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Summary: Botulinum toxin A injections in the left thyroarytenoid muscle were
petformed in 19 paticnts with adductor spasmodic dysphonia. Acoustic record-
ings were taken prior to and | week after injection and in a 2-week interval for
& aormmal control group of 11 subjects. Fundamental frequency, standard de-
viation of fundamental frequency, jitter, shimmer, signal-to-noise ratio, and the
voice break factor were studied. Each of the variables were measured from
cach subject's longest sustained phonation sample of the vowel quality /a/.
Findings of the present study indicated: (a) Spasmodic dysphonia patients had
vignificantly higher mean values of standard deviation of fundamental Fe-
quency, jitter, shimmer, and voice break factor and significantly lower mcan
values of signal-to-noise muic when compared with normal conurols; (b) a
significant reduction post botuligum toxin injection was found for standard
deviation of fundameata! frequency and the voice break factor only, Key

Words: Spasmodic dysphonia— Botulinum toxin-—Acoustics.

Spasmodic dysphonia (SD) mmy be defined as an
idiopathic focal dysionic disorder of the larynx.
Two majoc types of spasmodic dysphonia have
been described in the literature-—the adductor type
first observed by Traube in 1871 (1) and the rare
abductor type described by Aronson (2) in- 1973,
The adducter type is characterized by a strain-
strangled, effortful phonation punctuated by voic-
ing asrest due to hyperadduction of the vocal folds
al onset and during phooation. The abductor lype,
on the other hand, is characterized by a breathy,
weak pbonation, particularly at voicing onset, gen-
erally due to abrupt widening of the glottis. This
study focuses on adductor SD. SD may be consid-
ered unique among voice disorders in that the eti-
ology and the pbysical descriptions of the vocal
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folds of SD patients are highly varicd and may in
fact masqueradc as signs and symptoms of other
disorders.

Treatment of Lhis class of voice disorders has also
ranged cxtensively, from psychotherapy to hypno-
sis, all with some reported sugcess and undoubtedly
with a great deal of failure, At this time, nonc of the
therapeulic approaches, medical or surgical, can be
considered curalive. In fact, recurrent laryngeal
nerve (RLN) resection can produce adverse cfects.
Aronson end De Santo (3) reported Lhat afier 3
years, 48% of 33 patents were considered worse
than before RLN surgery.

Recently, three independent investigations (4,
5.6) described & procedure in which botalinum toxin
(Bolox) is injecled into the thyroarytenoid muscle
1o reduce the symptoms of SD. Botox acts presyn-
aptically and prevents calcipm-dependent release of
acetylcholine, thus producing a chemical-type of
dencrvation. Intramusculer injection of Botox
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has besn used for several years to treat blepharo-
spasm (7,8,9). Reports of SD patients treated with
Botox indicated dramatic voice improvement last-
ing 3-9 months.

As yel the acoustic features following Botox in-
jection have not been comprehensively described.
Despite the general agreement that there iy voice
improvement afier Bolox injection, questions re-
garding post-injection vocal function remain. Spe-
afically, the amoun: and direction of changes in the
fundamentsl frequency of phonation, the degrec of
phonatary variability, and the number of phonatory
breaks in subjects who undergo Botox injection are
nol yet Known. The primary purpose of this study
was to examine the acoustic characteristics associ-
aled wilh phonatory changes after Botox injection.
Two key questions were addressed: What acoustic
featurcs of voice production distinguish SD paticnts
from pormal controls? What changes occur in the
acoustic parameters of SD after injection of Botox?

METHODS
Subjecty

Nincteen subjects (IS women, four men) with a
diagnosis of SD were studied before and after Botox
injection. The ages of the female SD subjects
ranged from 34 1o 78 years (mean 56.4) and of the
make SD subjects from 37 to 40 years {mean 38).
Diagnosis of adducior SD was made independently
by an otolaryngologist and a specch pathologix af-
ter clinical examination. All subjects considered
their symptoms of SD and their speech character-
istics to be stable. All had SD for at least 1 year.
The time of SD onsct ranged from 1 to 12 years,
with a mean of 5.95 yeary. None of the subjects had
had either previous Botox injections or RLN sur-
gery. All subjects indicated thet they had had
spocch therapy at some time in the past. All sub-
jects volunteered for the procedure and afterward
indicated that their speech and voice improved by
the lime of their pestinjection recording.

