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Objective: Adductor spasmodic dysphonia is a rare voice disorder characterized by strained and
strangled voice quality with intermittent phonatory breaks and adductory vocal fold spasms. Type IT
thyroplasty differs from previous treatments in that this surgery does not involve any surgical
intervention into the laryngeal muscle, nerve or vocal folds. Type II thyroplasty intervenes in the
thyroid cartilage, which is unrelated to the lesion. This procedure, conducted with the aim of
achieving lateralization of the vocal folds, requires utmost surgical caution due to the extreme
delicacy of the surgical site, critically sensitive adjustment, and difficult procedures to maintain the
incised cartilages at a correct position.

During surgery, the correct separation of the incised cartilage edges with voice monitoring is the
most important factor determining surgical success and patient satisfaction.
Methods: We designed new surgical instruments: a thyroid cartilage elevator for undermining the
thyroid cartilage, and spacer devices to gauge width while performing voice monitoring. These
devices were designed to prevent surgical complications, and to aid in selecting the optimal size of
titanium bridges while temporally maintaining a separation during voice monitoring.
Results: We designed new surgical instruments, including a thyroid cartilage elevator and spacer
devices. Precise surgical procedures and performing voice tuning during surgery with the optimal
separation width of the thyroid cartilage are key points for surgical success.
Conclusion: We introduce the technique of voice tuning using these surgical tools in order to
achieve a better outcome with minimal surgical complications.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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Adductor spasmodic dysphonia
Type II thyroplasty

A thyroid cartilage elevator
Spacer devices

1. Introduction consist primarily of botulinum toxin injections. Although
injections can relieve symptoms and improve the quality of life
[2,3], the approach has notable limitations. First, injections

must be repeated approximately every 4 months [4]. Second,

“Adductor spasmodic dysphonia” (AdSD) is an idiopathic
focal dystonia characterized by a strained-strangled voice

quality, effortful speech production, and frequent voice breaks
occurring secondary to adductor muscle spasms with conse-
quent vocal fold hyperadduction [1]. Current treatments for SD
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effectiveness can vary significantly with injection site and dose,
as well as over time. Third, in some studies patients have
reported a suboptimal voice 60% of the time [5,6]. Thus, there
is a continuing need for alternative therapies.

Type II thyroplasty differs from previous treatments [7-13]
in that this surgery does not involve any surgical intervention
with regard to the laryngeal muscle, nerve, or vocal folds. Type
II thyroplasty intervenes in the thyroid cartilage, which is
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unrelated to the lesion. This procedure, conducted with the aim
of achieving lateralization of the vocal folds, requires the
utmost surgical caution due to the extreme delicacy of the
surgical site, critically sensitive adjustment, and difficult
procedures to maintain the incised cartilages in the correct
position [14]. There are reports of surgical complications, such
as friable cartilages [15,16], perforation of the upper anterior
commissure, and distorted vocal folds with extensive sub-
perichondrial undermining around the anterior commissure
[17].

During surgery, the correct separation of the incised
cartilage edges with voice monitoring is the most important
factor in determining surgical success and patient satisfaction.
In 2004, Chan et al. [15] reported poor outcomes of type II
thyroplasty. This was due largely to the fact that they performed
the surgery under general anesthesia without voice monitoring.

We designed new surgical instruments: a thyroid cartilage
elevator for undermining the thyroid cartilage, and spacer
devices to gauge the width while performing voice monitoring.
These devices were designed to prevent surgical complications,
and to aid in selecting the optimal size of titanium bridges,
while temporarily maintaining a separation during voice
monitoring. In this paper, we introduce the technique of voice
tuning using these surgical tools to achieve a better outcome
with minimal surgical complications.

2. Surgical technique and discussion

2.1. Essential points in surgical technique for type Il
thyroplasty

Under local anesthesia, a horizontal skin incision, about
3—4 cm in length, is made at a level a little lower than the
midpoint of the thyroid cartilage. The median vertical strip of

Table 1
A summary of results.

the thyroid cartilage is exposed from well above the notch down
to the cricothyroid membrane. The thyroid cartilage is incised
at the midline, leaving the underlying soft tissue intact.

