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ABSTRACT

Objectives: To determine the long-term functional outcomes of type Il thyroplasty using titanium bridges
for adductor spasmodic dysphonia (AdSD) by perceptual analysis using the Voice Handicap Index-10
(VHI-10) and by acoustic analysis.

Methods: Fifteen patients with AdSD underwent type Il thyroplasty using titanium brides between
August 2006 and February 2011. VHI-10 scores, a patient-based survey that quantifies a patient’s
perception of his or her vocal handicap, were determined before and at least 2 years after surgery.
Concurrent with theVHI-10 evaluation, acoustic parameters were assessed, including jitter, shimmer,
harmonic-to-noise ratio (HNR), standard deviation of FO (SDFO0), and degree of voice breaks (DVB).
Results: The average follow-up interval was 30.1 months. No patient had strangulation of the voice, and
all were satisfied with the voice postoperatively. In the perceptual analysis, the mean VHI-10 score
improved significantly, from 26.7 to 4.1 two years after surgery. All patients had significantly improved
each score of three different aspects of VHI-10, representing improved functional, physical, and
emotional well-being. All acoustic parameters improved significantly 2 years after surgery.
Conclusions: The treatment of AdSD with type II thyroplasty significantly improved the voice-related
quality of life and acoustic parameters 2 years after surgery. The results of the study suggest that type II
thyroplasty using titanium bridges provides long-term relief of vocal symptoms in patients with AdSD.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Spasmodic dysphonia (SD) is a focal laryngeal dystonia. In its
most common form, adductor spasmodic dysphonia (AdSD),
abnormal contraction of the thyroarytenoid (TA) and lateral
cricothyroid (LCA) muscles results in excessive spasm and
disproportionate glottal closure [1]. Consequently, the voice is
characterized by stoppages and a strained/strangled quality.

There are two major methods of treatment for AdSD
currently: pharmacotherapy and surgery. The most common
of the former are botulinum toxin injections, which have been
used to treat SD with good temporary results and minimal
morbidity. They have become the standard treatment in the
world. However, botulinum toxin injections have two major
disadvantages: the effects last approximately 3-4 months on

* Corresponding author at: Department of Otolaryngology Head and Neck
Surgery, Kumamoto University School of Medicine, 1-1-1 Honjyo,
Kumamoto 860-8556, Japan. Tel.: +81 96 373 5255; fax: +81 96 373 5256.
E-mail address: otostl0319@fc.kuh.kumamoto-u.ac,jp (T. Sanuki).

0385-8146/$ ~ see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
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average, and the relationship between dosage and response is
unpredictable [2-4].

Surgical treatments include RLN denervation and reinnervation
[5], thyroarytenoid muscle myectomy [6], and type Il thyroplasty
[7] for permanent relief from the voice symptoms.

Previously, we reported the outcome of type II thyroplasty
using a patient postoperative questionnaire and objective percep-
tual, aerodynamic, and acoustic analysis [8-10]. Type Il thyr-
oplasty provides relief from voice strangulation in patients, but
none of these methods quantifies the effects of AdSD on a patient’s
quality of life (QOL).

The Voice Handicap Index (VHI) is a questionnaire that
measures self-perceived voice problems by evaluating related
functional, physical, and emotional aspects. The 10 most robust
items in the VHI were selected to construct an abbreviated version
of the questionnaire, called the VHI-10 [11]. As the VHI-10 is
shorter, it requires less time to answer and is easier for subjects to
use.

