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Introduction: Multiple System Atrophy (MSA) is a degenerative neurogenic disorder 
characterized by multiple symptoms affecting the movements and autonomic nervous system. 
It reduces the function of various types of nerve cells in the brain and spinal cord. MSA causes 
some movement disorders such as dysarthria that is one of the most common symptoms in 
these patients. The first neurological sign that sometimes progresses is the complete inability 
to produce speech. This study aimed to evaluate the effect of an intensive voice therapy based 
on the principles of Lee Silverman Voice Therapy (LSVT) on improving acoustic features, 
intelligibility, and quality of life index of the patients with MSA.

Materials and Methods: The patient was a 57-year-old woman with MSA disorder. Acoustic 
assessments of voice, intelligibility, and voice handicap index were performed before and after 
the treatment program according to LSVT principles.

Results: Acoustic values such as intensity, frequency, and harmonic to noise ratio increased, 
and jitter and shimmer parameters decreased. Amount of perception of intelligibility increased. 
A significant decrease in the scores of the quality of life index related to voice handicap was 
observed. 

Conclusion: After treatment by intensive voice therapy, the acoustic assessment revealed 
improvement in all voice parameters. The perceptual assessment showed improved 
intelligibility and increased the patient’s quality of life. Intensive voice therapy based on LSVT 
principles effectively improves the acoustic features, which subsequently cause intelligibility 
to be more comprehensible. It generally improves verbal communication, which has a positive 
effect on the patient’s quality of life.

Keywords: Multiple system atrophy, Dysarthria, Speech acoustics, Intelligibility, Quality of 
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1. Introduction

SA is a degenerative neurogenic dis-
order characterized by multiple symp-
toms affecting the movements and au-
tonomic nervous system that controls 
involuntary activities, such as blood 

pressure or digestion. MSA reduces the function and 
kills various nerve cells in the brain and spinal cord [1]. 
This movement disorder is clinically characterized by 
atypical Parkinsonism, cerebellar ataxia, and pyrami-
dal signs. It is always associated with the failure of the 
autonomic nervous system [2]. The early signs of MSA 
are often difficult to distinguish from the symptoms of 
Parkinson disease. Some include bradykinesia, tremor, 
the rigidity of muscles, lack of muscle coordination, 
speech disorder, trembling sound, fainting and dizzi-
ness during hypotension blood pressure, bladder control 
problems, and others [1, 3]. This disorder is divided into 
two types [4]: 1) MSA-P type, which is Parkinsonism 
type and dominates the left hemisphere of the brain that 
often has Parkinson’s early features, including bradyki-
nesia, tremor, and rigidity with problems with balance, 
coordination, and dysfunction of the autonomic nervous 
system, 2) MSA-C, the cerebellar type of MSA with the 
domination of the brain’s right hemisphere. It has early 
symptoms similar to ataxia, such as difficulty with bal-
ance and coordination, difficulty swallowing, speech 
abnormalities with a trembling voice, and abnormal eye 
movements like twitching. Because speech production 
requires precise coordination of many muscles, speech 
problems are often one of the first significant problems 
in these patients [5]. 

Dysarthria is one of the most common of them, and it is 
often the first neurological sign that sometimes progress-
es to complete inability to produce speech. Hypokinetic 
dysarthria is the predominant type whose effect is con-
tinually decreasing loudness during speaking. Decreased 
loudness also causes a reduction of a person’s ability to 
have intelligible speech and, consequently, reduces the 
ability to function properly in society [6]. Reduced range 
of movements, as well as the slowness of tongue pro-
duction movements in hypokinetic dysarthria, also have 
a significant effect on the accurate articulation of con-
sonants and vowels [7]. In general, these changes result 
in deviations in the acoustic characteristics of speech 
production [8]. The predominant effects of dysarthria 
include persistent and slow changes in voice quality, 
hoarseness or breathiness, excessive changes in pitch, 
decreased speech rate, abnormal stress patterns in words 
and syllables, and inaccurate word production [9]. Total 
symptoms listed reduce the patient’s speech intelligibil-

ity which can affect the quality of life and mental health. 
It creates depression and feelings of isolation and im-
pairs one’s ability to keep a job [10].