2.1.1. Separation between the thyroid cartilage and the inner
perichondrium

Fine instruments are required for the separation and
undermining of the incised thyroid cartilage. The separation
is made just along the backside of the cartilage. Cartilage-
perichondrial separation using the new thyroid cartilage
elevator (Fig. 1) is also performed laterally, from the median
incision within the area to hold the titanium bridge [18]. Two
titanium bridges are now used for firm and permanent fixation
of the thyroid cartilage at both the upper and lower corner. The
thyroid cartilage elevator has a scale on the tip for indicating the
distance to undermine, usually about 2 mm from the midline at
the lower portion. Similarly, the upper portion is also
undermined to hold the bridge (Fig. 2). The middle part of
the incised thyroid cartilage, the anterior commissure is
undermined minimally, or if possible, left untouched. Under-
mining is not performed widely around the anterior commissure
to prevent detachment of the vocal folds from the anterior
commissure, resulting in the lowering of the vocal pitch [17].

2.1.2. Determining the optimal width of separation of the
incised cartilage edges

There are spacer devices (Fig. 3) of various widths and two
depths, designed to temporarily maintain the exact length of
separation at the lower and upper parts of the incised thyroid
cartilage, and to assist in holding the cartilage to select the
optimal size titanium bridges (video). While asking the patient
to produce vocal sounds, such as vowel /a/, or any words that
the patient has problems pronouncing, such as “ohayo
gozaimasu” (meaning: good morning), the separation width

Pt. No. Gender Age Pre-Op. 3 month Post-Op.
FO Flow G R B A S FO Flow G R B A S
1 F 29 245 226 I 0 0 0 1 243 131 0 0 0 0 0
2 M 39 138 141 2 0 0 0 2 166 416 1 0 0 0 1
3 M 36 118 145 2 0 0 0 2 164 147 1 0 0 0 1
4 F 29 262 175 2 0 1 0 2 264 96 1 0 0 0 1
5 F 58 232 84 2 0 0 0 2 264 88 0 0 0 0 0
6 F 24 246 136 2 0 0 0 2 264 179 1 0 0 0 0
7 M 27 117 102 3 0 0 0 3 121 100 1 0 0 0 1
8 F 76 245 309 2 0 0 0 2 254 292 0 0 0 0 0
9 F 46 209 400 3 0 1 0 2 254 100 1 0 1 0 0
10 F 47 241 70 2 1 0 0 2 248 61 0 0 0 0 0
11 F 45 218 180 2 0 0 0 2 250 140 0 0 0 0 0
12 F 34 213 222 1 0 0 0 1 210 95 0 0 0 0 0
13 F 39 252 68 2 0 0 0 2 269 62 0 0 0 0 0
14 M 43 111 101 2 0 0 0 2 148 233 1 0 1 0 0
15 F 50 253 61 2 0 0 0 2 292 122 1 0 0 0 1
16 F 28 221 71 1 0 0 0 1 253 154 0 0 0 0 0
17 F 32 232 151 1 0 0 0 1 219 130 0 0 0 0 0
18 F 44 196 74 2 0 0 0 1 187 132 0 0 0 0 0
19 F 49 199 68 3 0 0 0 2 219 119 1 0 0 0 1
20 M 47 182 93 2 1 0 0 2 175 145 0 0 0 0 0

Ave. 206 144 2.0 0.1 0.1 0.0 1.8 223 147 0.5 0.0 0.1 0.0 0.3




Fig. 1. The thyroid cartilage elevator. The thyroid cartilage elevator has an angle
and a scale on the tip indicating the distance to be undermined.

is adjusted to the optimal point where the voice can easily be
produced without any strangulation sensation being experi-
enced by the patient. Too wide a separation can make the voice
breathy and weak. At the moment when the glottis on phonation
is adequately widened, the patient always realizes the
difference in the ease of voice production. The spacer devices
may be identical, or they may be different sizes at the upper and
lower portions of the thyroid cartilage, depending on voice
improvement. An adequate width of separation ranges from 2 to
6 mm, most commonly 3—4 mm.

2.1.3. Installation of the selected titanium bridges and fixation
by sutures

After confirming the space created under the thyroid
cartilage to hold the bridge, selected bridges of the same sizes
as the spacer devices are carefully bent with pliers to comply
with the curvature of the thyroid cartilage, and are gently set
holding the cartilage, one side after the other, with the help of an
assistant surgeon. The edges of the incised cartilage should not
be damaged, which would cause narrowing of the intended
width and reduce the effect of the surgery. The bridges are fixed
to the cartilage with four 4-0 nylon sutures, passing through the
hole or holding them using a suture surrounding the bridge.

