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ABSTRACT

Objectives: In the early stages, most Parkinson’s patients display some degrees of voice and
speech disorders. Speech disorders can negatively affect individuals’ social interactions and

Article info: . life; thus, treatment plans for the disorders in the early stages might be further beneficial than
Received: 01 Apr 2020 : the late Stages. Therefore, we aimed to investigate the effects of an intervention on Persian-
Accepted: 30 Mar 2021 :  speaking patients with early mild Parkinson’s Disease (PD). The intervention was the Lee

Silverman Voice Treatment (LSVT).

Methods: This was an interventional study and included 23 patients with PD. The study
participants were randomly assigned into one of two groups; 13 patients in the intervention
group (PD-I), and 10 in No-Intervention (PD-NI) group. Normal Persons (NP) or the control
group included 13 healthy participants who were neurologically normal and presented no
speech and voice disorders. Besides, they were matched with the PD-I group concerning
education, age, gender.

Available Online: 01 Mar 2021

Results: There was a significant impairment in Maximum Phonation Time (MPT), vocal
loudness in vowel /a/, in reading, and during a monologue speech in the PD group, compared
with the NP group (P<0.001). The LSVT resulted in a significant improvement in all measures
in the PD-I group (P<0.001); however, no significant change was observed between the
PD-I and PD-NI groups’ scores in first assessment (P>0.201). In contrast, the PD-NI group’s
results in all measurements of final assessment were significantly lower than those in the PD-I
(P<0.001) and NP (P<0.001) groups. The MPT also exhibited a considerable improvement in

Keywords: ¢ the PD-I group, compared with the controls.

VO?CQ’ Treatment, L01.1dness, Discussion: The LSVT, as a therapeutic technique based on the motor learning theory was
Yolce disorders, Parkinson : beneficial in improving the vocal loudness of Persian-speaking patients with PD in the early
disease :  stages of their disease.
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Highlights

e The explored patients in the early stage of Parkinson’s disease, compared with the neurologically normal control
group, had significant impairment in Maximum Phonation Time (MPT), vocal loudness in vowel /a/, reading, and dur-
ing a monologue speech.

e The presented LSVT significantly improved vocal loudness in Persian-speaking Parkinson’s patients who were in
the early stages.

e There was a considerable increase in the MPT of the vowel /a/ in the studied patients in the PD group with the
intervention (PD-I), even a little more than that in the healthy controls.

Plain Language Summary

Speech and voice disorders are observed in almost 90% of the Persian-speaking patients with Parkinson’s Disease
(PD) during their course of illness. Reduced vocal loudness is among the vocal characteristics of these patients, which
negatively affects social interactions and quality of life in them. A method for treating speech and vocal difficulties
in patients with PD is the Lee Silverman Voice Treatment (LSVT LOUD), i.e., used in other countries. In this study,
we used LSVT for treating early-stage Parkinson’s patients in Iran. Accordingly, LSVT has led to an increase in vocal

loudness in the speech of the explored patients with PD.

1. Introduction

arkinson’s Disease (PD) usually occurs

in aging groups and is progressive. This

neurological disorder seems to be cor-

related with reduced dopaminergic neu-

rons. The main observable symptom is

rest tremor; two other main symptoms
are bradykinesia and motion rigidity; the other disabling
feature is postural instability [1]. Dysarthria, as a motor
speech and voice disorder is observed in almost 90% of
patients with PD during their course of illness [2]. Re-
duced voice pitch inflections or monotone speech, re-
duced vocal loudness, the imprecise articulation of the
consonants, hoarseness, and breathy voice is also ob-
served in patients with PD; these symptoms often lead to
reduced speech intelligibility [3]. Furthermore, patients
with PD lack a proper perception of their voice. They
are unaware that their loudness is reduced, leading to
an inability to self-controlling their voice; this unaware-
ness is due to sensory processing deficits in patients with
PD. They also encounter deficits in internal cueing [4],
and even the perception of emotions through the audi-
tory channel [5]. These speech disorders can negatively
affect social interactions and quality of life in patients
with PD [6].

