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Objectives: The purpose of this study was to explore the effects of injection laryngoplasty (IL) with
hyaluronic acid in patients with vocal fold paralysis (VFP).
Methods: A total of 50 patients with VFP participated in this study. Pre- and post-IL assessments were
performed, which included analyzing the sustained vowel /a/ phonation, and the patient reading 1
Korean sentence from the “Walk” passage that comprised 25 syllables in 10 words. To investigate
the effect of IL on vocal fold function, acoustic analysis (acoustic voice quality index, cepstral peak
prominence, maximum phonation time, speaking fundamental frequency) was conducted and auditoryperceptual (grade and overall severity), visual judgment (gap), and self-questionnaire (voice handicap
index-10) assessments were performed.
Results: The patients with VFP showed statistically significant differences between pre-and post-IL
assessments for acoustic and auditory-perception, visual judgment, and self-questionnaire assessments.
Conclusion: The patients with VFP showed positive change in vocal fold function between pre- and postIL measurements. The findings showed that IL with hyaluronic acid is an effective method to improve
vocal fold function in patients with VFP.
©2018 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BYNC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

laryngeal reinnervation [4]. Surgical interventions are ideally
performed in conjunction with preoperative and postoperative

Vocal fold paralysis (VFP) is defined as the immobility of the

voice therapy. Among these interventions, IL is a minimally

vocal fold due to the disruption of its motor innervation [1]. In

invasive method used for the treatment of VFP [5]. Glottal

the adult population, VFP most commonly arises from recurrent

closure can be improved by injecting various substances

laryngeal nerve injury due to cardiac, neck, and mediastinal

into the paralyzed fold, which include human acellular

surgery, as well as from neurologic and idiopathic causes [2].

tissue matrix, autologous fat, autologous fascia, calcium

Patients with VFP often have complaints of cough and a hoarse,

hydroxylapatite, hyaluronic acid (HA), gel implants, and other

weak, or breathy voice [3]. Surgical interventions for VFP

implants that are currently available in clinical practice for IL

include injection laryngoplasty (IL), surgical medialization, and

[6]. Appropriate application of these substances may improve
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vocal fold function. Among these, HA derivatives are one of the

between the AVQI and auditory perceptual assessment [15-

most promising substances currently under investigation in

17]. Glottal gap is determined by using the method presented

human studies. Long-term follow-up observations have been

in the previous study [18]. Incomplete glottal closure is related

conducted to determine their safety and efficacy [7].

to the dysphonia in VFP patients. Glottal gap was assessed

Various assessments can be performed to evaluate vocal

using a laryngeal video endoscopy, and this visual judgment

fold function. A voice quality evaluation is conducted by

was used as the gold standard [19]. The voice handicap index

completing various voice assessment forms after surgical

(VHI)-10 demonstrated, that with 10 questions selected from

intervention [8]. Multidimensional voice evaluations in patients

the original VHI that had 30 questions, the same power with

with VFP include self-questionnaires and acoustic, auditory-

previous studies was achieved [20].

perceptual, and visual assessments. An acoustic voice evaluation

In this study, the effect of IL (with HA) in patients with VFP

is a non-invasive and easy way to measure the voice quality and

was evaluated by examining changes in acoustic, auditory-

confirm the effectiveness of IL treatment on vocal fold function.

perceptual, and visual judgment measurements and in the self-

Acoustic analysis involves quantitative measurements, including

questionnaire responses.

perturbation and cepstral analyses. Generally, perturbation
analysis (jitter, shimmer, and speaking fundamental frequency),
spectral analysis (noise to harmonic ratio), cepstral analysis

Materials and Methods

[cepstral peak prominence (CPP), the mean ratio of signal
energy below 4,000 Hz to the energy above 4,000 Hz (L/H
spectral ratio)], and maximum phonation time (MPT) are used,
but the sustained vowel and connected sentence methods are
often analyzed separately. The pathology of the patient’s voice
should be analyzed by combining the results of the sustained
vowel method and other extended vocal tasks.
The acoustic voice quality index (AVQI) was introduced for
this purpose [9]. This study used AVQI to demonstrate the
effectiveness of IL. The conventional method does not reliably
measure very severe voice impairment before treatment with
IL. Therefore, there was a limitation in quantitatively and
accurately proving the effect of IL; however, this was overcome
by utilizing AVQI measurements. In this study, the AVQI was
measured along with the conventional evaluation method to
confirm the effect of IL. AVQI can be used to evaluate dysphonia
severity, by analyzing samples that concatenate sustained