Two voice recordings from 11 normal controls
(NCs) were made in a 2-week interval to ¢valuate
the short-term normal variahility. This group in-
tluded yeven women and four men with an age
range of 3963 (mean 51.7) for the women and 3248
(mean 42.5) for the men. All NCg were healthy,
mnsmoking subjects withoul any past or present
kistory of laryngeal pathology or voice disorder,
The NCs comprized atsfl members and other vol-
unteers. Age and gender distribution for each sub-

Ject of the NC and SD groups as well as the duration
of disease for the SD subjects are listod in Table {.

Procedures

Botox injection

Botulinum toxin type A (Qculinum) doses ranges
from L3 o 30 units depending on severity of symp-
ioms in each patient. Bolox was injected percu-
tanepusly into the left thyroaryienoid muscle. A
monopolar Teflon-coated hollow ¢lectromyography
(EMG) recording needic was used for the injection.
Needic location in the thyroarytenoid muscle was
verified by the presence of a voluniary interference
pattern with no activation with inspiration or neck
flexion.

Recordings

Voice recordings were taken 1 week before and 1
week after injection. Voice samples were recorded
on u high-quality recorder (Nakamichi CRSA). Re-
cording levels were consistent throughout data col-
lection. Patients were seated comfortably on a chair
in a sound-treated room. The microphone (Sony
1ICM50) was mounted on an adjustable headpicce,
which kept il at a constant distance wo the lips. Sub-
jects were asked to take a deep breath and (0 sus-
iain the vowel /a/ steadily at a comfortable intensity
and pitch level for as long as possible. The second
/a/ sample from a repeated vowel sequence was
used for subsequent analyses. Digital processing of
the acoustic signals was accomplished by vaing an

TABLE L. Description of participaiing subjects,
including gender distribution, age, and number of years
since onset of spasmodic dysphonia

Spasmodic dysphonia Normal controls
Sex Age Yrs of §D Sex Age
M k] 3 [¥) L
M 4 pA M 44
M ¥ 11 M k}3
M » 3 M “
¥ 78 1 F L)
F “ 12 F “
F 52 10 F ol
F 54 4 F L]
F 2 2 F a3
F 54 12 F »
F L] ] F 39
F n | —
F T4 2 —
F & 2 —
F 71 2 —
F k] ] —
F 42 8 —
F kL] ¥ -
F n 1] —_
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IBM AT computer. Signals were low-pass filtered
al 2,000 Hz and digitized with a sampling rate of
8,000 per second. Signal measurements were ob-
tained using the software program C-speech version
1.1 (10). From the sample, the initial second and 1 3
from the midpoint of the sustained vowel were an-
alyzed. This provided a sample related 10 the onset
characteristics of SD and a more stable sample as-
sociated with the relatively steady-state portion of
sustained phonation. Thus a total of 2 5 were ana-
lyzed.

Acoustic measurements

Five different acoustic parameters of each sub-
ject's digtized samples were analyzed: fundamental
frequency (Fy), standard deviation of fundamental
frequency (SDF,), jitter, shimmer, and sigoal-
Lo-noisc ratio (SNR). SDF, is the square root of the
variance around the mean fundamental frequency.
We chose SDF, as an acoustic parameter in addi-
tiop to Fy, because SDF, represents the variability
of B, for each single subject and reflects, in contrast
to Fg, phonatory instability. SDF, has alzo been
referred 1o as voice *‘flutter™ (i1). Jitter is the cy-
¢le-lo-cycle variation in frequency. Shimmer is the
cycle-ta-cycle vanation in amplitude, SNR is the
ratio of energy in the signal versus (he noise com-
poaenls also contained in the acoustic spectrum,

Two edditional measurements were obtained: the
maximum phonation time (MPT)—defined as the
lime from the onset of vaice 1o the end of the sus-
tained vowel—-and the number of phonatory breaks
in the entire sustained vowel, We defined one voice
break ay a signal stop with a length longer than two
cycles divided by the fundamental frequency. The
number of voice breaks divided by the MPT was
defined as the voice break factor (VBF).

