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Type II thyroplasty changes cortical activation in patients with
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A B S T R A C T

Objective: Spasmodic dysphonia (SD) is a complex neurological communication disorder characterized

by a choked, strain-strangled vocal quality with voice stoppages in phonation. Its symptoms are

exacerbated by situations where communication failures are anticipated, and reduced when talking with

animals or small children. Symptoms are also reduced following selected forms of treatment. It is

reasonable to assume that surgical alteration reducing symptoms would also alter brain activity, though

demonstration of such a phenomenon has not been documented. The objective of this study is to reveal

brain activity of SD patients before and after surgical treatment.

Methods: We performed lateralization thyroplasties on three adductor SD patients and compared pre-

and post-operative positron emission tomography recordings made during vocalization.

Results: Pre-operatively, cordal supplementary motor area (SMA), bilateral auditory association areas,

and thalamus were activated while reading aloud. Such activity was not observed in normal subjects.

Type II thyroplasty was performed according to Isshiki’s method and the strained voice was significantly

reduced or eliminated in all three patients. Post-operative PET showed normal brain activation pattern

with a significant decrease in cordal SMA, bilateral auditory association areas and thalamus, and a

significant increase in rostral SMA compared with pre-operative recordings.

Conclusion: This is the first report showing that treatment to a peripheral organ, which reverses voice

symptoms, also reverses dysfunctional patterns of the central nervous system in patients with SD.

� 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Adductor spasmodic dysphonia is an irregular hyperadduction
of the vocal folds occurring during phonation secondary to
inappropriate intrinsic laryngeal muscle activity [1]. Patients with
adductor SD exhibit a choked, strained-strangled voice quality
with abrupt initiation and termination of voicing resulting in short
breaks in phonation [2]. This involuntary movement disease
affecting the vocal folds is classified as an idiopathic focal dystonia
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variably affecting laryngeal muscle control during speech
[3]. However, the pathophysiology of SD is not well understood.

Literature in other areas of idiopathic focal dystonia (e.g., writer’s
cramp) have implicated central and basal ganglia involvement as the
cause [4]. Radionuclide imaging studies have reported structural
alterations in the lentiform nucleus in patients with idiopathic focal
dystonia [5,6]. It has also been suggested that disinhibition and
overexcitation of the motor cortex in basal ganglia pathology leads to
co-contractions and dystonic postures [7]. Positron emission
tomography (PET) studies enable one to observe abnormal brain
activation, even in patients without evidence of an organic lesion. PET
studies in patients with writer’s cramp reveal abnormal activation in
basal ganglia, thalamus, and supplementary motor area (SMA) [8,9].

Similarly in SD, while the vast majority have no obvious lesions,
we have learned from some that the basal ganglia and thalamus
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Fig. 1. Sound wave and spectrogram of the subject 1. Sound wave (a) and

spectrogram (b) of [u] and [e]. Before operation, the voice has irregular intensity and

interruption with distorted formant. After operation, the voice has improved with

regular intensity and smooth pitch.
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appear to be related to the etiology [10]. Whether or not they have
similar involvement of the basal ganglia and thalamus is unknown,
though an earlier SD patient case report using PET reported
inactivation of SMA while reading aloud [11]. One interpretation of
this finding is that the SD may be related to interference with
motor programming. We reasoned that treatment reducing the
spasmodic condition might also modify the pattern of cortical
activation and in so doing provide further explanation of this
puzzling disease.

Recently, Isshiki et al. [12] reported type II thyroplasty for the
treatment of SD. In this surgery, the thyroid cartilage is incised at
midline and pulled apart to mechanically reduce the excessive
contraction of the vocal folds during phonation. This being
the case, thyroplasty treatment appears to be an ideal means of
make pre- and post-treatment recordings of cortical activity in
order to gain information on whether the activated areas are part
of the primary pathology or not. In this study, we used PET studies
to reveal brain activity of three SD patients before and after
completion of type II thyroplasty.

2. Subjects and methods

2.1. Subjects and clinical course

Three right-handed Japanese subjects with adductor type SD
served as subjects for this study (29-year-old male, 32-year-old
female and 14-year-old female). All subjects were diagnosed with
adductor SD based on flexible laryngoscopy laryngeal findings and
voice symptoms as described by Brin et al. [2]. Fiberoptic
laryngoscopy was performed to confirm irregular hyperadduction
of the vocal folds, tremor, and dystonic movements during speech.
Table 1
Objective and subjective examination of vocal symptom of each patient before and aft

Subject 1 Su

Pre Post Pr

GRBAS scale G3R1B0A0S3 G1R1B1A0S1 G

Maximum phonation time 20 13 26

Mean air flow 32 180 84

AC/DC 41 39 34

Intensity 69 72 74

Fundamental frequency 133 262 14

Voice range (Hz) 101–244 214–337 11

Jitter (%) 11.98 2.43 2.

