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Abstract

Background: Unilateral vocal fold paralysis (UVFP) affects the glottal gap, voice,
and aerodynamics, whereas injection laryngoplasty (IL) using hyaluronate is an
effective treatment for UVFP by decreasing the glottal gap to improve voice.
Previous studies have shown that the involvement of cricothyroid (CT) muscle in
UVFP patients further affects patients' aerodynamics, but it remains unclear
whether the difference remains after IL. This study investigates whether the aero-
dynamic features observed in UVFP with CT involvement could still be observed
after IL.

Methods: This study recruited UVFP patients with dysphonia, and IL was performed
within 6 months of initial symptoms. All subjects received assessments including
videolaryngoscopy, voice analysis, and aerodynamics at three time points: before IL,
1 month after IL, and 6 months after IL. The glottal gap, voice, and aerodynamics
between patients with and without CT involvement (the CT+ and CT— groups) were
compared, and the change (A) before and after IL and repeated-measures analysis of
variance (ANOVA) were also compared between the two groups.

Result: A total of 71 patients with UVFP (22 in the CT+ group and 49 in the
CT— group) were analyzed. After IL, the CT+ group showed a lower sound
pressure level (SPL), higher Aair pressure, and smaller Aaerodynamic power than
the CT— group.

Conclusion: The CT+ group had a lower SPL, even after elevating air pressure to
attempt to achieve a higher vocal intensity. The results suggest that although closure
of the glottal gap was achieved by IL, the CT+ group still had a lower loudness and
needed to sustain a higher peak air pressure when producing voice.

Level of evidence: Level 4.
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1 | INTRODUCTION

Unilateral vocal fold paralysis (UVFP) is manifested with dysphonia
that resulted from surgical injury, trauma, malignancy, or idiopathic
reason.>? The specific pathological vocal patterns, such as limited
loudness, speaking with effort, easy voice fatigue, and breathy
voice,>* further affect the patient's quality of life.> Factors such as
glottal closure® or vocal fold (VF) tension”® could also affect voice
quality among UVFP patients. The ability to maintain a small glottal
gap facilitates the buildup of subglottal pressure and further lowers
phonation threshold pressure.”!° The increase in peak air pressure
and expiratory airflow during voicing in UVFP patients indicates that
more expiratory effort is needed as a result of a lack of laryngeal con-
trol and wider glottal gap.1*"*® In addition to glottal closure, Zhang
et al. found that the tightening mechanism of the VF during phonation
is crucial for maintaining adductory position.® A decrease in VF ten-
sion makes the VFs unable to resist outward airflow and could thus be
blown apart during phonation. Thus, the subglottal pressure cannot
be elevated when producing voices with a higher intensity. Therefore,
VF tension controlled by the cricothyroid (CT) muscle is also an impor-
tant factor that determines voice quality.

The impact of CT muscle impairment in UVFP patients has been
an important research issue, as it can be used for patient stratification
and could yield knowledge regarding the functional role of CT muscle
during voice production. Indeed, it was found that although CT muscle

dysfunction does not affect VF position,***°

it could limit the magni-
tude of VF vibration.2® From our recent reports, UVFP patients with
CT muscle involvement (patients with denervation in both
thyroarytenoid-lateral cricoarytenoid [TA-LCA] muscle complex and
CT muscle) had a poorer long-term prognosis than those without CT
muscle involvement (those with denervation only in the TA-LCA mus-
cle complex).!” In several animal studies, collateral reinnervation from
superior laryngeal nerve facilitates reinnervation after recurrent laryn-
geal nerve injury.’®” We suggest that Galen's anastomosis, which
communicates the recurrent laryngeal nerve and superior laryngeal
nerve, might mediate reinnervation to the TA-LCA muscle complex
after recurrent laryngeal nerve injury.l” Regarding the effect of CT
involvement on aerodynamics during voicing, we also noted that CT
impairment further reduces sound pressure level (SPL), peak air pres-
sure, and aerodynamic power in UVFP,'! indicating that activities in
the CT muscle affect aerodynamic performance in UVFP patients,
although it does not influence VF position. These findings reveal that
there are different mechanisms and aerodynamic patterns between
UVFP patients with and without CT muscle involvement.

