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Abstract

Difficulties with speech and swallowing occur in patients with Parkinsonism. Lee Silverman Voice Treatment (LSVT) is
proven as an effective treatment for speech and swallowing function in idiopathic Parkinson’s disease (IPD). The effect of
LSVT on swallowing function in multiple system atrophy-cerebellar type (MSA-C) is unknown. We sought to determine
LSVT’s effect on swallowing function in MSA-C patients compared to IPD patients. LSVT-LOUD was performed on 13
patients with Parkinsonism (6 IPD and 7 MSA-C). Maximum phonation time (MPT), voice intensity, Speech Handicap
Index-15 (SHI-15), Swallowing-Quality of Life (SWAL-QOL), National Institutes of Health-swallowing safety scale (NIH-
SSS), and videofluoroscopic dysphagia scale (VDS) before and after LSVT were analyzed and reevaluated three months
after treatment. The IPD and MSA-C groups showed significant improvements in overall speech and swallowing measures
after LSVT. In particular, pharyngeal phase score and total score of VDS improved significantly in both groups. A two-way
repeated-measure ANOVA revealed a significant main effect for time in the MPT, voice intensity, NIH-SSS, pharyngeal
phase score and total score of VDS, psychosocial subdomain of SHI-15, and SWAL-QOL. The MSA-C group experienced
less overall improvement in swallowing function, but the two groups had an analogous pattern of improvement. In conclu-
sion, LSVT is effective for enhancing swallowing function, particularly in the pharyngeal phase, in both IPD and MSA-C
patients. This study demonstrated that LSVT elicits significant improvements in MSA-C patients. We deemed LSVT to be
an effective treatment for IPD and MSA-C patients who suffer from dysphagia.
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Introduction

Swallowing problems frequently arise with the progression
of idiopathic Parkinson’s disease (IPD), causing poor qual-
ity of life [1, 2]. In the oral phase, problems with tongue
movement hinder the anterior—posterior movement of food,
and difficulty in closing the lips causes drooling. In the phar-
yngeal phase, issues such as pharyngeal rigidity, delayed
swallowing reflex, and impaired laryngeal elevation occur
[3]. Further, weakness of pharyngeal movement can cause
food residue to accumulate in the pharynx [4]. Patients with
multiple system atrophy (MSA) have laryngeal dysfunction,
causing laryngeal stridor [5]. Laryngeal stridor is caused by
the inability to adduct the vocal cords, mainly due to atrophy
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of the posterior cricoarytenoid muscles of the larynx [6]. In
addition, patients with MSA have pharyngeal dysfunction,
including impaired tongue base to pharyngeal wall contact,
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swallow initiation, pharyngeal pooling, laryngeal closure
and laryngeal elevation, penetration, aspiration, and food
residue in the valleculae and/or the pyriform sinus after the
swallow [7].

Various efforts in the areas of healthcare and rehabilita-
tion have been made to address these issues. Among them,
voice therapy using Lee Silverman Voice Treatment (LSVT)
has been applied to patients with IPD. The LSVT-LOUD
program is based on the hypothesis that intensive phonation
exercises can improve the exercise capacity of respiratory
and laryngeal muscles, thus, ameliorating decreased voice
intensity and monotonous speech of patients with dysarthria
[8]. Studies of LSVT-LOUD in practice have demonstrated
that the effects of respiration and vocalization are associ-
ated with increased voice strength, improved sound qual-
ity, and increased maximum phonation time (MPT) [9, 10],
eliciting improvement in swallowing function in IPD [11,
12]. Specifically, the pilot study on participants with PD
[11] demonstrated significant improvements in pharyngeal
phase parameters, including increased opening duration and
maximal opening of the pharyngoesophageal sphincter dur-
ing ingestion of a 20 ml fluid bolus, reduced residue during
ingestion of a thick bolus, and decreased pharyngeal area at
rest post-LSVT-LOUD treatment.