There are proposed methods of voice therapy on a daily 
basis that provide a high intensity of treatment. Such in-
tensive approaches focus on simple tasks with phonation 
attempts and often practice one parameter of voice [6]. 
In contrast, traditional voice therapy, e.g. Boone facili-
tating techniques [11], involves multiple speech systems 
(e.g. respiration, phonation, articulation, and resonation). 
Their treatment intensity is low (1 to 2 weekly sessions, 
few tasks repetitions) and does not provide self-percep-
tion of voice quality by an individual [12]. One of the 
high-intensity therapies is Lee Silverman Voice Therapy 
(LSVT), proposed by Ramig et al. It is a focused treat-
ment program to improve vocal cords contact, the overall 
voice, and speech articulation. It is based on loudness and 
maximum effort during sustained vowel phonation and 
other speech tasks [13]. Patients treated with this method 
should always try to produce voice loudly and control it. 

In a case study, a patient with ataxic dysarthria produced 
increased (beyond a standard deviation) amounts of 
acoustic values, as well as improved qualitative features, 
such as articulatory precision, intelligibility, and speech 
rate, after treating with LSVT [14]. In another study by 
Spielman et al., 12 participants with Parkinson disease 
received advanced LSVT treatment, which was held in 
two 1-hour sessions per week for 8 weeks. The results 
showed similar treatment by typical LSVT in positive 
changes in patients’ acoustic features [15]. The result of 
another study showed a significant increase in terms of 
intelligibility 6 months after the intervention of LSVT in 
comparison to traditional therapy for a patient with dys-
arthria [16]. In a single-subject study, Dromey et al. per-
formed intensive voice therapy to create phonatory and 
articulatory changes in a patient with Parkinson disease 
over one month. The patient could increase his voice in-
tensity after treatment [17]. Soloman et al. presented a 
combination of LSVT and verbal and non-verbal breath-
ing treatments to a patient with moderate hypokinetic 
dysarthria with mild spastic features and considered 
quality of life. The results showed an increase in loud-
ness, improved verbal breathing and intelligibility, and 
reduced scores of quality of life index associated with 
voice disability [18]. The result of a single-subject study 
by Rezaei showed the positive effects of intensive voice 
therapy during 4 weeks on increasing acoustic features 
and intelligibility and subsequently scores reduction of 
quality of life index related to voice disability [19].
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Instrumental, perceptual, and qualitative evaluation 
showed a marked improvement in glottis closure, sound 
pressure level, changes in the range of the fundamen-
tal frequency, intelligibility, and Voice Handicap Index 
(VHI) scores after the practicing LSVT in mentioned 
related studies [14-19].

Due to the numerous phonatory and articulatory prob-
lems in different diseases with dysarthria symptoms 
and the negative impact of limited communication on 
the quality of life of these patients, providing an in-
tensive and short-term voice therapy plan will have a 
significant effect on communication adequacy and pa-
tient’s life. Accordingly, in this study, an intensive voice 
therapy program based on the principles of LSVT was 
used to evaluate the effect of treatment on voice features 
improvement, including increasing voice intensity, fre-
quency, harmonic to noise ratio, and reduction of per-
turbations as shimmer and jitter in a patient with MSA 
disorder with dysarthria symptoms. The effects of im-
proving voice features on speech intelligibility and qual-
ity of life were the secondary study objectives.

