, and
analgesic abuse and depression is often coexisting.
We excluded patients with medication or caffeine
abuse, but depression itself was no exclusion crite-
rion. We also excluded patients with episodic ten-
sion-type headache, in which probably the transition
to a chronic state not has taken place. As there were
still more responders in the botulinum group (six vs.
three in placebo group), botulinum toxin might still
be helpful in some patients with CTTH. It cannot be
ruled out that CTTH is not the single disease entity
as hitherto believed, and that a subgroup of patients
diagnosed as CTTH do respond to botulinum toxin
(or to the injections itself).

Results of previous clinical studies are contradic-
tory. Open label studies tend to present positive
results (11-13), but double-blind placebo-controlled
trials do not clearly prove a beneficial effect for bot-
ulinum toxin. In most randomized studies there was
a standardized design, with predefined injection
sites (19-21) and relatively low dosages of botulinum
toxin (dosage 20 U Botox® to 100 U). We used injec-
tions at trigger points on a individual basis, with a
rather high dosage (total dosage of 100 U Botox®).
Nevertheless, one single treatment-session could still
be insufficient to treat this chronic pain syndrome.
Indeed some report a step-like therapeutic effect after
repeated injections in CTTH (13, 22). Likewise in
other chronic diseases, e.g. cervical dystonia it has
been shown that results of botulinum toxin tend to
be more successful after repeated injections (14).

The positive effect of botulinum toxin in open-label
studies seems remarkable, and has been attributed
to a high placebo effect from injectable therapies.
However, the outcome measures chosen in these
studies were often not well-defined or clinically irrel-
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evant (e.g. area under the headache curve in a defined
period) (12). The effect of botulinum toxin (placebo
effect included) would probably have been less
impressive in open studies if more relevant outcome
measures were chosen. The placebo effect (15%) in
our study seems relatively low, but is comparable to
other studies with a randomized design (19, 21).
Pathophysiology of CTTH is not well established.
Pericranial muscle tenderness is increased in
patients with CTTH (3, 6, 23), although its initiating
role in tension-type headache is not certain (8). Bot-
ulinum toxin has a direct myotonolytic effect, and
therefore decreases muscle tone. If CTTH was only
based upon increased muscle tenderness a beneficial
effect of botulinum toxin would have been expected.
However, central mechanisms might play an
important role in CTTH. It is assumed that initially,
prolonged excitation of peripheral nociceptive affer-
ent fibers generates pain. This leads to changes in
second order neurons at the level of the spinal dorsal
horn and trigeminal nucleus. These changes,
so-called central sensitization, make these afferents
more responsive to nociceptive stimuli, or respon-
sive to otherwise no-nociceptive stimuli (8). Evi-
dence for abnormal endogenous pain control
mechanisms in tension-type headache is contradic-
tory. Alterations of brainstem inhibitory interneu-
rons were found in patients with tension-type
headache (24), but could not be reproduced (5, 25-
27). The nitric oxide synthesis (NOS) inhibitor (L-
NMMA) aims to influence NO-related central
sensitization (28). L-NMMA proved effective in
patients with CTTH (29). So, successful pain man-
agement in CTTH probably also needs to influence
central mechanisms of pain control. At present bot-
ulinum toxin cannot be advocated as standard treat-
ment for chronic tension-type headache patients.
Muscle contraction as an aetiological factor might
not be as important in TTH as previously believed.
However, it cannot be excluded that a subgroup of
patients with CTTH still might benefit from botuli-
num toxin, especially after repeated injections (30).
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Treatment of Tension-type Headache With Botulinum
Toxin Type A: A Double-Blind, Placebo-Controlled Study

Jens D. Rollnik, MD; Oliver Tanneberger; Margot Schubert, MD; Udo Schneider, MD;
Reinhard Dengler, MD

Objective.—To determine whether injections of botulinum toxin could be of therapeutic value in the treatment
of tension-type headache.

Background.—Botulinum toxin A is very effective at reducing muscle tenderness and pain in many diseases.
Increased muscle tension may contribute to tension-type headache.

Methods.—We performed a double-blind, placebo-controlled study with 21 patients fulfilling the International
Headache Society criteria for tension-type headache. Participants were randomly assigned to treatment (pericra-
nial injection of 10 X 20 mouse units botulinum toxin A) or placebo (injection of isotonic saline in the same man-
ner).

Results.—After 4, 8, and 12 weeks, no significant differences between placebo and treatment could be ob-
served (with respect to visual analog scale, frequency and duration of headache attacks, consumption of analge-
sics, pressure pain threshold, total tenderness score, and quality-of-life parameters).

Conclusions.—The findings of our study strongly support the hypothesis that peripheral mechanisms, such as
increased muscle tenderness, only play a minor role in the pathogenesis of tension-type headache.

Key words: tension-type headache, therapy, botulinum toxin A, muscle tenderness

Abbreviations: MU mouse units, VAS visual analog scale, NHP Nottingham Health Profile, ELQ Everyday-Life
Questionnaire, TTS total tenderness score, PPT pressure pain threshold

(Headache 2000;40:300-305)

The clinical, epidemiological, and societal impact ~ typical symptoms of migraine and differentiates be-
of tension-type headache is immense. It has a lifetime ~ tween episodic and chronic (more than 180 days per
prevalence of up to 30% in the general population.!*  year) tension-type headache. The pathophysiology is
The clinical symptoms consist of aching or sensations ~ complex, but increased pericranial muscle tension
of tightness, pressure, or constriction, which are = may contribute to the development of tension head-
widely varied in intensity, frequency, and duration.*  aches in some patients.**’

A more precise classification is given by the Interna- Botulinum toxin A is a potent drug in the treat-
tional Headache Society (IHS),” which excludes the  ment of several diseases associated with increased
muscle tone, such as spasmodic torticollis,*!° blepharo-
spasm,'? limb dystonia,”® facial hemispasm,?®* and

From the Department of Neurology and Clinical Neurophysi-  gpasticity.'* Botulinum toxin has also been found to
ology (Drs. Rollnik, Schubert, and Dengler and Mr. Tan-

neberger) and the Department of Clinical Psychiatry and Psy-

be useful in the treatment of painful muscle spasms

chotherapy (Dr. Schneider), Medical School of Hannover, and the myofascial pain syndrome.”>'® Some studies
Germany. have suggested that botulinum toxin could also be of
Address all correspondence to Dr. Jens D. Rollnik, Medical therapeutic value in tension-type-headache.”"” How-
School of Hannover, Department of Neurology, D-30623 Han- ever, the results of these studies are conflicting.
nover, Germany. Zwart et al' could not find any significant reduction
Accepted for publication October 22, 1999. in pain intensity or in pressure pain threshold in six
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patients with tension headache (injection site: tempo-
ral muscles; dose: up to 30 to 40 mouse units [MU]
BOTOX [Allergan, Irvine, Calif]). In contrast, Relja'®
treated 10 patients in an open-label trial and reported
positive effects (injection site: tender pericranial mus-
cles; dose: 15 to 35 MU BOTOX). Wheeler" also de-
scribed favorable effects in four cases (injection site:
tender pericranial and neck muscles; dose: up to 160
MU BOTOX).

A problem with the above-mentioned studies'”
is their sample size and open-label design. For these
reasons, we performed a double-blind placebo-con-
trolled study on the efficacy of botulinum toxin A in
the treatment of patients with episodic and chronic
tension-type headaches.