Injection laryngoplasty (IL) using hyaluronate is an effective tem-
poral treatment for patients with UVFP and is becoming more popu-
lar.2° IL could improve voice quality by augmenting the paralyzed cord
and thus reduce the need for permanent laryngoplasty.?'?? However,
in cases with concomitant CT involvement, there were different pre-
sentations to those with isolated recurrent laryngeal nerve injuries.
The impact of CT involvement on voice production after IL has not
yet been reported. To tackle this question, in the present study, we

compared the temporal changes in aerodynamics between UVFP

patients receiving IL with and without CT involvement. We hypothe-
sized that UVFP with CT involvement could affect the patient's aero-
dynamics even after IL, a property that could shed light on the

pathophysiological roles of CT muscle in dysphonia.

2 | MATERIALS AND METHODS

21 | Patients

Patients with UVFP presenting dysphonia were recruited from single
medical center and all data was collected from October 2015 to
February 2019. Written informed consent was obtained from each
subject prior to recruitment. The diagnosis of UVFP was confirmed by
both limited movement of the VF observed in videolaryngoscopy and
denervation changes of the TA-LCA muscle complex observed in
laryngeal electromyography (LEMG). All subjects were divided into
two groups based on the LEMG results: UVFP with CT muscle
involvement (CT+ group) and without CT muscle involvement
(CT— group).

IL using hyaluronate was conducted within 6 months of their ini-
tial symptoms. Assessments including videolaryngoscopy, acoustic
voice analysis, and aerodynamics were applied to all participants at
three time points: before IL (Pre-IL), 1 month after IL (Post-IL 1 M),
and 6 months after IL (Post-IL 6 M). Patients with a former history of
VF palsy, intolerability to all assessments, normal electrodiagnostic
findings in the TA-LCA muscles, or inability to complete the post-IL
6 M follow-up were excluded. The study was conducted following the
Declaration of Helsinki and was approved by the Institutional Review

Board of the Chang Gung Medical Foundation.

2.2 | Assessments

221 | LEMG

We examined LEMG on bilateral TA-LCA muscle complexes and CT
muscles, and the procedures were as described previously.! The
insertional activity and spontaneous activities were observed using
the concentric needle, and the motor unit and recruitment analyses
were recorded. Abnormal LEMG findings were defined as denervation
changes that can be represented by pathological spontaneous activi-
ties (such as positive sharp waves, fibrillation, and complex repetitive
discharge), >30% polyphasic waves, and reduced interference

patterns.

2.2.2 | Videolaryngoscopy

The glottal gap and the movement of glottis were observed using
videolaryngoscopy. All subjects were asked to vocalize /i/ with modal
pitch and regular loudness during assessment. The images of vocal

slits were recorded throughout several phonatory cycles, from which,
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based on the method developed by Omori et al.,?® the closed and
open phase normalized glottal gap area (NGGA) were analyzed using
image processing computer software (Image) 1.44p, National Insti-
tutes of Health, Bethesda, MD, USA).

2.2.3 | Acoustic voice analysis

We recorded parameters including the maximum phonation time, SZ
ratio, fundamental frequency, jitter, shimmer, and harmonic-to-noise ratio.
First, all subjects were asked to sustain /a/ sound. The maximum phona-
tion time is the longest phonatory duration when producing the /a/
sound and is considered as an indirect estimation of the airflow rate.24?
Second, each subject was asked to vocalize an /s/ sound and then a /z/
sound. The ratio of the duration of an /s/ sound to a /z/ sound is the SZ
ratio, which reflects the ability to control vocal cord. The perturbations of
voice frequency and amplitude were recorded as jitter and shimmer
respectively, which are regarded as indicators of voice stability.2® Finally,
the periodic and nonperiodic components of a voice were observed and
the ratio between them is defined as the harmonic-to-noise ratio, which

is used to measure the quantity of noise in the voice.?®

224 | Aerodynamic analysis

The procedures of voice aerodynamic studies were described previ-
ously.** All subjects were asked to receive three trials for each proto-
col, and all parameters were recorded and averaged from the three
trials. The parameters included maximal and mean phonatory SPL,

peak and mean peak air pressure, peak and mean airflow during

Total CT+ group

Parameter N=71 N=22
Age (year) 52.6+124 492+ 134
Sex (male/female) 47/24 11/11
Paralysis side (left/right) 48/23 11/11
Time post paralysis (month) 2.9+1.7 3.8+18
Pathogenesis (n, %)

