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Swamary. Botulinum toxin A iqjections in the left thyrOllJ'}'tenoid mUiCle were 
ped"onncdin 19 patiCl1Is with adductor spasmodic: dyspbonia. AcolUtic n:con:I­
irtgs were taken prior to and I week aftu iqjcetion and ill. a 2-wcck intcrvlll for 
a aonna!. control ifVUP of 11 subjccll. FundamclltLl frcqueu.CY. standard de­
viation ortulKlameDtaJ frequency, jitter, 1biauncr, sianaJ-to-noise ratio. and the 
voice break factor were st.u4ied. Each of the variables weft measured from 
each lulUcc.t's Ioqest sustained pbonatioo wnp1e of the vowel quality JBI. 
f'indillls of the pruettt study indicated: (a) SpIl5l1lOdic dyspho.aw plicnta bad 
lipilicandy hi&hcr mean valuel of staodard deviabon of fundaslental fre­
quency. jitter. shimmel". IUId l'oicc bruk factor aDd significaaUy lower mAD 
values of 5ilnal-lo-noise rvJ.jo when compared wiUl normal COduola; (b) I. 

Signiflcanl rMuclion posl botuliaum lOxin injection 'oIIlItl found foe atandard 
deviatioo C1f fundamental frcquct\oCy and lhe vDice break t'u:t« only. ~ 
Words: Spasmodic dyspbonia-Bottl1inwn lOUn.-ACOUttic.s. 

Spasmodic dyapbonia (SO) may be defined as an 
idiopathic focal dystoni(: disorder of the larynx. 
Two major types of spll.Smodic dysphonia have 
been described in the lileratllre--the adductor l)'pC 
first observed by Traube in 1871 (1) and the rare 
abductor type described by Aronson (2) in' 1973. 
The adductor type is ch81'11.Cterized by 8 strain­
strangled. effortful phonatioo punctuated by voic~ 

iq arrest due to hyperaddue:tion or the vocal CoId1I 
at Oniel 8lld during phoaatioo. The abductor t)'pC. 
on tbe other hand, is characterized by a breathy. 
weak phonation. particularly at voicing onset. lICo~ 

erally due to abrupt widenina of the slollia. This 
study focuses on adductor SD. SD may be consid­
ered unique among voice disorders in that the eti­
ology and the pbysical deSCr1pliolll of the vocal 
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foldt! of SO patientS are highly varied and may in 
fact IIl48queradc: as lips and !oymptoJDS of other 
diJorders. 

Treatmenl ofUli. claM ofvoice dilO~n has also 
ran.ged enensively, from psychotherapy to hypno­
sis, all with IW)me reported SUOOCllS and undoubtedly 
with ap-eat deaJ offailun:. At this time. none of the 
thenli:Jeulic approaches. medical or surgical. can be 
considered curative. In fact, recurrent laryngeal 
ner'\'e (RLN) reaection can produce adverse effects. 
Aronson BIld De Santo (3) reponed lhat after ) 
yean, 48% of )) patients were considered worse 
lhan. before RLN Sl!J"ler'Y. 

Recently. three independent Lnvestiptions (4. 
5,6) described a procedure in which botulinum toxin 
(Bolox) is iqjeelcd into the thyroarytenoid mUloCle 
10 reduce the symptoms of SO. Botox acts pre~yn­
apticaUy aod prevents calcium-dependent release of 
acetylcholine. thus proc:Iucina a chemical-type oC 
deoervation. Intramuscular iqjection of 80toot 
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has been used for several yean to treal blepharo­
spasm (J ,8,9). Reports of SO patients treated with 
BoLOx indicatc:d dramatic voice improvement last­
ina ~ moolhs. 

