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Abstract

Obijectives: The success of type 2 thyroplasty (TP2) for adductor spasmodic dyspho-
nia (AdSD) depends on the selection of optimally sized titanium bridges, which
requires accurate assessment of intraoperative vocal changes. While this procedure
has traditionally been performed according to the laryngologist's experience, the
most appropriate method for voice monitoring and selection of titanium bridge size
remains to be determined. This study aimed to investigate evaluation parameters
useful for voice monitoring, as these may allow less experienced surgeons to perform
TP2 properly.

Methods: In this prospective study, voice monitoring was performed in 18 patients
with AdSD patients undergoing TP2. Evaluations were performed preoperatively,
intraoperatively, 13 weeks postoperatively, and 52 weeks postoperatively using
GRBAS (grade, roughness, breathiness, asthenia, and strain), as well as perceptual
judgment and acoustic analyses.

Results: Preoperative and intraoperative assessments of the G, R, B, and S parame-
ters, perceptual judgment, and harmonic-to-noise ratio (HNR) were in moderate or
better agreement. Intraoperative and 13- or 52-week postoperative measurements
of the R, B, and G parameters and strangulation, tremor, and HNR were also in high
agreement. When two different sizes of titanium bridges were compared (unselected
vs. selected), ratings for G, R, S, strangulation, tremor, jitter, shimmer, HNR, standard
deviation of FO, and degree of voice breaks were better for the selected width than
the unselected width.

Conclusion: The candidate items for intraoperative voice monitoring during TP2 for

AdSD are G, R, strangulation, tremor, and HNR. The use of these items may help to
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surgery.
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1 | INTRODUCTION

Spasmodic dysphonia (SD) is a focal, adult-onset dystonia affecting
laryngeal muscles.? SD causes vocal impairment due to involuntary
and intermittent spasms of the intralaryngeal muscles during phona-
tion.2 SD is classified into adductor, abductor, and mixed types.
Among these, adductor SD (AdSD) accounts for 90%-95% of SD
cases.*

Type 2 thyroplasty (TP2) using titanium bridges has been associ-
ated with long-term symptomatic improvement in AdSD patients.>~”
After confirming the appropriateness of the bridge openings using a
mosquito pean or similar device, one bridge is inserted along the
detached area at the inferior margin of the thyroid cartilage, while the
other is inserted in the area superior to the anterior commissure.®?
Procedure success depends on the selection of optimally sized tita-
nium brides, which requires accurate assessment of intraoperative
vocal changes.® The sizes of the upper and lower components should
be selected such that strangulated vocal symptoms disappear without
inducing hoarseness, although the final decision should be agreed
upon by the patient and surgeon.

Despite the importance of intraoperative voice monitoring for
surgical success, there are no objective indices that can be used to
determine the appropriate size of the titanium bridge, which has
largely been dependent on each surgeon's experience.’ The present
study represents the first attempt to investigate aspects of voice
monitoring that can enable less experienced surgeons to perform TP2
properly. Specifically, we aimed to identify reliable, responsive indica-
tors related to intraoperative voice monitoring meeting the following

three requirements:

1. Within each patient, results of intraoperative voice monitoring
should be the same regardless of differences in the measurement
environment (e.g., presence or absence of noise).

2. Intraoperative findings can be used to predict long-term postoper-
ative outcomes.

3. Intraoperative findings enable the selection of an appropriately

sized titanium bridge.

2 | MATERIALS AND METHODS
This exploratory study was conducted in conjunction with an
investigator-initiated clinical trial of titanium bridge, the protocol of

which was approved by the Pharmaceuticals and Medical Devices

ensure successful TP2 and contribute to the advancement of laryngeal framework

Level of evidence: Level 4.

acoustic analysis, GRBAS scale, perceptual judgment, type 2 thyroplasty, voice monitoring

Agency before study commencement. The full protocol of the current
study was approved by the institutional review boards at each partici-
pating center, and all participants provided written informed consent
before recruitment.