In this study, we evaluated the long-term functional outcomes
after type Il thyroplasty using titanium bridges for AdSD by
perceptual analysis using the VHI-10, and by acoustic analysis.
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2. Methods
2.1. Subjects

Ethical approval for this study was obtained from the
Institutional Review Board of Kumamoto University Hospital.
Twenty consecutive patients with AdSD underwent type II
thyroplasty using titanium bridges between August 2006 and
February 2011 at Kumamoto University Hospital, Kumamoto,
Japan. Five patients, however, were excluded due to the
circumstance that patients were not followed up for the requisite
time. The diagnoses were made by otolaryngologists and
were based mainly on the presence of a strained or strangled
voice with phonatory breaks and on the patient’s clinical history.
All patients underwent speech therapy for over 3 months to
distinguish SD from functional dysphonia. Only one patient had
received botulinum toxin injections before the surgery. It should
be noted that these injections are not the primary treatment for
SD in Japan because the national health insurance system does
not cover their cost. Therefore, our study included 15 patients
(mean age 35.9 years; range 20-76 years) who were followed up
for more than 2 years (mean 30.1 months; range 24-40 months)
(Table 1).

2.2. Type Il thyroplasty

The patients underwent type Il thyroplasty, as described
elsewhere [7,12,13]. Briefly, under local anesthesia, a horizontal
neck skin incision was made of about 3 cm in length. The thyroid
cartilage was incised at the midline, leaving the underlying soft
tissue intact. During phonation, the incised thyroid cartilage edges
were pulled apart by 2-5 mm (mean, 3.5 mm), to evaluate the best
voice changes. To maintain the separation, two titanium bridges
were placed below and above the level of the anterior commissure.
Each bridge was fixed to the cartilage with four sutures of 4-0
nylon thread. The procedure was usually completed within 90 min.
The patients were required to maintain voice rest for several days
after surgery.

2.3. Self-perception analysis

Patients completed the VHI-10, a patient-based survey that
quantifies a patient’s perception of his or her vocal handicap, and
responded to questions regarding their condition in the previous
2 weeks. The VHI-10 is a shortened version of the VHI, whichis a
patient-based self-assessment tool developed by Jacobson et al.
[14] consisting of 30 questions covering the functional, physical,

Table 1
Clinical histories of patients with adductor spasmodic dysphonia (AdSD).

Patient no. Sex  Age Age at onset Duration of  Postoperative
) of AdSD (Y) AdSD (Y) follow-up (mo)
1 F 29 25 4 40
2 F 26 20 6 36
3 F 27 21 6 28
4 F 76 66 10 30
5 F 42 40 2 30
6 F 34 29 5 30
7 F 20 15 5 26
8 F 29 23 6 34
9 F 69 67 2 29
10 F 47 43 4 33
11 F 33 23 10 30
12 F 24 16 8 27
13 F 32 17 15 28
14 F 22 19 3 27
15 F 29 24 5 24

and emotional aspects of voice disorders. Patients are asked to
rate each statement on a scale of 0-4 (0 =strongly disagree,
4 = strongly agree), for a possible total score of 40. Patients were
given the VHI-10 at the same time they visited our outpatient
clinic before surgery and at scheduled clinical follow-ups of 1, 3,
6, 12, 18, and more than 24 months following surgery. In this
study, the surveys conducted preoperatively and two years
following the surgery have been chosen for long-term functional
evaluation.

2.4. Acoustic measurements

The voice recording methods have been described in
detail previously [10]. The acoustic signals were processed
digitally using the software program CSL3700 with MDVP (Kay-
Pentax, Tokyo, Japan). For the sample, 5 s from the midpoint of
the sustained vowel were analyzed. The following acoustic
measures were recorded: (1) shimmer, ie. cycle-to-cycle
variation in signal amplitude; (2) jitter, i.e., cycle-to-cycle
variation in frequency; (3) harmonic-to-noise ratio (HNR), i.e.,
the ratio of acoustic energy in the harmonic versus the noise
components contained in the acoustic spectrum; (4) standard
deviation of FO (SDF0), i.e., the square root of the variance
around the mean fundamental frequency; and (5) degree of
voice breaks (DVB), i.e., the total duration of the breaks between
the voiced parts of the signal divided by the total signal
duration.