1. Participants

Fif ty patients (33 males and 17 females) with VFP
participated in this study. The cases of VFP in these patients
were attributed to idiopathic causes (n = 25), thoracic surgery
(n = 14), thyroid surgery (n = 4), lung cancer (n = 3), infection (n
= 3), and recurrent laryngeal nerve invasion (n = 1). There were
33 cases of VFP on the left side, and 17 on the right side. In all
50 patients, the injection material was HA. IL was performed
by transcutaneous injection in the operation room. The amount
of HA used for injection was determined by an experienced
otolaryngologist (> 20 years experience).
The characteristics of the research patients are shown
in Table 1. The clinical diagnoses were based on clinical
Table 1. Demographics and patient characteristics.

vowel phonations and continuous speech. AVQI is estimated

Variables

Males (n = 33)

Females (n = 17)

using a specific algorithm that weighs 6 variables (cepstral

Age (y)

peak prominence smoothed (CPPS); harmonics-to-noise

65.5 ± 12.3

58.4 ± 11.9

R/O
- Idiopathic

15

10

This measurement is automatically obtained using the Praat

- Thoracic surgery

12

2

script (Institute of Phonetic Sciences, University of Amsterdam,

- Lung cancer

3

0

The Netherlands). A number of studies have investigated the

- Thyroid surgery

2

2

- Infection

1

2

- RLN invasion

0

1

- Left side

22

11

- Right side

11

6

33

17

ratio; shimmer local; shimmer local dB; the slope and tilt of
the regression line through the long-term average spectrum).

effect of IL in patients with VFP [10-13]. However, there is
currently no study that reports using AVQI analysis to evaluate
the effectiveness of IL treatment. The auditory-perceptual
assessment uses the GRBAS scale (grade, rough, breathy,
asthenic, strained) and the Consensus Auditory-Perceptual
Assessment of Voice (CAPE-V) protocol. The GRBAS scale gives
ratings from 0 to 3, in which 0 is normal, 1 is mild dysphonia,
2 is moderate dysphonia, and 3 is severe dysphonia [14]. The
CAPE-V provides a visual analogue scale of 100 mm, with an
anchor point. Previous studies have reported a high correlation

Paralyzed side

Injection materials
- Hyaluronic acid

R/O = rule out; RLN = recurrent laryngeal nerve.
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evaluations using laryngoscopy, laryngeal video stroboscope,

Society of Logopedics and Phoniatrics methods, and was based

computerized tomography, and laryngeal electromyography.

on a 4-point ordinal scale (normal: 0; mild: 1; moderate: 2;

The Institutional Review Board of Pusan National University

severe: 3) [25]. Overall severity (OS), was evaluated based on

Hospital approved this study (H-1807-019-069).

the CAPE-V method, which uses a visual analog scale of 100
mm, with anchoring points, as suggested by the Special Interest

2. Voice recording procedure

One hour prior to IL, the voice of each patient was
recorded using a voice recording system (Computerized
Speech Lab, CSL Model 4500, KayPENTAX, Lincoln Park, NJ,
USA). Recordings were made of (1) the sustained vowel /a/
phonation at a comfortable and habitual pitch and loudness,
and (2) the patient reading one Korean sentence from the
“Walk” passage, which comprised 25 syllables in 10 words:
“neolbge pyeolchyeoissneun badaleul balabomyeon nae maeum yeogsi neolb-eojineun geos gatda.” In accordance with the
International phonetic alphabet, this passage is pronounced
as [nʌlg*e pʰyʌltsʰʌinnɯn badarɯl parabomyʌn nɛ maɯm
yʌk̚si nʌlbʌdzinɯn kʌt̚ kat̚t*a]. The central 2 seconds of the
sustained vowel /a/ phonation and the “Walk” passage were
concatenated by Praat (Version 5.4. 19) for AVQI analysis. As a
consequence, the voice sample corpus included concatenated
files comprising phonations of sustained vowels and a reading
of the “Walk” passage from each patient. A voice recording was
performed at 4 weeks post-IL to assess voice recovery.

