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Abstract: Objectives. For patients with glottic insufficiency disease, injection laryngoplasty is a rapid and effi-
cient management option that complements voice therapy. Some studies have indicated that respiratory muscle
training may also show promise in patients with voice disorders. However, the effect of respiratory muscle train-
ing in patients with glottic insufficiency was reported to be limited, and whether it provides additional benefit
after standard management requires further evaluation. We aimed to investigate the effectiveness of inspiratory
muscle training on glottis closure and patient-reported voice quality in glottic insufficiency patients who had been
treated with hyaluronic acid injection.

Study Design. Retrospective observational study.

Methods. We included 46 patients with glottic insufficiency who had undergone hyaluronic acid injection.
Twenty of them had undergone inspiratory muscle training during three months. We measured patients’ changes
in glottic status according to the normalized glottal gap area and bowing index, as well as voice quality of life
according to the voice handicap index 10 and the voice outcome survey, before and after training.

Results. Patients who underwent inspiratory muscle training had higher odds of experiencing better improve-
ment in all scores. The range of odds ratios ranged from 2.5 to 6.3 for changes in scores, and from 3.8 to 22.2 for
changes in score percentages. Of note, the effect of training on percentage changes in the normalized glottal gap
area score was significant (P= 0.0127) after adjustment for the duration of vocal disease, body mass index and
BMI, and history of gastroesophageal reflux disease.

Conclusions. Inspiratory muscle training can improve the glottal gap after injection laryngoplasty, and may be
applied in clinical practice.

Key Words: Glottic insufficiency—Vocal cords—Phonation—Vocal fold paralysis—Hyaluronic acid—Respira-
tory muscle training.

Abbreviations: BI, bowing index—CAPE-V, consensus auditory-perceptual evaluation of voice—EMT, expira-
tory muscle training—GERD, gastroesophageal reflux disease—GRBAS, grade, roughness, breathiness, asthenia,
and strain—HA, hyaluronic acid—IA, injection augmentation—IMT, inspiratory muscle training—IQR, inter-
quartile range—MEP, maximal inspiratory pressure—NGGA, normalized glottal gap area—PEF, peak expiratory
flow—QOL, quality of life—RMT, respiratory muscle training—VHI-10, Voice Handicap Index 10—VOS, voice
outcome survey.

INTRODUCTION
During the Ist few decades, there has been increasing interest
in voice disorders, and glottic insufficiency is one of the
causes of voice disorders.'” Patients with glottic insuffi-
ciency have incomplete vocal cord closure. As the voice is
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produced by generating mucosal wave movements of the
vocal folds by contacting and vibrating,”~ incomplete con-
tact of the vocal cords will hamper vocal function. Further-
more, the leakage of air through the incomplete closure of
the vocal cord makes it more difficult to increase and main-
tain the pressure in the airway during phonation, resulting
in breathiness, weak voice, and easily fatigued patients.” In
addition, aspiration is a common symptom in these
patients.® Potential causes of glottic insufficiency include
vocal fold paralysis, vocal fold paresis, presbylaryngitis, sul-
cus vocalis, vocal fold nodules, and neoplasm.“’8
Restoration of glottic competence may improve voice
quality and reduce aspiration risk. Several treatments are
available for glottic insufficiency. One treatment option is
injection augmentation (IA). Various materials such as
collagen,”'” hyaluronic acid (HA),'" and autologous fat'
have been used for injection. HA is a naturally occurring
biocompatible polysaccharide without tissue specificity or
immunogenicity and is widely used. Its strong hydrophilic
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and hygroscopic properties are suitable for the volume aug-
mentation of tissue.'> However, the effect of HA injections
is not permanent.'” The commonly used commercially
available HA for temporary vocal fold injection has
expected clinical longevity of 3 to 6 months.'*!”