2. Materials and Methods

Study participant

This study is a single-subject case report of treating 
a patient who was a 57-year-old woman with MSA. 
There was no family history of the disease, and its onset 
was sudden. The patient showed fatigue, sleep distur-
bance, body tilt, hypokinesia, tremors, slow and short 
steps, staring eyes, low speech rate, and limited drool-
ing without dysphagia problem. The acoustic symptoms 
included hoarseness, tremor, low loudness, decreased 
pitch range, breathiness, and hypernasality. According 
to the aim of strategies focusing on vocal intensity, low 
loudness was the inclusion criterion of the study, which 
was the main compliance of participants.

Study assessment 

Observing the physical condition of the vocal cords 
by endoscopic examination (specifically laryngoscopy 
by speech therapist) was done during the production 
of sustained vowel /i/ phonation. It showed weak vocal 
cords adduction and incomplete glottis closure. Voice 
samples during assessment sessions have been recorded 
in the setting of reticence with less than 30 dB ambi-
ent noise level [20] recording by microphone then mix-
ing and calculating by Praat [21] in a double-walled 
sound-attenuating room in a medical center. Record-
ing acoustic signals were done by Soundco UPC-1250 

Headmic Microphone. The microphone diaphragm was 
placed at a distance of less than 10 cm to the right side 
of the patient’s mouth [20]. Next, the patient was asked 
to sustain the vowel /a/ phonation. Then the voice track 
was saved and put up on Praat software to evaluate and 
analyze acoustic parameters, including the fundamen-
tal frequency and voice intensity with their maximum 
and minimum amount, harmonic to noise ratio, jitter, 
and shimmer. To remove background noise on the re-
corded file, it was filtered by the sound filtering section 
at the Praat setting [22]. Speech intelligibility was as-
sessed perceptually by presenting the patient’s voice to 
three unfamiliar listeners to judge simultaneously and 
in similar circumstances. To evaluate the patient’s qual-
ity of life related to voice disability, we used a Persian 
adapted questionnaire of VHI. It measures the physical, 
emotional, and functional effects of a patient’s voice 
problems in three sub-tests which include 30 questions 
and a total score of 120 [23].

Study treatment 

Treatment was performed according to the principles of 
Lee Silverman Voice Treatment (LSVT). It is a program 
designed to increase vocal intensity perceived as loud-
ness. It focuses on a simple set of tasks that are practiced 
intensively, 4 sessions per week during 4 weeks, result-
ing in maximization of phonatory and respiratory func-
tions. LSVT emphasizes vocal effort (“think aloud, think 
shout”) and maximizing sensory perception of loud-
ness by therapists [13]. In this case, treatment sessions 
include such practices as breathing and laryngeal exer-
cises, sustaining vowel /a/, keeping the mouth open dur-
ing phonation, pitch change, expressing words, phrases, 
and sentences, text reading, and making conversation. 
Also, she was asked to focus only on the loudness while 
contextual noise was presented at each stage to increase 
practice complexity, known as Lombard effects [24]. The 
fifth Boone loudness level was selected as target inten-
sity [11] at all speech practices. Each loudness practice 
was recorded and replayed to the patient to judge her 
performance. Then she modified it using auditory feed-
back during the sessions. The therapist provided constant 
positive feedback to the patient and encouraged her to 
self-monitor and internally calibrate her loudness. The 
treatment program consisted of one 1-hour individual 
session four times a week, and 16 sessions were held. 
The patient’s home practice was performed once a day 
for 10 minutes on days she had clinical treatment ses-
sions and twice a day for 15 minutes, on days she did not 
have clinical sessions and was free. Description of the 
protocol of the session is provided in Table 1.
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3. Results

Acoustic features

Loudness and pitch were measured at average, the 
most, and the least amount of them in patient phona-
tion on sustained vowel /a/. Their perturbation in order 
as shimmer and jitter in addition to harmonic to noise 
ratio was measured. These features were evaluated be-
fore treatment, immediately after that, and 6 months later 
as a follow-up session. Although there are no acoustic 
features norms of old females without voice disability in 

Persian, the resulting participant measures compared to 
those reported in the study of Goy et al. [25]. Acoustic 
feature values are presented in Table 2.