2.2. The benefits of new surgical instruments

Ethical approval for this study was obtained from the
Institutional Review Board of Kumamoto University Hospital.

Fig. 2. The thyroid cartilage elevator and curved-tip hemostatic forceps. These
are used to undermine laterally from the median incision within the area to hold
the titanium bridges apart, usually about 2 mm. White arrows: the incised edges
of thyroid cartilage.

Separation
width (mm)

Thickness

width (mm)

3.0

4.5

Fig. 3. Spacer devices. The devices have an assist handle (dotted-line arrow) and
a short bilateral receptor (solid-line arrows) to grasp the cartilage edges, because
the devices are used to temporarily maintain the correct separation while
deciding on the optimal width of separation of the incised cartilage edges. The
spacers have five different separation widths (A =2.0-6.0 mm) with five
different colors, the same as the titanium bridges (double-lined arrow), and are
able to accommodate the different cartilage thicknesses of male and female
patients (B =3.0 and 4.5 mm).

We attempted to use the surgical instruments for type II
thyroplasty in 20 cases of AdSD.

(1) The thyroid cartilage elevator makes it easier to undermine
the incised edges of the thyroid cartilage because the
elevator has a flat, angled tip to fit precisely. During the
cartilage-perichondrial undermining around the anterior
commissure, the elevator indicates the distance to precisely
undermine the cartilage perichondrium around the anterior
commissure. There were no surgical complications, such as
friable cartilage or lowering of the vocal pitch in this study.

(2) While asking the patient to produce vocal sounds, such as
the vowel/a/and other words, the separation width of the
incised thyroid cartilage is adjusted to the optimal point
where the voice can be produced easily without any
strangulation sensation being experienced by the patient.
However, holding the incised thyroid cartilage with a pair of
curved-tip hemostatic forceps results in an unstable
phonation because the surgeon holds the forceps during
phonation. The spacer devices are the same size as the
corresponding titanium bridges. The devices are used to
temporarily maintain the correct separation while deter-
mining the optimal width of separation of the incised
cartilage edges. Several sizes of the devices are tried
repeatedly until patients are satisfied with their voice
change during surgery. Spacers of two thicknesses were
prepared to accommodate differences in male and female
thyroid cartilage thickness. Spacers accommodating a
cartilage thickness of 3.0 mm are generally used for female
patients, while spacers accommodating a cartilage thick-
ness of 4.5 mm are used for male patients.

(3) Table | shows a summary of results. After surgery, GRBAS
scale showed significant improvement in overall grade and
sustain grade. There is no lowering pitch after surgery.

3. Conclusions

We designed new surgical instruments, including a thyroid
cartilage elevator and spacer devices. Precise surgical
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procedures and performing voice tuning during surgery with
the optimal separation width of the thyroid cartilage are key
points for surgical success. Using these tools and techniques in
the treatment of 20 AdSD patients (from 2011 to 2013) resulted
in superior patient satisfaction with no complications.
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Voice Onset Time for the Word-Initial Voiceless
Consonant /t/ in Japanese Spasmodic Dysphonia—A
Comparison With Normal Controls

*,1Saori Yanagida, *,tNoriko Nishizawa, TKenji Mizoguchi, THiromitsu Hatakeyama, and tSatoshi Fukuda,

*tSapporo, Hokkaido, Japan

Summary: Objectives. Voice onset time (VOT) for word-initial voiceless consonants in adductor spasmodic
dysphonia (ADSD) and abductor spasmodic dysphonia (ABSD) patients were measured to determine (1) which acoustic
measures differed from the controls and (2) whether acoustic measures were related to the pause or silence between the

test word and the preceding word.

Methods. Forty-eight patients with ADSD and nine patients with ABSD, as well as 20 matched normal controls read a
story in which the word “taiyo” (the sun) was repeated three times, each differentiated by the position of the word in the
sentence. The target of measurement was the VOT for the word-initial voiceless consonant /t/.

Results. When the target syllable appeared in a sentence following a comma, or at the beginning of a sentence
following a period, the ABSD patients” VOTs were significantly longer than those of the ADSD patients and controls.
Abnormal prolongation of the VOT's was related to the pause or silence between the test word and the preceding word.
Conclusions. VOTs in spasmodic dysphonia (SD) may vary according to the SD subtype or speaking conditions.
VOT measurement was suggested to be a useful method for quantifying voice symptoms in SD.