PATIENTS AND METHODS

Patients.—We included 21 subjects (mean age =
SD, 37.4 = 14.3 years; range, 19 to 63 years) with epi-
sodic and chronic tension-type headaches according
to the IHS classification.’ Exclusion criteria were an-
ticoagulation, myasthenia gravis, pregnancy, breast-
feeding, predominantly operating factors (eg, second-
ary gain, compensation, disability, and psychosocial
factors), analgesic rebound headache syndrome, and
symptomatic or other concomitant headaches. All
participants had normal magnetic resonance imaging
(MRI) or computed tomography (CT) of the head
and were resistant to previous medication, including
antidepressants. Concomitant medication was al-
lowed (including analgesics and rescue medications),
but patients were required to document carefully any
pharmacotherapeutics in their diaries. As far as an-
algesics are concerned, patients only used acetami-
nophen (500 mg per tablet). In the placebo group,
there was a mean consumption of 11.8 (10.6 SD) tab-
lets per month, compared with 14.8 (20.4 SD) tablets
per month in the treatment group at baseline. None
of the patients received antidepressants during the
study. In a double-blind, placebo-controlled design,
subjects were randomly assigned to placebo or botuli-
num toxin. The groups did not differ significantly
with respect to sociodemographic data (Table 1).
There was a preponderance of episodic tension-type
headache in both groups (nine in the placebo and
seven in the botulinum toxin group; x>=2.0, P=.16).
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Table 1.-Sociodemographic Data of Placebo and Botulinum
Toxin Group (Baseline)

Botulinum
Placebo Toxin

No. of patients 10 11
Mean age, y (= SD)* 35.5(10.9) 39.2 (17.3)
Gender (F/M) 6/4 7/4
Chronic/episodic

tension-type headache 1/9 4/7
Mean headache frequency

per month (+ SD) 11.4 (7.7) 16.2 (10.8)
Mean VAS (*+ SD) 5.8 (1.6) 5.8(24)

*SD indicates standard deviation.

The patients gave written, informed consent to par-
ticipate in the study, as required by the local ethics
committee.

Examination.—The patients were examined at
baseline and after 4, 8, and 12 weeks. Patients were
asked to keep a diary throughout the study (starting 4
weeks prior to the study), recording their daily con-
sumption of analgesics, pain intensity (visual analog
scale [VAS]: range, 0 to 10; 0 corresponds to no pain,
and 10 to the strongest pain), site, and duration of
headache attacks. Furthermore, patients were required
to give a rating on the VAS and their impression of im-
provement on a clinical global impression (CGI) scale®
at every visit. In order to evaluate quality-of-life pa-
rameters, participants were asked to complete a Not-
tingham Health Profile (NHP)?' and an Everyday-Life
Questionnaire (ELQ)? at 4-week intervals.

Measurement of Muscle Tenderness.—Muscle ten-
derness was determined by measuring the total ten-
derness score (TTS)”? and the pressure pain thresh-
old (PPT)* at baseline and during the follow-up
visits. The PPT was determined according to Jensen
et al”: The algesimeter (a handle with a pressure-sen-
sitive strain gauge situated at the tip and connected to
a power supply and an amplifier, the tip being cov-
ered with a probe 0.5 cm? in area) was held perpen-
dicular to the skin against the temporal region where
palpation had shown the anterior part of the tempo-
ral muscle to be most prominent (usually 2 cm behind
the lateral orbital margin and 2 cm above the tempo-
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ral line). Subjects were instructed to push a button as
soon as the pressure became painful. The pressure
was then immediately released. The TTS was deter-
mined according to Langemark and Olesen?: Ten-
derness in 10 pericranial muscles (frontal, lateral
pterygoid, masseter, coronoid process, sternocleido-
mastoid, medial pterygoid, trapezius, temporal, mas-
toid process, and neck muscle insertions) on each side
of the head was evaluated by palpation and scored
from 0 to 3 (0 corresponded to no visible reaction and
denial of tenderness; 1 to no visible reaction but ver-
bal report of discomfort or mild pain; 2 to verbal re-
port of painful tenderness, facial expression of dis-
comfort; and 3 to marked grimacing or withdrawal,
verbal report of marked painful tenderness and pain).
Botulinum Toxin Injections.—Injections were made
into the pericranial muscles around the head (two in-
jections into the fronto-occipital muscle and three
into the temporal muscles bilaterally). Botulinum
toxin treatment was carried out with 20 MU DYS-
PORT (Speywood Ltd., Wrexham, UK) per injec-
tion, diluted to 200 MU/mL (total dose: 10 X 20
MU=200 MU per patient). Placebo injections con-
sisted of 0.1 mL isotonic saline per injection site, given
at the same sites as the botulinum toxin injections.
Statistics.—Statistical analyses were carried out
using ¢ tests and analyses of variance for repeated
measures, with P<<.05 regarded as significant.

RESULTS

At baseline (prior to injections), the placebo and
botulinum toxin groups did not differ significantly with
respect to VAS, headache frequency, TTS, PPT, qual-
ity-of-life parameters, and consumption of analgesics.

During the study, VAS values decreased for the
whole group (paired difference for the first follow-
up (= SD): —1.04 (= 2.30), P=.051; second follow-
up: —1.22 (% 2.86), P=.064; third follow-up: —1.01
(= 2.37), P=.072), but no significant differences be-
tween placebo and botulinum treatment could be
found (Figure).

After 4 weeks (first follow-up), the CGI indi-
cated slight improvement in both treatment groups
with a mean (* SD) of 0.55 (* 1.58) in the placebo
group and 0.64 (= 1.75) in the treatment group, but
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Results of the visual analog scale at baseline and 4, 8, and 12
weeks after treatment. No significant differences between bot-
ulinum treatment and placebo could be observed.

the difference was not significant. Subsequent follow-
up visits revealed even better CGI values, but again
there was no significant difference (after 8 weeks: pla-
cebo 1.50 [*= 1.58], treatment 1.00 [£ 1.55]; after 12
weeks: placebo 1.44 [+ 1.59], treatment 0.91 [= 1.38]).
After 12 weeks, 8 of 10 patients in the placebo group
and 6 of 11 patients in the botulinum group wished to
repeat their treatment.

In addition, no significant differences between
the groups could be found as far as PPT, TTS, NHP,
headache frequency, and consumption of analgesics
are concerned (Table 2). Only the ELQ indicated a
significantly greater improvement for placebo-
treated subjects compared with botulinum toxin at

the first (P=.047) and third (P=.009) follow-up visits.

COMMENTS

Increased pericranial muscle tension and tender-
ness may contribute to the development of tension
headaches at least in some patients,**” but the patho-
genesis has not been fully established. Some authors
believe that increased muscle tenderness only plays a
minor role and that the underlying mechanism might
be central.”* The beneficial effects of antidepres-
sants also suggest a central origin.?

The most important result was that the study
sample had an improved VAS, but we could not find
any significant difference between placebo and botu-
linum treatment. This finding underlines the fact that
the placebo effect may be considerable, especially in



Headache 303
Table 2.—Relative Changes (in Percentages Compared With Baseline) After Botulinum Toxin and Placebo
Botulinum Toxin Placebo

Follow-up* 1 2 1 2 3

VAS -9.6 (32.9) —19.6 (40.3) -8.0(27.3) —15.3 (41.8) —17.9 (56.2) —16.5 (51.4)
Frequency —5.4 (43.0) 5.3(76.2) —10.3 (43.4) —12.6 (38.5) —23.3 (44.6) —0.5 (59.5)
PPT, right —1.8 (41.8) —10.1 (36.6) —6.2 (41.2) 13.0 (38.3) —1.0 (24.9) 14.6 (43.7)
PPT, left 13.0 (27.9) —1.6 (30.7) -3.5(29.1) 6.5(22.2) —13.0 (11.9) —42(25.9)
TTS 13.9 (67.1) —4.0 (162.5) —173.8 (56.0) —8.3(69.7) —47.2(52.9) —43.1(51.2)
NHP 6.2 (13.5) — 3.3(294) —4.3 (8.6) — 9.6 (12.1)
ELQ 2.3 (13.6) — 7.9 (10.0) 5.6 (35.9) — 14.6 (35.8)

VAS indicates visual analog scale; Frequency, frequency of headache attacks; PPT, pressure pain thresholds; TTS, total tenderness
score; NHP, Nottingham Health Profile; and ELQ, Everyday-Life Questionnaire.

*Follow-up visits at monthly intervals.
Mean (= SD).

headache studies.” Therefore, some of the reported
beneficial effects (eg, Relja'®) might be due to this
phenomenon. Needling and injections of saline or lo-
cal anesthetics into muscle tender points have been
reported helpful by dulling nociceptive impulses.”®
This mechanism could explain the overall improve-
ment in our sample.

The negative results of our study are in line with
those of Zwart et al,'”’ in supporting the hypothesis
that muscular tension only plays a minor role in the
pathogenesis of tension-type headache.