However, it is unknown whether LSVT-LOUD influences
swallowing in MSA, which shares many symptoms with
IPD, and whether these effects are maintained after termi-
nation of treatment for a long-term period of time. There-
fore, we examined the difference in improvements of speech
and swallowing function through LSVT-LOUD in IPD and
MSA cerebellar type (MSA-C) patients. The study’s hypoth-
eses were that the IPD and MSA-C groups will demonstrate
improved pharyngeal phase post-LSVT-LOUD treatment,
and that they will show sustained a treatment effect on swal-
lowing functions at follow-up evaluation. We also sought to
determine LSVT’s effect on swallowing function in MSA-C
patients compared to IPD patients.

Materials and Methods
Participants

A total of 13 patients with Parkinsonism (6 IPD and 7
MSA-C) were recruited with informed written consent. The
inclusion criteria were (1) diagnosis of IPD or MSA-C by a
neurologist or physiatrist and (2) complaint of difficulty in
swallowing. All subjects were taking antiparkinson medica-
tion, and the medication was not changed during the inter-
vention. Exclusion criteria were (1) suspected secondary
Parkinsonism due to drugs or infection, (2) other neurologi-
cal damage or disease that caused a swallowing disorder,

and (3) additional swallowing intervention in the duration
of the experiment.

Mean age of participants is 66.69 +6.58 years. The
mean age of the IPD group was 7.00+7.12 years and that
of the MSA-C group was 63.86+4.91 years. The mean
stages of Hoehn and Yahr scale for both patient groups,
IPD, and MSA-C were 3.77 +1.64, 3.00 + 1.54, and
4.43 +1.51, respectively. The mean post-onset times for both
patient groups, IPD, and MSA-C were 5.92 +7.15 years,
1.00 +8.92 years, and 2.43 +2.29 years, respectively. For
all patients, IPD, and MSA-C, the mean scores of the Mini-
Mental State Examination were, respectively, 25.62 +4.77,
27.00+4.05, and 24.43 +5.31. All participants had been
prescribed oral diets with no modifications and had not pre-
viously been treated with gastrostomy tube feeding. Speech
and swallowing parameters were reevaluated in 13 patients
(6 IPD and 7 MSA-C) with a follow-up assessment after
approximately three months. This study was approved by the
Institutional Review Board (NO. 4-2012-0483).

Treatment

LSVT-LOUD®, a speech-behavior therapy, aims to increase
vocal cord adduction and voice intensity. A standardized
program was conducted by a qualified speech-language
pathologist. A total of 16 sessions were held for four con-
secutive days per week for one month. During the treatment
period, the patient was instructed to practice for 5—10 min
as homework and 10—15 min on untreated days.

Data Collections and Analysis

Subjects who agreed to participate in the study completed a
questionnaire about quality of life and then received speech
and swallowing evaluations. After the pre-evaluation, speech
therapy was performed. After the intervention, post-evalu-
ation was carried out in the same manner as the pre-evalua-
tion. Approximately three months after the post-evaluation,
follow-up evaluation was carried out in the same manner as
the pre-evaluation.

Voice Data Collection

Sound data were recorded in a quiet room with an ambient
noise of less than 50 dB. A 10-cm distance was maintained
between the mouth and the condenser microphone (SONY
ECM-MS907, SONY Corp., Tokyo, Japan). The program
was digitized at a sampling rate of 44.1 Hz and 16-bit quan-
tization. The recording level was fixed at -12 dB. Data were
analyzed using Praat, a motor speech protocol that is a mod-
ule of the Computerized Speech Lab model 5105. MPT and
vocal intensity were collected [13, 14]. For the MPT meas-
urement, the subject was asked to produce the long vowel
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/a/. This vocalization was measured three times, and the
longest MPT was recorded. To determine voice intensity,
we measured the sentence containing the functional word
“Hello” (annyeonghaseyo). Voice data for each patient was
collected by the same speech-language pathologist for pre-
treatment, post-treatment, and follow-up assessment. Pre-
treatment assessment was conducted between one and seven
days prior to starting treatment, post-treatment assessment
was conducted between one and seven days after finishing
treatment, and follow-up assessment was conducted approxi-
mately three months after post-treatment assessment.