Division 3, Voice and Voice Disorders of the American SpeechLanguage-Hearing Association [26]. The evaluators were
blinded to the pre-IL and post-IL voice samples. The recordings
of 25 randomly selected patients (50% of judged voice samples
taken from the first visit) were evaluated after a second visit (at
4 weeks post-IL) to calculate the intra-rater variability. Ratings
of the auditory-perceptual assessments between different
raters were compared to estimate the inter-rater variability.
Visual judgment confirmed the glottal configuration in each
case of VFP (median: 0, paramedian: 1, intermediate: 2, and
fully abducted: 3) [18].
The VHI-10 was created by selecting the 10 most robust VHI
items determined from item analysis and clinical consensus
results [20]. The patients were asked to complete the VHI-10
questionnaire before and after IL to evaluate their perception
of their vocal handicap.
5. Statistical analysis

All statistical analyses were completed using R version 3.4.1
(The R Foundation for Statistical Computing, Vienna, Austria)

3. Acoustic analysis

The Praat script of Maryn et al [21] was modified for acoustic
analysis. AVQI performs acoustic analysis designed to quantify
the severity of dysphonia through assessing the phonations
of sustained vowels, and reading a connected sentence.
Pathological voices have larger AVQI values than normal voices.

and RStudio 1.0.143 (RStudio Inc., Boston, MA, USA). Paired
t test was used to perform comparisons between pre- and
post-IL measurements for all patients. Pearson correlation
coefficient (rp) was used to investigate the correlation among
all variables. For data analysis and output, R package libraries
such as ggplot2, ggsignif, and corrplot were used.

CPPS is a measurement of the relative amplitude of the cepstral
peak prominence in relation to the expected amplitude as
derived via linear regression. This measurement reflects the
degree of regularity or periodicity in the voice signal. Higher
values reflect greater periodicity [22]. MPT is the longest period

Results
1. Rater variability

during which a patient can sustain phonation of a vowel sound,

For auditory-perceptual and visual judgment assessments,

typically /a/ [23]. Speaking fundamental frequency is the

the inter-rater reliability ranged from 0.71 to 0.90, while the

central tendency of the frequency of vibration of the vocal folds

intra-rater reliability ranged from 0.83 to 0.92.

during connected speech, and correlates with the perceived
pitch of a speaker’s voice [24] auto”/><w:left w:val=”none”

2. Comparison of all variables from pre- and post-IL assess-

w:sz=”0” w:space=”0” w:color=”auto”/><w:bottom w:val=”non.

ments

4. Auditory-perceptual assessment, visual judgment, and VHI-10

Figure 1 and Table 2 show the mean values measured before
and after IL for all variables. As shown in Table 2, statistically

Three speech-language pathologists, all native Koreans

significant changes were observed in all variables except SFF,

with more than 10 years of experience in voice therapy and

before and after IL. The post-IL values of AVQI, SFF, Grade, OS,

dysphonia ratings, were asked to rate voice samples; 2 of the

Gap, and VHI-10 were lower than those before IL; however,

speech-language pathologists worked in ENT clinics and 1 was

CPPS and MPT values increased. Based on this, it was confirmed

a professor specializing in voice and swallowing disorders.

that vocal fold function, including voice quality, was improved

Grade was evaluated for dysphonia severity using the Japan

after treatment with IL.
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Figure 1. Comparison of multidimensional assessments of pre- and post-injection laryngoplasty.
Red squares indicate mean values. (A) AVQI, acoustic voice quality index, (B) PraatCPPS, cepstral peak
prominence smoothed in Praat, (C) MPT, maximum phonation time, (D) SFF, speaking fundamental
frequency, (E) grade, (F) OS, overall severity, (G) Gap, glottal gap, (H) VHI-10, voice handicap index-10.

