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INTRODUCTION

Laryngeal framework surgery, contrived by Isshiki
et al.! has proven to be effective in adjusting the position
and tension of the vocal folds by manipulating the laryn-
geal cartilages. Type I thyroplasty (TPI) moves the vocal
folds inward, and arytenoid adduction (AA) adducts the
vocal folds.? Both surgical methods have improved glottal
insufficiency caused by incomplete closure of the vocal
folds seen in unilateral vocal fold palsy.

A variety of implants are used to fix the vocal folds
medially during TPI.> The present author has developed
the “titanium medialization laryngoplasty implant” (TMLI)
(patent number in Japan: 6434921) and reported on its
usability.” Further, a number of modifications to AA, along
with the surgical indications, have also been reported.® !
The present author also developed and proved the clinical
utility of the “all muscles preserved method” (AMPM).'2

This study aims to present and discuss the results
associated with a combined surgical approach of the
above-mentioned methods to treat patients with severe
breathy hoarseness.

METHODS

Subjects
After approval by the institutional review board of Toho
University (Tokyo, Japan) (M18189) and in accordance with the
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1964 Declaration of Helsinki and its later amendments, 18 male
patients underwent TPI using a TMLI combined with AA via the
AMPM from February 2016 to September 2018 at the Toho Uni-
versity Omori Medical Center, Tokyo, Japan. Patient selection
was based on the presence of a large glottal gap or/and a passive
gliding movement of the flaccid arytenoid in the palsied side dur-
ing phonation. Follow-up examinations for 1 year were possible
for 15 of these 18 patients. To ensure preoperative symptom uni-
formity, the pre- and postsurgical vocal functions of 10 patients
with a maximum phonation time (MPT) of < 3 seconds and a
mean airflow rate (MFR) of > 500 mL/second were statistically
compared using Wilcoxon signed-rank test, with P < .05 consid-
ered significant. The characteristics and electromyography find-
ings of the 10 patients are presented in Table I.

Method

All patients underwent TPI using a TMLI combined with
AA via the AMPM under general anesthesia.

Owing to the requirement for a large incision and surgical
manipulations around the arytenoid cartilage, a laryngeal mask
was used for ventilation. Desflurane was administered for inha-
lation anesthesia; dexmedetomidine, flurbiprofen axetil, and fen-
tanyl for intravenous anesthesia; and lidocaine and
levobupivacaine for local infiltration.

AA was performed first, followed by TPI, during which time
the patient was awakened and extubated to examine the effect of
the medialization and to adjust positioning of the plate by listen-
ing to the voice of the patient.

However, pre- and postoperative vocal rehabilitation were
not performed to exclusively evaluate the effect of the surgery. The
examinations of vocal functions, including measuring the MPT,
MFR, speaking fundamental frequency (SFF), pitch range (PR),
and voice handicap index (VHI)'?; performing an acoustic analysis
of sustained vowel sounds using a multidimensional voice program
(Pentax Medical, Montvale, NJ); and capturing video recordings of
the laryngeal findings were performed before as well as 1 year fol-
lowing the surgery. In each case, the stability and fixation of the
TMLI was examined using computed tomography (CT). Consent to
publish the findings was obtained from all patients.

RESULTS
The patients’ average age was 67.9 years (range,
44-83 years). The pre- and postoperative test results are
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presented in Table II.'*'® Postoperatively, there were sig-
nificant improvements in the MPT, MFR, and VHI. Pre-
and postoperative comparisons of SFF, PR, and acoustic
parameters were not possible in most patients because
they had difficulty producing sustained vowel sounds and
had a very short MPT.

The mean postoperative SFF and PR were 145.7 Hz
(range B2-G3) and 21.7 + 4.5 semitones (mean + standard
deviation), respectively. The results of the postoperative
acoustic analysis of the jitter %, shimmer %, and har-
monic-to-noise ratio were 0.53 + 0.18%, 2.54 + 1.06%, and
0.12 + 0.02, respectively. Almost all postoperative test
results were in the normal range for elderly adult males.

In the postoperative CT neck images, no implant
migration, deformation, or fractures were identified.

The results associated with the pre- and postopera-
tive endoscopic laryngeal findings of the 10 patients are
presented in the Video.

Table I.
Patient Characteristics and Electromyography Findings.