In addition to the relatively invasive treatments, there are
also some conservative treatments for patients with voice
disorders. Clinically, it occurs more commonly in patients
who undergo injection laryngoplasty followed by conserva-
tive voice therapy.'®'” The duration of the injection laryng-
oplasty effect tended to be slightly longer in the patients
who received postinjection voice therapy.'” In recent years,
respiratory muscle training (RMT) has become a choice for
patients with voice disorder.'®?! RMT was originally used
to strengthen the respiratory muscles and improve respira-
tory function.”” > As the RMT was able to strengthen the
patient’s respiratory muscles, it could improve their maxi-
mum expiratory and inspiratory pressure, and the total air-
flow passed through the glottic.”>**** Owing to these
characteristics, RMTs have the ability to improve phona-
tion. RMT includes inspiratory muscle training (IMT) and
expiratory muscle training (EMT). EMT has been proven
to be beneficial for vocal function in professional workers
and patients with Parkinson’s disease, and IMT has been
shown to improve maximum phonation time and quality of
life (QOL).””*" Increasing respiratory pressure and airflow
may improve phonation in patients with glottic insuffi-
ciency. However, in patients with glottic insufficiency or
other voice disorders, RMT has not been demonstrated to
provide additional benefits to usual treatments (including
injection augmentation or voice therapy).

In this study, we aimed to evaluate the effectiveness of
RMT on glottic closure and patient-reported voice quality
in patients with glottic insufficiency treated with a hyalur-
onic acid injection. We focused on exploring the effects of
IMT, rather than EMT, because vocal cord abduction dur-
ing inspiration will likely cause less HA consumption than
increasing contact of the vocal cords resulting from frequent
adduction during expiration.

MATERIALS AND METHODS

Design and study population

This retrospective cohort study included patients diagnosed
with glottic insufficiency diseases and treated with HA injec-
tion laryngoplasty at the National Cheng Kung University
Hospital in Taiwan between 2015 and 2022. Informed con-
sent was obtained from all the participants at the outpa-
tients department. Glottic insufficiency diseases include
vocal cord palsy, atrophic vocal cords, sulcus vocalis, and
incomplete glottic closure. Patients were further excluded if
the disease was indicated by an excisional procedure, such
as a tumor or vocal polyp, or if the patient lacked fiberscope
images owing to contraindications or other reasons. To
maintain analytical simplicity, we included the first record
of a patient who had undergone repeated HA injection lar-
yngoplasty during the study period.

The inspiratory muscle training program

The included patients were divided into two groups based on
whether they had received IMT after HA injection. At our hos-
pital, all patients with glottic insufficiency who underwent HA
injection were asked at the first follow-up outpatient visit after
HA injection, regardless of whether they would like to receive
IMT. If the patients intended to participate in the training, they
were referred to a respiratory therapist, who instructed them on
a 3-month IMT protocol. An inspiratory threshold trainer
(Bravo™ Trainer, GaleMed Corporation, Taiwan) was used in
the protocol. In addition, the initial threshold was set at level 3
or 4 (corresponding to resistance pressures of 55mmH,0O and
71mmH,Or, respectively). Using the threshold trainer’s mouth-
piece, participants were instructed to expire deeply and then
forcefully inspire. Three sets of 5 minute training sessions per
day were performed at least 5 days a week for 3 months, result-
ing in at least 60 sets of training per month or a total of 180 sets
of training in 3 months. The patients attended the outpatient
clinic and were followed up by the respiratory therapist two
weeks, one month, and 3months after the protocol started. IMT
was performed under supervision on the follow-up day and at
home on all the other days.