Table 2. Mean values of all variables measured before and after laryngoscopy injection.
Variables

Pre-injection

Post-injection

t

p

AVQI

6.91 ± 1.57

4.7 9± 1.88

6.75

< 0.001**

CPPS

7.02 ± 2.66

11.20 ± 2.95

-7.77

< 0.001**

MPT

5.52 ± 2.89

9.94 ± 5.01

-7.27

< 0.001**

SFF

170.70 ± 60.27

159.85 ± 5 1.34

1.51

0.138

2.22 ± 0.49

1.3 ± 0.65

8.65

< 0.001**

68.08 ± 12.94

42.04 ± 15.87

10.48

< 0.001**

1.74 ± 0.80

0.98 ± 0.68

5.72

< 0.001**

- Median

0

12

- Paramedian

24

27

- Intermediate

15

11

- Fully abducted

11

0

30.00 ± 6.38

19.06 ± 9.53

9.13

< 0.001**

Grade
OS
Mean Gap

VHI-10

Date are presented as mean ± SD.
**p < 0.01.
AVQI = acoustic voice quality index; CPPS = cepstral peak prominence smoothed; MPT = maximum phonation time; SFF = speaking fundamental
frequency; OS = overall severity; VHI-10 = voice handicap index-10.
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Table 3. Mean values of all variables measured before and after laryngoscopy injection according to gender.
Male
Variables

Female

Pre-injection

Post-injection

p

Pre-injection

Post-injection

p

AVQI

7.2 ± 1.6

5.2 ± 1.9

< 0.001**

6.4 ± 1.5

4.0 ± 1.6

< 0.001**

CPPS

6.9 ± 2.9

11.0 ± 3.3

< 0.001**

7.3 ± 2.1

11.7 ± 2.2

< 0.001**

MPT

5.3 ± 2.8

10.2 ± 5.4

< 0.001**

6.0 ± 3.1

9.4 ± 4.2

0.011*

SFF

146.9 ± 54.0

131.9 ± 26.6

0.159

216.9 ± 43.0

214.2 ± 43.6

0.853

Grade

2.24 ± 0.56

1.42 ± 0.61

< 0.001**

2.11 ± 0.33

1.05 ± 0.66

< 0.001**

OS

68.8 ± 13.4

44.8 ± 14.8

< 0.001**

66.5 ± 12.2

36.6 ± 17.0

< 0.001**

Mean Gap

1.82 ± 0.85

1.03 ± 0.73

0.001**

1.58 ± 0.71

0.88 ± 0.60

0.042*

- Median

0

8

0

4

- Paramedian

15

16

9

11

- Intermediate

9

9

6

2

- Fully abducted

9

0

2

0

30.0 ± 6.5

19.5 ± 9.2

VHI-10

< 0.001**

30.1 ± 6.3

18.2 ± 10.4

< 0.001**

Date are presented as mean ± SD.
**p < 0.01, *p < 0.05.
AVQI = acoustic voice quality index; CPPS = cepstral peak prominence smoothed; MPT = maximum phonation time; SFF = speaking fundamental
frequency; OS = overall severity; VHI-10 = voice handicap index-10.

Figure 2. Correlation among all variables before and after injection laryngoplasty. (A) Pre-injection,
(B) Post-injection.

3. Comparison of all variables pre- and post-IL, according to
gender

4. Correlation among all variables before and after IL

The correlations amongst all variables before and after

As shown in Table 3, AVQI, CPPS, MPT, Grade, OS, Gap, and

IL are shown in Figure 2. Prior to IL, AVQI had a significant

VHI-10 showed significant improvements when comparing

correlation with CPPS (r = -0.87, p < 0.01), MPT (r = -0.45, p

pre- and post-IL values in both the male and female groups.

< 0.01), Grade (r = 0.67, p < 0.01), OS (r = 0.84, p < 0.01), and

After IL treatment, SFF had decreased, though it was not

Gap (r = 0.91, p < 0.01). CPPS correlated with MPT (r = 0.48, p

significant.

< 0.01), Grade (r = -0.73, p < 0.01), OS (r = -0.82, p < 0.01), and
Gap (r = -0.77, p < 0.01). MPT had a significant correlation with

G.Kim / Effects of Injection Laryngoplasty with HA in VFP
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Grade (r = -0.27, p < 0.01), OS (r = -0.38, p < 0.01), and Gap (r

results are consistent with those of a previous study [28].