Among diverse therapeutic approaches applied in miti-
gating voice and speech disorders in patients with PD,
speech therapy is among the most effective noninvasive

approaches [7]. Speech therapies focused on speed and
articulation to improve the symptoms of the disease have
presented limited effectiveness; their long-term effects
have been unsuccessful [4]. A behavioral method for
treating speech and vocal difficulties in patients with PD
is the Lee Silverman Voice Treatment (LSVT LOUD)
developed by Ramig and associates [8].

The LSVT differs from the conventional types of
speech therapy. The LSVT includes 3 specific features,
as follows: voice is the target of the intervention; it is a
high-effort and intensive therapy; it emphasizes calibra-
tion, leading to the generalization and long-term effects
of the intervention [4]. The LSVT is a behavioral inter-
vention approach; accordingly, Randomized Controlled
Trials (RCTs) and other evidence revealed its effective-
ness to improve loudness and enhance other vocal fea-
tures up to several months after the intervention [9-12].
The intervention focuses on high-effort intensive vocal
activities, especially when accompanied by propriocep-
tive feedback and auditory-vocal self-monitoring; thus,
it helps to rescale the speech output amplitude. Focus-
ing on self-monitoring, i.e., damaged due to sensory
processing deficits in the PD, is an essential part of the
intervention plan [4].

The LSVT can modify the vocal loudness, Sound Pres-
sure Level (SPL), vocal fold adduction, voice quality,
articulation, Voice Handicap Index (VHI), and speech
intelligibility in patients with PD [10, 11, 13-15]. Neu-
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roimaging data highlighted the early evidence of neural
plasticity as a result of LSVT [16].

In the majority of past research, the LSVT was applied
in patients with PD of mild to moderate severity, or the
average disease severity of more than grade 2, accord-
ing to the Hoehn and Yahr scale [16]. Few studies, how-
ever, reported the effectiveness of the LSVT in the early
stages in mitigating the progression of voice and speech
symptoms in patients with PD [11]. The LSVT could be
more efficient in decreasing the incidence or progression
of verbal symptoms at the early stages. It presumably
is addressed as the lower prevalence of the concurrent
accompanying cognitive or psychological issues, i.e.,
depression, fatigue, or dementia [4].

PD is common in the elderly [1]; thus, it severely affects
their mental health and quality of life. This is the case
with their families, too. These are often influenced by the
loss of conversational and communicative abilities. Fur-
thermore, such constraints become aggravated in the pro-
gressed stages of the disease. Therefore, using successful
rehabilitation methods is crucial in blunting speech and
voice problems at the soonest possible. On the other hand,
only one research investigated the LSVT impacts on Per-
sian-speaking patients with PD. In that study, researchers
studied the effects of LSVT on the Voice Handicap Index
(VHI) [15]. Thus, the effects of this intervention on the
vocal loudness of early or mild stages of patients with PD
without the symptoms of dementia and depression were
investigated in this study. We hypothesized that this inter-
vention would improve vocal abilities in the PD group re-
ceiving Intervention (PD-I), compared with the PD group
without intervention (PD-NI).

2. Methods

The present interventional study consisted of the fol-
lowing groups: one: 13 patients with PD (Mean+SD age:
56.64+4.70 years; 7 females & 6 males) receiving the
LSVT intervention; two: 13 neurologically-healthy indi-
viduals as the controls (NP) (Mean+SD age: 56.14+3.30
years; 7 women & 6 men), who were matched with the
intervention group (PD-I); three: 10 patient with PD
receiving No-Intervention (PD-NI) (Mean+SD age:
57.82+3.46 years; 5 females & 5 males). These 23 in-
dividuals were randomly assigned into the PD-I and
PD-NI groups. For the random assignment of them, each
subject was initially allocated a code; then, an unaware
individual selected the codes per group. The NP group
presented no voice problems or speech disorders. The
matching criteria were age, gender, and educational lev-
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el. The exclusion and inclusion criteria of the NP group
were the same as the patient groups (Table 1).