Esophageal 12 0

Mediastinum surgery 0

Heart surgery 4 0

Lung surgery 7 0

Thyroidectomy?® 25 12

Idiopathic 9 3

Skull base or brain surgery 4 4

Cervical spine surgery 4 2

Thyroid tumor® 1 1

Abbreviations: CT, cricothyroid; UVFP, unilateral vocal fold paralysis.
2UVFP is related to post-operative change.

PUVFP is related to tumor effect and not related to further surgery.
*p <.05. **p < .01.

voicing, aerodynamic power, resistance, and efficiency. The primary
outcome of this study is SPL, air pressure, and aerodynamic power.
The SPLs are defined as the loudness of voice and are measured
from syllable train with the vowel /a/. The peak air pressure is the mea-
sured peak intraoral air pressure when producing the plosive consonant
/p/ and is regarded as an analog to the subglottal pressure.?” The airflow
during voicing is defined as the expiratory air volume divided by the
duration of phonatory /a/ segments. Aforementioned measured values
are further used to calculate aerodynamic power, resistance, and effi-

ciency to evaluate aerodynamic performance (KayPENTAX Corp, 2010).

2.3 | IL using hyaluronate
Prior to injection, anesthesia of the nasal mucosa was conducted, fol-

lowed by transnasal insertion of a distal-chip laryngoscope
(Laryngoscope: ENF Type V2; Platform: EVIS Exera Il; Olympus Opti-
cal Co, Ltd, Tokyo, Japan). After visualization of the glottis, a 23- or
25-gauge needle was inserted through the CT membrane into the VF,
and 0.5 mL of 2% lidocaine was pushed into the laryngo trachea for
anesthesia. Transcricothyroid membrane injection of hyaluronate was
then performed under monitoring by flexible laryngoscopy. Finally,
the subject was asked to project their voice at the end of the injection

to confirm VF position and voice satisfaction.

2.4 | Statistical analysis

The SPSS (SPSS Inc., Chicago, IL, USA) was used for data analysis and
the data are presented as the mean * standard deviation or number

TABLE 1 Comparison of the
CT— group p value .
N — 49 demographics between the CT+ and
CT—- groups
541 +11.7 124
36/13 .053
37/12 .034*
25+15 .003**
12
4
7
13
6
0
2
0
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of patients. For comparisons between the CT+ and CT— groups, the
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TABLE 4 The comparison of the changes between Pre-IL and Post-IL 1 M in videolaryngoscopy, acoustic voice analysis, and aerodynamics

between the CT+ and CT— groups

Group
Parameter CT+ (N=22)
Videolaryngoscopy
Close-phase NGGA -848+7.14
Open-phase NGGA —9.25+ 6.38
Acoustic voice analysis
Maximum phonation time (s) —0.50 £ 4.85
SZ ratio —0.21+0.75
Fundamental frequency (Hz) —21.96 £ 60.32
Jitter (%) —0.26 + 1.62
Shimmer (dB) —0.23 £ 0.80
Harmonic-to-noise ratio —1.24 +£4.55
Aerodynamic analysis
Maximal SPL (dB) 2.07 +4.54
Mean SPL during voicing (dB) 2.32+4.15
Peak air pressure (cm H,0) 0.01 +2.63
Mean peak air pressure (cm H,0) 0.28 +1.85
Peak expiratory airflow (L/s) —0.42 £0.36
Expiratory volume (L) —0.36 £ 0.36
Mean airflow during voicing (L/s) -0.31+0.27
Aerodynamic power (W) —0.25 £ 0.30
Aerodynamic resistance (cmH,O/(L/s)) 30.03 +47.34