Between July 2015 and March 2017, 18 eligible patients treated
at 4 Japan-based centers (Kumamoto University, Hokkaido University,
Yokohama City University, and Kyoto University) were enrolled. Eligi-
bility criteria included age 18-80 years, AdSD diagnosis by a certified
otolaryngologist, history of AdSD-related vocal symptoms for 21 year,
and scores of more than 20 on the Voice Handicap Index-10.%° Vocal
symptoms in AdSD patients undergoing TP2 with titanium bridges
were evaluated using GRBAS (grade, roughness, breathiness, asthenia,

and strain) as well as perceptual judgment and acoustic analyses.

21 | Intervention

Under local anesthesia, the thyroid cartilage was then incised at the
midline, leaving the underlying soft tissue intact. The edges of the
incised thyroid cartilage were pulled apart by 2-6 mm to allow for
voice monitoring (Figure 1). To maintain separation, two titanium brid-
ges (2.0, 3.0, 4.0, 5.0, and 6.0 mm in width) were inserted above and
below the anterior commissure.®?

2.2 | Evaluation period and comparisons

To evaluate whether intraoperative voice monitoring is possible
regardless of differences in the measurement environment, we com-
pared preoperative vocal parameters measured in a soundproof room
with intraoperative vocal parameters measured before the opening of
the thyroid cartilage in the operating room (Figure 2). To evaluate
whether the results of intraoperative voice monitoring can be used to
predict long-term postoperative outcomes, we compared assessment
results obtained at 13 and 52 weeks postoperatively with intraopera-
tive results for the selected bridge. To confirm that opening the thy-
roid cartilage improves symptoms, voice data obtained from before
opening the thyroid cartilage were compared with that obtained at
the selected width. To evaluate whether the results of intraoperative
voice monitoring can be used to determine the optimal size of tita-
nium bridge, voice data obtained at the time of cartilage opening were
compared with those obtained for an unselected bridge width, and
the intraoperative width was compared with the selected width
(Table 1).
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Midline incision of the thyroid ala

Adjustment of the width 2.0-6.0 mm  Optimal size titanium bridges
with voice monitoring

Operating room

I

are inserted

FIGURE 1 Concept of intraoperative voice monitoring
Intra-op.
Pre-op. Before opening the | After opening the 13-week post-op. 52-week post-op.
glottis glottis

GRBAS scale (selected?

i;.» (5)
Perceptual judgment P
Acoustic analysis °

(unselected)

FIGURE 2

Evaluation period and comparisons. (1) Agreement between preoperative and intraoperative evaluations. (@) Comparison of

measurements obtained at the selected width and 13 weeks postoperatively. (3) Comparison of measurements obtained at the selected width
and 52 weeks postoperatively. (4) Comparison of measurements obtained before and after opening the glottis. (5) Comparison of intraoperative
measurements at the unselected width versus selected width. The selected width is the final width decided by the surgeon and patient, while the
unselected width is the width used for comparison before the final selection is made

2.3 | Voice recording and evaluation methods
Preoperatively and at 13 and 52 weeks postoperatively, sustained vowels
(/a/ or /e/) and phrases that were difficult for the patient to articulate
were recorded in a soundproof room.*? Intraoperatively, the same
parameters were recorded using a unidirectional microphone placed
20 cm from the patient's mouth. Intraoperative voice recording was per-
formed thrice: once before opening the thyroid cartilage and twice when
opening the thyroid cartilage (selected and unselected width).

Voice recordings were evaluated by a Central Evaluation Commit-

tee (CEC), which included three certified otolaryngologists from the

University of Tokyo. All data were evaluated in a double-anonymized

fashion. The timing of each evaluation is shown in Figure 2.