Outcome measures
The primary outcomes of interest included the change in
glottis closure measured using the normalized glottal gap
area (NGGA)’' scale and the bowing index (BI).”” As glot-
tic insufficiency was characterized by incomplete glottal clo-
sure, we used these two scales, which can both assess vocal
cord status while phonating under the fiberscope, to assess
glottic status. Fiberscope examinations before IMT (preop-
eratively) and after IMT (at the 3-month postoperative out-
patient visit) were conducted. Each patient was video-
recorded at a frame rate of 30 fps. Patients were asked to
phonate /i/ in their regular speech tone and loudness. The
glottic closure was analyzed on the frame in which the glot-
tic gap was the narrowest during the patient’s phonation
The National Greentown Glass Association, Inc.
(NGGA) measures the glottic gap and is calculated using
the formula (narrowest glottal-gap area/membranous vocal
fold length) x 100. A lower NGGA value was more favor-
able because it indicated a smaller glottal gap during phona-
tion. To quantify the vocal fold bowing, BI was calculated
as W/L x 100, where “L” was the length of the vocal fold
measured from the anterior commissure to the tip of the
vocal process and “W” was the maximum distance from
“L” to the vocal fold edge at the mid-membranous area.
The BI assesses the bowing of the vocal cord, with a smaller
value indicating better phonation. In this study, the BI value
of every patient is presented as the average of the right and
left BI. Both scales were calculated using the ImagelJ soft-
ware.”® The stripe tool was used to mark the length, includ-
ing the membranous vocal fold lengths W and L. A
freehand selection tool was used to outline the glottic gap.
The measure tool was used to calculate and express the
results in pixels.
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The secondary outcomes were subjective voice quality,
including the Voice Handicap Index 10 (VHI-10)** and
Voice Outcome Survey (VOS)*” scores reported by patients
before IMT (preoperatively) and after IMT (at the postop-
erative outpatient visit after 3 months). Validated Mandarin
Chinese versions of both the scoring scales were used.”’
The VHI-10 included three subscales: functional, emotional,
and physical. The functional subscale includes statements
that describe the “impact of a person’s voice disorders on
his or her daily activities.” The emotional subscale indicates
the patient’s “affective responses to a voice disorder.” The
items in the physical subscale are related to patients’ self-
perceptions of laryngeal discomfort and voice output char-
acteristics. Each part of the questionnaire included 10 ques-
tions, and each question had 5-scale response (from 0 to 4).
The scores were added, with lower scores indicating better
voice quality of life. The VOS included five questions. The
first question of the VOS concerned the global question of
voice quality with a 5-scale response. Additional items were
designed to evaluate patient limitations in certain daily
activities that required speaking or limitations in their social
or work-related activities because of vocal problems. There
were five questions in total, and each question had a
response with different scale. Lower VOS scores indicate a
better voice outcome. Both scales were performed with the
patient undergoing a fiberscope examination before the HA
injection and again at the 3 months follow-up.

Other data collection

Patient data were collected from a review of the electronic medi-
cal records. These included sex, birth, cause of glottic insuffi-
ciency, diagnostic date of glottic insufficiency, injection site,
surgery date, body mass index, the intensity of voice use,” edu-
cational background, smoking status,” ingestion of stimulants
(habit of consuming coffee, tea, alcohol, iced drinks, or spicy
food),”” medical history of malignancy, cardiovascular disease,
and gastroesophageal reflux disease(GERD)."!

Statistical analyses

Categorical variables are presented as counts with percen-
tages, while continuous variables are presented as medians
with interquartile ranges (IQR). Patient characteristics,
changes in NGGA, BI, VHI-10, VOS scores, and percen-
tages were compared between the IMT-treated and non-
IMT groups using a f-test and chi-square test (or Mann-
Whitney U test and Fisher’s exact test if the variable was
not normally distributed). Given the limited sample size and
non-normal distribution of some outcome variables, we
applied the Wilcoxon signed-rank test to compare the
changes in NGGA, BI, VHI-10, and VOS scores, and the
percentages before and after HA injection were significantly
different. Furthermore, we classified all included patients
into high improvement and limited improvement groups for
each outcome score. Those with score changes or percentile
changes larger than the median values were classified as the
high improvement group, while those with score changes or

percentile changes less than the median values were classi-
fied as the limited improvement group. The median values
of score changes and percentile changes in the included
patients were -3.5/-35.8, -3.4/-35.9, -15.0/-51.3, and 27.8/
100.0 for NGGA, BI, VHI-10, and VOS, respectively. We
performed multivariable firth logistic regression to investi-
gate the influence of IMT intervention on the odds of
experiencing high improvement in different scores after
adjusting for factors that were found to be significant
between groups from previous univariate analyses. The sig-
nificance level was set at P < 0.05. All analyses were con-
ducted using Microsoft Excel and SAS software v9.4.

RESULTS

A total of 43 patients with vocal diseases who had under-
gone HA injections were included. Among them, 20 under-
went IMT, while 23 did not. In addition, 55% in the first
group and 65% in the second group were men. The median
(IQR) age was 59.5 (48.5—70.0) and 58.0 (50.0—66.0) for
the IMT and the non-IMT groups, respectively (Table 1).
Most patients were diagnosed with vocal cord palsy, while
only a few were diagnosed with incomplete closure and an
atrophic vocal cord. The median diagnosis duration of vocal
disease in the IMT group was 1.5 months, which was longer
than in the non-IMT group (0.9 months). Most of the
patients underwent left-sided HA injection surgery. The dis-
tribution of the different intensities of voice use between the
groups was similar. Compared with the IMT group, the
non-IMT group had a higher proportion of patients with
GERD (61% vs. 5%) and a higher median BMI (24.2 vs.
22.2). Other characteristics are presented in Table 1.