Nevertheless, there are some limitations to our
study. The sample size is too small to answer the
question of whether it would be possible to identify
specific subgroups of patients with tension-type head-
ache, for example, patients with increased muscle ac-
tivity, who might respond to botulinum toxin treat-
ment. It would be of great interest to examine those
patients with tension-type headache specifically asso-
ciated with pericranial muscle tension. Further stud-
ies on this topic employing larger sample sizes are to
be encouraged.

In this pilot study, injections were administered
in a rote manner around the head rather than being
placed in muscles that were clearly abnormal, as des-
ignated by tenderness and increased muscle tone,
spasm, or myofascial dysfunction, including trigger
points. Some authors have also injected suboccipital/

upper cervical and glabellar muscles when these were
considered to be areas where headache started or
head pain occurred, or where tenderness was pal-
pated so as to reproduce components of the patient’s
pain syndrome. Therefore, it would be very interest-
ing to try other injection sites. The use of EMG guid-
ance may also be considered.

A therapeutic effect of botulinum toxin might
not only be a question of injection techniques or sites
but also of dosage. In the present study, we have used
only one dosage (DYSPORT® 200 MU), which was
supposed to be effective (on the basis of a large clini-
cal experiment with botulinum toxin treatment). It
might be necessary to try higher dosages.

Besides VAS, headache frequency, PPT, and
TTS, it would be interesting to look at other parame-
ters. It is important to note that TTS is based on pal-
pation of a specific group of muscles, which may or
may not be involved in each individual. The TTS may
differ depending on whether the patient is experienc-
ing a headache or not, and it may not be pertinent if
symptomatic muscles are not involved. Therefore,
other instruments should be used. Examination with
EMG may provide more valid information about
cephalic muscle tenderness.

Despite these limitations, it seems clear that
treatment of chronic and episodic tension-type head-
aches with botulinum toxin is unlikely to be benefi-
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cial. In line with Zwart et al,'” we hypothesize that in-

creased cephalic muscle tenderness does not play a

major role in the pathophysiology of tension-type

headache. At present, chemodenervation of painful

or tense pericranial muscles cannot be recommended

as an alternative treatment strategy in tension-type
headache.
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Brief Communication

Botulinum Toxin Type A and EMG: A Key to the
Understanding of Chronic Tension-type Headaches?

Jens D. Rollnik, MD; Matthias Karst, MD; Matthias Fink, MD; Reinhard Dengler, MD

Background.—The pathogenesis of chronic tension-type headache remains unclear, and the role of muscle
tension is especially controversial. Botulinum toxin type A, a potent inhibitor of muscle tone, has been used to
treat chronic tension-type headache.

Objective.—To determine whether clinical response to treatment of chronic tension-type headache with
Botox A parallels changes in resting muscle activity recorded through serial electromyography (EMG).

Methods.—We randomly assigned eight patients with chronic tension-type headache to pericranial injection
of 500 MU Botox A versus placebo (isotonic saline).

Results.—At 6 and 12 weeks following treatment, there were no significant differences in clinical outcome be-
tween the placebo and the Botox A groups. This occurred despite EMG evidence of a reduction in resting muscle
activity in the Botox A-treated patients.

Conclusion.—These results support the hypothesis that peripheral mechanisms such as increased muscle tone
play, at most, a minor role in the pathophysiology of chronic tension-type headache.

Key words: tension-type headache, botulinum A toxin, muscle tension, EMG, electromyography
Abbreviations: TTHs tension-type headaches, CTTH chronic TTH
(Headache. 2001;41:985-989)

The pathophysiology of tension-type headaches  pain thresholds in 6 patients with TTH.” In contrast,
(TTHs) is obscure, but it has been hypothesized that ~ Relja treated 10 patients in an open-label trial and
increased pericranial muscle tension may contribute  reported positive effects, and others similarly have re-
to the development of TTH in a proportion of pa-  ported beneficial effects.'®!! With all of these studies, the
tients.! Botulinum toxin type A (Botox A) is effective ~ sample sizes were small and the design open-label.>?
in the treatment of certain diseases characterized by We previously have reported the results of a dou-
chronic pain and increased muscle tone.*® Some investi-  ble-blind, placebo-controlled study evaluating the effi-
gators have suggested that botulinum toxin (Botox) cacy of Botox A (10X20 MU Dysport, injected pericra-
could be of therapeutic value for TTH, as well.>!? The = nially) in the treatment of 21 patients with episodic and
results from related studies, however, have been con- chronic TTH, wherein no significant treatment effect
flicting. Zwart and colleagues could not demonstrate =~ was demonstrated.”® This would seem to suggest that
a significant reduction in pain intensity or pressure  muscle tension plays, at most, a minor role in the gen-

eration of TTH.® Another study from our group

demonstrated no clinical benefit from needle acupunc-
From the Departlflents of Neurology and lemcal Neu.roph.ys.l- ture for chronic TTH (CTTH)." Since needle acupunc-
ology (Drs. Rollnik and Dengler), Anesthesiology, Pain Clinic .
(Dr. Karst), and Physical Medicine and Rehabilitation (Dr. ture can reduce muscle tenderness, we concluded again
Fink), Medical School of Hannover, Germany. that increased muscle tension is not the main genera-
Address all correspondence to Dr. Jens D. Rollnik, Depart- tor of CTTH. The lack of evidence to support a “pe-
ment of Neurology, Medical School of Hannover, D-30623  ripheral” mechanism for CTTH suggests, by default,
Hannover, Germany. a “central” origin, eg, a disturbance of limbic path-

Accepted for publication July 30, 2001. ways to the brain stem.!>1¢
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Since EMG surface recordings allow an evalua-
tion of muscle tension in TTH,'"*” we decided to per-
form a pilot study coupling Botox A therapy with se-
rial EMG recordings of frontal and temporal muscles.

PATIENTS AND METHODS

Patients.—We enrolled eight patients (mean age,
54.4 years; SD =7.6; range, 43 to 65 years; five men, three
women) with CTTH, as defined by the International
Headache Society diagnostic classification system.” Ex-
clusion criteria included presence of coagulopathy, my-
asthenia gravis, pregnancy, breast-feeding, significant
psychiatric disease or psychosocial factors (eg, active dis-
ability compensation issues), analgesic overuse, and symp-
tomatic or concomitant nontension-type headaches. All
participants had had a normal brain imaging study. All
had CTTH which had proven resistant to medications
(including antidepressants). Concomitant medication
was allowed (including analgesics and rescue medica-
tions), and patients were required to document carefully
any pharmacotherapeutics in their home diary. None re-
ceived antidepressants or muscle relaxants during the
study period. Under a double-blind placebo-controlled
design, patients were randomly assigned to placebo or
Botox A. The groups did not differ significantly with re-
spect to sociodemographic data (Table). The patients
gave written informed consent to participate in the
study, as required by the local ethics committee.
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Examination.—All patients were examined care-
fully at baseline and at 6 and 12 weeks following treat-
ment. Patients were asked to keep a home diary
throughout the study (starting 6 weeks prior to treat-
ment) recording daily consumption of analgesics,
headache intensity (0=no pain to 4=very strong
pain), and site and duration of headache attacks. As
the primary outcome parameter, pain intensity and
duration were used to calculate an “area under the
headache curve” for the 6-week baseline period and
the posttreatment follow-up periods:

Area = Pain Intensityp,, ; X Pain Durationp,y ; +.... +
Pain Intensityp,, , X Pain Durationp,, ,."

Patients were examined at baseline and at 6 and
12 weeks following treatment with surface EMG re-
cordings, according to the procedure described by
Jensen et al.!® Specifically, frontal and anterior tem-
poral muscles on both sides were examined at rest
(after relaxation), using a Dantec keyboard device
(Dantec; Copenhagen, Denmark) and conventional
surface electrodes. The electrodes on the temporal
muscles were placed 2 cm behind the lateral eye mar-
gin and 2 cm above the orbitomeatal line. The frontal
muscles were studied with the electrodes 2 cm above
the superior orbital margin. The area under the EMG
curve was measured and expressed as mV/ms. Mean
values for the right and left sides were computed for
the temporal and frontal muscles.