The inclusion criteria of the current study included the
following: neurologist diagnosed idiopathic cases by
valid criteria [17]; mild cases in stage 1 or 2, i.e., deter-
mined by Hoehn and Yahr Scale [18]; the idiopathic cas-
es, i.e., diagnosed 1-8 years ago ((Mean+SD duration:
4.67+1.24 years) [3]; 4. using levodopa medication [13];
before performing any part of the intervention or home-
work, the study subjects were requested to ensure that
the employed sound of the tester could be easily heard
[10]; monolingual native Persian speakers; right-hand-
edness [16]; a minimum level of high school education,
and complaints about voice and speech by patients or
patient relatives [11]. The exclusion criteria included the
following: an experience of head trauma, or brain stroke,
or surgery [19]; receiving different antiparkinsonian
treatment approaches, such as subthalamic nucleus deep
brain stimulation (STN-DBS) (except for the consump-
tion of levodopa) [19]; a history of surgery or damage in
the larynx [20]; obtaining depression scores above 10 as
measured by the Geriatric Depression Scale (GDS) [21]
and achieving a general cognitive ability score of <26
(the maximum score of the MMSE test equals 30) [22].
During or before the study, the PD-I and PD-NI groups
underwent no intervention program by speech-language
pathologists [13]. The dose of medications used by pa-
tients remained unchanged when the evaluation and in-
tervention were accomplished [11].

All research participants provided an informed consent
form. The PD-NI group was suggested to receive the
same intervention after the study fulfillment. The inter-
vention was free of charge for them. The methodologi-
cal procedure insisting on the intervention plan and the
speech tasks used for assessments are comprehensively
presented below (Figure 1).

The LSVT intervention was performed by one speech-
language pathologist, certificated by the LSVT Global
Inc. The LSVT, with a set of simple tasks, is designed
to maximize respiratory and phonatory functions. This
method is performed with continuous guidance and
stimulation of the patient to produce a loud voice with
high effort during sustained phonation and various
speech tasks [8]. The LSVT approach includes the fol-
lowing fundamental concepts: focusing on voice (espe-
cially producing loud voice); stimulating speech pro-
duction with high-effort and repetitive items at different
times; intensive intervention; increased sensory aware-
ness, and quantifying behaviors. Intervention sessions
included the tasks of daily living and a speech hierarchy
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Table 1. The demographic characteristics of the study groups (Mean+SD)

Groups Age (y) Education (y) GDS Score MMSE Score Disease Severity (H&Y)
PD-I (n=13) 56.64+4.70 15.32+2.57 2.71+0.91 28.37+0.91 1.46+0.49
PD-NI (n=10) 57.82+3.46 15.87+1.97 2.60+0.84 28.10+0.87 1.20+0.34

NP (n=13) 56.14+3.30 15.64+1.82 1.57+0.71 29.57+0.64

Mranian [ehabilitation Mournal

GDS: Geriatric Depression Scale, MMSE: Mini-Mental State Examination, PD-I: Parkinson’s Disease-Intervention, PD-NI: Par-

kinson’s Disease No-Intervention.

[8]. These tasks improve the loudness of voice by the
repetitions of vowel (“ah”) in a sustained form, exer-
cises on high/low-pitch range, and some phrases with
daily living usage. The speech hierarchy can systemati-
cally increase communicative functions by further prac-
tice with patients for maintaining increased loudness
of voice (achieved by daily living tasks) for higher of
speech and more complicated speaking situations (e.g.
progression from words to daily living conversations)
[16]. The explored individuals were advised to produce
“louder voice” when conducting different tasks, such as
phonation and speaking. Besides, for enhancing self-reg-
ulation, they received auditory and visual feedback [10].

The LSVT approach includes 16 one-hour interven-
tion sessions, presented individually in 4 weeks (4 ses-
sions/week). The LSVT was administered for all study
patients based on the standard LSVT LOUD protocol
by Ramig and associates [8]. The intervention sessions
were performed in a quiet place. Before $tarting the in-
tervention, a speech and language pathologist who was
a fluent speaker in Persian and English languages trans-
lated the clinical tasks of LSVT into Persian [14].