Percent of normal function 10 80 35
Patients showed no other signs of neurological abnormality, no
gastroesophageal reflux, no dystonic movements in the larynx
while at rest, a negative history for usage of neuroleptic medication
and exhibited normal MRIs. Voice breaks were observed in all three
patients. Subjective and objective examination of voice symptoms
were performed pre- and post-operatively. Voice symptoms were
evaluated by a speech-language pathologist using the GRBAS scale
[13] and the percent of normal function (PNF), which is a global
visual analog scale where 100% is a normal voice and 0% is an
inability to phonate [2]. For objective examinations, sound
spectrogram (Fig. 1b), maximum phonation time, mean air flow,
AC/DC [14], intensity of voice, fundamental pitch, voice range, and
jitter (%) were used (Table 1).

Type II thyroplasties were performed for all patients following
Isshiki’s procedure [12]. In brief, the thyroid cartilage surrounding
the vocal fold was incised at midline pulled apart approximately
4 mm. Silicone was inserted and sutured between the edges to
maintain a gap (Fig. 2a andb).

2.2. PET activation study

Regional cerebral blood flow (rCBF) was measured to assess the
cortical activation during vocalization pre-operatively and
3 months post-operatively. Written informed consent was
obtained from each patient after providing him or her with a
detailed explanation of the study. This study was performed in
accordance with the guidelines of the Declaration of Helsinki and
was approved by the Committee of Medical Ethics, Graduate
School of Medicine, Kyoto University, Japan.

Patients’ brains were scanned using a General Electric Advance
tomography (GE Medical Systems, Milwaukee, WI, USA) following
injection of 15O-labeled water. Two different conditions were
applied during the scan: (1) resting with neither phonatory nor
articulatory movement, and (2) reading aloud commonly used
sentences from a cardboard placed 50 cm in front of the patient.
Each session lasted 1.5 min starting 30 s prior to intravenous
injection of H2

15O, with an interval of 10 min between sessions.
Each session was repeated four times. Images were reconstructed
with the Kinahan–Rogers reconstruction algorithm. Hanning filters
were used and yielded transaxial and axial resolutions of 6 mm and
10 mm (full-width at half-maximum, FWHM), respectively. The
field of view and pixel size of the reconstructed images were
256 mm and 2 mm � 2 mm � 4.75 mm, respectively. The rCBF
measurements were adjusted to a global mean of 50 ml/100 ml/
min. The data acquired were analyzed with the Statistical
Parametric Mapping (SPM99, Wellcome Department of Cognitive
Neurology, London, UK) software implemented in MATLAB
(Version 6.1 Release 12, The Mathworks Inc., MA, USA). Scans
for each patient were realigned to the first scanned image and all
images were transformed into a standard three-dimensional
coordinate space of Talairach and Tournoux [15] using MNI
templates of SPM in order to normalize image data. Each image
er operation.

bject 2 Subject 3

e Post Pre Post

2R1B0A0S2 G1R1B0A0S1 G2R1B0A0S2 G1R1B0A0S0

 35 9 13

 71 21 70

 45 26 34

 75 75 79

3 151 – 354

5–283 100–305 – 285–414

57 1.45 8.00 0.79

 75 60 75



Fig. 2. Operative procedure of type II thyroplasty. Thyloid cartilage was incised at the midline (a) and a silicon was inserted between the gap (b).

Fig. 3. Brain activation during reading aloud in pre- and post-operation. Areas of

significant brain activation during reading aloud rendered onto the lateral surface

of a standard brain using SPM 99 (voxel level: P < 0.001, uncorrected). In pre-

operation, cordal SMA, bilateral auditory association cortex, right thalamus, and

left putamen were significantly activated in addition to Broca’s area, bilateral

sensorimotor cortex, bilateral visual cortices, and cerebellum. In post-operation,

rostral SMA, smaller area of auditory association cortex showed significant

activation, whereas cordal SMA, right thalamus, and left putamen showed no

significant activation (1: cordal SMA, 2: right thalamus, 3: left putamen, 4:

auditory association cortex, 5: rostral SMA). Color scale indicates degree of

significance.
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was smoothed using a Gaussian filter of 14 mm (FWHM) in the x-,
y- and z-axes to improve signal-to-noise ratio. ANCOVA (analysis of
covariance), using global activity as a confounding covariate, was
performed on a pixel-to-pixel basis to adjust each scan data.
Contrasts between tasks were evaluated with t-tests and then
converted to z-values. We evaluated the activation by comparing
the resting state (condition 1) with vocalization (condition 2) of
pre- and post-operative experiments, respectively. We also
directly compared the activated areas during phonation between
pre- and post-operation by comparing the activated regions during
phonation (condition 2-1) in the pre-operative study with those in
the post-operative study. The threshold was set at P < 0.001
(uncorrected for multiple comparisons) for comparison between
phonation versus resting state, and at P < 0.05 for comparison
between pre- and post-operative study. Significant activations
were reported for cluster size greater than 10 voxels.