24 | GRBAS scale

GRBAS is widely utilized for auditory/perceptual assessments of voice
quality in a clinical setting.ls'14 In this scale, G, R, B, A, and S refer to
the severity of hoarseness, roughness, breathiness, asthenia, and
strain, respectively. Each element is scored as follows: O, normal;

1, slight; 2, medium; or 3, high.
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2.5 | Perceptual judgment of the three
characteristics

Perceptual judgment was performed based on three characteristics of
each sample: strangulation (tightness of voice production), interrup-
tion (abrupt initiation and arrest of voice), and tremor (rapid fluctua-
tions in pitch or loudness).® These three parameters were rated on a
three-point scale (absent [0] < nearly absent [1] < present [2]).

Since it is recommended that the degree of self-awareness be
represented as a rank variable (perceptual judgment), discrepancies in
GRBAS ratings among the committee members were resolved by
selecting the higher value, based on a majority vote. When discrepan-
cies were observed in two or more evaluations, the results were re-
evaluated by all three evaluators. However, even when differences
were observed between two or more evaluations, results were

adopted when numerical values were agreed between two examiners.

2.6 | Acoustic analysis

Acoustic signals were digitally processed by the CEC using the
CSL3700 software program and the Multi-Dimensional Voice Program
5105 (Kay-Pentax).

For each sample, data were analyzed for a period of 5 s after the
midpoint of the sustained vowel. The following parameters were mea-
sured: (1) shimmer (%), defined as cycle-to-cycle variation in signal
amplitude; (2) jitter (%), defined as cycle-to-cycle variation in fre-
quency; (3) harmonic-to-noise ratio (HNR) (dB), defined as the ratio of
acoustic energy in the harmonic versus the noise components con-
tained in the acoustic spectrum; (4) standard deviation of FO (SDFO)
(Hz), defined as the square root of the variance around the mean fun-
damental frequency; and (5) the degree of voice breaks (DVB) (%),
defined as the total duration of the breaks between the voiced parts
of the signal divided by the total signal duration.

Jitter, shimmer, and HNR were measured to assess hoarseness,
while SDFO and DVB were measured to assess the degree of voice
tremor and interruption.

2.7 | Statistical analysis
Observed agreement was calculated to determine the level of agree-
ment for all qualitative (ordinal variable) variables for GRBAS and per-
ceptual judgment. Under such conditions, we suggest that observed
agreement values <0.4 are indicative of poor reliability, values between
0.4 and 0.6 indicate moderate reliability, values between 0.6 and 0.8
indicate good reliability, and values >0.8 indicate excellent reliability.
For the selected width versus unselected width, indicators were
assessed to determine which width was more appropriate for measure-
ment. For qualitative (ordinal) variables, the number of cases with favor-
able evaluation results was compared among each measurement point
(hereafter referred to as “the number of superior cases”). Evaluations

that were considered good are indicated in yellow in Tables 2 and 3.

For acoustic analysis, relationships between two-time points were
evaluated by standard major axis (SMA) regression analysis. We defined a
favorable slope regarding agreement (hereafter referred to as “slope close
to 1.0”) when the slope of the SMA regression analysis based on the
assessments between the two-time points was within the range of
0.77-1.3. Pearson's correlation coefficients were used for correlation
coefficients. Generally, a value for Pearson's correlation coefficients of
>0.7 is considered a strong correlation. Value between 0.4 and 0.7 indi-

cates moderate correlation and that <0.4 indicates weak or no correlation.

3 | RESULTS

Of the 21 patients who participated in the clinical trial for titanium brid-
ges, 18 patients (3 males and 15 females; mean age: 40 [21-79] years)
agreed to participate in this exploratory study. The characteristics of
these participants are shown in Table 1. In two patients, intraoperative
audio recordings were not obtained for the unselected bridge width.

3.1 | GRBASscale

For the A parameter, the observed agreement between preoperative
ratings and those obtained before cartilage opening glottis was 0.944,
indicative of excellent agreement (Table 2). However, this was due to
the fact that 17 of 18 cases were rated 0. The observed agreement
for the R parameter was 0.667, indicative of good agreements. The
observed agreement for the G, B, and S parameters was 0.556, 0.500,
and 0.556, respectively, indicative of moderate agreement.