The speech tasks were recorded one week before the
onset of the intervention plan for the intervention groups
and one week after finishing the intervention sessions [9].
The recording was conducted in an acoustic room with a
background noise level of <43 dB [19], using ASUS Cer-
berus microphone and Praat 5.4 software at the sampling
rate of 44.1 KHz, and an 8-cm distance between mouth
and microphone [14]. The vocal loudness (dB SPL)
was obtained by GM1357 sound level meter located at
a 30-cm distance of the lips [16]. The time of medica-
tion consumption for all research participants was one
hour or more before recording. Furthermore, they were
in the on-phase of their medication cycle while recording
the speech tasks [14]. The recording method for the PD-
NI and NP groups was the same as the PD-I group; the
speech tasks were recorded in 2 periods, i.e., primary and
secondary evaluations, concurrent with the PD-I group.

The speech tasks used for all study groups included the
following: maximum duration of the sustained phona-
tion of vowel /a/; reading the Grandfather text (it consists
of 15 sentences, 13 predicative sentences, 1 interroga-
tive sentence, & 1 exclamatory sentence; 83 words and
160 syllables with an average syllable per word of 1.93)
(This text is prepared to be easily read by low-literacy
individuals) [23], and a 25 to 30 seconds of monologue
conversational speech based on the individual’s choice
[10]. To calculate the Maximum Phonation Time (MPT)
of the vowel /a/, the study participants were requested to
sustain vowel /a/ for as long as possible. Each study par-
ticipant repeated vowel /a/ 3 times; eventually, the aver-
age of the three articulations was calculated. No instruc-
tion was provided regarding the loudness level during
the assessment.

Statistical analyses were conducted by SPSS at the sig-
nificance level of P<0.05. Kolmogorov-Smirnov test was
used for determining the normal distribution of the ob-
tained data. Multivariate Analysis of Variance (MANO-
VA) was used for comparing the mean scores of study
groups. This test was used to examine different param-
eters of loudness in vowel /a/, the MPT of the vowel /a/,
and loudness in reading, monologue. A repeated-mea-
sures Analysis of Variance (ANOVA) was used for com-
paring loudness and the MPT of the vowel /a/, loudness
in reading, as well as a monologue in pre- and post-inter-
vention in the study groups. The obtained data suggested
the following items: the F values, P-values, Effect Size
(ES) (partial n?), and observed power. An ES of 0.20 was
considered small, an ES of 0.50 was considered medium,
and if ES was >0.80, it was considered large [24]. The
Tukey posthoc test was used for multiple comparisons of
the mean values of different measurements.

3. Results

Table 1 presents the demographic characteristics of
the study groups. The results of the MPT (sec) and the
voice loudness (dB) in the primary evaluation (pre-
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Participants (50-65 year-olds)

Patients with PD (n=23)

NP group (n=13)

Speech tasks:

- Maximum phonation time in vowel /a/ (sec)
- Loudness in vowel /a/ (dB)

- Loudness in reading /a/ (dB)

- Loudness in monolog speech (dB)

PD-I group PD-NT group
(n=13) (n=10)
I
LSVT treatment
(4 weeks)

The second assessment with speech tasks 5 weeks after
the first assessment

[ranian Rehabilitation Mournal

Figure 1. The flowchart demonstrates the study protocol consisting of the 3 research groups, speech tasks, and the study timeline

NP: Normal Persons, PD-I: Parkinson’s Disease-Intervention, PD-NI: Parkinson’s Disease No-Intervention

intervention) were compared between the research
groups. The PD-I and PD-NI groups were compared to
the NP group, indicating significantly lower statistics
in all parameters, including the MPT of the vowel /a/
(F,;,=16.81, P=0.002, partial 1n*=0.505, power=0.999);
vocal loudness in vowel /a/ (F2,33:190.76, P<0.001, par-
tial 1%=0.920, power=1.000); vocal loudness in reading
(F,,=113.50, P<0.001, partial n*=0.873, power=1.000),
and vocal loudness in a monologue speech (F, ,,=60.61,
P<0.001, partial n>=0.786, power=1.000) (Figure 2). The
difference between the PD-I and PD-NI groups was not
significant (P>0.201).