All post-operative examinations were performed 3 months
post-thyroplasty.

3. Results

3.1. Voice symptoms

Pre-operative sound spectrograms revealed irregular and
distorted pitch and interrupted phonation in all three patients
(Fig. 1a and b). The GRBAS scale was G3R1B0A0S3 in patient 1,
G2R1B0A0S2 in patient 2, and G2R1B0A0S2 in patient 3, while PNF
was 10%, 35%, and 60%, respectively. Jitter (%) was 11.98%, 2.57%,
and 8.00%, in each patient. Patients showed no response to voice
therapy employing the muscular relaxation procedures of Roy et al.
[16] and the administration of minor tranquilizers.

Strained voice quality was significantly reduced or eliminated in
all patients, following surgery. GRBAS scale and PNF showed
improvement in all patients with scores of G1R1B1A0S1,
G1R1B0A0S1, G1R1B0A0S0, 80%, 75% and 75%, respectively. Patients
2 and 3 showed improvement in maximum phonation time and AC/
DC. Patient 1 showed marked increase in airflow volume and
fundamental frequency with little decrease of AC/DC. Post-operative
jitter (%) showed improvement in all patients with a value of 2.43%,
1.45%, and 0.79%, respectively. Sound spectrograms also documen-
ted voice improvements with regular intensity and no voice
interruptions characteristic of SD (Fig. 1a and b).

3.2. Brain activations

Pre-operatively, bilateral superior and middle temporal gyri
(auditory association area), bilateral transverse temporal gyri
(primary auditory area), Broca’s area, bilateral sensorimotor cortex
(SMC), bilateral visual cortices, cordal SMA, cerebellum, right
thalamus and left putamen were significantly activated while
reading aloud (Fig. 3). There was no activation in the rostral
supplementary motor area, which is activated in normal subjects
while reading aloud.

Post-operatively, the right superior temporal gyrus, bilateral
primary auditory areas, bilateral SMC, bilateral visual cortices,
rostral SMA and cerebellum were activated during phonation,
which is similar to the activated areas during phonation in normal



Fig. 4. Comparison of brain activation during reading aloud between pre- and post-

operation. Areas of significant decreased activation post-operatively compared

with pre-operative data are seen in the upper row (cold colors). Areas of significant

increased activation post-operatively compared with pre-operative data are seen in

the lower row (warm colors). Post-operatively, cordal SMA, right thalamus, left

putamen, bilateral auditory association cortex showed a significant decrease in

activation compared with preoperative. While post-operatively, rostral SMA

showed a significant increase in activation compared with preoperative (1:

cordal SMA, 2: right thalamus, 3: left putamen, 4: auditory association cortex, 5:

rostral SMA, voxel level: P < 0.05). Color scale indicates degree of significance.
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subjects (Fig. 3). Activation of bilateral auditory association areas,
cordal SMA, thalamus, and cerebellum were reduced or nearly
absent post-operatively.

Next, areas activated during vocalization were directly com-
pared pre- and post-operatively (Fig. 4). Compared to pre-
operation, bilateral auditory association areas, right thalamus, left
putamen and cordal SMA showed significantly decreased activa-
tion post-operatively, whereas rostral SMA revealed a significant
increase.

Peak t-values and x-, y-, z-coordinates of activated regions
under each stimulated condition are presented in Table 2, while
Table 2
Peak t-values and x-, y-, z-coordinates of activated regions under each stimulation con

Cortical areas Pre-operation 

x y z 

Rostral supplementary motor area – 

Cordal supplementary motor area 4 �5 58 

Right middle temporal gyrus 57 �27 �3 

Left middle temporal gyrus �48 �63 �7 

Right superior temporal gyrus 57 �21 7 

Left superior temporal gyrus �54 �7 6 

Right transverse temporal gyrus 48 �19 9 

Left transverse temporal gyrus �45 �15 10 

Broca’s area �48 18 9 

Right thalamus 8 �23 �1 

Left putamen �20 8 4 

Right sensorimotor cortex 45 �15 31 

Left sensorimotor cortex �47 �15 31 

Right visual cortex 17 �100 �5 

Left visual cortex �11 �100 �5 

Right cerebellum 6 �69 �25 

Left cerebellum �13 �63 �25 
regions of the rCBF, of which exhibited significant difference
between pre- and post-operation, are presented in Table 3.