For the selected bridge width, the observed agreement between
intraoperative ratings and those obtained 13 weeks postoperatively
was 0.833 and 0.944 for the R and A parameters, respectively, indica-
tive of excellent agreement. Zero evaluation of the A parameter was
made in 17 of 18 cases. The observed agreement for the B parameter
was 0.667, indicative of good agreement. The observed agreement
for the G parameter was 0.556, indicative of moderate agreement.

Further analysis indicated that observed agreement between
intraoperative ratings and those obtained 52 weeks postoperative
was 0.889 for the A parameter, indicative of excellent agreement.
Additionally, zero evaluation of the A parameter was made in 17 of
18 cases. The observed agreement for the G and R parameters was
0.611 and 0.667, respectively, indicative of good agreements. The
observed agreement for the B and S parameters was 0.556 and 0.556,
respectively, indicative of moderate agreements.

Based on the number of superior cases, intraoperative measure-
ments for selected width were regarded as better than measurements

for unselected width for the G, R, and S parameters.

3.2 | Perceptual judgment

The observed agreement of the strangulation, tremor, and interrup-

tion parameters for between preoperative ratings and those obtained
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TABLE 4 Acoustic analysis

Selected width vs. unselected width

Selected width vs. 13 weeks post-op Selected width vs. 52 weeks post-op

Pre-op. vs. before opening glottis

SANUKI ET AL.

Mean (SD)
with unselected

width

Mean (SD)
correlation with selected

Pearson

Slope of
S

Mean (SD)

Mean (SD)

Pearson
Slope of SMA correlation with selected

Mean (SD) at

Mean (SD)
correlation with selected 13 weeks

Pearson

Slope of
S

Mean (SD)
before

MA

at 52 weeks
post-op

MA

Mean (SD)
at pre-op

regression coefficient width

regression coefficient width

regression coefficient width post-op

opening glottis

1.5853(1.7847)
6.0844(5.8709)

2.1805(2.4148) 1.516 0.771 1.4707(1.5932) 2.2296(2.6923) 1.690 0.825 1.4707(1.5932)

6.5591(5.2360)
7.6836(2.5328)

1.4707(1.5932)

0.623 0.703

2.4953(2.2725)  2.0004(1.4148)

7.5225(5.1309)

Jitter (%)

4.4663(2.4567)

0.701

4.4663(2.4567) 7.2369(7.5769) 3.084

0.694

2.131

4.4663(2.4567)

0.647 0.606

7.0266(3.3212)

Shimmer (%)
HNR (dB)

7.9865(2.0053)  7.5661(2.6683)

0.673

1.245

7.9865(2.0053) 7.4103(2.4976)

0.753

1.263

7.9865(2.0053)

0.924 0.802

6.2595(2.3773)

6.5574(2.5727)
15.0212(16.4820) 18.4372(18.0268) 1.094

7.5870(10.5492) 14.3465(20.1973)

1.4064(5.3782)

0.969

7.587(10.5492) 11.1660(23.4800) 2.194

0.642
1.4064(5.3782)

1.000

7.587(10.5492) 14.8216(24.7129) 2.343

1.4064(5.3782)

0.395

SDFO (Hz)
DVB (%)

2.6347(9.9673)

0.999

3.4523(12.8820) 2.395

1.128

1.5669(6.0684)

0.360 0.563

3.9824(8.0488)

8.7809(22.3451)

Abbreviations: DVB, degree of voice breaks; HNR, harmonic-to-noise ratio; SD, standard deviation; SMA, standard major axis; SNFO, standard deviation of FO.

before cartilage opening glottis was 0.722, 0.611, and 0.667, respec-
tively, indicative of good agreement (Table 3).