Measurement by Praat revealed increased mean, maxi-
mum, and minimum of voice intensity almost 15 dB 
more than the pre-treatment phase. It raised about 75 dB 
as average to about 90 dB after 6 months. The frequency 
range has significantly increased, especially at its mini-
mum amount, which increased to about 300 Hz after 6 
months rather than 75 Hz before starting the treatment. 
Results showed a significant reduction in jitter and shim-
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Table 1. Practical LSVT protocol used for the participant

Practical LSVT ProtocolWeeks

Breathing exercises: training abdominal breathing pattern, increasing breathing volume
Laryngeal warm-up exercises
Sustained production of vowel /a/ phonation at the fifth Boone loudness level 
Focusing on keeping the mouth open during sustaining vowel phonation loudly (open mouth technique)
Using the Lombard effect during sustained vowel phonation
Pitch changes during sustained vowel phonation
Expressing words 
Expressing practical phrase 
Recording patient’s voice during sustained vowel phonation which she perceived as “too 
loud” and then playing that for her

The first

Breathing exercises: increasing breathing volume
Laryngeal warm-up exercises
Sustained vowel /a/ phonation at the fifth Boone loudness level 
Focusing on keeping the mouth open during sustained vowel phonation and expressing words loudly (open 
mouth technique)
 Using the Lombard effect during sustained vowel phonation and expressing words
Pitch changes during sustained vowel phonation
Expressing sentences at the fifth Boone loudness level 
Expressing practical phrase
Judging the loudness of recorded own voice by a patient during vowel phonation and expressing words

The second

Breathing exercises: controlling expiration air
Laryngeal warm-up exercises
Sustaining vowel /a/ phonation at the fifth Boone loudness level 
Focusing on keeping the mouth open during sustained vowel phonation, expressing words and practical phrases 
loudly (open mouth technique)
 Using the Lombard effect during sustaining vowel phonation and expressing words and practical phrases
Pitch changes during sustaining vowel phonation
Text reading at the fifth Boone loudness level 
Expressing words and practical phrases at the fifth Boone loudness level 
Judging the loudness of recorded own voice by a patient during vowel phonation, expressing words and practical 
phrases

The third

Breathing exercises: controlling expiration air
Laryngeal warm-up exercises
Sustaining vowel /a/ phonation at the fifth Boone loudness level 
Focusing on keeping the mouth open during sustained vowel phonation, expressing words and practical phrases 
loudly (open mouth technique)
 Using the Lombard effect during sustained vowel phonation, expressing words and practical phrases, and text 
reading 
Pitch changes during sustained vowel phonation
Making conversation at the fifth Boone loudness level 
Judging the loudness of recorded own voice by a patient during vowel phonation, expressing words and practical 
phrases, and text reading 
Providing the therapist’s opinion on the intelligibility of the heard sentences and comparing with the patient 
target sentences

The fourth 
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mer, and they reached both to below 0.08% at the fol-
low-up session. The harmonic to noise ratio also showed 
a 24 Hz increase 6 months after the treatment.

Intelligibility

Speech intelligibility was assessed perceptually by pre-
senting the patient’s voice to three unfamiliar listeners 
to judge simultaneously and in similar circumstances 
immediately and 6 months after the treatment. The first 
and second listener perception was above 70% in the 
pre-treatment session, but the third one was below 50%. 
However, all of them reported above 80% and 90% im-
mediately and 6 months after treatment, respectively. 
The results are represented in Table 3. 

VHI scores

Quality of life index related to voice handicap per-
formed for the patient immediately and 6 months after 
treatment. Its scores were compared to Persian adapted 
norms [23]. The results of that are presented in Table 4.

Emotional, physical, functional, and total parameters 
significantly reduced 13, 12, 9, and 34 scores, respec-
tively, 6 months later than before treatment with LSVT.