2.5, Statistical analysis

The data indicated unequal variances across measurement
variables and subject groups; therefore, nonparametric statistical
procedures were applied. The Wilcoxon signed-rank test for paired
samples was used to compare the data before and two years after
surgery. In addition, patients completed the VHI-10 survey at five
intervals postoperatively, the results of which were analyzed using
paired t-tests.

3. Results

The average follow-up interval was 30.1 (range 24-40) months.
The average age of the onset of AdSD symptoms for our cases was
29.9 years. All patients had received and failed voice therapy before
the surgery.

No patient had strangulation of the voice, and all were satisfied
with their voices postoperatively.

3.1. VHI-10 scores

Twelve patients were available for VHI-10 analysis, as three
patients did not complete the questionnaire. The mean VHI-10
score improved significantly, from 26.7 to 4.1 (P < 0.0001;
Tables 2 and 3). Improvement was seen for every question of the
VHI-10. Preoperative VHI-10 scores ranged from 13 to 33, and
24-month postoperative VHI-10 scores were <10 for 84.6% of
patients and <20 for 100%. The preoperative VHI-10 domain
scores were 12.1 £3.5 (functional), 9.6 + 2.4 (physical), and
5.0 +£2.0 (emotional). After surgery, the scores improved to
2.4 + 1.9 (functional), 1.9 + 1.4 (physical), and 1.1 £+ 1.2 (emotion-
al; Table 4). All VHI-10 domain scores improved significantly
(P < 0.0001).

Twelve patients completed the VHI-10 questionnaire at
intervals of 1, 3, 6, 12, 18, and more than 24 months. Postoperative
VHI-10 scores after the first 1 month showed almost no variation
when compared with scores from 24 months after the surgery
(Fig. 1).
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Table 2
Summary of vocal function.
Patient no. VHI-10 Jitter (%) Shimmer (%) HNR (dB) SDFQ (Hz) DVB (%)
Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op

1 53 0.8 20.0 8.6 3.2 6.7 13.3 4.3 69.6 0
2 3.9 0.9 13.6 9.7 43 5.8 371 2.3 0 0
3 2.7 1.5 15.8 34 5.0 8.6 10.9 3.7 5.5 0
4 13 0 6.1 0.6 194 6.5 2.0 7.8 272 2.6 14.7 0
5 25 1 0.9 1.3 6.0 6.4 7.1 73 15.7 7.5 0 0
6 25 9 1.3 1.5 8.1 6.7 6.4 8.2 5.8 4.1 1.8 0
7 28 3 39 1.2 15.7 6.5 1.8 8.5 39.8 3.9 14 0
8 30 11 8.5 6.5 31.8 21.0 1.8 14 40.5 5 74.6 0
9 22 2 57 2.5 13.8 12.9 1.9 6.2 341 5.5 4.5 0
10 28 4 4.0 0.5 123 4.1 33 8.6 39.2 2 7.3 0
11 33 1 8.0 52 252 18.9 1.5 42 51.8 271 394 0
12 21 1 25 1.8 8.0 5.4 22 8.1 15.6 5 0 0
13 26 10 12.5 5.6 215 17.2 1.2 5.9 44.9 11.2 204 0
14 37 4 5.9 6.5 13.2 17.7 4.5 4.0 54.3 35.1 0 0
15 32 3 29 0.6 13.9 11.5 54 53 4.4 24 0 0
Mean +SD 26.7+£63 4.1+3.8 49+3.1 25422 159+6.8 104+58 34=x19 6.4+2.1 29.0+16.8 8.1+£9.7 159+£252 0O

3.2. Acoustic measurements

The mean jitter values at each time point are shown in Fig. 2A
and Table 2. The mean values were 4.9 & 3.1% preoperatively and
2.5 &+ 2.2% postoperatively, reflecting significant improvement after
surgery (P =0.0006).

The mean shimmer values also improved significantly
(P=0.0012), form 15.9 & 6.8% preoperatively to 10.4 + 5.8% post-
operatively (Fig. 2B and Table 2).

Table 3
Voice Handicap Index-10 scores.