Key Words: Adductor spasmodic dysphonia—Abductor spasmodic dysphonia—Acoustic analysis—Voice onset time.

INTRODUCTION
Spasmodic dysphonia (SD) is defined as a focal dystonia of the
laryngeal muscles. Criteria for SD as an independent voice
disorder have not yet been established, and the current stan-
dardized assessment method is insufficient for the objective
evaluation of its severity or effects. SD subtypes include
adductor spasmodic dysphonia (ADSD), abductor spasmodic
dysphonia (ABSD), and mixed spasmodic dysphonia.” Hyper-
adduction of the true vocal folds occurs during speech in
ADSD, and the voice is hoarse and strained. In contrast, endo-
scopic observation of the vocal folds in ABSD patients during
running speech has revealed that, with each breathy air release,
a synchronous and untimely abduction of the true and false
vocal folds occurs. Various methods have been used to
characterize the severity of dysphonia and to evaluate the ef-
fects of treatment in patients with SD. These have included
the voice handicap index® or voice-related quality of life,*”
and the acoustic,”®® aerodynamic,''* and perceptual
assessments' "> such as the Unified Spasmodic Dysphonia
Rating Scale'® or the Consensus Auditory Perceptual Evalua-
tion of Voice."* Acoustic methods have focused on the assess-
ment of vocal spasm severity, eg, the number of voice breaks,
fundamental frequency (Fg), maximum phonation time (MPT),
and voice onset time (VOT).

Edgar et al* measured VOTs for three voiceless consonants
/k, p, t/ in two different sentences. As a result, the VOTs for
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voiceless consonants in ABSD patients were significantly
longer than those in the controls. The purpose of this study
was to investigate how the voice control difficulties in SD pa-
tients influence the segmental structure of Japanese speech pro-
duction by means of VOT measurement with special reference
to pauses or silence preceding the test word.

METHODS

Participants

Forty-eight patients with ADSD (40 women and eight men,
mean age of 29.2 + 9.9 years) and nine patients with ABSD
(eight women and a man, mean age of 27.1 £ 6.5 years), eval-
vated at the Health Sciences University of Hokkaido Hospital
between April 2008 and July 2013, participated as the subjects
in this study. The diagnosis of SD was made by an otolaryngol-
ogist in conjunction with a speech-language-hearing therapist
(ST) based on the results of a detailed clinical history, endo-
scopic observation of the larynx combined with videostrobo-
scopy, and the acoustic and aerodynamic analysis of each
patient’s voice. Twenty normal controls (NC) without voice dis-
orders (10 women and 10 men, mean age of 27.0 + 6.8 years)
were also tested.

Criteria for inclusion in this study for all participants were
(1) normal resonance, and language ability as judged by a
licensed, certified, ST; (2) no diagnosis of neurological disor-
der such as Parkinson disease, cerebrovascular attack (CVA),
or essential tremor; and (3) no history of professional singing
or voice training. Other specific criteria for the participants
with SD included (1) no previous treatment with recurrent
laryngeal nerve surgery, (2) no previous treatment with botuli-
num toxin injection, (3) evidence of repetitive hyperadduction/
abduction during speech on videoendoscopic examination, (4)
symptomatic at the time of testing, and (5) no voice change on
stimulus with facilitation techniques such as muscle relaxation
and resonance focus.
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Speech materials

Our diagnostic protocol consisted of several speech tasks in a
natural speaking voice. The tasks included production of (1)
sustained vowelsfi, €, a, 0, w/, (2) MPT for /a/, (3) counting
from 0 to 50, (4) reading a story, and (5) repeating sentences
which elicit voice symptoms associated with SD (cf., adductor
or abductor sentences).

From our diagnostic protocol, we selected the reading task
for analysis. Text for reading was “The North Wind and the
Sun,” (“Kitakaze to Taiyo” in Japanese). The word “Taiyo”
(the Sun) was repeated three times, each time differentiated
by its position in the sentence: (1) in a sentence without preced-
ing punctuation, (2) in a sentence following a comma, and (3) at
the beginning of a sentence following a period (Table 1). The
target of the measurement was the VOT for the word-initial
voiceless consonant /t/ in “Taiyo.”