Age  Primary Diseases Electromyography Findings

Case 1 83 Aortic dissection Reinnervation potential

Case 2 44 Aortic dissection Reinnervation potential

Case 3 63 Esophageal Decreased MUP
cancer

Case 4 74 Aortic dissection Decreased MUP

Case 5 74 Idiopathic Decreased MUP

Case 6 70 Thyroid cancer Denervation potential

Case 7 77 Aortic dissection Decreased MUP

Case 8 55 Aortic dissection Denervation potential

Case 9 69 Aortic dissection Decreased MUP

Case 10 70 Idiopathic Denervation potential, decreased

MUP

MUP = motor unit potential.

DISCUSSION

The Concept Behind the Treatment of Unilateral
Vocal Fold Palsy

Two main factors are associated with incomplete
glottal closure leading to glottal insufficiency with severe
breathy hoarseness: 1) an arcuate change (bowing) in the
laterally fixed vocal fold caused by atrophy of its adduc-
tors, and 2) a passive gliding movement of the flaccid ary-
tenoid in the palsied side during phonation.'®

Therefore, treating unilateral vocal fold palsy
involves the reconstruction of the palsied vocal fold to its
physiological state at the time of phonation. For this pur-
pose, a TPI using a TMLI combined with AA via the
AMPM was performed. Using this surgical approach, the
vibratory portion of the vocal fold was reconstructed with
anterior fixation, and adequate tension was achieved
through posterior fixation (Fig. 1).

Arytenoid Adduction: AMPM

The physiological rotation of the arytenoid cartilage
cannot be easily reproduced by applying lateral pressure
alone.!” AA aims to move the palsied vocal fold to the
adducted position to reduce the glottal gap during
phonation.

In my AA approach with AMPM, access to the aryte-
noid cartilage with minimum surgery requires accurate
preoperative measurements of the arytenoid cartilage
site. CT imaging is useful for this purpose. Multiplanar
reconstructions of the image data allow detailed measure-
ments to be made. Sagittal images are used to measure
the distance between the inferior notch of the thyroid car-
tilage and the arytenoid cartilage, and axial images allow
the distance between the posterior edge of the thyroid
cartilage and the arytenoid cartilage to be measured.
Obtaining preoperative CT sagittal images of the aryte-
noids helped preserve the external laryngeal and pharyn-
geal constrictors that aid swallowing and supplement the
work of compensation during phonation.'? The external

Table II.
Comparison Between Pre- and Postoperative Test Results Via a Statistical Analysis.

Preoperative (mean + SD)

Postoperative (mean + SD)

P Value (Wilcoxon signed-rank test) Mean in Japanese Adult Males

MPT (s) 1.7 (£0.9) 22.7 (+6.0)
MFR (ml/s) 1098.9 (+ 420.5) 165.5 (+32.4)
SFF (Hz) * 145.7(+21.2)
PR (semitone) * 21.7 (+4.5)
VHI 60.9 10.4
Acoustic analysis

Jitter % * 0.53 (+0.18)

Shimmer % * 2.54 (+1.06)

NHR * 0.12 (+0.02)

<.01 16.97

<.01 170"

- 132.0 (+19.7)*
— 20f

<.01

— 0.528 (+0.25)*
— 2.768 (+£0.97)*
— 0.139 (+0.01)*

Values are presented as mean =+ standard deviation (n=10).

MFR = mean flow rate; MPT = maximum phonation time; NHR = noise-to-harmonic ratio; PR = pitch range; SD = standard deviation; SFF = speech funda-

mental frequency; VHI = voice handicap index.
*Unmeasurable.
TValue averaged from the data of 74 individuals aged 51 years or older.™

*Acoustic analysis for normal voices using a multi-dimensional voice program.’
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Reconstruction to Physiological State

Type I Thyroplasty
(TMLI)

Arytenoid Adduction
(AMPM)
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Unilateral Vocal Fold Palsy