4. Discussion

This study aimed to investigate the effects of inten-
sive voice therapy based on the principles of LSVT in 
a patient with MSA disorder. Acoustic features, speech 
intelligibility, and quality of life index related to voice 
handicap were evaluated and assessed for the patient. 
Results showed increased parameters, such as frequency, 
voice intensity, harmonic to noise ratio, and reduction in 
jitter and shimmer amounts. Also, an endoscopic evalua-
tion showed increased vocal cords adduction and glottis 
closure which helped to produce higher loudness. Due 
to these changes, voice quality improved. Consequently, 
enhanced intelligibility was obtained. Improvement in 
the mentioned parameters had a significant effect on the 
patient’s functional relationship and the scores of quality 
of life index related to voice handicap. In general, after 
treatment, the patient was less negatively affected by his 
voice. To follow up on the treatment results, the patient 
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Table 2. Acoustic features before and after treatment compare to available norms 

Mean±SD
Old Females Norms 

Six Months
Post-treatmentPost-treatmentPre-treatmentFeature

74.0±4.290.1288.6374.27Mean of voice intensity (dB)

Not available92.23 88.34 76.5 Max of voice intensity (dB)

56.5±6.188.04 87.17 68.48 Min of voice intensity (dB)

211±42322.21 310.89 160.68 Mean of frequency (Hz)

520±120330.42 305.71 192.36 Max of frequency (Hz)

Not available301.02 298.79 75.70 Min of frequency (Hz)

0.47±0.340.070.080.85Jitter (%)

2.78±1.790.030.050.72Shimmer (%)

25.3±3.830.71 28.18 16.05 Harmonic to Noise (Hz)

Table 3. Speech intelligibility percept by listeners before and after treatment 

%
Listeners

After 6 MonthsPost-treatmentPre-treatment

909083.491

9089.3478.542

9086.248.443
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was evaluated 6 months after the last treatment session. 
The results showed relative stability at almost all param-
eters, such as frequency, intensity, harmonic to noise ra-
tio, intelligibility, and voice handicap index scores. The 
study findings were similar to the results reported by oth-
er researchers, which proved an intensive voice therapy 
program based on principles of LSVT has a remarkable 
effect on improving acoustic values and consequently 
improves qualitative features such as intelligibility [14-
17]. The findings of laryngoscopy showed increased vo-
cal cords adduction which were similar to those studies 
that reported, after treatment, the patient learns to in-
crease the adduction of the vocal cords by focusing on 
loudness. Thus improving the activity and cooperation 
of the laryngeal muscles occurs [8]. There is a direct re-
lationship between the lengths of speech formants and 
loudness; in other words, a loud voice reorganizes the 
movement of articulators, which causes improved intel-
ligibility [26]. The results of this study scores are similar 
to the result of those which represented the positive ef-
fects of LSVT on enhancing patient’s quality of life and 
communicating performance [18, 19].

5. Conclusion

The study results showed that an intensive voice ther-
apy program based on the principles of LSVT with a 
focus on voice intensity, increases the contact level of 
the vocal cords and improves voice quality. It improved 
acoustic features and thus improved speech intelligibil-
ity. Increased intelligibility also significantly improved 
the patient’s communication quality and the quality of 
life index associated with voice handicap. Obviously, 
improved verbal communication had a positive func-
tional effect on the patient’s quality of life. The long-term 
effects of treatment on acoustic features, intelligibility, 
and quality of life were also observed after 6 months.

Study limitations

Because of the patient’s physical problems, the ses-
sions were often not completed over time, and she could 
not always stay rest time of practices. Because of depres-
sion arising from limited communication, she had low 
motivation and corporation to do exercises on the first 
days of treatment.