= -0.34, p < 0.05). Grade was correlated with OS (r = 0.84, p <

In other studies, the post-IL patient groups tended to have

0.01) and Gap (r = 0.65, p < 0.01). A significant correlation was

lower normalized scores, and significant improvements were

observed between OS and Gap (r = 0.79, p < 0.01). SFF and VHI-

observed in GRBAS, MPT, CPPS, closed quotient (CQ), voice

10 were not correlated with other variables in terms of pre-IL

range profile, semi-tone range, and VHI-10 scores [29,30].

measurements.

Most studies used the Multi-Dimensional Voice Program

After treatment with IL, AVQI had a significant correlation

(MDVP, perturbation analysis method) to evaluate vocal fold

with CPPS (r = -0.92, p < 0.01), Grade (r = 0.82, p < 0.01), OS (r =

recovery following surgical and behavioral interventions in

0.83, p < 0.01), and Gap (r = 0.78, p < 0.01). CPPS was correlated

patients with voice disorders [31,32]. However, if a very rough

with MPT (r = 0.35, p < 0.05), Grade (r = -0.78, p < 0.01), OS

or breathy voice is analyzed by MDVP, it is unable to detect the

(r = -0.81, p < 0.01), and Gap (r = -0.74, p < 0.01). MPT had a

voice cycle peak in the voice signal, and thus cannot produce

significant correlation with Grade (r = -0.44, p < 0.01), OS (r

accurate results. Despite the ability of MDVP to assess the

= -0.44, p < 0.01), and VHI-10 (r = -0.54, p < 0.01). Grade was

pathological voice, traditional perturbation analyses performed

correlated with OS (r = 0.89, p < 0.01) and Gap (r = 0.61, p < 0.01).

in previous studies were shown to be untrustworthy

Significant correlation was found between OS and Gap (r = 0.62,

components of the disordered voice [33]. The reason for

p < 0.01). SFF showed no correlation with other variables.

this unpredictability is that the disordered voice may not be
logically correlated with a single perturbation analysis. Another
possibility is that because these measurements depend on

Discussion

the ability to detect periodicity of the voice (determining
fundamental frequency), small errors in tracking periodicity

The voice quality of the patients with VFP before and after

can result in significant errors when using the perturbation

IL treatment were compared by performing acoustic analysis

method. Thus, because of the difficulty in detecting periodicity,

(AVQI, CPPS, MPT, SFF), auditory-perceptual evaluation

obtaining precise quantifications of periodicity in pathological

(Grade and OS), visual judgment assessment (Gap) and by

voice samples that include diplophonia or a severe grade

administering the VHI-10 self-questionnaire. All analyses

of breathy and rough voice, may be challenging. CPP and

showed significant positive changes and predicted voice

CPPS were introduced to solve this limitation [34]. CPP and

recovery. In addition, the acoustic parameters showed a

CPPS values are affected by pause and unvoiced interval

significant correlation between the auditory evaluation and

duration in the voice tasks; this leads to fluctuations in these

visual judgment, but there was no correlation with the self-

measurements, depending on whether the testing includes the

questionnaire. This indicated that the quantification of voice

sustained vowel and connected speech tasks.

recovery, and the degree of recovery felt by the patient were

To our knowledge, this study is the first to use AVQI

different. Nonetheless, the self-questionnaire is important

measurements to determine the effect of IL on VFP patients.

in that it reflects patient satisfaction with the level of voice

AVQI measurements quantify the dysphonia severity by

recovery [27].

assessing a combination of several variables, rather than just

IL had significant effects on AVQI, CPPS, MPT, Grade, OS, Gap,

1 acoustical index. AVQI has made it possible to analyze the

and VHI-10, but not on SFF. The benefit of IL was evident, as it

samples that concatenate sustained vowel phonations and

significantly decreased the measurements of AVQI, Grade, OS,

connected speech [9]. Previous studies have confirmed a high

Gap, and VHI-10 and increased CPPS and MPT. These changes

correlation between the CPPS and the AVQI giving them clinical

could be attributed to the decrease in glottal gap, following

utility [35]. In this study, multidimensional evaluation methods

IL. In addition, the scores for Grade, OS, and VHI-10 decreased

were used to evaluate voice improvement after IL. Of the

because the patients’ voices had improved according to the

variables analyzed in this study, AVQI was the least commonly

speech-language pathologists, and the patients themselves.