For the selected width, the observed agreement for interruption
between intraoperative measurements and those obtained 13 weeks
postoperatively was 0.944, indicative of excellent agreement. For
strangulation and tremor, the observed agreement was 0.778 and
0.611, respectively, indicative of good agreement. When the intrao-
perative measurement was compared with measurement at 52 weeks
postoperatively, the observed agreement of interruption was 0.944,
indicative of excellent agreement. Additionally, zero evaluation of the
interruption parameter was made in 17 of 18 cases. The observed
agreement for strangulation and tremor was 0.722 and 0.556, respec-
tively, indicative of good agreement.

When the number of superior cases was used to determine the
most appropriate time point, measurement at the selected width was
considered better for all parameters than measurement at the unse-
lected width.

3.3 | Acoustic analysis

SMA regression analysis between time points for preoperative and
intraoperative measurements was obtained before opening the glottis
(Figure S1, Table 4). Pearson's correlation coefficients for HNR, jitter,
shimmer, and DVB were 0.802, 0.703, 0.606, and 0.563, indicative of
strong, strong, moderate, and moderate correlation, respectively. For
the HNR and SDFO, the slopes of SMA regression analyses between
preoperative ratings and those obtained before cartilage opening glot-
tis were 0.924 and 1.094, respectively, within the range of 0.77-1.3,
indicative of a slope close to 1.0.

When measurement at the selected width was compared with
measurement 13 weeks postoperatively (Figure S2), the Pearson's cor-
relation coefficients for DVB, jitter, and HNR were 1.000, 0.771, and
0.753, respectively, indicative of a strong relationship. Moreover, Pear-
son's correlation coefficients for shimmer and SDFO were 0.694 and
0.642, respectively, indicative of a moderate relationship. For the HNR
and DVB, the slopes of SMA regression were 1.263 and 1.128, respec-
tively, within the range of 0.77-1.3, indicative of a slope close to 1.0.

When measurements at the selected width were compared with
measurements at 52 weeks postoperatively (Figure S3), Pearson's cor-
relation coefficients for DVB, SDFO, jitter, and shimmer were 0.999,
0.969, 0.825, and 0.701, respectively, indicative of a strong relation-
ship. Moreover, Pearson's correlation coefficient for HNR was 0.673,
indicative of a moderate relationship. For the HNR, the slope of SMA
regression was 1.245 within the range of 0.77-1.3, indicative of a
slope close to 1.0.

When intraoperative measurements were compared for the
selected width and unselected width, for HNR the means of the
selected width were larger than the means of the unselected width.
Conversely, for jitter, shimmer, SDFO, and DVB, the mean of the
selected width was smaller than the mean of the unselected width.
Therefore, we considered measurement at the selected width better

for all parameters than measurement at the unselected width.



SANUKI ET AL

Laryngoscope

1489

4 | DISCUSSION

During laryngeal framework surgery to improve vocal quality, the
patient's voice is monitored when altering the position of the cartilage
and shape of the vocal folds.'® Vocal adjustments are determined
based on the surgeon's experience and patient compliance, and they
are currently limited by the degree of knowledge among surgeons and
inadequate evaluative procedures. In patients undergoing TP2 for
AdSD, it is especially important to select an optimally sized titanium
bridge to improve long-term vocal outcomes.® Currently surgeons
make decisions regarding bridge size based on vocal assessments in
which the patient produces vowels or phrases with which they have
struggled under intraoperative noise. However, the effectiveness of
this method remains to be verified.

Therefore, we aimed to determine (1) whether intraoperative
voice monitoring results for the same patient were the same regard-
less of the measurement environment and (2) whether intraoperative
findings can be used to predict long-term postoperative findings.
Therefore, we conducted a prospective multicenter study to examine
the validity of surgeon's judgments and evaluation items for determin-
ing the correct bridge size.