As yel the 3C(Hntic fcaturel (ollowing Botex U1' 
.iection have not been comprehensively described. 
Dc5piIC the general agreement Ihal theft is voice 
improvement after Baeo,; injection, questions re­
prding po5t-irijeclion vocal function remain. Spe. 
cifically, Ihe amoonl and direction ofchanaes in Ihe 
ftllldamentsl frequency of phooation. the degree of 
phonatory variability, and the number ofphonatory 
breaks in subjects who undefllo Botox iqjection are 
nol yet known. The primary purpose or tWa study 
was to cumine the l!COustic characteristic!. associ­
ated wilh phonatory chanps after Botox in,iectiDft. 
Two k.ey questions were addreued: What acoustic 
features of voice production distinguish SO patients 
frorn DOrmaJ controls? What chanses occur in lbe 
iICOUStic paramelen of SO after iQjcction of Botox? 

METIIOllS 

SuIliecls 
Nineteen subjects (1.5 women, rOOf men) with • 

diagnosis of SD wer-e studied before and after Botox 
iqjcction. The ll8e8 or the remale SO subjects 
mngcd rrom J4 to 78 yean (mean 56.-4) and of tbe 
mak: SO subjects from 37 to 40 yean (mean 38). 
Diaaoosis or adductor SO waa made indcpeo.dendy 
by an otolaryngologist a.nd a speech pathologist ar­
ler clinical examination. AD subjCoCtll considered 
lbeir symptoms or SO and their speech chan.cter­
i5\ics to be stable. All bad SD ror at least 1 year. 
The time of SO on&ct ranged from I to 12 yean, 
with a mean or5.95 years. None oCtbe subjects hid 
had either previous BOfOX ilUcctions os- RLN sue­
ael')'. All subjCoC(s indicated that they had had 
speech therapy al some time in the past. AU sub­
jects volunteered ror the procedure aDd afterward 
indicated that their speecb IIDd voice Unproved by 
lbe lime or their po9tinjectio'n recording. 

Two voice recordinas from 11 normal controls. 
(NCs) were ma.de in a 2-week interval to evaluate 
lhc short-term normal variability. This poup in­
cluded seven women and rour men with an lie 
I1lIF 0(J9-63 (mean 51.7) ror the women and 32-48 
(mean 42.~) for the men. All NCs were bcalthy. 
IlDR5molcinl subjects without any pa.lIt or present 
hisaory of lao'llIeal paLholoS)' or voice diaordcr, 
lbe NCt comprised stall memben ad other vol­
llIIlten. Age and lender distribution ror each sub­

jccr of the NC and SD groups as weD as the dWlltion 
or disease ror the SO IUbjccts are listad in Table 1. 

Or""'.... 
Botox i'!iectiDn 

BoluliltUlll: toxin type A (Oculinum) doses nmaed 
from 15 10 3Q units dependinl on severity olsymp­
Ioms in each patient_ Botox was Wected pcrcu­
t.anecusly into the left thyroarytenoid mucic. A 
monopolar Teflon-eoated hoUow electromyography 
(EMG) rccontioa needle was used ror the UUection. 
Needle locaUoo in the thyroarytenoid mllSc1e was 
verified by the prescnce or a volunLBrY interference 
pattern with IXI activation with iJupiration or neck 
nexion. 

Ruordi"gJ 
Voice rcc:ordingJ wert taken I week before aod I 

week after injection. Voice samples were I'C>COrded 
on _ high-quality recorder (Nakamichi CR5A). Re· 
cordina levels were con.ai5teot tbrougboul data co.I­
Iection, Pl.tienll were seated comfortably 00 a chair 
ma 8OUDd~trtated room. The microphooe (Sony 
lCMSO) was mounted on an adjustable headpiece, 
which kept it ala COD~anJ. distance \0 the lips, Sub­
jects were asted to take a deep breath and to sus­
lain the vowel/a! steadily at a comfortable intenJity 
and pitch &evel for as loog as powble, The second 
laJ sample from a rtpeated vowel sequence wu 
used ror subsequent analyses. Diaital processinl of 
the acouslic signals was accomplished by using an 

TABLE 1. Ducriptiolt o/porddpo'irq ~Mbjt!ctJ. 
ittcwdUlg B,ndlr dt"rlblllion, rJ//<C, tJM Nlmbcr o/"Yt!tu8 