Sociodemographic Data*

Feature

Placebo Group

Botox A Group

(n=4) (n=4)

Total duration of CTTH, mo

Headache days/6 wk, baseline

No. of analgesics used/6 wk

Area under the headache curve, baseline
Age,y

Ratio of women to men

Beck Depression Inventory

Height, cm

Weight, kg

106.3 (113.2) 137.5 (160.4)

53.5(5.1) 49.3 (10.4)
7.5 (8.8) 5.8 (6.4)
1194.4 (806.3) 1223.4 (1207.4)
52.8 (10.1) 56.0 (4.8)
2:2 1:3
7.5(5.3) 8.5(7.7)
171.0 (5.6) 178.3 (13.3)
77.3 (8.7) 80.5 (20.6)

*Values are means (SD) unless otherwise indicated. P=NS. CTTH indicates chronic tension-type headache.
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Botulinum Toxin Type A Injections.—Botox A
treatment was carried out by injection of 500 MU
Dysport (Ipsen Biopharm; Wrexham, North Wales)
into the pericranial and neck muscles bilaterally: fron-
talis 2X 15 MU, temporalis 2 X25 MU, sternocleido-
mastoid 1 X30 MU, auricularis 1X20 MU, occipitalis
2X20 MU, splenius capitis 1X25 MU, semispinalis
capitis 1 X25 MU, and trapezius 1X30 MU per side.
Placebo was administered with isotonic saline, given
at the same locations as the Botox A injections.

Statistics.— 7 tests for independent samples (with
treatment as independent variable) and chi-square

A Test:1

8.1 mu/D
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tests were used for statistical analyses, with P<<.05 re-
garded as significant.

RESULTS

At pretreatment baseline the placebo and Botox
A groups did not differ significantly with respect to
pain intensity, pain duration, headache frequency, and
consumption of analgesics. The area under the head-
ache curve was nearly the same for both groups (Fig-
ure 1); at baseline it was 1194.4 (SD =806.3) for the
placebo-treated patients and 1223.4 (SD =1207.4) for
the Botox A-treated patients. No significant differ-
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Fig 1.—Electromyogram surface recordings from the right and left temporal muscles (lines 1 and 3), and from the right and left
frontal muscles (lines 2 and 4), before botulinum toxin treatment (baseline). A shows surface EMG of a patient with chronic TTH
without headache during recording, B demonstrates EMG of a patient with headache during recording. EMG surface activity is

higher in the latter subject.
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Fig 2.—Area under the headache curve at baseline, 6, and 12
weeks after treatment. No significant differences between
Botox A and placebo treatment could be observed.

ences between the two groups could be observed af-
ter 6 and 12 weeks (Figure 2). At the first follow-up,
the area under the headache curve was 1134.9 (SD =
926.9) for the placebo-treated patients and 851.3
(SD=1307.3) for the Botox A-treated patients; and
at the second follow-up, it was 894.9 (SD =650.8) for
the placebo group and 824.7 (SD=1236.9) for the
Botox A group.

During the baseline EMG examinations, two pa-
tients from the placebo group and three from the Botox
A group were suffering from acute headache. At 6 and
12 weeks, acute headache prevalence during EMG again
was not significantly different between the two groups.

Analyzing the areas under the EMG curve for
the temporalis muscle, values did not differ signifi-
cantly at baseline. After 6 weeks, however, the areas
tended to be smaller in the Botox A group (8.8 mV/
ms, SD=3.9 versus 14.2 mV/ms, SD=3.9; P=.053),
and those areas were significantly different after 12
weeks (Botox A, 8.8 mV/ms, SD = 1.6 versus placebo,
20.1 mV/ms, SD=5.1; P=0.043) (Figure 3). The EMG
areas for the frontalis muscle did not differ signifi-
cantly at any point.

COMMENTS

Our small pilot study demonstrated no benefit
from Botox A therapy for CTTH despite some objec-
tively recorded reduction in resting muscle contrac-
tion. Our failure to demonstrate a significant reduc-
tion in EMG activity in the Botox A group at the
6-week follow-up (P =.053) resulted more likely from
our small sample size than any biologic factor. Our
findings support the contention that any ameliorative
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Fig 3.—Area under the EMG curve (at rest). Electromyogram
recordings indicate a significant reduction of muscular tension
after Botox A treatment.

effect of Botox A in migraine may occur as a result of
some as yet unidentified central action.?!

As espoused also by Zwart et al, we hypothesize
that increased cephalic muscle contraction and asso-
ciated tenderness do not play a major role in the
pathophysiology of CTTH.? Accordingly, Botox A in-
jections cannot be presently recommended as a treat-
ment strategy for TTH.
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Effect of Botulinum Toxin A Injections in the
Treatment of Chronic Tension-type Headache:
A Double-Blind, Placebo-Controlled Trial

Wolfgang J. Schmitt, MD; Eva Slowey, MD; Nina Fravi, MD; Sabine Weber; Jean-Marc Burgunder, MD

In addition to vascular and supraspinal influences, contraction of craniofacial muscles or central sensitization
processes following continuous nociceptive input of craniofacial muscles may play an important role in the patho-
genesis of tension-type headache. Chemodenervation induced by botulinum toxin injection is successfully used to
decrease muscle tension. If muscle tension is important in this type of headache, then botulinum toxin could be
helpful in its treatment. We conducted a randomized, placebo-controlled study to examine the effect of 20 U bot-
ulinum toxin injected into frontal and temporal muscles in patients with chronic tension-type headache. During a
baseline of 4 weeks and a posttreatment period of 8 weeks, the effect was evaluated with daily records and the
West Haven-Yale Multidimensional Pain Inventory. Some improvement in affective variables were demonstrated
in the botulinum group, but important outcome variables, such as pain intensity, the number of pain-free days,
and consumption of analgesics, were not statistically different between the groups. Reasons for these moderate ef-
fects may include the injection sites, dose of botulinum toxin, and duration of treatment.

Key words: chronic tension-type headache, botulinum toxin, placebo-controlled study

Abbreviations: BTX-A botulinum toxin type A, WHYMPI West Haven-Yale Multidimensional Pain Inventory,
VAS visual analog scale

(Headache 2001;41:658-664)

The pathogenesis of tension-type headache is a  vascular or myofascial stimuli. According to this model,

controversial topic in the literature.!* Olesen has pre-  minor myofascial stimuli which would otherwise not
sented a model explaining tension-type headache and  provoke headache under physiological conditions can
migraine as a result of vascular, myofascial, and su-  trigger headache as a result of sensitization.*

praspinal influences. In tension-type headache, the Chemodenervation using botulinum toxin is ef-

myofascial nociceptive input is more important than  fective in the treatment of blepharospasm,’ spasmodic
the vascular component. Continuous nociceptive input  torticollis,*” hemifacial spasm,® and spasticity.” Posi-
from the craniofacial muscles increases the sensitivity ~ tive results in the treatment of tension-type headache
of neurons located in the nucleus caudalis of the tri-  with botulinum toxin have been reported in some
geminal nuclear complex and possibly the dorsolat-  case reports and studies. Wheeler!® reported four
eral C2 segment of the spinal cord and thalamus. This  cases with intractable headache, in which botulinum
sensitization causes headache triggered by stress, or  toxin type A (BTX-A) injections were used in addi-

tion to other treatments such as B-blockers, antide-

From the Departments of Psychiatry (Dr. Schmitt) and Neu- pressants, and physical therapy. In all four cases, tem-

rology (Drs. Slowey, Fravi, and Burgunder and Ms. Weber), porary relief and successful treatment after recurrence
Inselspital, Bern, Switzerland. of the pain was achieved. Hobson and Gladish" re-
Address all correspondence to Dr. Wolfgang J. Schmitt, De-  ported an improvement after repetitive injections of
partment of Psychiatry, Inselspital, CH-3010 Bern, Switzerland. botulinum toxin in a localized area of the trapezius
Accepted for publication March 13, 2001. muscle in a patient with a history of whiplash injury.
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Assuming the above mechanisms, muscle relaxation
could decrease nociceptive input and, consecutively,
the pain.

According to the International Headache Society
(IHS) classification,'? there are episodic and chronic
forms of tension-type headache in which the duration
and frequency of the headache are the most salient
differences. Our study focused on patients with chronic-
tension type headache because it represents a long-
standing condition in which efficacious treatment is
rare. A placebo-controlled, randomized design was
used to evaluate the efficacy of BTX-A for the treat-
ment of chronic tension-type headache.