In terms of glottis closure assessment, the median preHA
NGGA scores were 10.5 and 14.5, and the BI scores were 8.8
and 10.5 for the IMT and the non-IMT groups, respectively
(Table 2). For patient-reported outcomes, the mean preHA
VHI-10 scores were 37.0 and 35.5, and the VOS scores were
22.2 and 33.3 for the IMT and the non-IMT groups, respec-
tively. For both the IMT and the non-IMT groups, the
NGGA, BI, and VHI-10 decreased after HA injection (P <
0.05 for all paired r-tests), while the VOS increased (a
decrease in NGGA, BI, VHI-10 or VOS represents an
improvement in the voice disorder). The mean score changes
were -4.1 and -2.9 in NGGA, -2.7 and -3.8 in BI, -15.0 and
-18.0 in VHI-10, and +27.8 and 30.6 in VOS for the IMT
and the non-IMT groups, respectively. When presented in
percentages of score changes, the NGGA score in the IMT
group was significantly decreased by 48.6% when compared
to a 26.8% decrease in the non-IMT group (P= 0.0385). The
detailed values for the other comparisons are presented in
Table 2. However, the values displayed in Table 2 did not yet
include adjustments for potential confounders, and only
reflect the results of the univariate analysis.

The results of the multivariate firth logistic regression are
presented in Table 3. Covariates that were significantly dif-
ferent between the IMT and non-IMT groups from Table 1
were adjusted for in the multivariate regression model. As
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TABLE 1.
Characteristics of Patients

IMT Group Gon-IMT Group
N or value % or IQR N or value % or IQR Pvalue
N 20 23
Age, in years (median, IQR) 59.5 (48.5, 70.0) 58.0 (50.0, 66.0) 0.7282
Male 11 55.0% 15 65.2% 0.6317
Diagnosis of vocal disease NA NA NA NA 0.5773
Incomplete closure 1 5.0% 4 17.4% NA
Vocal cord palsy 17 85.0% 16 69.6% NA
Atrophic vocal cord 10.0% 3 13.0% NA
Duration of vocal disease, in months (median, IQR)* 1.5 (0.9, 3.4) 0.9 (0.4, 1.4) 0.0443
Surgery NA NA NA NA 0.0863
Right side 0 0.0% 5 21.7% NA
Left side 15 75.0% 12 52.2% NA
Bilateral 5 25.0% 6 26.1% NA
History of cancer 7 36.8% 9 39.1% 0.8792
History of cardiovascular disease 0 0.0% 2 8.7% 0.4925
Intensity of voice use NA NA NA NA 1
High intensity 3 15.0% 4 17.4% NA
medium intensity 3 15.0% 3 13.0% NA
Low intensity 13 65.0% 16 69.6% NA
Education level with a bachelor’s degree 5 29.4% 6 33.3% 0.8028
Smoking 6 30.0% 9 40.9% 0.4612
Intake of stimulant food 5 25.0% 4 18.2% 0.7139
GERD 1 5.0% 14 60.9% 0.0001
BMI (median, IQR) 22.2 (19.8, 25.0) 24.2 (23.1, 26.4) 0.0415
IMT level
Level 2 1 5% NA NA NA
Level 3 12 60% NA NA NA
Level 4 7 35% NA NA NA
Maximum inspiratory pressure, cmH20 (median, IQR) bb (55, 71) NA NA NA

* Duration of vocal disease was calculated as the duration between diagnosis time and surgery time of the vocal disease.

u Intensity of voice use was classified according to patients’ professions. Patients were grouped as high intensity voice use if they were singers, actors, teach-
ers, lecturers, sales representatives, clergy, coaches and trainers, call center workers or barristers that relies heavily on voice use. Patients were grouped as
medium intensity voice use if they were doctors, business executives or lawyers that require come tasks in voice. Patients were grouped as low intensity voice
use if they were administrative workers, clerks or taking other jobs that requires minimal tasks in voice.