IillCt! Oru.f!' O/IfXUrttDJk dy8plwrsitJ 
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IBM AT computer. Signals were low-pus filtered 
at 2,000 Hz and digitized willi a samplina; rate of 
8,000 per second. Signal measurements were ob­
tained usiog the software prognm C·speech venion 
2.1 (10). From the s8Dlplc. the in;tial second and I s 
from the midpoint of the sustained vowel were an· 
alyzed. This provided a sampLe related to tbe onset 
characteristics of SO and a mOfe stable sample as· 
sociated with lhe relalively steady-state portioo or 
sustained phonation. Thus a total or 2 8 were aDB­

lyzed. 

ACOU9th: measunments 
Five different acoustic paramcten of each &ub­

~C['s digitized samples were lUUllyzcd: fundamental 
frequency (FuJ, standard deviation of fundamental 
frequency (SDFo), jitter, shimmer, and siBoal­
to-noise ratio (SNR). SDFo is the square rool oftbe 
variance around the mean fundamental frequency. 
We chose SDFo as an Bl:oustic pan.meter in addi­
tion to Fo, because SDFo reprcsent!l the variability 
of Po for each single subject and renects, in contrast 
to Fo, phonatory instabilily. SDFo has also been 
refcrTed to as voice "f1utter" (II). Jitter is the cy­
cle-to-cycle variation in frequency. Shinuner is the 
cycle-to-cycle variation in amplitude. SNR is the 
ratio of enugy in the signal versus tbe noise com­
ponents also contained in the acoustic spectrum. 

Two additional measurements were obtained: the 
muimum phonation time (MPT}-ddined as the 
time (rom the onset of voice to the end of the 5US' 

tained vowel---and the number of phonatory brcall:s 
in the entire sustained vowel. We derIDed ODe voice 
break as a signal Mop with a kngth l008er than two 
cycles divided by the fundamental frequency. 'The 
number of voice br"Ws divided by the MPT WliIS 

defined as the voice break factor (VBF'). 

Slatistia 
Since data indicated W'lequal variance a£coss sub­

ject groups, we applied aonparametric statistics. 
The WilCOxon Signed·Rank lest for paired samples 
was used to compare the before and after irUoc!ion 
data. and the Mann·Whitney tesl (or indepeoden! 
variables Was used to compare the pre between (pre 
Botox SD group V.!l. rlT8\ measurement HC group) 
and post betweell (post Botox SD group ViI. socond 
measurement NC group) groups. 

RESULTS 

F1mdammta) frequeocy 
The mean values (in Hz) (:SD) were similar for 

the two subject stroups: 168 (±41) pre Botox and 

loti""" of V""'.,. Vol. ,. No. I. 'HI 

172 (±SS) post Botox iqjeetion for the SD patients 
And 164 (±41) B..Ild 161 (:t45) for the two trials of the 
NC subjects. Then: were no !iignificaal differences 
between the before aud after data of Po, Dar for the 
pre between JI'OUPs and post between groups (p > 
0.5). F'IW'C l shows the confidence mtervals and 
the mean values of Fo for the SD subjects pn:: and 
posl Botox injection and the two measurements of 
lhe NC subjects. 

SOFo 
Hiabest values (in Hz) (±SD) were found in the 

SD subject group, with a mellR. of 12.1 (±5.9) pre 
Botoxaod S.7 (±4.1) post Botox injection. 'The:: NC 
group showed a mean of 2.0 (:1: 1.2) and 2.1 (± 1.2), 
re~ped.iveJy. Stati:!tical analysis demonstrated that 
SD patients bad sLgnificanUy lower SDF posto 
Botox itijection compared with pre iiUecttoD (p < 
0.001). There was no difference between the two 
trials of the NC group (p > O.S). Comparison of the 
pre between groups and post between groups re­
veaJcd that the NC lubjeets hlld lower mean SDFo 
values cOmpared with Ihe pre mean value of the SD 
6ubjocts (p <; (UIOOl) and also when compared wicb 
the poliIt mean value of the SD subjeetll (p <; 0.001). 
Figure 2 lIbows the confidence iDtervais and the 
mean values of SDFofor the SD aroup pre and post 
Botox il\iection and the two measurement!. of the 
NC group. 