Statistics

Since data indicated unequal variance across sub-
ject groups, we applied nonparametric statistics.
The Wilcoxon Signed-Rank test for paired sampies
wis used to compare the before and afier injection
data, and the Mann-Whitney test (or independent
variables was used to compare the pre betwesn (pre
Botox SD group vs. first measurement NC group)
and post between (post Botox SD group vs. second
mcasurement NC group) groups.

RESULTS

Fundamenta) frequency )
The mean values (in Hz) (=SD) were similar for
the two subject groups: 168 (243) pre Botox and
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172 (+55) post Botox injection for the SD patients
and 164 (=43) and 161 (£:45) for the two trials of the
NC subjects. There were no significant differences
between the before and after data of F,, nor for the
pre betwecn groups and post between groups (p >
0.5). Figure 1 shows the confidence intervals ard
the mean values of F, for the SD mtbjects pre and
post Botox injection and the two measurements of
Lhe NC subjects.

SDF,

Highest values (in Hz) (£SD) were found in the
SD subject group, with a mean of 12.1 (+5.9) pre
Botox and 5.7 (+4.1) post Botox injection. The NC
group showed a mean of 2.0 (+ 1.2} and 2.1 (+1.2),
respeciively. Statistical analysis demonstrated that
SD patients had significanily lower SDF, post
Botox injection compared with pre injection (p <
0.001). There was no differcace between the two
trials of the NC group (p > 0.5). Comparison of the
pre between groups and post beiween groups re-
vealed that the NC subjects had lower mean SDF,
values compared with the pre mean value of the SD
subjects (p < 0.0001) and alto when compared with
the post mean value of the SD subjects {(p < 0.00]).
Figure 2 shows the confidence intervals and the
mean values of SDF, for the SD group pre and post
Botox injection and the two measurements of the
NC group.

Jittes

Highest values (in ms) were in the SD group, with
a mean (+SD) of .28 (£0.21) pre Botox and 0.22
(£0,38) post Boiox injection. The NC group means

mFD tHZ)
xmE
150 m . m
i

ooE
5(]:._ T 99 C. 1

r [mn - R

a — N ! L = MERM
Sarswrdic Sygroraa Harmgl Conirols
Rre == 1 | 2

FIQ. 1. Fundamental frequency pre-post Soiox, Confidence -
wexvals {CT) of 999 and 99% end mean values of (e fundamenta)
Braquarcy (Fo) (n Hz) for the spusmodic dysphania group pre
and posl Botax mjection and the two trials within a 2-week in-
terval of the normal control group,
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F1G. 1. Suandand deviation of fuadamental frequency, pre-post
Bowan. ConBidence intervels (Cl) of 9996 and 93% and mean wml-
wit of the mean standard deviation of fandamenial frequeacy
{SDFF.} {in Hz) for the spaamodic dysphonia group pre apd post
Boinx injeciion and the two Hals of the normal control group.

wern 0.028 (+0.0)) for the Fimt trial and 0.035
{£0.02) for the sccond tria) 2 weeks later, Siatistical
evaluation revealed that although the mean value
after Bolox injection was lower, the difference for
the SD subjects pre and post Botlox injection was
not significant {p > 0.05), An increase in the vari-
ability of the jitter measures for the SD group sfier
injection could be noliced, bul this was mainly due
1o an outlier. However, removal of this outlier did
mot change statistical results. There was no signifi-
can! diffcrence between the two trials of the NC
goup {p > 0.05). When the jitter values of the SD
grotp were compared with the NC group, they were
spificantly higher. For SD subjects pre Botox in-
jection versws NCs (first tria)) statistical results
were p < 0.0001, and for SD subjects post Botox
inection versus NC3 (second trial), p < 0.01. Fig-
we 3 displays the confidence intervals and the mean
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FR}. 3. Jitter pre-post Botox, Confalepce intervals (C) of 99%
nd 9%% and mean values of jitter (in ms) for ke apmamondic

4yphoia group pre and post Botox injection wnd e two trials
of e normal control group.

values of jitter for the two measurcments of both
groups.