Data Collection of Quality of Life Related to Speech
and Swallowing

To assess the effects of patient speech on daily life, a short
form of the Speech Handicap Index-15 (SHI-15) was used
as a self-report assessment tool. SHI-15 consists of two sub-
categories and 15 questions. Higher scores indicate a lower
quality of life associated with speech [15]. Swallowing-
related quality of life (SWAL-QOL) was measured to assess
the quality of life of patients associated with oropharyngeal
swallowing disorders [16, 17]. SWAL-QOL consists of 11
subcategories and 44 questions. Higher scores indicate a
higher quality of life associated with swallowing impair-
ment [17].

Swallowing Data Collection

During the VFSS, subjects were given 15 ml of a thin liquid
solution mixed with barium sulfate and swallowed accord-
ing to the instructions of the tester. Previous studies have
shown that patients with PD, due to the rigidity of the phar-
yngeal muscles, have delayed elevation of the hyoid bone
and delayed onset of airway closure when swallowing a large
volume of liquid [18]. Additionally, studies have shown that
patients with oropharyngeal dysphagia exhibit indicators of
unsafe swallowing most commonly with liquid boluses, and
that boluses with thicker viscosities promote swallowing
safety [19]. As the patients in this study did not have high-
severity dysphagia, based on previous studies, this study
chose to analyze the more sensitive thin liquid bolus swal-
lows. The test was assessed using the National Institutes of
Health-swallowing safety scale (NIH-SSS) and Videofluoro-
scopic Dysphagia Scale (VDS). NIH-SSS assesses the sta-
bility of swallowing, which is recorded and quantified by
evaluating residue, penetration, and aspiration [20]. A higher
score on the scale of 0 to 8 indicates more severe dysphagia.

VDS quantifies the swallowing function of the oropharyn-
geal stage, which allowed us to examine the effects of treat-
ment on swallowing function conveniently and closely. A
total of 14 items were classified into oral phase (7 items) and
pharyngeal phase (7 items). The total score ranged from O
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to 100 (oral phase 40, pharyngeal phase 60), with a higher
score indicating more severe dysphagia [21].

Statistical Analysis

Statistical analysis was performed using the IBM SPSS
(Statistical Package for the Social Science, version 25.0) for
Windows program. A repeated-measure ANOVA and a two-
way repeated-measure ANOVA were conducted to deter-
mine whether there were any differences in speech (MPT
and voice intensity), swallowing function (NIH-SSS and
VDS), and self-reports (SHI-15 and SWAL-QOL) before
and after LSVT-LOUD treatment in patients with IPD and
MSA-C.

The scores of NIH-SSS and VDS were measured by three
speech-language pathologists. Pearson correlation analysis
was performed to obtain the inter-rater reliability between
the evaluators. To assess the reliability of the evaluators,
20% of the data were randomly selected, and correlations
were measured using the Pearson correlation analysis. The
inter-rater reliability and intra-rater reliability of total NIH-
SSS and VDS were assessed using Intra-Class Correlation
per Morton and Dobson (see Supplementary Results).

Results

Comparison of Speech and Swallowing Function
in IPD and MSA-C Groups Before and After LSVT

A two-way repeated-measure ANOVA revealed a significant
main effect for time for the following scores: MPT (F(2,
22)=15.622, p<0.001), voice intensity (F(2, 22)=7.515,
p=0.003), NIH-SSS (F(2, 22)=3.568, p=0.046), and
VDS’s pharyngeal phase (F(2, 22)=12.900, p <0.001) and
total score (F(2, 22)=7.703, p=0.003) as shown in Table 1,
as well as laryngeal elevation (F(2, 22)=7.391, p=0.004),
pharyngeal transit time (F(2, 22) =6.320, p=0.007), and
coating on the pharyngeal wall (F(2, 22)=4.410, p=0.025)
as shown in Table 2. A two-way repeated-measure ANOVA
also revealed a significant group effect for MPT (F(1,
11)=28.632, p=0.013) as shown in Table 1 and a significant
time X group interaction for premature bolus loss of VDS
(F(2,22)=6.953, p=0.005) as shown in Table 2.