4. Discussion

4.1. Activation in SMA

SMA is located on Brodmann’s area (BA) 6 in the frontal lobe and
the function of SMA is thought to be motor planning and
programming [17]. Neuronal recordings in monkeys revealed that
there is functional subdivision of SMA and it can be divided into
rostral and caudal SMA [18]. Rostral SMA is reported to be
activated during preparatory periods before performance of
prelearned movement [19], whereas direct movement-related
activity is more prominent in caudal SMA [18]. Functional imaging
studies in humans also confirmed the concept of a subdivision of
SMA into functionally distinct parts [20]. It has been considered
that a functional subdivision between caudal and rostral (pre) SMA
occurs at the level of the ventral anterior commissure (VAC) line
[20,21]. A greater degree of activation in the rostral SMA has been
shown with self-paced movement compared to externally
triggered movement, with no significant difference in the degree
of activation in the caudal SMA [22].

Several investigators have reported abnormal activation of SMA
in focal dystonia; however, activation patterns in subdivisions of
SMA are still in discussion. Ibanez et al. [9] reported less activation
in rostral SMA during writing in writer’s cramp compared with
control subjects. Baumann et al. reported that ‘‘paced
joystick movements in freely selected directions with the right
hand’’[8] and ‘‘writing ‘dog’’’ [23] in writer’s cramp induced
increased activation in rostral SMA and decreased activation in
caudal SMA, which was contrary to the report of Ibanez et al. [9]. It
has been reported that rCBF in the rostral SMA is positively
correlated with increasing sequence complexity of overlearned
movements [24] and the differences in task complexity may reflect
different activation patterns in subdivisions of SMA.

Activation of SMA has also been reported during vocalization
[25,26], and lesions in the SMA are known to cause inabilities of
voluntary utterance [27]. For example, Penfield and Jasper [28]
reported that spontaneous speech is arrested by electric stimula-
tion of SMA. Although there are few reports focusing on the
subdivision of SMA during vocalization, activated areas in SMA
were rostral to VAC line [25,26,29], suggesting that rostral SMA is
activated during vocalization. Vocalization is a prelearned
movement for normal adults and the activation of rostral SMA
dition.

T value Post-operation T value

x y z

10 10 62 3.95

6.74 –

8.59 –

3.69 –

10.29 48 �23 2 6.57

12.68 �57 �21 6 7.51

5.87 52 �15 11 7.58

7.63 �55 �7 10 8.92

4.27 �50 1 14 6.06

4.78 –

4.50 –

13.35 47 �15 31 11.05

10.16 �45 �15 31 9.10

7.20 8 �95 �3 6.41

6.01 �17 �98 �11 5.08

8.67 10 �65 �19 5.95

7.89 �18 �69 �21 5.21



Table 3
Regions of the rCBF of which exhibited significant difference between pre- and post-operation.

Cortical areas x y z T value

Pre > post (conjunction) Thalamus 8 �23 �1 4.78

Cordal supplementary motor area 1 �7 56 6.38

Broca’s area �48 16 11 4.24

Right middle temporal gyrus 50 �3 �4 7.13

Right superior temporal gyrus 48 �40 5 7.02

Left middle temporal gyrus �48 �1 �7 8.50

Left superior temporal gyrus �50 �36 14 6.22

Right cerebellum 3 �63 �33 6.50

Left cerebellum �25 �86 �26 5.37

Pre < post (conjunction) Rostral supplementary motor area 10 12 62 3.86

Left sensorimotor cortex �55 �23 41 4.24
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is consistent with suggestions that rostral SMA is related to
prelearned movement. In this study, SD patients revealed
activation in caudal SMA and lack of activation in rostral SMA.
These results are interpreted to suggest that vocalization for SD
patients characterized by voice breaks and a strain-strangled
quality is not a prelearned movement, but a movement which is
done with an external cue feedback from their own voice or
laryngeal muscle movements.