Shimmer

Again, highest values for shimmer (in %) were
observed in the SD group for their pre-Botox mea-
surcrnents with a mean (*+SD) of 16.6 (£ 13.1), fol-
lowed by the lower post-injection mean value of
12.2 (x12.9). There was no oveclap with the NC
subjects, who exhibited definitely fower values of
2.4(+0.9) and 2.5 (=0.8) for the two measurements,
respectively. Statistical apalysis demonstrated that
there was no significant difference for the SD group
pre and post Botox measurement (p > 0.1) and no
difference for the NC group between the two trials
(p = 0.3). Comparison of the pre- and post-Botox
values with the first and second trial values of the
NC group, respectively, were both significandy dif-
ferent (p << 0.0001), with the NC group having the
lower valucs. Figure 4 shows the confidence inter-
vals and the mean valoes of shimmer for SD and NC
subjects,

SNR

Mcan SNR values (in dB) (+SD) ranged for the
5D subjects from 12.6 (£4.9) pre Botox to 13.6
{+4.9) post Botox igjection. There was no overdap
with the NC subjects, who displayed the higher val-
ues of 21.2 (2.9) and 20.9 (£2.05) for the two -
als, respeclively. Regarding the SD group, no sig-
aificant change in SNR pre and post Botox injection
could be evaluated (p > 0.4). In the NC group the
difference between the two Irials was again pegligi-
ble (p > 0.5). Comparison of the prc between
groups and post hetwern groups showed that the
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FIG. 4, Shimmer pre-post Bolna. Coafidence levels (CT) of 995%
and 5% end wonn values of shimmer (in %) for e spaamodic
dyspbomia group pre snd post Botox iRbection and the two trisls
of the normal control groap.

Journal of Voice, Val, 3, Mo, |, 199}



82 P. ZWIRNER ET AL.

NC group exhibited the significantly higher mean
values of SNR in both comparisons (p < 0.001).
These data are shown in Fig. 5.

Descriptive statistics of Fg, SDF,, jitter, shim-
mer, and SNR for the SD and NC groups are sum-
marized in Table 2.

Maximum phonation time

Mean values (in s} (£5D) ranged, for the SD
group, from 14.9 (178} for pre Botox and E1.6
(+6.8) for post Botox injection to 17.7 (27.1), and
16.7 (+8.3) for the first and second measurement of
the NC group, respectively. While the post-Botox
MPT values were sharter than pre BoloX injection,
the difference was not statistically significant (p >
0.1). The difference between the two wnals of the
NC group was not significant (p > 0.1). Statistical
comparison of the pre between groups and post be-
iween groups also revealed no sigaificant differ-
ences (p > 0.1; p > 0.05). Viewing the individual
data showed that cight SD patients showed in-
creased and |1 patients decreased MPT values after
Botox injection.

Voice break factor

As anticipated, the NC subjects exhibited no
voice breaks, thus resulting in a YBF equal to zero
for all NC subjects. The mean value of YBF (1 SD)
for the SD subjects was 1.16 (+0.24) pre injection
and was reduced to 0.17 (=0.09) post injection. This
difference was statistically significant (p < 0.01).
Confidence intervals of the VBF for the SD group
pre and poat Bolox are shown in Fig. 6.
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FIG. 5. Signal-to-noiss-rutio, pre-posl Botox. Confidence inter-
vals (CT) of 999 and 95% and mean values of tignal-w-paise mtio

(SNR) (in 4B) for. the spasmodic dyaphoais group ore and post
Boton inpectiom and the two trials of the aormal cogurol group.