Study suggestions

It is recommended to evaluate the effects of LSVT 
protocol at the follow-up only to show the stability of 
treatment. Also, it is suggested that this program be im-
plemented on a Group of patients with dysarthria and 
compare the results with a randomized control Group 
study of a Group with the same age and gender.
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Table 4. Voice handicap index scores

Mean±SD
Persian Adapted 

Norms 

Six Months
Post-treatmentPost-treatmentPre-treatmentSubtest

10.63±9.6751018Emotional score

19.98±9.54122124Physical score

15.24±9.8191518Functional score

46.81±27.18264660Total score

https://jmr.tums.ac.ir/index.php/jmr


285

Conflict of interest

The authors declared no conflict of interest.

Acknowledgements

The authors want to thank Isfahan University and our 
participant and her family to attend treatment sessions. 

References

[1] Wenning GK, Krismer F. Chapter 19 - Multiple system atro-
phy. In: Buijs RM, Swaab DF, editors. Autonomic Nervous Sys-
tem. Handbook of Clinical Neurology. Vol. 117. Amsterdam: 
Elsevier; 2013. pp. 229-241. [DOI:10.1016/B978-0-444-53491-
0.00019-5]

[2] Flabeau O, Meissner WG, Tison F. Multiple system atrophy: 
Current and future approaches to management. Therapeu-
tic Advances in Neurological Disorders. 2010; 3(4):249-63. 
[DOI:10.1177/1756285610375328] [PMID] [PMCID]

[3] Bower PG. Multiple system atrophy: Building a global com-
munity - 30 years of advocacy efforts. Autonomic Neuroscience. 
2018; 211:39-42. [DOI:10.1016/j.autneu.2017.12.006] [PMID]

[4] Sturm E, Stefanova N. Multiple system atrophy: Genetic or 
epigenetic? Experimental Neurobiology. 2014; 23(4):277-91. 
[DOI:10.5607/en.2014.23.4.277] [PMID] [PMCID]

[5] Brewer GJ. Wilson’s disease explained for the lay-person. 
In: Brewer GJ. Wilson’s Disease for the Patient and Fam-
ily: A Patient’s Guide to Wilson’s Disease and Frequently 
Asked Questions About Copper. Bloomington: Xlibris 
Corporation; 2002. pp. 35-43. https://books.google.com/
books?id=zEX83EpCnV4C&dq

[6] El Sharkawi A, Ramig L, Logemann JA, Pauloski BR, Rade-
maker AW, Smith CH, et al. Swallowing and voice effects of 
Lee Silverman Voice Treatment (LSVT®): A pilot study. Jour-
nal of Neurology, Neurosurgery & Psychiatry. 2002; 72(1):31-6. 
[DOI:10.1136/jnnp.72.1.31] [PMID] [PMCID]

[7] Factor SA, Weiner W. Parkinson’s disease: Diagnosis and clini-
cal management. New York: Demos Medical Publishing; 2008. 
https://books.google.com/books?id=zUp54Dm-Y7MC&dq

[8] Yunusova Y, Weismer G, Westbury JR, Lindstrom MJ. Ar-
ticulatory movements during vowels in speakers with dysar-
thria and healthy controls. Journal of Speech, Language, and 
Hearing Research. 2008; 51(3):596-611. [DOI:10.1044/1092-
4388(2008/043)]

[9] Brewer GJ. Overview of the disease for the clinician. In: Brewer 
GJ. Wilson’s Disease: A Clinician’s Guide to Recognition, Diag-
nosis, and Management. Boston, MA: Springer; 2001; pp. 1-7. 
[DOI:10.1007/978-1-4615-1645-3_1]

[10] Lansford KL, Liss JM, Caviness JN, Utianski RL. A cognitive 
perceptual approach to conceptualizing speech intelligibility 
deficits and remediation practice in hypokinetic dysarthria. Par-
kinson’s Disease. 2011; 2011:150962. [DOI:10.4061/2011/150962] 
[PMID] [PMCID]

[11] Boone DR, McFarlane S, Von Berg S, Zraick R. The voice 
and voice therapy. 8th ed. Boston: Allyn & Bacon; 2010. 