* Stimulant food included coffee, tea, alcohol, iced and spicy food.Abbreviations: BMI, body mass index; GERD, gastroesophageal reflux disease; IQR, inter-

quartile range; SD, standard deviation

shown in Table 3, patients who underwent IMT had higher
odds of experiencing better improvement in all scores except
the VOS. The odds ratios ranged from 2.6 to 13.1 for
changes in score percentages. Notably, the effect of IMT on
percentage changes in NGGA score was significant
(P=0.0212) after adjustment for the duration of vocal dis-
ease, BMI, and GERD history. For the other scores, the
IMT group showed a trend toward higher odds of
experiencing greater improvement when compared with the
non-IMT group; however, the comparisons were statisti-
cally non-significant.

DISCUSSION
In our study, IMT following HA injection laryngoplasty
seemed to benefit patients with glottic insufficiency disease.
Patients who underwent IMT showed a larger glottal gap

improvement than those who underwent HA injection
alone. The improvement in bowing of the vocal cords and
patient-reported voice outcomes did not differ.

Few studies have discussed the influence of IMT on vocal
cord outcome. Most of these studies focused on patients with
upper airway obstruction diseases, such as paradoxical vocal
fold movement disorder,*>** recurrent laryngeal papilloma,**
and bilateral abductor vocal fold paralysis.*> A previous
study demonstrated that IMT could improve the maximal
inspiratory pressure (MIP),”"** maximal inspiratory pressure
(MEP),”" peak expiratory flow (PEF), and functional capac-
ity of the lung.”® Another study indicated that IMT provided
benefits for patients with exercise-induced laryngeal obstruc-
tion owing to its ability to improve the strength of the cricoar-
ytenoid muscle and increase vocal cord adduction.*” In the
study, the authors decribed not only vocal fold abduction
during inspiration, but also slight adduction during
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TABLE 2.
Outcome Scores of Patients
IMT Group Non-IMT Goup
Median IQR Median IQR P Value'
N 20 23
NGGA
PreHA score 10.5 (7.9, 14.2) 14.5 (10.8, 20.5)
PostHA score 5.9 (4.4,7.7) 11.0 (5.7, 13.3)
Score changes (post - pre) -4.1 (-8.7,-2.4) -2.9 (-9.9, -2.2) 0.5347
Percentage of score changes -48.6 (-65.4, -26.9) -26.8 (-44.0,-14.2) 0.0385
Pfor pre and post analysis* <0.0001 NA <0.0001 NA NA
BI
PreHA score 8.8 (5.3, 18.2) 10.5 (6.6, 14.3) NA
PostHA score 5.3 (3.4,7.6) 7.4 (4.7, 8.9) NA
Score changes (post - pre) -2.7 (-10.6, -1.2) -3.8 (-6.0, -0.8) 0.7982
Percentage of score changes -35.8 (-57.5,-21.7) -35.9 (-58.6,-12.7) 0.4953
Pfor pre and post analysis* <0.0001 NA 0.0001 NA NA
VHI-10
PreHA score 37.0 (26.0, 38.0) 35.5 (33.0, 37.0) NA
PostHA score 19.0 (13.0, 32.0) 14.0 (7.0, 20.0) NA
Score changes (post - pre) -15.0 (-21.0, 0.0) -18.0 (-24.0, -13.0) 0.1045
Percentage of score changes -37.5 (-63.2,0.0) -55.2 (-77.4,-37.1) 0.0353
Pfor pre and post analysis* 0.0133 NA <0.0001 NA NA
VoS
PreHA score 22.2 (16.7, 33.3) 33.3 (16.7, 50.0) NA
PostHA score 44.4 (33.3,61.1) 66.7 (55.6,72.2) NA
Score changes (post - pre) 27.8 (0.0, 38.9) 30.6 (16.7, 44.4) 0.2180
Percentage of score changes 116.7 (0.0, 233.3) 62.5 (33.3,175.0) 0.6446
p for pre and post analysis* 0.0005 <0.0001

* Wilcoxon signed-rank test was applied to test the difference in scores before and after HA injection.
T Mann-Whitney U Test was applied to detect difference between IMT and non-IMT groups.
Abbreviations: Bl, bowing index; NGGA, normalized glottal gap area; VHI-10, voice handicap index-10; VOS, voice outcome survey.

expiration. However, there is limited evidence of the effect of
IMT on the glottic structure.