Sourndgl of Volee, Vol. 3. Mo, [, 191

CONCLUSIONS

Of the seven paramcters studied, SD subjects
were found to be significantly different compared
with the NC subjects in five measures: (a) SD sub-
Jects had significanty higher mean values of SDF,,
(b) SD subjects had significanuy higher mean valuess
of jitter, (¢) 5D subjects had gignificantly higher
mean values of shimmer, (d) SD subjects had sig-
nificantly lower mecan values of SNR, and (e) 5D
subjects had significantly higher YBF. SD subjects
had slightly shorter MPT mean values, without be-
ing significantly different from those of the NC sub-
Jects. There was no difference in By between the SD
and the NC group.

The NC group showed a negligible variability be-
1ween their two trials within a 2-week interval for all
acoustic parameters, The 5D group exhibited sig-
nificant differences pre Botox and post Botox injec-
tion in Iwo of the seven acoustic paramelers; (a)
SDF, mean values were significantly reduced after
Botox injection, and (b) a significant reduction of
the VBF could be found.

DISCUSSION

This study of acoustic changes in |9 SD patients
after Botox injection demongtrated that of the seven
acoustic features of voice production studied, Give
significantly distinguished SD patients from normal
conirols: SDF,, jitter, shimmer, SNR, and VBF.
There was no difference between the two groups for
Fy 20d the MPT.

The results suggest that patients with SD may
exhibit some characieristics of voice similar to
those of patients with neurclogical diseases (12).
Ramig and associates (11) indicated that acoustic
analysis (F,, jitter, shimmer, SNR) of voices of neu-
rologically impaired patients may contribute to dif-
ferential diagnozis and document discase progres-
sion. in contrast, Ludlow and co-workers (14) dem-
onstraled that only the vocal pathology and not the
neurologic subgroups differed significantly in fre-
quency perturbation from normal controls. From
the present results it may be hypothesized that SD
paticnts represent a subset of neurological voice
disorders. It remains to be determined if the acous-
tic features evaluated in our study for SD patients,
which could distinguish the SD group from the NC
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TABLE 2. Group means, standard deviaiions, and ranges for five acousric parameiers in rpﬁmadic dysphonia
patients and normal coatrols

Spasmodic dysphonis Normal controls
pre Botox pow Botox | 2
Fy (Hz} 68 (43) L7 B 5] 154 {43) 161 4%
84249 ‘T3-287 TE-210 F6-208
SDF, (Hz) 121 (5.9 5.7 (4.4 2.0 (1.2} 2.1 (LY
235222 1.55-18.6 0.)348 0,344
Jirter (ma) 0.28 (0,217 0.22 (0.387 0.028 {(7.01) 0.035 {0.02)
0.03-0.68 0.03-1.4 0.01-0.05 0.01-0.08
Shimmer (%) 16.6 (13.1)* 122 (2.9 24 (0.9 23 (0B
2.7-54.05 2.443.0 1.15-3.97 1.24.05
SHR (dB) 12.6 (497 13.6 4.9 212 (1.9 209 Q0
5.41-21.65 401-=2(.6 17.43-26.2 16.3-23.8

* Significanuly higher than NC @ p < 0.0001.

* Significantly higher than NC @ p < 0.001.

* Significanily lower than pre Botox @ p < 0.001.
“ Significantly higher than NC @ p < 0.01.

* Significantly lower than NC @ p < 0.001.

group, can scparate the SD group from patients
with other peurologic voice disorders.