After performing the LSVT intervention protocol in the
intervention group, the PD-I group revealed a significant
improvement in all measurements (P<0.05). Besides, the
difference between the final measurements of the PD-I
and NP groups was not significant (P>0.061). How-
ever, the PD-NI group’s results in all measurements of
final assessment were significantly lower than those in
the PD-I (P<0.001) and NP (P<0.001) groups. Figure 3
compares the study groups in the MPT of the vowel /a/
(F1!26:2O.O8, P<0.001, partial 1?=0.549, power=1.000);
vocal loudness in vowel /a/ (F,,=88.91, P<0.001, par-
tial n?= 0.843, power=1.000); vocal loudness in reading
(F,,=32.8, P<0.001, partial n=0.666, power=1.000),
and vocal loudness in a monologue speech (F,, =71.83,
P<0.001, partial n>=0.813, power=1.000). The MPT of

the vowel /a/ for the PD-I group was greater than that
of the NP group; however, but this difference was not
significant (P>0.078).

Additionally, the scores of the primary and the second-
ary evaluations were individually compared per group.
The PD-I group demonstrated significant improve-
ments in the second evaluation, compared with the first
examination for the MPT of the vowel /a/ (F, |,=61.46,
P<0.001, partial n=0.861, power=1.000); vocal loud-
ness in vowel /a/ (Fm:44.48, P<0.001, partial n>=0.943,
power=1.000); vocal loudness in reading (F, ,=46.30,
P<0.001, partial n=0.839, power=1.000), and vocal
loudness in a monologue speech (F, ,,=91.25, P<0.001,
partial n’=0.976, power=1.000). The difference was not
significant between the PD-NI (P>0.055) and NP groups
(P>0.165) for the same analyses.

4. Discussion

The present study compared the effects of LSVT on
the vocal loudness of Persian speakers with early PD be-
tween the PD-I and two control groups, i.e., PD-NI and
NP. The main findings of this study were as follows: both
study groups with PD demonstrated impaired perfor-
mance, compared with the NP group in all speech tasks;
the LSVT remarkably improved the vocal characteristics
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A) maximum phonation time (sec), B) loudness in vowel /a/ (dB), C) loudness in reading (dB), D) loudness in monologue
speech (dB) for the three groups. NP: Normal Persons, PD-I: Parkinson’s Disease-Intervention, PD-NI: Parkinson’s Disease
No-Intervention. Error bars represent standard error (+SE) around the means. Asterisk indicates: "P<0.001

in the PD-I group; however, no significant change was
detected in the PD-NI group.

Impairments in the sustained production of vowels
were tackled in some publications in patients with early
PD; however, studies addressing this finding are scarce
[3, 25]. In our study, the impairment in the MPT of the
vowel /a/ was presented higher in the PD groups (PD-I
& PD-NI), compared to n the NP group in the first as-
sessment. The vocal-respiratory system in patients with
PD reveals abnormalities in the vital capacity; the air
consumed during the MPT tasks; the respiratory muscle
movement, and the chest-wall movement [26]. There-
fore, the MPT reduction might occur in these patients,
compared with the healthy population. The MPT of the
vowel /a/ in the explored patients with PD significantly
increased after the LSVT; however, the NP and PD-NI
groups indicated no significant difference between the
primary and the secondary evaluations. Therefore, the
LSVT specifically improved the MPT of the vowel /a/
in the intervention group. The LSVT intervention re-
calibrates the motor systems in patients with PD by in-
creasing the movement amplitude [4]. Furthermore, the
respiratory muscles’ movement range might enhance.
Subsequently, the MPT elevates after the intervention.
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Figure 3. Comparing the obtained data of the study groups at post-intervention
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Additionally, another interesting result achieved in this
study was a considerable increase in the MPT of the
vowel /a/ in the PD-I group, i.e., slightly higher than the
NP group. Individuals with mild PD were studied; there-
fore, providing training on breathing deeply (following
the therapist’s instructions), and persistently performing
the MPT task for 4 consecutive weeks could improve
their ability in this task. Besides, the PD-I group demon-
strated a higher MPT, compared with the PD-NI group.
Thus, the LSVT can significantly impact the disease
during the early stages [4]. Further research on the early
stages of the disease with mild severity, as well as in-
vestigating the persistence of the intervention effects in
long-term are required.