,-
HiPeat values (in ms) were in the SD group. with 

a mean (::rSD) of 0.28 (±0.21) pre Botox and 0.22 
(±0.18) post Botox iDjection. The NC group means 
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\I'e~ 0.028 (±O.O1) for the fIAt lrial and O.OH 
("W.0l) for the second lrial 2 weeks later. Slatistieal 
evalualion revealed that although tbe mean value 
after Botox irtiection was lower, the difference for 
the SD subjects pre and plSI Botox iqiection WIU 

Ilol sigrulie.atlt (P > O.OS), An increase in Ihe vari­
llbility of the jitter measures for the SD group after 
iqjection could be noticed. bul this was mainly due 
10 an outlier. However, removal of this outlier did 
not chaoge StiLtiliticaJ results. There WIl5 DO signifi. 
canl difference between the two erials of the NC 
&roUP (j) > 0.05). Wh~ the jitter vaJuc.s of the SO 
group were compared with the NC group, they wen: 
RprificantJy maller. For SO 8ubjects pre Botox in­
jection versus Ne,l (first trial) statilltica.l results 
were p < 0.0001, and for SD subjects post Botox 
illjection versus NCII (3eCOpd trial), P < 0.01. Fia­
III'C J displays the confidence internJs and lbe mean 

" 

values of jiuer for the two meaSurements of both 
groUp.5. 

SJllmm.... 

Asaia, highest values for shimmer (in %) were 
ob!Crved in tbe SD croup {or their pre~Botox mea­
surements with a mean (±SO) of 16.6 (± n.I). fol­
lowed by the lowee post-irUcction rocatl value of 
12.2 (±12.9). There was 00 overlap with the NC 
subjects, who exhibited definitely lower value. of 
2.4 (:to.9) and 2.5 (~0.8) for the two mcallllRmenls, 
respectively. Statistical analysis demonstrated that 
there was no significant difference for the SO gnup 
pre and post Boto'll measurement (p ;;> 0.1) and lliO 

difference for the NC group between the two U'ials 
(p ~ 0.:5). Comparison of the pre-- and polll·80tox 
values with the first and second trial values of the 
NC group, ['CllpeCtive1y, were blth significandy cW'­
f~nt (p < 0.0001), with the NC troUP b&vin& the 
lower Va!UCI. Figure 4 shows the confiden«;e inter­
vals and the mean valoell of shimmer for SO and NC 
subjects. 

SNR 
Mean SNR valuc.s (in dB) (±SO) ranged for the 

SD sutdects from 12.6 (±4.9) p~ Botox to 13.6 
(±4.9) post Botox i.ojcction. There was no overi&p 
with the NC IIU~ccts. who displayed tbe higher val· 
ues of 21.2 (±2.9) and 20.9 (±2.05) for the two tri­
alII, respectivtJy. Reprdinl the SD group. no lIiK· 
nificanl chan8Jll in SNR IR and post Botox lnject'on 
could be eV1J1ua1ed (p ~ 0.4). In the HC JI'OUp the 
dilference between the two trials was apia nealiai' 
ble (p ;;> 0.5), Comparison of tbe pre belween 
group. and ptO$l between JI'OUps showed tba1 the 
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NC group exhibited the ~Oy biaher mcan. 
values of 8NR in both comparisons (p < O~OOI). 

These data are shown in Fit!. s. 
Descriptive statistics of Po. SOFa. ji«er. shim­

mer. lJId SNR for the SD and NC group' ue sum­
marized, in Table 2. 