Changes in Speech and Swallowing Function in IPD
and MSA-C Groups After LSVT

In the IPD group, a repeated-measure ANOVA revealed
a significant difference between pretest and posttest
and between pretest and follow-up for MPT (p =0.005;
p=0.041). Regarding swallowing function, there were
significant differences found between pretest and posttest
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Table 1 Comparison of speech and swallowing function in IPD and MSA-C groups before and after LSVT

Group Time*Group

Time

MSA-C

IPD

Variables

Posttest Follow-up

Pretest

Posttest Follow-up

Pretest

Speech

116
495

.000%** 8,632  .013* 2380
268 0.726

.003*

15.622

10.32+1.96%*
76.42+3.77*

10.36 +2.50*
78.24 +1.59%

7.09+3.31

72.36+6.73

18.88 +7.86*
78.93+2.84

20.89+£9.05%*

78.70+2.35

13.01+£5.85
75.68 +4.80

MPT

1.360

7.515

Voice intensity

Swallowing

.526 0.586  .565

0.430

.046*

0.83+0.75 1.71+£0.95 1.29+0.48 1.14+1.06 3.568

0.67+0.51

1.83+1.83

NIH-SSS
VDS

.590
297
361

0.540
1.285
1.067

751
.290
.396

0.106
1.235
0.781

245

1.500
12.900

542+7.21
17.50+8.18

14.57 +7.66*
15.21+£7.66*

0.64+1.18

0.75+1.25 1.75+1.75 4.28+6.89
24.78 +12.08
29.07+16.32

5.58+12.95

25.58+14.76
31.16+26.48

Oral phase

L0007
.003%%*

22.92+14.03

9.50+6.45*
11.25+8.09

8.08 +4.34*
8.83+4.79

Pharyngeal phase

7.703

Total score

Data are presented as mean +SD

LSVT Lee Silverman Voice Treatment, /PD Idiopathic Parkinson’s disease, MSA-C Multiple system atrophy-Cerebellar type, MPT Maximum phonation time, N/H-SSS National Institutes of

Health-swallowing safety scale, VDS Videofluoroscopic Dysphagia Scale

*P <0.05, **P <0.01, ***P <0.001

*

significant results were returned for pretest and posttest, Pretest Follow-up

and between pretest and follow-up for VDS’s pharyngeal
phase (p=0.049; p=0.016). VDS showed significant dif-
ferences between pretest and posttest for laryngeal elevation
(p=0.025) and between pretest and follow-up for premature
bolus loss (p =0.025) as shown in Tables 1 and 2.

Meanwhile, in the MSA-C group, significant differences
were revealed between pretest and posttest and between pre-
test and follow-up for MPT (p =0.023; p=0.006) and voice
intensity (p=0.039; p=0.041). Regarding swallowing func-
tion, there were significant differences between pretest and
posttest for VDS’s pharyngeal phase (p =0.030), total score
(»p=0.043), and premature bolus loss (p =0.038). However,
no significant differences were revealed between pretest and
follow-up for the MSA-C group’s swallowing functions as
shown in Tables 1 and 2

Comparison of Speech and Swallowing-related
Quality of Life in IPD and MSA-C Groups Before
and After LSVT

A two-way repeated-measure ANOVA revealed a sig-
nificant main effect for time for the following variables:
SHI-15's psychosocial score (F(2, 22)=4.156, p=0.029),
and SWAL-QOL’s symptom frequency (F(2, 22)=8.179,
p=0.002), eating duration (F(2, 22)=7.431, p=0.003),
and total score (F(2, 22)=6.900, p=0.005). Meanwhile, a
significant main effect for group was revealed for SHI-15's
speech function (F(1, 11)=35.387, p<0.001), total score
(F(1,11)=29.691, p<0.001), and psychosocial score (F(1,
11)=22.214, p=0.001), and SWAL-QOL’s communication
(F(1, 11)=17.035, p=0.002) as shown in Table 3.