Pre-op 2 year after

F1 My voice makes it difficult for 32+£09 1.0+09
people to hear me

F2 People have difficulty 33+1.2 1.0+09
understanding me in a noisy room

F8 My voice difficulty restricts personal 1.3+04 0.1+03
and social life

F9 1 feel left out of conversations 3.1+08 03+05
because of my voice

F10 My voice problem causes me to lose 1.3+1.9 0.1+13
income

P53 I feel as though I have to strain to 29+1.2 0.5+0.7
produce voice

P6 The clarity of my voice is 33+13 0.7+0.7
unpredictable

E4 My voice problem upsets me 3.1+£12 03+05

E6 My voice makes me feel 19+1.2 0.1+03
handicapped

P3 People ask, “What's wrong with 3405 0.2+04
your voice?”
Mean total 26.7 4.1
Range total 13-33 0-11
Standard deviation of total 6.3 3.8
Total mean score improvement - 22,6

Ratings: O=strongly disagree; 1=disagree; 2=undecided; 3=agree; 4=strongly
agree.

Table 4
Difference in VHI-10 scores before and after type II thyroplasty.

Mean VHI-10 scores

Functional Physical Emotional
(items 1-5) (items 6, 7, 10) (items 8, 9)
Pre-op 121 9.6 5.0
Post-op 24 1.9 1.1

The mean HNR was 3.4 + 1.9 dB preoperatively and 6.4 + 2.1dB
postoperatively (Fig. 2C and Table 2), indicating significant improve-
ment after surgery (P = 0.00063).

The mean SDFO, 29.0 + 16.8 Hz preoperatively and 8.1 = 9.7 Hz
postoperatively (Fig. 3A and Table 2), was also significantly improved
after surgery (P=0.0001).

The mean DVB was 15.9+25.2% preoperatively and 0%
postoperatively, indicating significant improvement after surgery
(P=0.028; Fig. 3B and Table 2).

4. Discussion

Botulinum toxin injections have been used to treat SD with
good temporary results and minimal morbidity. Since their
inception, these injections have become the standard treatment
for AdSD. However, intralaryngeal botulinum toxin injections are
usually required once every 3—-4 months and may result in initial
temporary dysphonia caused by incomplete glottic closure.
Permanent relief from the voice symptoms due to AdSD is needed.

Type 1I thyroplasty differs from previous treatments in that
this surgery does not include intervention involving the laryngeal
muscle, nerve, or vocal fold. Type II thyroplasty follows the
thinking that intervention in the thyroid cartilage is unrelated to
the underlying lesion. This appears contrary to the common logic
of surgery, in which a disease is usually approached directly, and
may be likened to conducting an operation without knowing what
to remove or where the lesion is located. Therefore, this surgical
procedure has been regarded with some suspicion. In fact type II
thyroplasty is intended to prevent the spasmodic tight glottal
closure at the terminal stage of phonation, which is a purely
mechanical process, leaving untouched the lesion or structures
directly involved [7-9]. Type II thyroplasty can be performed
under local anesthesia to allow voice changes to be monitored.
Previously, based on a postoperative voice quality questionnaire
and aerodynamic and acoustic analyses, we reported that type Il
thyroplasty using titanium bridges improves voice symptoms in
patients with AdSD [8,10]. As traditional clinical laryngological
examinations cannot measure the impact of a voice disorder on
the quality of life (QOL), the VHI-10 is the most frequently
administered test for this purpose. In the present study, we used
VHI-10 scores to quantify the detrimental effects of AdSD and the
therapeutic effects of type 1l thyroplasty.

Novakovic et al. {15] used the VHI-10 to assess longitudinal
outcomes of 133 patients with AdSD who were treated with
botulinum toxin and reported a mean preinjection VHI-10 score of
22.3, with a mean best VHI-10 score of 12.7 during the injection
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Fig. 1. VHI-10 scores before and after type II thyroplasty. There were no significant
differences between the results of the survey completed at 24 months and those of
other follow-up periods.

cycle. Courey et al. [1] found that although their patients showed
improvement in all domains of the VHI scale, 27.3% of respondents
showed no improvement in overall post-treatment scores, with a
prolonged breathy voice being the reason cited for a poor
outcome.