Malmum pbonatioo time 
Mean valuu (in s) (±SD) IlU18cd, (or the SO 

group. from 14.9 (±7.8) for pre Botox and ll.6 
(::!::6.8) for post BoIDl: if\iection to 17.7 (z7.1), and 
16.7 (±H.J) for the lifllt and second measuccmcnl 01 
the NC group, respectively. While the poet·Botox 
MPT values were shorter than pre Bolox injection, 
the difference was not statistically significant (Jl '> 
0.1). The difference between the two triaJ.s of the 
NC group was not significant (p > O.l). Stalistical 
companson of tbe pre between lP'Oups and post be­
tween groups al.!lO revealed no sia;aillcaDt diffu­
ences (p > 0.1; p > O.OS). Viewing the individual 
data shoWed that eigbt SO paLienb showed in­
creased and II patienu decreased MPf values after 
Botox injection. 

Voke Ilrat factor 
As anticipated, the NC subjects exhibited ao 

voice breaks. thus resultins: in a VBF equal to zero 
for all NC subjects. The mean value ofVBF (:tSO) 
for the SO subj~ts was 1.16 (~O.24) pre ilUection 
8Ild was reduced to 0.17 (~O.09) post ilijection. This 
difference was SlatisticaJ.ly lipifkant (P < 0.01). 
Confidence intervala 0( the VBF for the SO group 
pre and poIt Botox ace shown in Pig. 6, 

:0; 
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COND.USI0NS 

Of the StlvCQ parameters studied. SO subjecta 
weR round to be aianificantly different aJmparcd 
with the He lIutUecb in dYe measures: (a) SO sub­
joet.. bad sipifacantly higher mean values or SOFo• 
(b) SO .ubjects bad lipific:ad.tly biahct mean values 
of jitter, (e) SO subjects had sipificaoOy bisber 
mean value, of shimmer, (d) SO subjeclil had sis· 
nificantly lower mean values of sm, and (e) SD 
.ubjects had sisnificantly higher VDF. SO IUbjeecs 
had aliabtly sborler MPT mean vaNes, witbout be­
ing significantly different from those of the NC sub­
jects. There was no dilJCI"ence In Po between the SO 
and the HC group. 

The NC group sbowed a ne&1i8J.lIle variability be­
tween their two trials within a 2-week interval ror all 
acoustic parameters. The SO group exhibited ug­
nificant dilferences pre Botox and post Botox iqjec­
lion in Iwo or the seven acoustic parameters: (a) 
SOFo mColl,n values were sipiflCantly reduced after 
Botox injection, and (b) a significanl reduction of 
the VBF could be fOUlld. 

OtseUS,'IijION 

This study of 8COIUItic changes in 19 SO paticDts 
after Botox iJVoetion detrlol1llltl'a1ed tfIal of the seven 
a.colDtic features of voice production studied, five 
sianificantly distiDguisbed SD pWenl3 from normal 
COIItrols: SOFo, jtter. shimmer, SNR. and VBP. 
There was no difference between the two groups for 
Fa and the MPT. 

1bc results suggest that paticut.s with SD may 
exhibit lome cbanu:teriscics of voice similar to 
lhosc of pacientJ with I1CwoIOlica1 diseases (12).
Ramia: and associaces (13) indica1cd that &coWiItic 
analysis (Fo,jilcer, shimmer. SNR) o(VOicell rJfneu­
ro&ogicaUy impaired. patients may contribute to dit­
rerential diagnom and document diseaae propes­
lion. In COIlt:rB,st, Ludlow and co-wOl'bn (14) dem­
0JI11n.tc.d that only the vocal patholOlY and not the 
neurologic subgroup9 differed aipificantly in fre­
quency perturbation from normal controls. From 
the presenl resuhs it may be byPOthesized that. SD 
patients represent a sublet of new-ologica1 voice 
disorders. U remaiDI to be determined if the acous­
tic featurros evlllualed in OW' study for SD patients. 
which could dUtiquish the SD group from Ibe HC 
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TABLE 2. Gro,." IN'/:IIU, ,rf»ldard tk"iariDfI6, Md r(J1tgu for /Wt Dco,wi,' paramtltrS ifl tp~tmodic dy.rplrcflid 
p4titll'" t»Jd 1IOnl'W1 cOIltrols 