Aerodynamic efficiency (ppm) 56.42 + 113.21

CT— (N=49) p value Cohen's d
—9.17 + 10.49 778 0.077
—-8.17+12.76 635 0.107
1.95+5.23 .066 0.486
—0.02 £ 0.67 296 0.267
—6.04 £ 40.16 .193 0.311
—0.50 + 2.10 .633 0.128
—0.07 £0.28 .376 0.267
—0.11+2.78 292 0.300
159+571 732 0.093
2.19 + 557 .923 0.026
-2.25+4.79 013" 0.585
—1.43 £ 3.27 .007** 0.644
—0.49 £0.47 .506 0.167
—0.29 +0.55 522 0.151
—0.36 £0.35 572 0.160
—0.45 £ 0.53 .049* 0.464
31.14 + 54.97 .935 0.022
58.64 + 89.22 929 0.022

Abbreviations: CT, cricothyroid; IL, injection laryngoplasty; NGGA: normalized glottal gap area; Post-IL 1 M: 1 months after IL; Pre-IL: before IL; SPL: sound

pressure level.
*p <.05. **p < .01.

not significant in peak air pressure and mean peak air pressure in the
CT+ group (Post-IL 1 M), maximal SPL in the CT— group (Post-IL
1 M), and peak air pressure and mean peak air pressure in the
CT— group (Post-IL 6 M). The interaction effect of repeated-measures
ANOVA showed that the CT+ group had a worse improvement in
peak air pressure and mean air pressure (interaction effect, p =.016
and .032, respectively) than the CT— group.

Table 4 shows the comparison between the CT+ and CT— groups
in their changes (A) from pre-IL to post-IL 1 M in their videolaryngo-
scopy, acoustic voice analysis, and aerodynamics. The two groups did
not differ in their Aclosed-phase NGGA, Aopen-phase NGGA, or
changes in parameters in acoustic voice analysis (all p >.05). In the
analysis of aerodynamics, the CT+ group had an increase in their peak
air pressure (p =.013) and mean air pressure (p =.007) compared
with the CT— group; furthermore, the CT+ group had a smaller reduc-
tion in aerodynamic power (p = .049) than the CT— group.

4 | DISCUSSION

To the best of our knowledge, this study is the first to report whether
UVFP with CT involvement could affect patients' aerodynamics even

after IL. It is noteworthy that elevated peak air pressure and mean
peak air pressure were still noted after IL for CT+ UVFP patients.
In addition, the CT+ group had a lower maximal SPL and mean SPL
during voicing than the CT— group. These findings persisted for
6 months after IL, even though patients in the CT+ group showed
improved SPL, expiratory airflow, aerodynamic power, resistance, and
efficiency.

IL is an effective treatment for pathologic voice patterns among
UVFP patients by maintaining the patient's voice and quality of
life.28-30 The glottal gap could be corrected by hyaluronate without
affecting the mucosal vibration, a property that is similar to that
observed in this study. In the present study, although most of the
parameters were better at 1-month post-IL, the peak air pressure in
the CT+ group did not improve, suggesting that the CT+ group still
needs to sustain higher peak air pressure to produce voices. Six
months post-IL, although improvements could still be observed com-
pared with pre-IL, the treatment effect was partially decreased com-
pared with that observed 1-month post-IL. In addition to the effect of
IL, there might be spontaneous reinnervation that occurred at
6 months post-IL in this study, which would also lead to the improve-
ment of the aerodynamic performance, such as SPL and voice effi-
ciency. However, elevated air pressure, expiratory airflow, and
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aerodynamic power are also noted simultaneously, which might result
from the degradation of hyaluronate over time.