Changes in Speech and Swallowing-related Quality
of Life in IPD and MSA-C Groups After LSVT

In the IPD group, a repeated-measure ANOVA revealed
significant differences between pretest and posttest and
between pretest and follow-up for SHI-15's psychosocial
score (p=0.045; p=0.025). In the MSA-C group, significant
differences were revealed between pretest and posttest for
SHI-15's psychosocial score (p =0.042) and SWAL-QOL’s
symptom frequency (p =0.037) and total score (p =0.039).
In addition, a significant difference between pretest and
follow-up was revealed for SWAL-QOL’s eating duration
(»p=0.012) as shown in Table 3.

Discussion
Patients with PD may experience decreased maximal vocali-
zation time due to reduced muscle strength in the respira-

tory-vocal system and decreased voice loudness due to the
vocal cord muscle weakness [22]. In this study, the use of
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LSVT-LOUD achieved the goal of improving voice strength
and vocalization ability. Following the voice therapy, MPT
and voice intensity significantly increased in patients with
PD, and these gains were sustained over 3-month follow-up
period in the IPD group (Table 1).

In previous studies, MPT has been shown to be associ-
ated with oropharyngeal motor function, laryngeal eleva-
tion, and the triggering of pharyngeal swallowing [23,
24]. Patients with IPD and MSA-C experience pharyngeal
impairment associated with incomplete upper esophageal
sphincter relaxation, reduced upper esophageal sphincter
opening, high intrabolus pressure, and abnormal pharyn-
geal wall motion [25]. Thus, the vocal folds in the laryngeal
structure not only play a role in phonation but also act as a
sphincter at the time of deglutition. The aryepiglottic folds
in the larynx also serve as a guide through which food can
pass laterally into the pyriform recess. Therefore, the lar-
ynx not only affects the ability to produce speech, but also
facilitates bolus movement, protects the lower area of the
airway, and prevents aspiration during swallowing [26]. In
this study, we found significant post-treatment improvements
in MPT and voice intensity, and the post-treatment scores
for the pharyngeal phase with 15-ml thin liquid bolus swal-
lows revealed significant improvement in both patient groups
(Table 1). Additionally, both patient groups showed signifi-
cant improvements after treatment in premature bolus loss
(Table 2), which is evidence of improvement in oral phase
motor function, as well. Therefore, increases in MPT and
voice intensity were correlated with improvement of swal-
lowing function in the oral and pharyngeal phases.

Premature bolus loss is a sign of reduced tongue strength
and motility, as the tongue is the main structure that supports
the bolus during transport into the pharynx [27]. In previous
studies, LSVT has been shown to improve tongue strength
and the oral phase of swallowing [12], consistent with the
premature bolus loss improvements in this study. While the
other sub-items in the oral phase did not show significant
improvements, the baseline oral phase sub-item scores were
all close to zero, with the exception of premature bolus loss
in the MSA-C group. In addition, it has been noted that the
pharyngeal phase showed significant improvements in both
groups between pretest and posttest, but the only pharyngeal
phase sub-item with significant improvement was laryngeal
elevation in the IPD group. Based on the raw scores of the
VDS, other sub-items such as pyriform sinus residue, coat-
ing on the pharyngeal wall, and pharyngeal transit time all
show slight improvements between pretest and follow-up,
but due to the small sample size, the results were not sta-
tistically significant. Further research with larger sample
sizes may show more significant improvement in the VDS
sub-scores.

Unlike patients with IPD, patients with MSA-C show
severe dysarthria from the onset of illness [28, 29]. Thus,

@ Springer

a significant group effect was found for speech param-
eters including MPT (Table 1) and quality of life (speech
function, psychosocial function, total score of SHI-15;
communication score of SWAL-QOL; Table 3). Nonethe-
less, in this study, patients with MSA-C showed signifi-
cant improvements in measures related to speech function
(MPT, voice intensity; Table 1) and quality of life (psy-
chosocial function of SHI-15; Table 3) after treatment, and
statistical analysis in comparison to IPD revealed a sig-
nificant time effect, and no time X group interaction effect,
across many measures (voice intensity, psychosocial func-
tion of SHI-15; Tables 1 and 3). This suggests that both
patients with IPD and MSA-C experienced improvements
in speech function and quality of life to a similar degree
(Tables 1 and 3) 9.