JIlol1llBl contrul~ 

Tlna-(ml) 

ShinIooeJ" (%) 

SNIl. (dB) 

163 (4) 
8W<9 

11.1 (s.9). 
2.35-22.2 
0.2lI (0.21)" 
0.03-0.68 

16.6 (13.1)" 
2.7-54.ll' 

12.6 (4.1t)" 
S.4100Z1.6:l 

172 ('5) 
''-''7

'.7 (4.lt'~ 
I.SS-18.6 
0.21 (0.38)'" 
0.03-1.4 

12.2	 (l2.gy 
2.4-0.0 

1).6	 cur 
4.0100Zt.6 

164 (43) 
78--210 

2.0 (1.2) 
O.)}....4.8 
0.028 (0.01) 
O.OI~.OS 

2.. (0.9) 
J.)S-U7 

21.2 (1.9) 
11.4$-26.2 

2 

161 (<IS)
,<>-.. 

2.1 (1.2) 
0.'.....404 

O.OJS (D.W) 
O.OJ~.08 

2.S (0.8) 
1.2-4.G' 

20.9 (2.0) 
16.3-D.8 

• Si&nlficantly ll.igber tlIIIn. Ne@p <: 0.0001. 
• 8Ipifil:lIO.Uy biaber than He @p <: O.OO!. 
• Sipifigmlly lower thaD pre Bowx @p<:O.OOI. 
J ~ I\ia:her lbaD Ne @ p <: 0.01. 
• Siplilicantly lo....er IhIIn Ne@p <: 0.001. 

group, can separate the SD group from patients 
with other Ileurologic voice disorders. 

Viewing the chllllget in the acoustic parameters 
of the SD group after iJ\jectiOlJ of Bolox compared 
with the pre-iqjectioo values, a ,ignificaol reduction 
of two panunelcI1l. SOFo and VBF. Wall found. 
Since all SD palien.s indicated that lhc.ir lpeech and 
voice bad improved at the time of their pOII­
iIUcction recordi08, the improvement may be re­
lated to Ute acoustic parameten of lhc VBF and the 
SOFo. SD palicnts soU retain cbacacterittics ofdys­
phollia. and &t01 cannot be considered 10 relur1l 
the voice to DonDaI. In effect, the "SUCCCI&fW" 
Botox injection resul18 in one paralytic vocal fold. 
Allhough this paralysis is in some casel minimal. it 

I 

".,C",--UJ ~I, 
=~"<C.I. 

, , ~~ 

~ rtl51 

FIG. '- Vgk:e bRaJI; factor. PRl-post BoCoI.. ~ Ialer· 
nil (0) rl99'!I(, IIId " ... and _ vl1uel gf lM .oicc braIl: 
IIc\lw (VBI') rlW' th·, 'f'DIlIOlIk dy..,hlXlll 8J'OIIP pre and pllt 

""1 i.IIJectiOll. 

must be deemed a pathologic rather thaD a "nor· 
mal" voice condition. Voice& of uoilaleral vocal 
fold paralysis sound more or less hoanc. Acoost.ic 
correlates or hoarse voice qwWty ioclude jiucr and 
sbimmcr valucs above normal (15,16) and lower val­
ues of SNR (11). Takiog these facts into account. 
the reaults of the present study coDCerninB jitter. 
s.himmcr, and SNR, which did DOt chan&e sipifi­
candy after Botox iJUcction. are nol swprislng. 

10 contrast to SDFo• Fo was neither significandy 
affected by the Botox injection nor different from 
nonnal controls. 'This result of voice Fo is somewhat 
aUnilar to results of Davis and colIcasues (18), who 
reported that the modal speakina fundamental fR­
qucoc:y of adductor SD wal DOt dilIcrent from age­
and SCll-matched controls. 