SUBJECTS AND METHODS

Most subjects were recruited by a notice in the
local newspaper. We included patients with headache
fulfilling the IHS criteria for chronic tension-type
headache. Prior to inclusion, patients were examined
using standardized neurological clinical protocols to
ensure uniformity of the examination for all patients,
independent of the examiner. A semistructured ques-
tionnaire was used to elicit the symptoms and history
of headache. Patients with a history of head trauma
or whiplash injury were excluded. Further exclusion
criteria were other types of headache (eg, migraine
with more than one attack a month); episodic ten-
sion-type headache; severe medical, neurologic, or
psychiatric disorder; recent introduction of a new
headache therapy; previous treatment with botuli-
num injections; pregnancy; and lactation. Severe dis-
orders were defined as diseases other than headache
leading to greater than 50% disability and the need of
continuous medical treatment. Intake of analgesic
drugs was not an exclusion criterion. Active drug or
alcohol abuse was exclusionary.

Patients gave written consent and were random-
ized by permuted block of 10 to treatment with either
BTX-A (Botox, Allergan) or saline solution.

At the time of randomization, patients completed
the German version of the West Haven-Yale Multidi-
mensional Pain Inventory (WHYMPI).!3! This ques-
tionnaire is divided into three parts representing
different aspects of pain: (1) psychosocial axis (pain
severity, pain-related life interference, negative mood,
support, self-control); (2) behavioral axis, the patient’s
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perception of reactions to their displays of pain by
the most important person (punishing responses, so-
licitous responses, distracting responses); and (3) be-
havioral axis, engagement of the patient in common
activities (social activities, household chores, outdoor
work). Each day over a 4-week period, patients were
to record intensity of headache, daily activities, dis-
tress, and feelings of depression, tension, and anger
on a self-rating visual analog scale (VAS). Pain inten-
sity was rated four times a day. Concomitant medica-
tion and other treatments such as physical therapy or
relaxation were also recorded. There was no restric-
tion concerning the use of analgesics or other drugs,
but the patient had to record all analgesic use in the
diary. At the beginning of treatment, patients again
completed the WHYMPI and received two injections
bilaterally in the frontal muscles and two injections
bilaterally in the temporal superficial muscles, either
20 U BTX-A (100 U in 2 mL saline, each injection 2.5 U)
or the same volume of saline. The injection syringes
were prepared by another person in such a way that
the physician performing the injections could not rec-
ognize whether saline or botulinum toxin was in-
jected. We chose the dosage and sites after prelimi-
nary case observation of two patients receiving BTX-A
for treatment of frontal muscle dyskinesia, who both
reported a clear decrease of tension-type headache.

Follow-up visits were performed 4 and 8 weeks
after treatment. In an interview, patients were asked
to score the overall effect of the treatment and to re-
port side effects. Both intensity and frequency were
scored on a scale ranging from —5 (extreme de-
crease) to +5 (extreme increase). At both posttreat-
ment visits, they also completed the WHYMPL
Throughout the entire study, patients filled out the
daily diary.

A two-factorial repeated-measure design with
treatment group (BTX-A versus placebo) as be-
tween-factor and time as within-factor was used. The
differences in pretreatment and posttreatment scores
(4 and 8 weeks posttreatment) were calculated and
compared between the groups by performing Student
t tests with the differences as dependent factors. This
method was used for all variables whose scale of mea-
surement allowed it (WHYMPI scores, VAS scales,
pain frequency, and pain intensity). In these cases,
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a repeated-measure variance analysis was also per-
formed. Student ¢ test was also used to compare
quantitative data between the groups (eg, age, dura-
tion of headache). For qualitative data, x? statistics
were computed and when cell numbers were too
small, the Fisher exact test was used.

Two response statistics were computed: (1) pa-
tient self-reports and (2) pain reduction of 25% or
more. The first statistic is based on the self-reports
the patients gave during the two posttreatment visits.
The second was calculated by comparing an individ-
ual’s pretreatment pain level (mean of the four daily
pain scores on the VAS) with their posttreatment
pain level. Patients were classified as responders if
the difference in the individual pain levels showed
more than 25% improvement and as nonresponders
if the difference was lower.

The study was accepted by the ethics committee
of the University of Bern.

RESULTS

We included 60 patients (36 women and 24 men)
with chronic tension-type headache according to the
IHS criteria. One man withdrew consent during baseline
and was not included in the analysis. Women were
between the ages of 18 and 78 years (mean=SD,
43.3+15.8 years), and men were between the ages of
19 and 78 years (mean = SD, 49.5+15.4 years). Four-
teen patients also had rare, maximal one-monthly mi-
graine attacks. The mean duration of headache was
22.3 years (SD, 17.2 years), with a range from 8
months to 60 years. The frontotemporal localization
of the headache was comparable in the two groups,
with 63% in the BTX-A group and 59% in the con-
trol group (Table 1).

The mean disease duration was 27.7 years (SD,
20.7 years) in the BTX-A group and 19.4 years (SD,
15.7 years) in the control group. This difference was
not statistically significant (t=1.3, df=57). The mean
treatment duration was also comparable, 23.7 years
(SD, 19.6 years) in the BTX-A group and 19.1 years
(SD, 19.2 years) in the control group (¢=0.91, df =55,
NS). The mean monthly intake of analgesics was 23.9
units (SD, 27.5 units) for patients in the BTX-A
group and 25.1 units (SD, 22.8 units) for patients in
the placebo group; the difference was not statistically
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Table 1.—Headache Localization*

Frontotemporal ~ Occipitonuchal ~ Other
BTX-A group 19 (63) 9 (30) 2(7)
Control group 17 (59) 9(31) 3 (10)

*Values are number (percentage) of patients.
x>=1.68, df=2,NS. BTX-A indicates botulinum toxin type A.

significant (= —0.192, df=56). Thirty-three percent
of the patients in the BTX-A group and 32% of the
patients in the control group took 30 or more units of
analgesic drugs monthly.

A statistically significant improvement in affec-
tive scores as measured by the WHYMPI and the diary
was found. Affective distress (WHYMPI) and angry
mood (diary) scores were significantly lower 4 weeks
after BTX-A treatment compared with placebo (Ta-
ble 2). After 8 weeks, the difference could still be ob-
served for angry mood, but no longer reached statistical
significance. Daily activity level as scored in the diary
was not different between the groups after treatment.

The primary efficacy variable reported on the
VAS and the WHYMPI was pain severity (Table 2).
The four daily VAS scores were averaged and com-
pared. The first 7 days after treatment were excluded
from the statistical analysis due to the possibility of
an increase of the headache induced by the injec-
tions. No statistically significant difference between
groups could be found on the VAS or on the pain
scale of the WHYMPI. We also computed a repeated-
measure variance analysis with time as within-factor
and treatment group (BTX-A versus placebo) as be-
tween-factor; the results were similar. A significant
correlation was found between the VAS and WHYMPI
pain scores (baseline: r=0.571, P<.01; 4 weeks post-
treatment: r=0.611, P<.01; 8 weeks posttreatment:
r=0.622, P<.01).