Fig. 1. The concept behind the treatment of unilateral vocal fold palsy. Vocal fold reconstruction to its physiological state during phonation
involves compensation of the fixation of the vocal fold anteriorly, reforming its vibratory portion via type | thyroplasty, fixing the vocal fold pos-
teriorly at adduction, and providing adequate tension on the vocal fold via arytenoid adduction. *Anterior notch. AMPM = all muscles pre-
served method; TMLI = titanium medialization laryngoplasty implant.
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Fig. 2. Titanium medialization laryngoplasty implant. (Left side: scheme). The adjustment to achieve medialization is performed by molding the
implant at a suitable site. (i) Handle. (i) Medialization part. (a) This place adjusts the medialization of the vocal fold anteriorly and carries out
compensation of the work of the thyroarytenoid muscle. (b) Adjusting the width and distance that carries out the medialization of the vocal fold
here reforms the vibratory portion of the vocal fold. When the implant bends along the line imprinted on it, the medialization part is at a 15°
incline to the handle. The implant is bent according to the position of the palsied vocal fold.
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branches of the superior laryngeal nerve (ESLN), located
in the pharyngeal constrictor muscles, innervate the
cricothyroid muscle that controls the tension of the vocal
folds during phonation, adjusting the pitch of the voice.
Anecdotal evidence of anastomosis of the ESLN and the
thyroarytenoid-muscle branch (from the recurrent laryn-
geal nerve)'® suggests the postoperative risk of further
vocal-fold atrophy if the ESLN is damaged during sur-
gery. Isshiki’s original method involves transection of the
cricothyroid joint. However, this articular transection is
avoided in AMPM to preserve voice quality
postoperatively.

The adduction sutures are placed at the base of the
muscular process of the arytenoid cartilage, and traction
is applied caudally along the direction of the lateral
cricoarytenoid muscle at an acute angle when compared
to Isshiki’s original method.'®

Type I Thyroplasty: TMLI

The implant used here comprises a plate made from
pure titanium classified as Japanese Industrial Stan-
dards grade 2 (equivalent to ASTM grade 2), with multi-
ple parts enabling its fixation to the thyroid cartilage and
medialization of the vocal fold (Fig. 2). The provision of
holes enabled its fixation to the cartilage using sutures
(Fig. 3); folding the plate four times in the order “moun-
tain-valley-valley-mountain” medialized the vocal fold
(Fig. 4). The anterior commissure tendon attaches to the
thyroid cartilage, fixing the position of the anterior vocal
fold, whereas the posterior vocal fold changes in line with
the arytenoids. Therefore, the angle of the palsied vocal
fold to the thyroid cartilage is influenced by the paretic
grade and AA surgery. The handle of the TMLI is placed
at the anterior vocal fold. As the angle of the first valley
fold changes, the TMLI is maintained parallel to the vocal

Fig. 3. Fixation of the titanium medialization laryngoplasty implant (left side: scheme). (Left) Implant fixation to the thyroid cartilage by threading
nylon sutures through two holes in its handle. (Right) The view of the surgical field. * = anterior notch.

Fig. 4. A postoperative computed-tomography image of the titanium medialization laryngoplasty implant (left side: scheme).
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Fig. 5. The characteristic of TMLI. Multi-reconstruction computed tomography image in a patient with left vocal fold palsy (at the time of pho-
nation). Right vocal fold (sagittal image): The right vocal fold is presumed that the arytenoid adduction surgery was performed to treat Right
vocal fold palsy. Coronal image: Atrophy of the left vocal fold. Left vocal fold (sagittal image): Palsied vocal fold. The angle between the vocal
fold and thyroid cartilage can differ. When the angle of a first valley fold changes, the TMLI is maintained parallel to the vocal fold. TMLI = tita-

nium medialization laryngoplasty implant.

fold (Fig. 5). Moreover, preoperative CT has been shown
to aid the performance of TPI as well as AA surgery.’
Because the position of a vocal fold, grade of an atrophy,
and shape of a thyroid cartilage can be examined preoper-
atively, an effective operation can be performed. Although
the plate may be used for both sexes, its length can be
easily shortened to accommodate small female larynxes
using an ordinary nipper.

Because we previously have evaluated the postoper-
ative outcomes, such as the migration, deformation, and
fractures of the implant via CT imaging in 73 patients,?°
none of the aforementioned findings were studied here.
Therefore, we concluded that our results confirmed the
stability and permanence of the fixation of the TMLI fol-
lowing its placement.

Based on our professional experience, we believe/
opine that TMLI has silicon-like elasticity and allows for
fine adjustment similar to the extended poly-
tetrafluoroethylene (ePTFE) sheets.

The results of the present study revealed that
patients obtained excellent improvements in their vocal
function postoperatively. Further, it can be stated with
certainty that the use of the TMLI combined with AA can
produce favorable postoperative outcomes in unilateral
vocal fold palsy with severe breathy hoarseness.
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