The PD-I group also revealed a significant improve-
ment in vocal loudness in all 3 phonations of the vowel
/a/, reading, and monologue speech tasks after the in-
tervention, compared to the PD-NI group. The present
research findings were in line with those of other studies
that investigated the effects of the outcomes of LSVT
on increasing vocal loudness in individuals with mild
to moderate and moderate PD [4, 10, 11]. Considering
this compatibility and findings related to the correla-
tion of loudness with breathing and nasalance [27, 28],
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A) maximum phonation time (sec), B) loudness in vowel /a/ (dB), C) loudness in reading (dB), D) loudness in monologue
speech (dB) for the three groups. NP: Normal Persons, PD-I: Parkinson’s Disease-Intervention, PD-NI: Parkinson’s Disease
No-Intervention. Error bars represent Standard Error (+SE) around the means. ** P<0.001



http://irj.uswr.ac.ir/

Iranian [Ziehabilitation Blournal

it seems that working on the loudness of voice in these
patients can be helpful. Vocal changes in the PD are also
observed in the form of reduced vocal loudness, hoarse-
ness, and breathy voice [4]; the sensory processing disor-
ders and the inability to perceive and regulate the output
amplitude are directly responsible for speech and voice
disorders in Idiopathic Parkinson’s Disease (IPD).

The LSVT teaches patients with PD to recalibrate their
perceptive and motor systems; accordingly, their range
of motor-speech parameters is less likely to reduce [8].
Besides, the LSVT overcomes or compensates for inter-
nal cueing and vocal self-monitoring deficits during the
speech [12], leading to reduced sensory processing ab-
normalities in patients with PD-I. The LSVT is a thera-
peutic technique that fosters motor learning theories as
well as neuroplasticity principles in motor acquisition,
i.e., intensity, complexity, and saliency extension [4]. It
seems that with feedback and guidance, the LSVT can
engage the prefrontal cognitive circuits, as well. The ef-
fects of the LSVT on cortical regions by correcting the
motor cortical, auditory, and prefrontal areas during
speech has also been supported [16]. Accordingly, the
LSVT could successfully induce neuroplasticity in pa-
tients with PD, leading to improvements in their vocal
characteristics.

The methods used for analyzing and evaluating the vo-
cal characteristics presented beneficial biomarkers to di-
agnose PD in its early stages [29]. Since 78% of patients
with early PD demonstrate some voice disorders [11],
the LSVT program seems crucial for mild PD. Dementia
and depression are also common in these patients, which
can affect speech [4]. In our study, Persian-speaking pa-
tients in the early stages of PD without dementia or de-
pression were included; we aimed to gain more from the
intervention, as well as to prevent the effects of dementia
or depression on the results. Research findings presented
the efficacy of rehabilitative programs for the first stages
of PD; it can slow down the progression of motor symp-
toms [30]. In our study also the LSVT as an intervention
based on motor learning theories [9] could successfully
decline the progression of speech and voice problems in
the first stages of PD.

The small sample size was a limitation of this study. A
challenge was that the majority of the recruited patients
presented advanced stages of PD; therefore, mild cases
were infrequent. Besides, concerning numerous inclu-
sion criteria, finding relevant patients for the research
sample was difficult. We were also eager to follow up on
the consistency of the outcomes of the LSVT program
in the long term; however, the main problems of the pa-
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tients were resolved and they were unwilling to continue
participating in the intervention program. Therefore,
studying the follow-up effects of the intervention on pa-
tients at the first stages of PD is suggested.

5. Conclusion

The obtained data revealed that the LSVT intervention
improved vocal loudness in Persian-speaking patients
with early mild PD. Thus, this technique, i.e., based on
the motor learning theory, can be effective in reducing
the progression of the symptoms of impaired speech in
the early stages of PD.
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