There are many factors that may impact voice quality among
UVFP patients, including wider glottal gap,® imbalanced VF tension,”
and lesser VF tension.? Several studies have investigated the aerody-
namic performance on different voice intensity.'231~3* As voice inten-
sity elevates, the subglottal pressure and expiratory airflow slightly
increase in normal subjects®¥*33* but markedly increase in UVFP
patients.}? Similar results were noted in this study, as they were
shown to greatly raise air pressure and airflow to overcome low resis-
tance due to a wider glottal gap when producing voice.>®> However,
due to a similar glottal gap in the CT+ and CT— groups, VF tension is
suggested to be the factor that affects aerodynamics in both groups.
A loss of VF tension control makes UVFP patients with concomitant
CT impairment unable to resist outward airflow, thus limiting their
ability to raise their air pressure during phonation.'* After receiving IL,
both groups had an increasing SPL and decreasing expiratory airflow,
a finding indicating that glottal gap approximation facilitates less air
leakage and easier buildup of subglottal pressure to achieve higher
vocal intensity. However, the CT+ group could not achieve a high
maximal SPL compared with the CT— group, even with a rise in air
pressure. Thus, the producing aerodynamic power was low. This pho-
natory mechanism led to a lower voice efficiency, which may cause
more vocal fatigue in the CT+ group. Therefore, more attention
should be given to patients with CT involvement, as they persistently
apply a higher peak air pressure even after IL, thus predisposing them
to experience voice fatigue.

Due to a decrease of VF tension in the CT+ group, the expiratory
airflow is expected to be higher than that in the CT— group. However,
at 1-month post-IL, the CT+ group has a lower peak expiratory air-
flow and mean airflow during voicing than the CT— group. “Peak expi-
ratory airflow” and “mean airflow during voicing” are defined as
expiratory air volume divided by the duration of the expiratory phase
or voiced phase, respectively. In the present study, a less expiratory
air volume was observed in the CT+ group, which further induced a
reduced peak expiratory airflow and mean airflow during voicing.

There were several limitations in this study. First, there was a high
rate of loss to follow-up in this study. It may affect the validity in clinic
research. However, most excluded patients were unwilling to receive
assessments at 6 months post-IL, and a similar proportion of patients
lost to follow-up among the two groups was observed, indicating that
the reason for drop-out is irrelevant to UVFP itself. Second, respira-
tory function tests, such as vital capacity, were not measured in this
study. It may influence aerodynamic performance after thoracic sur-
gery. However, there were no patients receiving thoracic surgery in
the CT+ group, whose aerodynamic performances were worse than
those in the CT— group, indicating that the observed significance of
aerodynamics in this study is less likely to be related to the patients'
respiratory function. Third, we did not explore the vocal condition at
different vocal intensities. In our previous work that used voice range
profile to assess UVFP patients, vocal loudness was affected by the
interaction of the recruitment activities in the TA-LCA muscle com-

plex and the CT muscle.>® However, in our protocol, all participants

were asked to produce a /pa/ sound three times consecutively with
an appropriate pace and comfortable loudness. The pitch and the
loudness did not change during assessment in this study. The protocol
to assess voice production in different vocal intensities might be help-
ful to tell the minute differences between groups. To address these
issues, more sophisticated assessments should be conducted in a
future study.

5 | CONCLUSION

This study is the first to reveal a distinctive post IL deviation of aero-
dynamics in UVFP patients with CT muscle involvement by showing
a lower maximal SPL and mean SPL during voicing, even after elevat-
ing peak air pressure and mean peak air pressure to reach a higher
voice intensity. The results suggest that although closure of the glot-
tal gap is achieved by IL, patients in the CT+ group still have a lower
loudness and need to sustain higher peak air pressure to produce
voice. These findings further suggest that LEMG should be con-
ducted in those who did not achieve expected outcomes after IL and
early speech language pathologist referral are necessary in UVFP
with CT dysfunction.

FUNDING INFORMATION
This research was supported by the grant from the Chang Gung
Memorial Hospital at Linkou (CMRPG3J1522).

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interests.

ORCID
Alice M. K. Wong

Tuan-Jen Fang

https://orcid.org/0000-0003-3586-1292
https://orcid.org/0000-0002-7805-3458

REFERENCES

1. Havas T, Lowinger D, Priestley J. Unilateral vocal fold paralysis:
causes, options and outcomes. Aust N Z J Surg. 1999;69:509-513.

2. Stager SV. Vocal fold paresis: etiology, clinical diagnosis and clinical
management. Curr Opin Otolaryngol Head Neck Surg. 2014;22:444-449.