4.2. Activation of basal ganglia and thalamus

The basal ganglia and the thalamus are well known to play
important roles during movement. Organic lesions of the basal
ganglia in acquired dystonia have led to the notion that the basal
ganglia is critically involved in causing idiopathic dystonia [7] and
structural change of lentiform nucleus in idiopathic focal dystonia
[5], suggesting that a disinhibition and overexpression of the
motor cortex based on a basal ganglia pathology leads to co-
contractions and dystonic postures [7]. The thalamus is also
thought to be involved in causing idiopathic dystonia, since
thalamic necrosis is known to cause significant dystonia affecting
speech and upper limb motor function [30]. In SD patients,
Schaefer et al. [10] reported that 6 of 19 patients had abnormal
spin-echo MRI findings, ranging from infarcts within the basal
ganglia to demyelinating lesions within the supralateral angles of
the lateral ventricles. Organic change was also reported in the
thalamus in a patient with pharyngeal and laryngeal dystonia that
showed symptoms similar to SD [31]. Thus, basal ganglia and
thalamus are thought to be related to SD.

Functional brain imaging studies have also revealed abnormal-
ity of central processing of movement in patients with dystonia
[7,9]. Writing in normal subjects induces a rCBF increase in the
contralateral SMC, SMA and ipsilateral cerebellum, with no rCBF
increase in basal ganglia and thalamus [7]. Peribisch et al. [7]
reported the activation of the contralateral thalamus, in addition to
extensive activation of the primary sensorimotor cortex and
significant activation of the ipsilateral cerebellum in patients with
writer’s cramp. Odergren et al. [32] described an increased activity
of the thalamus and cerebellum and an increased activation of
putamen during writing in writer’s cramp [9]. In normal subjects,
no significant activation occurs during vocalization in the basal
ganglia and the thalamus [25,26]. Our results showed significant
activation in the right thalamus and left putamen during
vocalization in subjects with SD, which is similar to what has
been reported in writer’s cramp.

4.3. Auditory verbal feedback processing

When normal subjects read aloud, significant activity is
observed in the primary auditory cortex in addition to Broca’s
area, motor area, SMA, and cerebellum, whereas no significant
activity is observed in the auditory association area [25,29,33]. It is
well known that striking changes occur in speech when air-
conducted auditory feedback is delayed [34]. Hirano et al. [33]
reported significant activation of the auditory association area and
no activation of the SMA when subjects heard their own voices
under delayed auditory feedback. Based on these findings, Hirano
et al. [33] proposed two different methods of speech processing for
vocalization, the programmed system mediated by the SMA, and
the auditory verbal feedback system with participation of the
auditory association cortex. They speculated that distorted voice
needed auditory feedback, which is related to the activation of
the auditory association cortex [33]. In our study with SD patients,
rostral SMA showed no significant activation, whereas cordal SMA
and bilateral auditory association areas showed significant
activation, which is consistent with what we have reported
previously [11]. As aforementioned, rostral SMA is related to
programming of prelearned movements and cordal SMA is related
to direct movement activities [18]. Our results suggest that SD
patients process their distorted speech using an auditory verbal
feedback system without programmed system mediation by the
rostral SMA.

4.4. Brain activation of SD patients and post-operative changes

With vocal improvement following treatment, activation
patterns in the SMA and auditory association areas during
vocalization showed similar patterns to that of normal subjects.
They exhibited a significant decrease in caudal SMA and bilateral
auditory association areas and a significant increase in rostral SMA
compared with that shown pre-operatively. This is the first report
to show that treatment to a peripheral organ, which reverses voice
symptoms, also reverses dysfunctional patterns of the central
nervous system in patients with SD. The abnormal activation of the
basal ganglia, SMA, and thalamus in our study, and the existence of
organic lesions in these areas which have been reported in SD [10]
or SD-like [31] patients in other studies suggest that normal
pattern of activation in these areas are required for normal speech.
Reversed dysfunctional brain activity in patients with reversed
symptoms supports this notion.

5. Conclusions

In patients with SD, abnormal activation was observed in cordal
SMA, bilateral auditory association areas, putamen, and thalamus
during vocalizations prior to treatment. No activation was
observed in rostral SMA, which is related to programming of
prelearned movement. We hypothesize that SD patients process
distorted speech with an auditory verbal feedback system.
Interestingly, with an improvement in symptoms following
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surgery, abnormal activation disappeared and PET results showed
normal brain activation patterns with a significant decrease in
cordal SMA, bilateral A2, and thalamus, and a significant increase
in rostral SMA compared with pre-operative recordings. This
indicates that people generally speak according to a prelearned
speech production program without hearing their own voice well.
When their vocal output becomes distorted from the expected
motor program they initiate a monitoring mode and use the
auditory association area to hear their voice. Finally, we believe
these results are the first to demonstrate that treatment of a
peripheral organ can change the abnormal brain activation in
patients with SD as evidenced by PET.
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