The two response statistics (patient self-reports
and pain reduction of 25% or more) demonstrated that
based on patient overall self-reports, the percentage of
responders was not different between the groups (Ta-
ble 3). After the first 4 weeks, 23% in the BTX-A
group versus 22% in the control group reported some
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Table 2.—Results of the West Haven-Yale Multidimensional Pain Inventory (WHYMPI) and Patient Diary Before and
After Treatment With Botulinum Toxin Type A*

Botulinum Toxin Type A Group

Control Group

Posttreatment Posttreatment
Scales Basecline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
WHYMPI
Pain severity 2.99 (0.96) 2.69 (1.22) 2.63 (1.23) 3.28 (0.95) 2.77 (1.50) 2.88 (1.57)
Interference 2.45 (0.99) 2.06 (1.17) 1.99 (1.15) 3.11 (1.07) 2.55(1.41) 2.38 (1.41)
Life control 3.84 (1.20) 4.08 (1.06) 4.09 (1.30) 3.78 (1.16) 3.89 (1.25) 3.90 (1.40)
Affective distress 2.88 (0.67) 2.681 (0.80) 2.84 (0.84) 2.74 (0.76) 2.98 (0.70) 2.83 (0.82)
Support 3.45 (1.90) 3.52 (2.09) 3.36 (2.06) 3.20 (2.05) 3.17 (2.17) 2.99 (2.13)
Punishing 0.67 (0.70) 0.69 (0.69) 0.51 (0.59) 1.21 (1.13) 1.03 (1.17) 1.14 (1.18)
Solicitous responses 3.40 (1.33) 3.04 (1.50) 2.98 (1.46) 3.38 (1.69) 3.16 (1.81) 3.05 (1.77)
Distracting 2.41 (1.31) 2.18 (1.35) 2.49 (1.44) 2.63 (1.41) 2.61 (1.60) 2.57 (1.66)
Social activities 2.71 (0.68) 2.71 (0.66) 2.61 (0.77) 2.98 (1.13) 2.79 (1.08) 2.82 (1.26)
Household 3.47 (1.38) 3.30 (1.58) 3.19 (1.70) 3.69 (1.59) 3.68 (1.53) 3.78 (1.53)
Outdoor work 1.86 (1.48) 1.83 (1.54) 1.69 (1.59) 1.82 (1.56) 1.88 (1.61) 1.95 (1.71)
Diaryt
Pain severity 2.62 (1.62) 2.46 (1.91) 2.31 (2.09) 2.81 (1.86) 2.49 (2.29) 2.26 (2.19)
Activity 3.18 (1.49) 3.08 (1.40) 3.30 (1.45) 3.58 (1.33) 3.67 (1.99) 3.46 (1.50)
Interference 2.44 (1.78) 2.32(1.97) 2.11 (2.13) 2.70 (1.63) 2.04 (1.98) 2.07 (1.94)
Distress 0.52 (0.77) 0.41 (1.06) 0.50 (1.17) 1.47 (1.85) 1.07 (2.07) 1.38 (2.29)
Relaxation 5.28 (2.08) 5.03 (2.23) 5.66 (1.96) 4.74 (1.56) 5.19 (1.83) 4.88 (1.97)
Depressive mood 3.61 (2.32) 3.57 (2.58) 3.12 (2.02) 4.14 (2.01) 4.22 (2.26) 4.06 (2.44)
Dysphoric mood 3.69 (2.00) 3.26 (1.74) 3.28 (2.14) 4.22 (1.64) 4.14 (2.24) 4.03 (2.41)
Angry mood 3.50 (2.11) 3.02% (1.97) 3.34 (2.01) 3.88 (1.91) 423 (2.25) 3.71 (2.54)

*Values are mean (SD).
TSignificant with 5% error probability.

+Higher scores on the visual analog scale represent greater expression of the variable.
For statistical analysis, the differences between baseline and posttreatment scores were computed and ¢ tests were performed
between the two treatment groups with the differences as dependent factor.

relief; after 8 weeks, the results were similar (23% ver-
sus 26% ). Pain reduction of 25% or more was based on
the change of the pain scores marked in the diary. Re-
sponse was assumed if the pain decreased at least 25%
from the pretreatment score (Table 4). Four weeks af-
ter treatment, the response was similar in the BTX-A
and control groups. Thirty-seven percent of patients in
the BTX-A group were responders versus 32% in the
control group. Eight weeks after treatment, 54% of the
BTX-A group and 38% of the control group had a 25%
decline in the reported pain scores. The difference did
not reach statistical significance.

The results for pain reduction or response to treat-
ment did not change by including only patients with

frontotemporal localization of the headaches (n=36)
or after exclusion of patients with an average intake
of more than one analgesic unit per day (n=39).

The average intake of analgesics was another in-
dicator of pain. The amount of analgesics taken in the
first month did not differ from baseline. There was no
decrease in analgesic intake in the control group. A
trend in the reduction of the use of analgesic drugs
from baseline (23.87 analgesic units) to the second
month after the treatment (20.32 analgesic units)
could be observed in the BTX-A group, but was not
statistically significant (Table 5).

In both groups, the number of pain-free days in-
creased, but consistently improved only in the BTX-A
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Table 3.—Responder Self-reports Table 4.—No. (%) of Responders*
4 Weeks Posttreatment* 8 Weeks Posttreatmentf 4 Weeks 8 Weeks
Posttreatmentt Posttreatment
Group Better Same Worse Better Same Worse
BTX-A Control BTX-A Control
Group Group Group Group
BTX-A 7(23) 19(53) 4(14) 7@23) 22(73) 14
Control  6(22) 17(47) 6(21) 7(26) 19(70) 1(4) Responders 11 (37) 8(32)  15(54) 9 (38)
Nonresponders 19 (63) 17 (68) 13 (46) 15 (62)

Values are number (percentage) of patients.
*x*=0.571, df=2, NS.

x2=0.062, df=2, NS.

BTX-A indicates botulinum toxin type A.

group (Table 6). The number of pain-free days was not
statistically different.

There was no difference in the occurrence of side
effects. Side effects were also elicited for the 7 days
after injection. At the 4-week posttreatment visit,
mild or moderate side effects were reported by 8 pa-
tients (40%) in the control group and 12 patients
(28%) in the BTX-A group (NS, Fisher exact test,
P=21). Eight weeks after treatment, 3 patients in
the BTX-A group and none in the control group re-
ported side effects (NS, Fisher exact test, P=.21).
The most commonly reported side effects were pain
at the injection site and an increase in headache.
Other side effects included hypesthesia at the fore-
head around the injection sites (control group), par-
esthesia of the scalp, bilateral pain in the shoulders,
orthostatic hypotension (which was known from
medical history), subjective swelling of the forehead
combined with decreased wrinkling of frontal muscle
(all in the BTX-A group) (Table 7). One man from
the BTX-A group did not complete the study because
of increasing headache leading to consent withdrawal
during baseline. All side effects were transient.

COMMENTS

In this double-blind, placebo-controlled study, a
slight benefit of BTX-A injections was demonstrated
in patients with chronic tension-type headache for af-
fective variables after the first month of treatment.

*Responder defined as at least a 25% decrease in individual
daily pain scores.

x*=0.13, df=1,NS.

ix?=1.34,df=1,NS.

BTX-A indicates botulinum toxin type A.

However, pain reduction, intake of analgesic drugs,
and activity level did not differ between the BTX-A
and the control groups.

Several open-label studies have examined the ef-
fect of BTX-A in patients with chronic tension-type
headache. In one study, forehead muscles of one pa-
tient were injected with 20 U spread over different
sites. In three other patients, up to 100 U of BTX-A
were injected into the cervical muscles. Overall, pain
relief followed within the first month and lasted up to
8 months in a few patients.!® Hobson and Gladish!! in-
jected 50 U botulinum toxin into the trapezius muscle
in one patient with some success after the first injec-
tion and maintenance of the pain relief over 3 months
by repeating the injections. Smuts et al'> presented a
study in which patients with chronic tension-type

Table 5.—Mean (SD) Monthly Intake of Analgesics

4 Weeks 8 Weeks
Group Baseline Posttreatment*  Posttreatmentf
BTX-A  23.87 (27.53) 23.30 (26.68) 20.32 (26.30)
Control  25.14 (22.80) 25.18 (22.55) 26.52 (27.12)

*t=—0.08, df=55,NS.
tt=—0.68, df=55,NS.
BTX-A indicates botulinum toxin type A.
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Table 6.—Mean (SD) Days Without Headache

4 Weeks 8 Weeks
Group Baseline Posttreatment* Posttreatmentt
BTX-A 3.63 (5.12) 4.87 (6.85) 6.00 (8.38)
Control 3.79 (5.60) 6.14 (7.84) 5.59 (7.71)

*t=—0.89, df=57, NS.
Tt=0.39, df=57, NS.
BTX-A indicates botulinum toxin type A.