Acoustic measures

We performed acoustic recordings at the first medical examina-
tion. All patients were recorded in a quiet room using a digital
audio recorder (Frontier TASCAM HD-P2 portable stereo
audio recorder, TEAC Corp, Tokyo, Japan) and a condenser
microphone (AKG C1000 S CE Harman International, Stam-
ford, CT) under similar conditions. The microphone was main-
tained at a distance of 20 cm from the lips. The acoustic
waveform was displayed using the Praar free software pro-
gram,'” and the pause or silence and VOTs were measured.
The pause or silence was measured as the length of time be-
tween the spike of the test word and the final pulse of the pre-
ceding word (Figure 1). According to Edgar et al,> VOT for
the test word was measured as the interval between the release
of an oral constriction and the start of glottal pulsing.

Reliability

Intrajudge reliability was determined by the measurement of
VOT. The same investigator rescored all measures without ac-
cess to the original scores. Pearson r correlations were calcu-

lated for the two sets of measures. Correlation coefficients
showed high intrameasurer reliability ranging from r = 0.924
to r = 1.000.

Statistical analysis

Using the statistical analysis tool SPSS Statistics 21, we per-
formed a two-way repeated measures analysis of variance
(ANOVA) with sentence type (in a sentence without preceding
punctuation, in a sentence following a comma, and at the begin-
ning of a sentence following a period) and subject type (ADSD,
ABSD, and NC) as factors. A Greenhouse-Geisser correction
for sphericity was used where necessary. To follow-up this
interaction, a one-way repeated measures ANOVA was con-
ducted separately for each level of sentence type and subject
type using Bonferroni corrected P values.

RESULTS

Pause or silence

The pause or silence between the test word and the preceding
word tended to be prolonged successively under conditions 1
to 3. In ADSD patients, the mean pause or silence were
91.27 = 90.75 ms under condition 1, 256.75 + 162.45 ms under
condition 2, and 894.73 = 376.74 ms under condition 3. Simi-
larly, in ABSD patients, values were 108.78 = 69.18 ms,
239.11 £ 125.02 ms, and 826.00 + 194.49 ms, respectively,
whereas those in the controls were 76.05 + 19.25 ms,
254.30 £ 207.67 ms, and 1014.55 = 301.66 ms (Figure 2).

Voice onset time
In ADSD patients, the mean VOT was 26.38 + 17.38 ms under
condition 1, 34.85 + 23.40 ms under condition 2, and 45.25 +
29.31 ms under condition 3. Similarly, in ABSD patients,
the values were 46.00 = 48.82 ms, 98.33 + 67.96 ms, and
134.33 £ 103.03 ms, respectively, whereas those in the controls
were 17.95 + 9.57 ms, 26.40 + 12.79 ms, and 25.65 + 10.35 ms.
The two-way ANOVA showed a significant main effect for
subject type (F(2, 74) = 28.24, P < 0.001), but no main effect
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FIGURE 1. An example of the measures of the pause or silence and
VOT under the condition 2 in controls.

for sentence type (F(1.7, 126.3) = 26.23, P < 0.001). The inter-
action between the two factors was shown to be significant
(F(3.4,126.3) = 8.02, P <0.001). To follow-up this interaction,
a one-way repeated measures ANOVA using Bonferroni correc-
tion was conducted separately for each sentence type and sub-
ject type.

Comparison among subject groups

We compared subject types for each sentence type. For all of
three sentence types, the VOTs in the ABSD patients were signif-
icantly longer than those in the ADSD patients and NC (Figure 3).
Under condition 1, significant differences were observed be-
tween subject types (F(2, 74) = 5.16, P < 0.01). The VOTs in
the ABSD patients were significantly longer than those in the
ADSD patients (P = 0.046) and controls (P = 0.006). Significant
differences were also observed between subject types under con-
dition 2 (F(2, 74) = 20.02, P < 0.001). Again, the VOTs in the
ABSD patients were significantly longer than those in the
ADSD patients (P < 0.001) and controls (P < 0.001). Similarly,

with a period
( condition 3)

with a comma
{ condition 2)

B ABSD
. . & ADSD
without punctuation g;
0O NC
{ condition 1)
0 400 800 1200

The pause or silence ( ms )