In our study, we found that the IMT group had a smaller
glottal gap during phonation in patients with vocal insuffi-
ciency compared to the non-IMT group. This could not sim-
ply be explained by the adduction of the vocal cords, as
IMT was more related to the abduction of the vocal cords.”’
There are two potential explanations for the benefits of IMT
in maintaining glottal closure. The first might be a decrease
in the mean subglottal pressure. The vocal folds modulate
airflow by adjusting their resistance to maintain adequate
glottal airflow for phonation. As the subglottal pressure
increases, an increase in vocal fold approximation and/or
stiffness is required to maintain a consistent glottal air-
flow.*” If the subglottal pressure is too strong, the vocal
folds may not be able to maintain resistance against it. Glot-
tal airflow is likely to be elevated, and an increase in the
glottal gap is required. In patients with vocal insufficiency
disease, the ability to resist subglottic pressure is decreased.
In a study by Castillo et al,*® IMT was shown to decrease
the mean subglottic pressure but still increased the peak sub-
glottic pressure in phonation. Training inspiratory muscles
can promote good airflow control. The inspiratory muscles

are engaged during the expiratory phase of speech to control
expiratory pressure.”” The subglottal pressure is stable and
can be easily modulated by the vocal folds. With this
improved capability for maintaining position, a small glot-
tal opening and a relatively constant mean flow can be
maintained against subglottal pressure by a proportional
increase in vocal fold approximation alone, without extra
vocal fold stiffening.’’>' Therefore, the glottal gap
decreases during phonation.

In our patients, who had received HA injection, training
with IMT reduced vocal cord adduction during training,
resulting in less over-friction and/or phonotrauma of the aug-
mented vocal cord contact site. In addition, IMT could lead
to decreased hyperfunction of the vocal cord with decreasing
additional stiffness of the vocal cord on the approximation of
the vocal cord owing to better control of the subglottic pres-
sure.”’ Hyperfunction and phonotrauma of the vocal cords
may increase inflammation and blood flow in the vocal cords,
which may result in increased absorption of HA. Decreased
blood flow and reduced inflammation have been associated
with a longer duration of action.”” As IMT may contribute
to this, it might be an ideal training after HA injection laryng-
oplasty.
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TABLE 3.

Influence of IMT Intervention on Odds of Improvement in NGGA, Bl, VHI-10 and VOS Scores

Changes in Scores

Percentages of Score Changes

OR* 95%Cl PValue OR* 95%Cl PValue

NGGA

IMT 2.34 (0.47,13.27) 0.3401 13.05 (2.03, 156.39) 0.0212

Duration of vocal disease 0.89 (0.46, 1.03) 0.2938 0.92 (0.75, 1.03) 0.2947

BMI 0.99 (0.82,1.18) 0.8835 0.99 (0.82,1.2) 0.9288

GERD 1.41 (0.28, 7.88) 0.6996 3.91 (0.62, 44.41) 0.2084
Bl

IMT 2.14 (0.43, 12.48) 0.3963 3.29 (0.62, 22.1) 0.2038

Duration of vocal disease 0.91 (0.57, 1.03) 0.3072 0.89 (0.55, 1.01) 0.1931

BMI 1.08 (0.91,1.3) 0.4425 1.16 (0.97, 1.46) 0.1509

GERD 1.66 (0.33, 9.35) 0.5691 1.45 (0.27, 8.54) 0.6833
VHI-10

IMT 3.25 (0.59, 24.4) 0.2271 2.94 (0.52, 23.15) 0.2745

Duration of vocal disease 0.91 (0.54, 1.03) 0.3059 0.92 (0.56, 1.03) 0.3106

BMI 1.09 (0.91, 1.34) 0.3928 1.15 (0.96, 1.45) 0.1842

GERD 6.25 (1.08, 49.34) 0.0674 6.24 (1.07, 50.03) 0.0693
VoS

IMT 0.86 (0.16, 4.83) 0.8695 2.64 (0.51, 18.06) 0.3010

Duration of vocal disease 0.97 (0.79, 1.09) 0.7212 0.97 (0.84, 1.08) 0.6350

BMI 1.09 (0.91, 1.32) 0.4109 1.09 (0.92, 1.31) 0.3836

GERD 2.01 (0.4, 10.96) 0.4315 2.22 (0.42, 14.65) 0.3933

* When the independent variable was categorical (i.e., IMT or GERD), the OR value indicated the odds ratio of experiencing higher score improvement in the
presence vs.absence of the independent variable. When the independent variable was continuous, the OR value indicated the odds ratio of experiencing
higher score improvement for every unit increase of the independent variable (i.e., for every one month increase in diagnosis duration of vocal disease, or for
every unit increase in BMI).Abbreviations: Bl, Bowing index; BMI, body mass index; GERD, gastroesophageal reflux disease; IMT, inspiratory muscle training;
NGGA, normalized glottal gap area; OR, odds ratio; VHI-10, voice handicap index-10; VOS, voice outcome survey.