used, and it was designed to be automatically analyzed using

Although the glottal gaps were approximated after IL, there was

the Praat script [36]. The Praat script was modified to suit the

no change in SFF. The mean SFF after IL was reduced by about

purpose of this study. AVQI was calculated using the Praat

15 Hz in men, although not to a significant level (p = 0.159). IL

script, so that anyone who understood the script could easily

led to a positive change in the SFF, but this was not significant.

operate it. The severity of pathological voice was quantified

This result can be interpreted based on the fact that the mean

through the voiced speech segments extracted from the

SFF before IL, did not deviate much from the normal SFF range

same speech sample content (2 seconds of vowel sound + 25

in men. In women, there was no significant difference between

syllables), so an objective comparison of the degree of speech

the pre- and post-IL results (p = 0.853), which suggests that the

impairment was possible. Thus, the AVQI confirmed the effect

mean SFF before IL, was within the normal SFF range. These

of IL, similar to that determined using other variables. In
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previous studies, patients with VFP showed higher AVQI, Grade,

synthetic materials [47]. Additionally, it was reported that IL

and OS values when compared with those of the control group

using autologous fascia appeared to be a reliable and promising

[37]. CPPS showed a high correlation with the perception of

method to help in the recovery of voice quality. However, this

breathiness [34]. Normal participants have larger CPPS values

study was limited to patients who underwent HA injection;

than those of dysphonic patients. Based on this characteristic,

hence, further studies are needed to confirm voice changes

if the CPPS value increased after IL, improvement of the voice

through AVQI with respect to using other injection materials.

can be expected. These results were consistent with a previous

These efforts will be of great help to otolaryngologists, speech

study, in which a larger phonatory gap led to lower values of

language pathologists, and patients with voice disorders.

CPPS [38].

The results of this study are expected to provide a voice

IL continues to evolve as new techniques, approaches,

quantification criterion that predicts voice recovery. In

and injectable materials are developed. Recently, HA was

particular, regarding VFP patients, analysis of concatenated

introduced as an ideal injectable material, and it has since

sustained vowel phonations and connected speech, provide

been widely used in clinical practice [39]. HA absorbs the

more accurate and diverse information than analysis of a single

impact that occurs when the vocal fold vibrates, and it plays

voice task. Voice evaluation through various tasks can provide

an important role in maintaining the shape and characteristic

greater evidence of voice recovery. It is possible to assess the

viscoelasticity of the vocal fold [40]. Due to heterologous

pathological voice through various tasks. A comprehensive

species having the same HA chemical structure, there is no

evaluation of voice quality makes it possible to more accurately

basis for rejection, making xenotransplantation possible [6].

predict prognosis following intervention. Therefore, these

It is also introduced as a material suitable for temporary vocal

evaluation procedures should be continually developed.

fold adduction because it decomposes spontaneously in vivo.

In conclusion, the results of the multidimensional assessment

Additionally, it is considered to be an ideal injectable material

of vocal fold function in patients with VFP indicated that voice

for temporary vocal fold adduction because it remains in vivo

recovery was achieved after IL. Although significant changes

for 6-12 months and maintains function for 3-4 months [7].

were not observed in the SFF before and after treatment, the

Considering the possibility of natural recovery from VFP, it is

values of the other measured variables including AVQI, CPPS,

appropriate to select a temporary injectable material, such as

MPT, Grade, OS, Gap, and VHI-10 were improved. In addition,

HA. Previous studies have reported on voice recovery using

because measured values varied according to the vowel

traditional acoustic analyses, such as perturbation analysis,

duration, and voiced segments (sentence contents) used in

following HA injection, and this study also confirmed voice

the voice evaluation, it is important that an appropriate voice

recovery by AVQI after IL [41,42].

sample representing the characteristics of the dysphonia be

Many studies have evaluated the effect of other injectable

selected for the multidimensional assessment.

substances on voice recovery. Some patients underwent
endoscopic injection with polydimethylsiloxane for the
treatment of unilateral vocal fold paralysis (UVFP). After the

Conflicts of Interest

polydimethylsiloxane injection, all acoustic (MPT), auditoryperceptual (grade, instability, roughness, breathiness,

The authors have no conflicts of interest to declare.

asthenia, and strain; GIRBAS), visual judgment (vocal fold
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