[12] Fox C, Ebersbach G, Ramig L, Sapir Sh. LSVT LOUD and 
LSVT BIG: Behavioral treatment programs for speech and body 
movement in Parkinson disease. Parkinson’s Disease. 2012; 
2012:391946. [DOI:10.1155/2012/391946] [PMID] [PMCID]

[13] Ramig LO, Sapir S, Countryman S, Pawlas AA, O’Brien 
C, Hoehn M, et al. Intensive voice treatment (LSVT®) for pa-
tients with Parkinson’s disease: A 2 year follow up. Journal 
of Neurology, Neurosurgery & Psychiatry. 2001; 71(4):493-8. 
[DOI:10.1136/jnnp.71.4.493] [PMID] [PMCID]

[14] Sapir Sh, Spielman J, Ramig LO, Hinds SL, Countryman 
S, Fox C, et al. Effects of Intensive Voice Treatment (the Lee 
Silverman Voice Treatment [LSVT]) on ataxic dysarthria: A 
case study. American Journal of Speech-Language Pathology. 
2003; 12(4):387-99. [DOI:10.1044/1058-0360(2003/085)]

[15] Spielman J, Ramig LO, Mahler L, Halpern A, Gavin WJ. 
Effects of an extended version of the lee silverman voice treat-
ment on voice and speech in Parkinson’s disease. American 
Journal of Speech-Language Pathology. 2007; 16(2):95-107. 
[DOI:10.1044/1058-0360(2007/014)]

[16] Wenke RJ, Cornwell P, Theodoros DG. Changes to ar-
ticulation following LSVT® and traditional dysarthria 
therapyin non-progressive dysarthria. International Jour-
nal of Speech-Language Pathology. 2010; 12(3):203-20. 
[DOI:10.3109/17549500903568468] [PMID]

[17] Dromey Ch, Ramig LO, Johnson AB. Phonatory and artic-
ulatory changes associated with increased vocal intensity in 
Parkinson disease: A case study. Journal of Speech, Language, 
and Hearing Research. 1995; 38(4):751-64. [DOI:10.1044/
jshr.3804.751] [PMID]

[18] Soloman NP, Makashay MJ, Kessler LS, Sullivan KW. Speech-
breathing treatment and LSVT for a patient with hypokinetic-
spastic dysarthria after TBI. Journal of Medical Speech-Lan-
guage Pathology. 2004; 12(4):213-9. [PMID] [PMCID]

[19] Rezaei F, Abnavi F. [An investigation of the effect of in-
tensive voice therapy on changes in speech articulation and 
voice in patients with Wilson disease (Persian)]. Journal 
of Paramedical Sciences & Rehabilitation. 2015; 4(2):60-8. 
[DOI:10.22038/JPSR.2015.4387]

[20] Deliyski DD, Shaw HS, Evans MK. Adverse effects of 
environmental noise on acoustic voice quality measure-
ments. Journal of Voice. 2005; 19(1):15-28. [DOI:10.1016/j.
jvoice.2004.07.003] [PMID]

[21] Boersma P, van Heuven V. Speak and unspeak with Praat. 
Glot International. 2001; 5(9/10):341-7. https://www.fon.
hum.uva.nl/paul/papers/speakUnspeakPraat_glot2001.pdf

[22] Styler W. Using Praat for linguistic research - Ver-
sion 1.8.2 [Internet]. 2020 [Updated 2020 October 5]. 
Available from: https://ru.b-ok.as/book/6040509/
b3f790?dsource=recommend

[23] Moradi N, Pourshahbaz A, Soltani M, Javadipour Sh, 
Hashemi H, Soltaninejad N. Cross-cultural equivalence and 
evaluation of psychometric properties of voice handicap in-
dex into Persian. Journal of Voice. 2013; 27(2):258.E15-22. 
[DOI:10.1016/j.jvoice.2012.09.006] [PMID]

[24] Newby HA. Audiology. 3rd ed. New York: Century Crofts; 
1972.