In addition to the glottal gap, vocal bowing is another
common characteristic in patients with vocal insufficiency.”
Various mechanisms for vocal fold bowing have been
hypothesized, including intubation-related damage to the
laryngeal mucosa, vocal fold stiffening, vocal fold paresis,
sulcus vocalis, or laryngeal atrophy; but its actual cause is
unknown™ The treatment of bowed vocal folds has focused
on therapeutic injections or thyroplasty (medialization lar-
yngoplasty)."” In our study, no significant difference was
found in the BI between the two groups. A previous study
found that in patients who underwent vocal function exer-
cises, BI was not able to reflect changes or improvements in
various voice measures, even though the self-assessment of
voice had improved.” A previous study also revealed that
IMT did not result in a change in BL.>” In these studies,
vocal function improved, even in the absence of a change in
bowing. As IMT enhances the coordination between the
respiratory and laryngeal systems, the effect of vocal bowing
may be neutralized. NGGA and BI are both scaled to pres-
ent glottic closure. In our study, IMT reduced the glottal
gap in terms of NGGA, whereas BI revealed no significant
changes. This might imply that BI is relatively insensitive to
changes in the glottic gap when compared to NGGA.>

Furthermore, we found that VHI-10 and VOS scores
improved in both groups, but with no significant differences
between groups. This supports the benefit of HA injection

in enhancing patients’ voice quality’">*; however, it implies
that the implementation of IMT may not provide additional
benefits in voice quality, or the changes in voice outcomes
were too small to be perceived by patients’ subjective feel-
ings. The limited effect of IMT on voice outcome in our
study might be explained by two aspects. First, VHI-10 and
VOS scores were patient-reported, and there might be a
wide variation in the subjective perception of voice perfor-
mance from different individuals in terms of similar voice
performance. Both emotional and physical effects may
affect the outcome, thus compared to other assessing tools,
VHI has not been consistently always found to be correlated
well with clinicians’ assessments of clinicians.”” In future
studies involving voice outcome evaluation, it might be
more appropriate to apply more objective assessing tools,
such as the Consensus Auditory-Perceptual Evaluation of
Voice (CAPE-V) and the grade, roughness, breathiness,
asthenia, and strain (GRBAS) scale, which are assessed by
professionals, to reduce inter-rater difference. Second, it is
possible that the effect of injection laryngoplasty in patients’
voice improvement was so obvious,”® that the effect of IMT
turned out to be too modest and ambiguous to be perceived
by patients’ subjective feelings. Even if earlier studies sug-
gested that IMT might be able to improve VHI within 4
weeks, "% the patient populations were different from that
in our study. All the patients included in this study had
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undergone injection laryngoplasty, and therefore the effect
of the 3-month IMT training may have been relatively small
when compared to the effect of the injection.

To our knowledge, this is the first study to evaluate the
effects of additional IMT after HA injection on glottic clo-
sure and the voice outcome in patients with glottic insuffi-
ciency. The results supported that IMT could improve
glottal closure by up to 27% and can serve as pilot evidence
to encourage future evaluations.

Our study has some limitations. First, it was difficult to
assess the adherence to training of the patients. In our proto-
col, IMT was a 3 month-long program that required
patients to exercise by themselves at home; therefore, com-
pliance was difficult to monitor. In addition, the IMT inten-
sity was not evaluated in our study, and the sample size was
small, which would hamper statistical power. Finally, we
evaluated only the effects of IMT in this study. Further
studies are needed to explore different types of respiratory
muscle training protocols in patients with vocal cord dis-
eases to provide more evidence.

CONCLUSION

Inspiratory muscle training improved glottal closure in
patients with vocal cord insufficiency who were treated with
HA injection laryngoplasty. In addition to traditional voice
therapy, IMT may be an easy, self-administered manage-
ment technique after injection laryngoplasty. Future studies
with larger population sizes can provide more information
on the effects of IMT or RMT at different durations and
intensities.
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