headache were treated with botulinum toxin with a to-
tal dosage of 50 U at different sites (temporal muscles
and cervical muscles). The authors found a decrease
in pain scores of up to 25% in 62% of the patients in
the botulinum group versus 29% in the placebo
group. In an open-label, uncontrolled study with nine
patients suffering from episodic and chronic tension-
type headache, Schulte-Mattler et al found a beneficial
effect after injection of BTX-A in frontal, temporal,
occipital, and sternocleidomatoid muscles.!s Silber-
stein et al treated patients with more than one mi-
graine per month with BTX-A in a double-blind con-
trolled design. A reduction in frequency and severity
was found after 3 months following injections.” In
contrast, the results of a placebo-controlled study with
a crossover design showed no response to botulinum
toxin, possibly due to the small number of patients
and to the limitation of injections to the temporal
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Several issues should be discussed in view of
these conflicting results. The choice of dose and sites
certainly plays a crucial role. Due to the controlled
design of our study, we could not individualize the
treatment. The dose of 20 U BTX-A in our study and
the dose of 30 to 40 U in the Zwart study are lower
than those used in the studies by Wheeler and by
Smuts et al. Our choice of an additional injection site
in the frontal muscle seems to produce better results
than temporal injections alone. Furthermore, injec-
tions of cervical muscles might also be important in
treating chronic tension-type headache. If the con-
cept of sensitization” is taken into account, the results
of delayed improvement (3 months in the studies of
Smuts et al and Silberstein et al) can be explained as
a process of desensitization, which possibly needs
more than 2 months.

These partially conflicting results also reflect the
complexity of chronic headache. Muscle tension is
just one factor. An important psychological factor
must be assumed in the face of the high response rate
to placebo, which is similar to other studies having in-
vestigated treatments for this group of patients."

In conclusion, there is some evidence that BTX-A
injections in craniofacial muscles may have a positive
effect in the treatment of chronic tension-type head-
ache. However, variables such as patient selection,
dosage, and injection sites have to be further eluci-
dated. Most probably, individualized therapeutic reg-
imens with repeated injections will provide the best
benefit, as in the BTX-A treatment of cervical dysto-

muscles.! nia. Duration until improvement seems to be more
Table 7.—No. (%) of Side Effects*
Increase of Headache Pain at Injection Site Vertigo Other
Group 4 Weeks 8 Weeks 4 Weeks 8 Weeks 4 Weeks 8 Weeks 4 Weeks 8 Weeks
Control 4 (14) 0 1(3) 1(3) 0 2(7) 0
BTX-A 4(13) 3(10) 2(7) 2(7) 0 4 (13) 0

*The difference between the groups was statistically not different (4 weeks posttreatment, P=.21; 8 weeks posttreatment, P=.21,

Fisher exact test).
BTX-A indicates botulinum toxin type A.
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than 8 weeks, and perhaps multiple treatments are

necessary until desensitization of central neurons oc-

curs.
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Abstract

A beneficial effect of botulinum toxin on tension-type headache was reported in open-label studies but scientifically rigorous clinical
studies are lacking. Therefore we conducted a prospective, multicenter, randomized, double-blind, placebo-controlled trial. Multiple
pericranial muscles of 112 patients with chronic tension-type headache were treated either with 500 mouse units of botulinum toxin
(Dysport®) or with placebo. The diagnoses were made strictly following the International Headache Society criteria. Co-existence of
migraine was an exclusion criterion. Injections were made following a fixed scheme and not adjusted to the patient’s symptoms. Patients kept
a headache diary that was used to calculate the area under the headache curve of 6 weeks before and 12 weeks after the treatment as the main
effect measure. Secondary effect measures were the number of days with headache, the number of days with intake of analgesics, the duration
of the nocturnal sleep, and the Beck Depression Inventory score. There were no significant differences between the verum group and the
placebo group in any of these variables. Seven patients of the verum group had transient weakness of the eyelids, the neck, or both, indicating
that a higher dose than used in this study does not seem sensible for the treatment of headache. The statistical power of the study was high
enough to warrant the conclusion that there is no clinically significant effect of botulinum toxin A on chronic tension-type headache.

© 2004 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

A therapeutic effect of botulinum toxin A on tension-type
headache has been hypothesized for several reasons. Open-
label studies supported this hypothesis but randomized
controlled trials were not corroborative (Krack et al., 1995;
Rollnik et al., 2000; Schmitt et al., 2001; Schulte-Mattler
et al., 1999; Zwart et al., 1994). However, inefficacy of
botulinum cannot be concluded from the data of the
controlled trials because of the study design or because of
the small number of patients included (Evers et al., 2002;
Gobel et al.,, 2001). Because of both the clinical and
pathophysiological implications of the effect of botulinum
toxin A on tension-type headache, we undertook a
controlled trial. It was intended to have sufficient sensitivity

* Corresponding author. Tel.: +49-941-941-3001; fax: +49-941-941-
3005.
E-mail address: wilhelm.schulte-mattler @klinik.uni-regensburg.de
(W.J. Schulte-Mattler).
' Further members of the BONTTH study group are given in Appendix A.

to detect a beneficial effect and sufficient statistical power to
warrant negative conclusions as well.

2. Patients and methods

The study design was prospective, multicentric, double-
blind, randomized, and placebo-controlled. The guidelines
for trials of drug treatments in tension-type headache of the
International Headache Society (IHS) were followed in
most aspects (Schoenen, 1995). The study was approved by
the ethics committees of the participating centers.

2.1. Patients

Only patients with a diagnosis of chronic tension-type
headache compatible with the criteria of the IHS (Headache
Classification Committee of the International Headache
Society, 1988) and the International Association for the
Study of Pain (IASP; Merskey and Bogduk, 1994) were

0304-3959/$20.00 © 2004 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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Table 1
Anthropometric data of the study population

Verum group Placebo group P

No. of patients 53 54

Mean age 45 (£ 14) 46 (£14) 0.79
Sex (male/female) 30/23 27/26 0.56
Years with headache 14 (=£11) 12 (£11) 0.13
Muscle tenderness score 7(=6) 7(*£6) 0.89
Beck Depression Inventory score 7 (£6) 7(£5) 0.65
Days with headache per week 6.6 (=0.9) 6.7 (=0.9) 0.21
during baseline period

AUC during baseline period 197 (= 100) 184 (£114) 0.12

Standard deviation in parentheses.

eligible. Their headache must have been at least partially
resistant to adequate therapy according to the standards of
the German headache society (Pfaffenrath et al., 1998).
Patients were excluded if they suffered from any con-
comitant headache, especially migraine or analgesics abuse
headache. Further exclusion criteria were: age below 18 or
above 65 years, intake of analgesics or benzodiazepines at
more than 10 days per month, a score of more than 24 points
on the Beck Depression Inventory, signs or symptoms of
other psychiatric disorders, pending application for disable-
ment pension, pregnancy, anticoagulation, and participation
in other studies. Concomitant drug use was allowed but had
to be recorded by the patients. Of the 112 patients who were
included, five patients did not complete the study. Table 1
summarizes the baseline data of the 107 patients who
completed the study.

2.2. Methods

2.2.1. Effect measures

The patients kept a simple headache diary throughout the
study. They were instructed to make recordings every day,
preferably at the same time. The severity of the headache
was noted by the patient on a verbal rating scale (from 0, no
headache to 4, very severe headache). Duration of the
headache and duration of nocturnal sleep were also recorded
as well as any drug intake after the patients had been
instructed to continue with their usual symptomatic
treatment through the whole study.

All effect measures were taken from the diaries: the
number of days with headache, the number of days with the
usual symptomatic treatment, the severity of the headache,
and the area under the headache curve (AUC). The AUC of
a period was defined as the sum of headache duration times
headache intensity of all recordings of headache of that
period. The effect measures were determined for the 6-week
baseline period and for 6-week periods following the
treatment with botulinum toxin A.

Prospectively, the relative change of the AUC from
baseline to the 6-week period beginning 5 weeks after the
treatment was chosen as the primary effect measure.

A significant difference in this measure between the
verum and placebo groups was defined as the primary
endpoint. This choice does not follow the IHS guidelines for
trials of drug treatments in tension-type headache, which
instead recommend the number of days with headache, but
was based upon our previous study (Schulte-Mattler et al.,
1999), in which the AUC of that period was the most
sensitive measure of the effect of botulinum toxin A. From
that study, a mean AUC reduction of 177 per 6 weeks
(standard deviation, 195) was used as the expected verum
effect for the calculation of the size of the study population.
Further parameters of that calculation were: a respective
placebo effect of 74 (estimated from historical data), a
significance level of 0.05, and a power of 0.8, resulting in a
sample size of 58 patients per group.