Several studies have examined the reliability and validity of
GRBAS.}1¢718 |n research on the interrater agreement, the best
agreement between observers was obtained for the G parameter and
worst for the S parameter.” Since the main symptoms of AdSD
include vocal strangulation, interruption, and tremor, we believe that
assessment using GRBAS alone is insufficient. Therefore, we also per-
formed perceptual judgment and acoustic analysis for objective

assessment.®

4.1 | Reliability of intraoperative voice monitoring

Between preoperative ratings and those obtained before cartilage
opening glottis, the G, R, B, and S parameters of GRBAS and the
results of perceptual judgment exhibited a relatively high agreement
for each element. In the acoustic analysis, we observed a strong corre-
lation for HNR and jitter. Pearson's correlation coefficients for shim-
mer and DVB measurements indicated a moderate correlation. The
regression sloop of HNR was close to 1.0 at 0.924, indicating that
monitoring is suitable. Thus, evaluations performed in the operating
room can be considered equally valid when compared with those

obtained in a soundproof room in the outpatient clinic.

4.2 | Intraoperative monitoring evaluation can
predict long-term postoperative assessment

When intraoperative measurement at the selected width was com-
pared with measurement at 13 and 52 weeks postoperatively, moder-
ate or better agreement was observed for the G, R, B, and
A parameters in GRBAS. In the perceptual judgment, reliability was
excellent or good for strangulation tremor and interruption. In the

acoustic analysis, all parameters were correlated with selected width
and at 13 and 52 weeks postoperatively. These results demonstrate
the effectiveness of TP2 using intraoperative voice monitoring for
improving vocal symptoms and preventing hoarseness.

Based on the present study, the intraoperative findings of G, R, B,
and A of GRBAS, strangulation, tremor, and interruption of the per-
ceptual judgment, and the HNR of acoustic analysis may be used to

predict long-term postoperative outcomes.

4.3 | Evaluation of intraoperative monitoring
allows for the correct selection of titanium bridge

Based on the number of superior cases, selected width was regarded
as better than measurements for unselected width for G, R, and S. The
lower scores for B may have been caused by vocal weakening to
attenuate strangulation with the selected width. However, in the
acoustic analysis, intraoperative ratings were better for all items. Fur-
thermore, in the perceptual judgment, ratings for all three items sug-
gested the selection of an optimally sized titanium bridge. This study
suggests that the intraoperative findings of G, R, and S of GRBAS,
strangulation, tremor, and interruption of the perceptual judgment,
and jitter, shimmer, HNR, SDFO, and DVB of acoustic analysis may
enable the selection of an appropriately sized titanium bridge.

Based on the requirements outlined in the Introduction, the can-
didate items for intraoperative voice monitoring in TP2 included the
R parameter of GRBAS, strangulation results in the perceptual judg-
ment, and HNR result in the acoustic analysis. In this study, the sur-
geon's assessment was evaluated by a third party based on
consensus, which demonstrated that measurements obtained by a
skilled surgeon in the operating room are valid. This result highlights
the importance of proficiency in auditory evaluation among surgeons.

Although the current study identified items useful for intraopera-
tive voice monitoring, further validation studies are required. The use
of these items may help ensure successful TP2 outcomes under local
anesthesia, act as a reference for less experienced surgeons, and con-
tribute to the advancement of laryngeal framework surgery.

The small sample size may be one of the limitations of this study,
and the scope of future research should include larger prospective
studies to generalize the findings. The use of acoustic analysis for
intraoperative voice monitoring is good for assessing hoarseness.
However, this may be another limitation of the study for tremor and
interruption, as acoustic analysis is limited in its assessment of SD and

dysphonia in general.X?

5 | CONCLUSION

Herein, we evaluated the validity of intraoperative voice monitoring
results for patients undergoing TP2 under local anesthesia. Our analy-
sis revealed no significant differences in evaluation results between
the operating and soundproof rooms of the outpatient clinic, that the

surgeon's evaluation was valid, and that the intraoperative evaluation
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was in agreement with the results at 13 and 52 weeks postopera-
tively. Based on the current findings the candidate items for intrao-
perative voice monitoring during TP2 include the G and R parameters
of GRBAS, strangulation and tremor during perceptual judgment, and
HNR during acoustic analysis.
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