FIGURE 2. The mean pause or silence (in milliseconds) in each pa-
tient with abductor (ABSD) and adductor spasmodic dysphonia
(ADSD) and normal control (NC) subjects. The pause or silence tended
to be prolonged gradually under the condition 1 to 3.
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FM ------------ el
( condition 3 )

ABSD
with a comma **]“ B ABS

& ADSD
4 1 NC
without punctuation ? *F 1 *: p< 0.05
(condition 1) (" *X: pg 0.01

0 50 100 150 200 250
Voice onset time { ms )
FIGURE 3. Comparison among subject groups. The mean voice
onset time (VOT) (in milliseconds) in each patient with ABSD and
ADSD and NC subjects. In all of three sentence types, the ABSD’s
VOTs were significantly longer than that of the ADSD and of NC.

there were significant differences between subject types under
condition 3 (F(2, 74) = 22.35, P < 0.001), with the VOTs in
the ABSD patients were significantly longer than those in the
ADSD patients (P < 0.001) and controls (P < 0.001).

Comparison within subject groups

Intragroup comparisons were also examined among sentence
types. Significant differences among sentence type were
observed for the ADSD patients (F(2, 141) = 7.53,
P = 0.001). VOTs under condition 3 were significantly longer
than those under condition 1. No significant differences under
any conditions were observed for either the ABSD patients
(F(2, 24) = 3.02, P = 0.067) or controls (F(2, 57) = 3.62,
P = 0.055) (Figure 4).

DISCUSSION

In this study, one of the criteria for inclusion was the absence of
any diagnosis of neurological disorders such as Parkinson dis-
ease, CVA, or essential tremor. We also excluded subjects

}*

ADSD

¥ p< 0,01

Owithout punctuation ( condition 1)

NC

@ with a comma ( condition 2)

Bwith a period ( condition 3)

H

200
Voice onset time (ms)
FIGURE 4. Comparison within subject groups. The mean VOT (in
milliseconds) in each patient with ABSD and ADSD and NC. In
ADSD, VOTs under the condition 3 were significantly longer than
those of under condition 1.

0 100 300
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with “essential voice tremor.” Voice tremor is characterized by
periodic fluctuations in the voice frequency or intensity at a rate
between 3 and 12 Hz."® The condition is differentiated from SD,
which is characterized by intermittent but nonperiodic voice
stoppages or breaks. In SD, a tremorous voice may appear as
abnormal phonatory behavior affecting the perception and/or
differential diagnosis of ADSD from ABSD. However, the

symptoms of the subjects in this study were clear cut and the .

differential diagnoses among ADSD, ABSD, and voice tremor
could be clearly made.

Pauses are generally classified into two categories: those with
breaths and those without breaths. The former are often called
“physiological pauses,” and latter “syntactic pauses.” In Japa-
nese speech production, breaths are a prerequisite condition at
the beginning of a sentence following a period, but breaths are
not necessary in sentences following a comma, or in sentences
without preceding punctuation.'® Taking these Japanese lin-
guistic features into consideration, we applied three sets of con-
ditions: segmentation without punctuation, segmentation with a
comma, and segmentation with period. These types of segmen-
tation reflect the semantic or grammatical distance between the
words. Thus, breathing is assumed to depend on syntactic rather
than physiological factors. In this study, each subject read a text
at a natural speaking rate, without any order in the timing of
pauses or silences. Judging perceptually, all subjects read
without breaths under condition 1 (without punctuation),
some of subjects read with breaths under condition 2 (with a
comma), and all subjects read with breaths under condition 3
(with a period). As a result, the average duration of the pause
in sentences with a period tended to be longer than that in sen-
tences with a comma and without punctuation. These results
corresponded to those of previous research.'