2.2.2. Control visits

After a previous screening, the patients were seen at
baseline and after 6, 12, and 18 weeks. At baseline and after
6 weeks all inclusion and exclusion criteria were checked
and if the headache diary was kept with sufficient reliability,
if any entry in the diary was not compatible with the
diagnosis, and if the AUC of the past 6 weeks was above
100. Only patients who met all criteria at all times were
included. During the following visits the headache diaries
were collected and checked, eventual effects or side effects
were observed and recorded, and the patients were
motivated to continue with the study.

During all visits the Beck Depression Inventory score
and a tenderness score of the pericranial muscles were
determined. The latter score was the number of tender or
aching muscles found on palpation of 12 pericranial
muscles.

2.2.3. Randomization and botulinum toxin injections

Patients were randomized to botulinum toxin or to
placebo according to a permuted block scheme (RANCODE
by idv, Gauting, Germany). The study medication was given
6 weeks after the baseline visit. The pericranial muscles of
both sides of the head were treated without electromyo-
graphic guidance following the standardized protocol
shown in Table 2. Patients received a total dose of 500
mouse units of botulinum toxin A (Dysport™) diluted in
5 ml of saline or 5 ml of pure saline as placebo. The study
was unblinded after the last control visit of all patients.

Statistical analysis followed a pre-established analysis
plan, and was done with SPSS 10.0.07 (SPSS Inc., Chicago,
IL) and PASS 6.0 (NCSS Statistical Software, Kaysville,
Utah). Only non-parametric tests were used. Additionally,
two-factorial analysis of variance based upon the general
linear model was used to look for differences between the
participating centers.
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Table 2
Injection protocol for botulinum toxin A

Muscle No. of sites Dose/muscle,
injected MU (ml)
Frontalis 2 30 (0.30)
Temporalis 2 50 (0.50)
Sternocleidomastoid 1 30 (0.30)
Auricularis 1 20 (0.20)
Neck muscles
Occipitalis 2 40 (0.40)
Splenius capitis 1 25 (0.25)
Semispinalis capitis 1 25 (0.25)
Trapezius 1 30 (0.30)
Total (per side) 11 250 (2.5)

MU, mouse units (Dysport®).
3. Results

Neither the primary nor the secondary effect measures
were significantly different between the verum and the
placebo groups at any time (Table 3). The time course of the
headache is shown in Figs. 1 and 2. The only nominally
significant difference between the verum and the placebo
groups found in second week after the treatment was an
increased AUC (P = 0.05) in the verum group, which loses
significance by Bonferroni correction.

For a subgroup analysis, the patients with an initial
muscle tenderness score below the median value were
compared with the patients with a score above it. No
differences between verum and placebo (P > 0.66) and
between the subgroups (P = 0.91, Kruskal-Wallis test)
were found.

The mean number of headache days per week was
significantly reduced by the treatment from 6.6 days to 6.3
days in the verum group (P < 0.01) and from 6.7 to 6.5 days
in the placebo group (P < 0.01). The AUC was not
significantly changed by the treatment (P > 0.11). Four
verum patients and six placebo patients experienced more

Table 3
Changes induced by botulinum toxin A and by placebo in patients with on
chronic tension-type headache

Verum group Placebo group P

Number of patients 53 54

Area under the headache curve -8 —4 0.91
(AUC) (%)

Days with headache per 6 —5.1 —-3.0 0.43
weeks

Days with intake of analgesics +0.5 +0.4 0.96
Muscle tenderness score -1 0 0.35
Beck Depression Inventory score 0 +1 0.45
Sleep duration (h) —-0.1 -0.2 0.83

Data of the 6-week period beginning 5 weeks after the treatment
compared with the 6-week baseline period.
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Fig. 1. Time course of the patient’s mean number of days with headache per
week before and after treatment with 500 mouse units of botulinum toxin A
(Dysport®). Vertical line, time of the treatment; vertical error bars, standard
deviation.

than 50% reduction in headache days after treatment. The
Beck Depression Inventory score varied from 7 to 8 points
without significant differences, neither between the verum
and placebo groups nor over time (P > 0.45).

No significant differences were found between the
participating centers (P > 0.47, factorial analysis of
variance).

The post-hoc statistical power analysis of this study
showed that a reduction of the AUC by 20% would have
been detected with a probability of 81%, a reduction of 30%
with a probability of 99%. A reduction of the number of
days with headache by 0.5 days per week would have been
detected with a probability of 75%, a reduction by 1 day per
week with a probability of >99%.
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Fig. 2. Time course of the patient’s mean weekly area under the headache
curve (AUC) before and after treatment with 500 mouse units of botulinum
toxin A (Dysport®). Vertical line, time of the treatment; vertical error bars,
standard deviation. The difference between verum and placebo was
significant only in the second week after the treatment, and this was in
favor of placebo.
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Side effects were reported by nine patients, of which all
had received botulinum toxin A. Seven of the patients had
transient weakness of the eyelids, the neck, or both. The
weakness was accompanied by pain in one patient. Another
patient had transient neck pain and one patient had pain in
the left temporomandibular joint. She was one of the five
drop-out patients.

4. Discussion

The negative result of this study contrasts reports of
open-label trials in which a beneficial effect of botulinum
toxin A on tension-type headache was found. Previous
controlled trials were also negative, but it was not clear
whether this either was due to inefficiency of botulinum
toxin A, or due to the dose of botulinum toxin A or the
low number of patients studied (Evers et al., 2002;
Rollnik et al., 2000; Schmitt et al., 2001). The statistical
power analysis of this study shows that the number of
patients was high enough to conclude inefficiency of
botulinum toxin A from our data. The dose of botulinum
toxin A chosen in this study was the highest dose so far
given to patients with headache. Per muscle, the dose was
in the range in which an increase of the dose causes
increased muscular weakness (Wohlfarth et al., 1997). As
seven of our patients experienced muscle weakness as a
side effect of the treatment with botulinum toxin A, a
further increase of the dose for the treatment of headache
does not seem sensible. Thus, our data permit to conclude
inefficiency of clinically relevant doses of botulinum toxin
A. To explain the negative results of one controlled study,
it was proposed that the duration until improvement might
be greater than 8 weeks (Schmitt et al., 2001). Our result
do not support this suggestion, as even after 12 weeks of
observation there was no trend in favor of botulinum toxin
A but still the placebo effect (Fig. 1).

It has been argued that botulinum toxin A should be
given in an individualized manner, that means into the site
of the pain or into ‘trigger points’, instead of following a
standardized protocol (Gobel et al., 2001; Schmitt et al.,
2001). However, virtually all pericranial muscles were
treated in this study. By definition, this included most of the
patient’s tender or aching muscles. Thus, it seems unlikely
that an individualized botulinum toxin A therapy would be
effective in a non-selected group of patients with tension-
type headache.

Our understanding of the pathophysiology of tension-
type headache is very limited (Jensen and Olesen, 2000).
The tenderness of pericranial muscles is higher in patients
with chronic tension-type headache than in controls (Ashina
et al., 1999). The negative result of this study argues that
this increased tenderness is more likely to be an epipheno-
menon than involved in the generation of tension-type
headache. This view is stressed by the fact that we found no
differences between the subgroups of patients with muscle

tenderness below and above the median, although botuli-
num toxin A well may reduce pain in conditions in which
the pain is associated with an abnormally increased muscle
tone, such as focal dystonias and spasticity (Greene et al.,
1990; Hyman et al., 2000).

The significant reduction of the number of days with
headache, identical in the verum group and in the placebo
group, shows that the positive results of previous open-label
studies can be explained by a placebo effect alone.
However, the placebo effect was limited in this study, as
further illustrated by the fact that the accidental unblinding
of seven patients by their experience of muscle weakness
had no significant influence on the study results.

In conclusion, the use of botulinum toxin A cannot be
recommended in patients with chronic tension-type head-
ache who do not sufficiently respond to the established
therapeutic strategies.
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