Viewing the changes in the acoustic paramelers
of the SD group after injection of Botox compared
with the pre-injection values, a significani reduction
of two parameters, SDF, and VBF, was found,
Since all SD paticnts indicated that their speech and
voice had improved at the time of their posi-
infection recording, the improvement may be re-
lated to the acoustic parameters of the VBF and the
SDF,. SD patients still retain characteristics of dys-
phonia, and Botox cannot be congidercd lo retum
the voice to nowmal. In effect, the *‘succesaful’
Botox injection results in one paralytic vocal fold.
Although this paralysis is in some cases minimnal, it
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FIG. §. Yoice break factor, pre-post Botox. Confldence inter-
vals (C) of 99% and 959 and meaa valuss of the volot break
facwr (VBF) [or the wpaseadic dysphoals group pre and post
Booz injection.

must be deemed a pathologic rather than a ‘“‘nor-
mal” voice condition. Voices of unilateral vocal
fold paralysis sound more or tess hoarse. Acoustlic
correlates ol hoarse voice quality include jitter and
shimmer values above normal (15,16) and lower vai-
ues of SNR (17). Taking these facts into account,
the reaults of the present study concerming jitler,
shimmer, and SNR, which did not change signifi-
cantly after Botox injection, are not surprizing.

Io contrast to SDF,, F, was ncither significantly
affected by the Botox injection nor different from
normal controls, This result of voice F is somewhat
similar to results of Davis and colleagues (18), who
reported that the modal speaking fundamental fre-
quency of adductor SD was not different from age-
and sex-matched controls.

At the present time, Botox treatment for SD has
been documented in the literaturs only by a few
studies, mainly in the form of case reports. Blitzer
and asgociates (4} gave a clinical description of im-
pressive voice improvement after Botox injection
for five patients (three women, two men). Miller
and colleagues (5) presented a case report of two
male paticnts with adductor SD; they found re-
duced intrathoracic pressures postinjection. Lud-
low and co-workers (8) is to our knowledge the only
study of a relatively large population (16 paticnts)
with adductor SD. They focused on speech features
after Botox injection and found a significant reduc-
tion in pitch, voice breaks, phonatory aperiodicity,
and sentance time after Botox injection. These pos-
itive changes occurred only when the injection re-
sulied in vnilateral vocal foid paratysis.

Jonrmal of Yoicx, ¥ol. 5. No. 1, 199
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Viewing the MPT mcasurcments only, slightly
more SD patients (57.9%) showed decreased MPT
valucs. This may be explained by the paralytic state
of the vocal folds afier injection, which could cause
a higher airflow rate during phonation. Thus, pa-
tients run out of air for phonation earljer. In con-
trast, the preinjection stale shows adductor spasms
of the truc and fafse vocal folds obstructing the ex-
haled airstream, thus prolonging MPT. For those
who had increased MPT values (42.1%), the in-
crease may have becn due primarily to the im-
proved control of the intrinsic Jaryngeal muscula-
ture afforded by Botox. The recent EMG study of
Ludlow and associates (19} demonstrated that mus-
cle potentials after Botox were reduced nol only in
the paralyzed bul also in the nmonparalyzed thy-
roarytenoid as well as both cricothyroid muscles.
They suggested that symptom relief following
Botox injection may be the result of reduced muscle
action feedback to the motloncuwron pools. Still,
there is a need for further research examining the
paralytic vesrsus the spastic condition by aerody-
namic roeans (airflow rate, subglottic pressure)
combined with simultaneous EMG recordings of
the laryngeal muscles.

Voice and pitch breaks have been described as
one characteristc of adductor 5D (2,20,21). Ludlow
and cofleagues (6) reported a significant reduction
of voice and pitch breaks in the speech of SD pa-
tients after Botox injection. They identified voice
breaks as ‘'gaps in the fondamental frequency
which ¢id wot occur at word or syllable bound-
aries.’’ Our study of sustained phonation in SD al-
lows for & more specific definition of voice break.
The VBF was onc of the two parameters that was
significantly reduced after Bolox injection.

VBF may provide a useful acoustic index of im-
provement afier Botox injection as well as an index
of SD severily., SDF,, which also secems lo be a
scusitive parameter for measuring phonatory etabil-
ity may further add 10 an acoustic categarization of
the severity of SD. SDF, and VBF reflect the vocal
fold status of SD change after Bolox injection.
Quantification of SD based on these factora may
prove useful in the fuwure in identifyiag changes as
a result of therapeutic intervention.
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