Amirkhani M & Mohebinejad F. Intensive Voice Therapy in Multiple System Atrophy. JMR. 2021; 15(4):279-286.

October 2021, Volume 15, Number 4

https://jmr.tums.ac.ir/index.php/jmr
https://www.sciencedirect.com/science/article/abs/pii/B9780444534910000195
https://www.sciencedirect.com/science/article/abs/pii/B9780444534910000195
https://doi.org/10.1177/1756285610375328
https://www.ncbi.nlm.nih.gov/pubmed/21179616
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3002658
https://doi.org/10.1016/j.autneu.2017.12.006
https://www.ncbi.nlm.nih.gov/pubmed/29269241
https://doi.org/10.5607/en.2014.23.4.277
https://www.ncbi.nlm.nih.gov/pubmed/25548529
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4276800
https://books.google.com/books?id=zEX83EpCnV4C&dq
https://books.google.com/books?id=zEX83EpCnV4C&dq
https://doi.org/10.1136/jnnp.72.1.31
https://www.ncbi.nlm.nih.gov/pubmed/11784821
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1737706
https://books.google.com/books?id=zUp54Dm-Y7MC&dq
https://doi.org/10.1044/1092-4388(2008/043)
https://doi.org/10.1044/1092-4388(2008/043)
https://link.springer.com/chapter/10.1007%2F978-1-4615-1645-3_1
https://doi.org/10.4061/2011/150962
https://www.ncbi.nlm.nih.gov/pubmed/21918728
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171761
https://doi.org/10.1155/2012/391946
https://www.ncbi.nlm.nih.gov/pubmed/22530161
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3316992
https://doi.org/10.1136/jnnp.71.4.493
https://www.ncbi.nlm.nih.gov/pubmed/11561033
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1763504
https://doi.org/10.1044/1058-0360(2003/085)
https://doi.org/10.1044/1058-0360(2007/014)
https://doi.org/10.3109/17549500903568468
https://www.ncbi.nlm.nih.gov/pubmed/20433339
https://doi.org/10.1044/jshr.3804.751
https://doi.org/10.1044/jshr.3804.751
https://www.ncbi.nlm.nih.gov/pubmed/7474969
https://pubmed.ncbi.nlm.nih.gov/23946632/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3740752/
https://jpsr.mums.ac.ir/article_4387.html
https://doi.org/10.1016/j.jvoice.2004.07.003
https://doi.org/10.1016/j.jvoice.2004.07.003
https://www.ncbi.nlm.nih.gov/pubmed/15766847
https://www.fon.hum.uva.nl/paul/papers/speakUnspeakPraat_glot2001.pdf
https://www.fon.hum.uva.nl/paul/papers/speakUnspeakPraat_glot2001.pdf
https://ru.b-ok.as/book/6040509/b3f790?dsource=recommend
https://ru.b-ok.as/book/6040509/b3f790?dsource=recommend
https://doi.org/10.1016/j.jvoice.2012.09.006
https://www.ncbi.nlm.nih.gov/pubmed/23280379


286

[25] Goy H, Fernandes DN, Pichora-Fuller MK, van Lieshout P. 
Normative voice data for younger and older adults. Journal of 
Voice. 2013; 27(5):545-55. [DOI:10.1016/j.jvoice.2013.03.002] 
[PMID]

[26] Lefforge A. The effect of increased vocal intensity on ar-
ticulatory dynamics [Internet]. 2005 [Updated 2020 April 14]. 
Available from: https://digital.library.unt.edu/ark:/67531/
metadc1633126/ [DOI:10.12794/tef.2005.185]

Amirkhani M & Mohebinejad F. Intensive Voice Therapy in Multiple System Atrophy. JMR. 2021; 15(4):279-286.

October 2021, Volume 15, Number 4

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/j.jvoice.2013.03.002
https://www.ncbi.nlm.nih.gov/pubmed/23769007
https://digital.library.unt.edu/ark:/67531/metadc1633126/