The purpose of this study was to demonstrate the character-
istic voice symptoms in SD by measuring VOTs, and to inves-
tigate whether a pause or silence between the test word and the
preceding word results in variations in the VOTs. The VOTs in
the subjects with ABSD were significantly longer than those in
NC and the subjects with ADSD under all three conditions. A
comparison among subjects with ADSD revealed that the
VOTs were significantly longer under condition 3, where a
breath preceded the test word, than under condition 1, where
a breath did not exist before the test word. Considering these re-
sults, prolongation of the VOTs for word-initial voiceless con-
sonants seems to be related to the preceding pause or silence in
ABSD subjects. In contrast, the VOTs in the ADSD patients
were not significantly longer than those in the controls. Erick-
son”® attempted to manipulate syntactic complexity and re-
ported that sign expression for ADSD increased with
syntactic complexity and in the voiced condition. Cannito
et al*! reported that for ADSD, voice quality in the voiceless
condition was superior to that in the voiced condition. To test
the unique influence of pause or silence between the test
word and the preceding word, we would have needed to make
identical phonetic environments (voiced vs voiceless, conso-
nant vs vowels) in the words preceding the pause. Furthermore,
we did not specifically control for syntactic complexity. Thus,
strictly, the influence of pause time cannot be distinguished
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from that of phonetic environment or syntactic complexity
although there is also a possibility that sample size affected
our results. P values in the ABSD (P = 0.067) and in the con-
trols (P = 0.055) compared with the ADSD results are very
close to the level of “significance,” and their nonsignificance
can be explained by the fact that there were fewer subjects in
both the ABSD (n = 9) and control (n = 20) groups versus
the ADSD group (n = 48). Because of the small population
in the ABSD group, in particularly, the nonsignificance of the
findings for the ABSD and control groups could simply repre-
sent a type II error related to differences in sample size among
the groups. By combining other analysis tools, these errors may
be averted.

The observed difficulty in switching between the compo-
nent movements of a complex task are consistent with the
behavior seen in a wide range of dystonia, including focal,
action-induced dystonia, and may be related to diminished
cortical movement.”" The larynx controls the distinction be-
tween voiced and voiceless consonants based on reciprocal
activation of the posterior cricoarytenoid (PCA) and arytenoid
muscles. Transient activation of the PCA muscle and restraint
of the arytenoid muscle cause abduction of the vocal folds
during speech in voiceless consonants.”* That is, the PCA
muscle plays a positive role in abduction activity not only dur-
ing respiration but also during the production of voiceless
consonants in speech.

In the present study, conditions 2 and 3 were both accom-
panied by a pause which might or might not be associated
with breath. In such conditions, complex cooperation between
the PCA and arytenoid muscles is required or both breathing
and phonation. Supposing that a disturbance in the motor sub-
routine®® in dystonia affects the voice symptoms of SD,
abnormal prolongation of the VOTs in ABSD and ADSD
might be explained by distortion of the central nervous system
control of the coordination of the adductor and abductor
laryngeal muscles.

The respiratory center is known to be located in the medulla
oblongata, which is the lowest part of the brain stem. The local-
ization of the central pattern generator for voicing is not yet
identified in humans. Katada et al** reported that repetitive
electrical stimulation to the midbrain periaqueductal gray and
the ventrolateral pons evokes natural sounding vocalization in
cat. These findings imply that the pattern generator for sponta-
neous phonation exists in the brain stem in mammals. Coordi-
nation between phonation and respiration for “speech”
production must be differentiated from that for the spontaneous
cries of a decorticated cat. However, we can at least assume that
the failure of coordination between respiratory and phonatory
motor controls in ABSD subjects lead to abnormal prolongation
of VOTs, particularly after the pause with breath.

The present study demonstrated that, in ABSD patients, the
VOTs were prolonged under conditions in which a breath did
not necessarily precede the target. As for the conditions without
a breath, we cannot attribute the prolongation of VOT to the fail-
ure of respiration/phonation control. Phonetically relevant prop-
erties of speech, including VOT, are influenced by individual
differences in speakers, such as speaking rate and behavioral



454

Journal of Voice, Vol. 29, No. 4, 2015

variations in articulation.*>*® It is probable that the distinction
p

between the semantic or grammatical distance between words
might affect laryngeal adductor/abductor motor coordination in
SD subjects although identical phonetic environments in the
words preceding the pause or control of syntactic complexity is
required to: clarify this. These results suggest that VOT
measurement helps the differential diagnosis of mild ABSD
and ADSD.

CONCLUSIONS

When the target syllables appeared in a sentence following a
comma, or at the beginning of a sentence following a period,
the VOT for the word-initial voiceless consonant in ABSD pa-
tients were significantly longer than those in the controls.
Abnormal prolongation of the VOTs was related to the pause
or silence between the test word and the preceding word.
VOTs in SD may vary according to the SD subtype or speaking
conditions.. VOT measurement of the word-initial voiceless
consonant was suggested to be a useful method for quantifying
voice symptoms in SD.
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