In a previous study, intervention that trained the muscles
involved in swallowing was found to improve the quality
of life in patients with IPD for items related to symptom
frequency on SWAL-QOL [30]. In the present study, the
quality of life associated with swallowing improved slightly
after LSVT-LOUD for both the IPD and MSA-C groups.
When SWAL-QOL results were compared after treatment
in IPD and MSA-C groups, respectively, the MSA-C patient
group showed significant improvements in eating duration,
symptom frequency, and total score (Table 3). Overall, the
gains in speech function and speech-related quality of life
in this study support the hypothesis that LSVT resulted in
stronger respiration and laryngeal muscle movements, con-
sequently improving the quality of life related to swallowing
as reported by the IPD and MSA-C patients.

In patients with PD, swallowing problems occur as the
disease progresses [31, 32]. Previous research suggests that
LSVT-LOUD may improve pharyngoesophageal degluti-
tive function and cough reflex [11]. The results of this study
showed that swallowing function scores on VDS were
improved after LSVT (Tables 1 and 2). With these data,
this study supported the hypothesis that LSVT enhances
swallowing function especially in the pharyngeal phase. In
addition, this intervention may be appropriate for patients
with MSA-C who suffer from dysphagia.

NIH-SSS, with a maximum score of eight, quantifies
signs of pharyngeal phase dysphagia, including vallecular
residue, pyriform sinus residue, penetration, aspiration, as
well as the clearance of the bolus through the upper esoph-
ageal sphincter. When we compared pre- and post-LSVT
scores between the IPD and MSA-C groups, there was no
significant difference in NIH-SSS score before and after
treatment. However, there was a significant time effect for
NIH-SSS score in patients with IPD and MSA-C (Table 1).
It is important to note that the mean pre-treatment NIH-
SSS score in both patient groups showed low severity, which
can explain the lack of significant improvements post-treat-
ment. Accordingly, this time effect supports the finding of
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improved swallowing function in the pharyngeal phase in
both patient groups (Table 1).

Overall, the MSA-C group experienced slightly less
improvement in speech and swallowing function compared
to the IPD group, but both groups had a similar level of
long-term maintenance of the improvement (Tables 1 and
2). The difference in the degree of improvement is likely
because MSA-C typically shows a faster disease progres-
sion compared to IPD, and the MSA-C group began treat-
ment at a higher average disease severity in terms of speech
and quality of life function (Tables 1 and 3). Additionally,
both groups showed limited improvements in swallowing
function between pretest and follow-up, with significant
improvements seen in the IPD group’s pharyngeal phase and
premature bolus loss, and in none of the MSA-C group’s
VDS scores (Tables 1 and 2). This is possibly a result of
the degenerative nature of IPD and MSA-C [31, 32]. It is
possible that MSA-C patients could benefit from periodic
maintenance treatment sessions after completion of the
standard LSVT-LOUD protocol. Further research with a
longer follow-up period is necessary to investigate this phe-
nomenon in more depth.

However, some limitations should be noted. First, we did
not use a control group for this study. Second, the sample
size in this study is small. This study should be considered
as a pilot study to assess the clinical efficacy of LSVT as a
treatment for swallowing problems. Further research inves-
tigating the effects on the swallowing function of LSVT in
patients with IPD and MSA-C using a larger sample size and
a control group is required.

Conclusions

Previous studies have demonstrated the effect of LSVT
on speech and swallowing function in IPD patients, and
this study provided more evidence to this claim with sig-
nificant improvements in speech and swallowing function
and quality of life. Furthermore, this study showed that
LSVT elicits significant improvements in MSA-C patients.
We deemed LSVT to be an effective treatment for MSA-C
because speech and swallowing functions measured by MPT,
voice intensity, and VDS scores improved significantly after
treatment, particularly in the pharyngeal phase. In addition,
LSVT demonstrated a positive effect on speech- and swal-
lowing-related quality of life, evidenced by the significant
changes in SWAL-QOL and SHI-15 scores. We believe that
the results of this study can contribute to the clinical founda-
tion for LSVT in IPD and MSA-C patients with speech and
swallowing problems.
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