At the pre.&Cnl time, Botox treatment for SD hal 
been documented in the literature only by a few 
studies. mainly in the form of case reports. Blitzer 
and associates (4) pve a clinical description ofim· 
prcasive voice improvement after Botox il\icction 
for five patients (three women, two men). Miller 
and coUcaaucs (S) prescnted a case report of two 
male patients with adductor SD; they found re­
duced inualhoracic pressures plstiDjection. Lud­
low and co-W'OIiten (6) is to our kDowledse the only 
study of a relatively IaJBc population (16 patients) 
wiLb adductor SD. They focused on lpeech fealW'es 
aft.er BOIOX lqjection and found a sianificant reduc~ 

tion io pitch, voice brcats. phonatory apcriodici.ty. 
and se.Dlcoce time after Botox Injection. These pos­
itive chanses occurred only when the itUcction re­
sulted in unila.teral vocal fold paralysis. 

J__ ~Vola. V"'- J. Nt>. J. 11191 



84 P. ZW/RNER EI AL. 

Viewill8 the MPT measurement5 only, l!iabtly 
more So patient! (57.9%) showed decrused MPI' 
value!. This may be explained by tbe panlY1ic ,tate 
of (be vocal folds after iQjectioo, which could cause 
a higher airflow I'1lte during pbona.tjon. ThUI, pa_ 
tients run out or air for Ilbonation earlier. In con­
tl'1lst, the preil\icetiou sla1e snows adductor spasms 
of the true and false vocal Colds ob'bUctina me ex­
haled airstream, thus prolongins MPT. For those 
wbo had increased -?wIPT values (42.)%), the in­
crease may have been due primarily to the im· 
pnwed conuol of che irdrinsic laryngeal muscula­
tUt!! afforded by B010X. The m:ent EMG study or 
Ludlow IUld associates (19) demoDstraled thaI mus­
cle polenlials after BOlox were t!lduc:ed nol only in 
the paralyzed bul also in the ftonparalyzed thy­
roarytenoid as weD as both cricothyroid mUldes. 
They suggesl.ed thaI aymplom reLid fullowiog 
Botox illiection may be Ihe result of reduced muscle 
action feedback to (he motoneuron poob:. Still. 
there is a need for further researdl examinin, the 
paralytic venus the spastic condition by aerody­
namic means (airflow nlite, subglottic pressure) 
combined with simuJtaneous EMG recordings of 
Ihe laryngeal mll.!eles. 

Voice and pitch breaks have been described as 
Orte chanu:terisUc ofadductor SO (2.20,21). Ludlow 
and coUeagues (6) reported. a signwcaat reduction 
of voice and pitcb breaks ifl the speech of' SO pa­
tients after BOtOI irUcction. 1bey idenlitied voice 
breaks Il' "pps iu the fundamental mquency 
which did DOl occur at word or ,yllabk bound­
ariel!." Our study of sustained. pboR&tion itt So al­
lows for a more specific ddlnilion or voice lm:ak. 
The VBF was one of the two parameters that was 
significantly reduced after BoIoI injection. 

VBF may provide a useful acoustic index of im­
proVeJDCfll after SoIOI ilijectioD as well ~ an index 
of SO ,everil)'. SOFo• which also seems '0 be a 
seusltive parameter ror lne.lUIiurina phonatory 6tabi1­
it)' mlly further add to an acoustic eatC8QrizatioD of 
tbe severil:y 01 SD, SDFo and VBF reneet the vocal 
fold status of SO cban&:e alter BolDI irueetioD. 
Quantificatkm of SO based on these CKton may 
prove useful in the f'utun! in id.cntif)'tq: c1Janses lUI 
a result of thel'llpeUtic lnterventiOli. 

~ Thil n:~ was suJlllOtUld by. re­
lIC&rCh fellowship rrom tb-e DeuUc.be Fonc:bunal&f.mein­
&ehaft far P.Z. and me Utrited StalU V-elfll1lDl AdnUnil­
uation. 

J_ ~ .....~, "'d. '. Ii". J. IfIlIl 
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