In 1999, Berke et al. [5] described selective laryngeal adductor
denervation-reinnervation surgery. This procedure specifically
denervates the laryngeal adductors and spares the abductors.
Advantages of the procedure include a permanent outcome and
less breathiness due to the maintenance of vocal fold tone from the
ansa cervicalis. Positive surgical outcomes in 46 patients were

indicated by significantly improved mean VHI-10 scores, from 35.6
to 12.7, with improved VHI-10 scores in 83% of patients [16].

A transoral partial thyroarytenoid muscle myectomy and
neurectomy technique has been reported [6,17]. This technique
has been described as relatively safe, effective, and technically
simple, although a postoperative breathy voice was given as the
greatest disadvantage of this method. When Tsuji et al. [17]
assessed the vocal quality of patients undergoing partial myect-
omy, they found a clear difference between VHI scores before and
after surgery. However, they assessed only six patients.

Previously, Chan et al. [ 18] reported rather poor results for type
II thyroplasty. After a 12-month follow-up period, only 22.2% and
33.3% of patients showed moderate to good improvement in
symptom severity and vocal effort, respectively. However, they did
not discuss possible causes for the failure of the study. Inadequate
techniques, such as performing the surgery under general
anesthesia, incising the thyroid cartilage using an oscillating
saw, and their use of T-shaped silastic shims to maintain
separation, may have resulted in poor outcomes and potentially
hindered the acceptance of this procedure. The success of surgery
depends entirely on whether the incised cartilage edges are held
apart at the precise spot for the best vocal output with no excessive
speech effort, and whether they remain adequately separated over
time. The use of local anesthesia and an appropriate device for
maintaining the separation, such as a titanium bridge, is essential.

Our results are promising regarding type Il thyroplasty as a
long-lasting cure for AdSD symptoms. In general, patients were
very satisfied with the surgical outcome which was attended by
significant improvements of VHI-10 scores and its functional,
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Fig. 3. Acoustic data: standard deviation of FO (A) and degree of voice breaks (B). **P < 0.01, *P < 0.05
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physical, and emotional aspect (Table 4). Morzaria and Damrose
reported that pretreatment of VHI domain scores were signifi-
cantly decreased after botulinum toxin injections [19]. Compara-
tively, in this study, the three domains decreased further still after
type 11 thyroplasty. Acoustic analysis is useful for documenting the
severity of spasmodic dysphonia and monitoring the response of
patients to treatment [20]. Five characteristic acoustic parameters
were used in this study: jitter, shimmer, and HNR to assess voice
hoarseness, and SDFO and DVB to assess AdSD symptoms.
Previously, we reported that these parameters improved signifi-
cantly to within near-normal ranges after type II thyroplasty {8],
indicating that the procedure created no breathy voice, as can
occur with botulinum toxin injections, recurrent laryngeal nerve
section, or thyroarytenoid muscle myectomy. The acoustic data in
our current cases reinforces the results of the previous study.

Two (16.7%) of the 12 patients (nos. 8 and 13) improved less
than the other patients. They noticed a slightly breathy voice at
work (both worked as receptionists) after the surgery, although
they experienced complete relief from their strangled voices. In
addition, none of our cases experienced any recurrence of AdSD
symptoms. With those patients who rely on their voices as a
primary tool of trade, VHI-10 scores may be affected by unrealistic
patient expectations. Professional voice users report experiencing
a greater voice handicap when compared with non-professional
voice users [21].

5. Conclusion

The treatment of AdSD using type Il thyroplasty significantly
improved voice-related quality of life and acoustic parameters in
our patients. The results of this survey suggest that type II
thyroplasty with titanium bridges provides long-term relief of
symptoms in patients with AdSD.
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