3. Zhang Y, Jiang JJ, Biazzo L, Jorgensen M. Perturbation and nonlinear
dynamic analyses of voices from patients with unilateral laryngeal
paralysis. J Voice. 2005;19:519-528.

4. Chhetri DK, Neubauer J, Bergeron JL, Sofer E, Peng KA, Jamal N.
Effects of asymmetric superior laryngeal nerve stimulation on glottic
posture, acoustics, vibration. Laryngoscope. 2013;123:3110-3116.

5. Pei YC, Fang TJ, Hsin LJ, Li HY, Wong AM. Early hyaluronate injection
improves quality of life but not neural recovery in unilateral vocal fold
paralysis: an open-label randomized controlled study. Restor Neurol
Neurosci. 2015;33:121-130.

6. Chhetri DK, Neubauer J. Differential roles for the thyroarytenoid and
lateral cricoarytenoid muscles in phonation. Laryngoscope. 2015;125:
2772-2777.

7. Herzel H, Berry D, Titze |, Steinecke |. Nonlinear dynamics of the
voice: signal analysis and biomechanical modeling. Chaos (Woodbury,
NY). 1995;5:30-34.

8. Zhang Z. Restraining mechanisms in regulating glottal closure during
phonation. J Acoust Soc Am. 2011;130:4010-4019.


https://orcid.org/0000-0003-3586-1292
https://orcid.org/0000-0003-3586-1292
https://orcid.org/0000-0002-7805-3458
https://orcid.org/0000-0002-7805-3458

LIU ET AL

Laryngoscope

1929

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zhang Z, Neubauer J, Berry DA. Physical mechanisms of phonation
onset: a linear stability analysis of an aeroelastic continuum model of
phonation. J Acoust Soc Am. 2007;122:2279-2295.

Zhang Z. Dependence of phonation threshold pressure and frequency
on vocal fold geometry and biomechanics. J Acoust Soc Am. 2010;
127:2554-2562.

Liu KC, Lu YA, Lee LA, et al. Cricothyroid muscle dysfunction affects
aerodynamic performance in patients with unilateral vocal fold paral-
ysis. J Voice. 2021.

Makiyama K, Kida A, Sawashima M. Evaluation of expiratory effort on
dysphonic patients on increasing vocal intensity. Otolaryngol Head
Neck Surg. 1998;118:723-727.

Pei YC, Chuang HF, Wong AMK, Fang TJ. Voice aerodynamics follow-
ing office-based hyaluronate injection laryngoplasty. Clin Otolaryngol.
2019;44:594-602.

Koufman JA, Walker FO, Joharji GM. The cricothyroid muscle does
not influence vocal fold position in laryngeal paralysis. Laryngoscope.
1995;105:368-372.

De Virgilio A, Chang MH, Jiang RS, et al. Influence of superior laryn-
geal nerve injury on glottal configuration/function of thyroidectomy-
induced unilateral vocal fold paralysis. Otolaryngol Head Neck Surg.
2014;151:996-1002.

Pei YC, Fang TJ, Li HY, Wong AM. Cricothyroid muscle dysfunction
impairs vocal fold vibration in unilateral vocal fold paralysis. Laryngo-
scope. 2014;124:201-206.

Fang TJ, Chuang HF, Chiang HC, Pei YC. The impact of cricothyroid
involvement on adductor recovery in unilateral vocal fold paralysis.
Laryngoscope. 2020;130:139-145.

Hydman J, Mattsson P. Collateral reinnervation by the superior laryn-
geal nerve after recurrent laryngeal nerve injury. Muscle Nerve. 2008;
38:1280-1289.

Kupfer RA, Old MO, Oh SS, Feldman EL, Hogikyan ND. Spontaneous
laryngeal reinnervation following chronic recurrent laryngeal nerve
injury. Laryngoscope. 2013;123:2216-2227.

Wang CC, Wu SH, Tu YK, Lin WJ, Liu SA. Hyaluronic acid injection
laryngoplasty for unilateral vocal fold paralysis—a systematic review
and meta-analysis. Cells. 2020;9:2417.

Fang TJ, Pei YC, Li HY, Wong AM, Chiang HC. Glottal gap as an early
predictor for permanent laryngoplasty in unilateral vocal fold paraly-
sis. Laryngoscope. 2014;124:2125-2130.

Vila PM, Bhatt NK, Paniello RC. Early-injection laryngoplasty may
lower risk of thyroplasty: a systematic review and meta-analysis.
Laryngoscope. 2018;128:935-940.

Omori K, Kacker A, Slavit DH, Blaugrund SM. Quantitative videos-
troboscopic measurement of glottal gap and vocal function: an anal-
ysis of thyroplasty type I. Ann Otol Rhinol Laryngol. 1996;105:
280-285.

Isshiki N, Okamura H, Morimoto M. Maximum phonation time and air
flow rate during phonation: simple clinical tests for vocal function.
Ann Otol Rhinol Laryngol. 1967;76:998-1007.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Hirano M, Koike Y, Von Leden H. Maximum phonation time and air
usage during phonation. Clinical study. Folia Phoniatr (Basel). 1968;20:
185-201.

Teixeira JP, Oliveira C, Lopes C. Vocal acoustic analysis—ijitter, shim-
mer and HNR parameters. Proc Technol. 2013;9:1112-1122.

Bard MC, Slavit DH, McCaffrey TV, Lipton RJ. Noninvasive technique
for estimating subglottic pressure and laryngeal efficiency. Ann Otol
Rhinol Laryngol. 1992;101:578-582.

Siu J, Tam S, Fung K. A comparison of outcomes in interventions for
unilateral vocal fold paralysis: a systematic review. Laryngoscope.
2016;126:1616-1624.

Morgan JE, Zraick RI, Griffin AW, Bowen TL, Johnson FL. Injection
versus medialization laryngoplasty for the treatment of unilateral
vocal fold paralysis. Laryngoscope. 2007;117:2068-2074.

Tam S, Sun H, Sarma S, Siu J, Fung K, Sowerby L. Medialization thyro-
plasty versus injection laryngoplasty: a cost minimization analysis.
J Otolaryngol Head Neck Surg. 2017;46:14.

Van Den Berg J. Direct and indirect determination of the mean sub-
glottic pressure; sound level, mean subglottic pressure, mean air flow,
subglottic power and efficiency of a male voice for the vowel (a). Folia
Phoniatr (Basel). 1956;8:1-24.

Sawashima M, Niimi, S, Horiguchi, S, Yamaguchi, H. Expiratory lung
pressure, airflow rate, and vocal intensity: data on normal subjects.
Vocal Fold Physiology: Voice Productions, Mechanisms and Func-
tions. Baltimote: Lippincott Williams & Wilkins, 1988;415-422.

Isshiki N. Regulatory mechanism of the pitch and volume of voice.
Pract Otorhinolaryngol (Basel). 1959;52:1065-1094.

Isshiki N. Regulatory mechanism of voice intensity variation. J Speech
Hear Res. 1964;7:17-29.

Orestes MI, Chhetri DK. Superior laryngeal nerve injury: effects, clini-
cal findings, prognosis, and management options. Curr Opin Otolaryn-
gol Head Neck Surg. 2014;22:439-443.

Liu KC, Lu YA, Pei YC, Chuang HF, Fang TJ. Voice range profile and
neuromuscular control in patients with unilateral vocal fold paralysis.
J Taiwan Otolaryngol Head Neck Surg. 2020;55:127-134.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Liu K-C, Lu Y-A, Chuang H-F, et al.
Persistence of lower vocal intensity in vocal fold paralysis with
cricothyroid impairment after hyaluronate injection.
Laryngoscope Investigative Otolaryngology. 2022;7(6):
1922-1929. doi:10.1002/1i02.927


info:doi/10.1002/lio2.927

	Persistence of lower vocal intensity in vocal fold paralysis with cricothyroid impairment after hyaluronate injection
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patients
	2.2  Assessments
	2.2.1  LEMG
	2.2.2  Videolaryngoscopy
	2.2.3  Acoustic voice analysis
	2.2.4  Aerodynamic analysis

	2.3  IL using hyaluronate
	2.4  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	REFERENCES


