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Abstract

Background: Concerning demyelination’s process in multiple sclerosis (MS), speech changes often occur earlier than other symp-
toms; thus early diagnosis of these changes is necessary. According to recent studies, phonation subsystem appears with the most
symptoms compared with other subsystems, especially in the initial stages. In this study, the researchers aimed at comparing these
symptoms in MS patients with healthy people using dysphonia severity index (DSI) and its parameters.

Methods: This study was conducted on 40 MS patients and 20 healthy individuals in Ahvaz city. The subjects were asked to phonate
vowel [a/ for calculating maximum phonation time (MPT), maximum Fo, jitter, minimum intensity, and DSI score with the Praat
software. For statistical analysis of data, Kolmogorov-Smirnov and independent t-test were used.

Results: The mean scores of DSI in MS patients (1.07 = 1.51) was significantly lower than the control group (3.603 £ 1.13) (P value <
0.001). Maximum phonation time and maximum frequency values in MS patients were lower than the control group (MPT, P value
=0.005; maxFo, P value = 0.003). Jitter and minimum intensity values in MS patients were higher than the control group (jitterppgs,
Pvalue < 0.001; min intensity, P value = 0.040).

Conclusions: The findings of this study indicated that the MS group had worse vocal quality than the healthy group, which means
they were at risk of voice and speech problems; therefore, acoustic assessments can determine the vocal impairments of the disease
at the early stages and prevent progression of vocal impairments with an appropriate treatment plan. Also, dysphonia severity
index, as a reliable tool, can detect vocal quality impairments in multiple sclerosis and can be a supplementary assessment tool for

early detection of degenerative diseases.
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1. Background

Speech production is the functional result of a collec-
tion of speech subsystems, including respiratory, phona-
tion, articulation, resonatory, and prosody (1). The proper
functioning of these subsystems is the result of the in-
tegration of uncountable neuro-cognition, neuromuscu-
lar, and musculoskeletal activities that results in the trans-
mission of a communication message through intelligi-
ble speech; any disturbance in this integration make prob-
lems for the function of speech subsystems and, conse-
quently, speech intelligibility (2). One of the most com-
mon causes of speech impairment is multiple sclerosis
(MS). Multiple Sclerosis is a progressive autoimmune dis-
ease that affects the central nervous system (1, 2). Central
nervous system involvement in the progression of MS, in

addition to the development of motor disorders in organs,
leads to speech problems by weakening the speech mus-
cles, including palate, larynx, and tongue muscles (3). A
variety of speech problems are reported in 40% of people
with MS (1, 3). According to studies on speech features in
progressive neurological diseases, each of the speech sub-
systems is affected by varying degrees from mild to severe
(3, 4). Among the speech subsystems, the phonation sub-
system shows more damage, especially in the early stages
of the disease, than other subsystems (1, 4-6). This subsys-
tem, in the process of multiple sclerosis, by damages, such
as loudness control, breathiness, harsh vocal quality, and
pitch control affects the vocal quality and speech intelligi-
bility (1, 7). Consequently, problems in speech intelligibil-
ityand disturbance in the transmission of communication
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messages result in serious damage to verbal communica-
tion skills and the quality of life of an individual, including
social, educational, and occupational life (1, 8). Therefore,
evaluation and investigation of this subsystem can be im-
portant in terms of early diagnosis and timely treatment
of speech disorders in this progressive disease.

Different methods, such as perceptual, acoustic, as well
as aerodynamic and physiological evaluations, using com-
puter and laboratory developed equipment, are used to
evaluate phonation subsystem disorders (9). Of these,
acoustic evaluations are widely used in non-invasive meth-
ods in clinical and research departments. These accurate
and sensitive instruments quantitatively and objectively
report changes in the vocal tract and the articulatory or-
gans in the early stages of neurological disorders (5, 8);
hence, acoustic analysis can be applied to detect changes
in the phonation subsystem and the vocal quality caused
by neurological disorders (10).

One of the acoustic assessments of vocal quality to
determine impairments to this subsystem is dyspho-
nia severity index (DSI). The DSI quantitatively measures
acoustic parameters, such as maximum phonation time,
jitter, maximum frequency and minimum intensity that
determine vocal quality, and by means of a normalized for-
mula, a score is reported as the general status of the vo-
cal quality (11). As commonly accepted, evaluating several
parameters is more reliable than evaluating only one pa-
rameter, such as fundamental frequency, shimmer, or jit-
ter (11,12). This index has two versions of alpha and beta (11,
13). The alpha version was designed in 2000 by Wuyts and
colleagues; in this version, the examiner requires a soft-
ware such as multi-dimensional voice program and voice
range profile to execute and calculate each parameter (11).
Maryn et al., in 2017, designed the beta version for this for-
mula; the beta version’s feature is the possibility of using
the Praat software. One of the benefits of this version for
the dysphonia severity index, given the easy access to this
software in comparison with other software, is that speech
and language pathologists can easily investigate these pa-
rameters in everyday clinical practice (13). In general, this
indexis avaluable clinical tool for quantitative description
of voice disorders and determining damage severity that
has been used in researches in different countries and lan-
guages (12,14, 15). Based on studies conducted using this in-
dex, the DSI, as well as other vocal acoustic assessments are
able to determine the severity of voice disorders, changes
made before and after the treatment of vocal damage, and
differentiate between individuals with and without voice
problems (12, 14, 16). Another advantage of this index is
the strong correlation with perceptual valid tools, such as
VHI, GRBAS, CAPE-V, and instrumental evaluations, such as
Video Laryngostroboscopy (12, 16, 17). Wuyts et al. also be-

lieved that the DSI is not influenced by gender, since the
maximum phonation time in males is compensated by the
highest frequency in the female population and the aver-
age score of the DSIin females and males are relatively sim-
ilar (11,18).

Regarding the diagnostic significance of the damage to
the mentioned subsystem, especially in the early stages of
the disease, to prevent the development of speech impair-
ments and vocal quality, conducting research to evaluate
the vocal impairments in MS patients and identification of
an appropriate tool for rapid and convenient diagnosis of
these impairments in the early stages of the disease is nec-
essary. So far, only a few studies have focused on evalua-
tion of phonation subsystem impairments in this disease
by means of valid acoustic tools; therefore, this study ex-
amined changes of this subsystem and the vocal quality us-
ing the DSI (Beta version) and the acoustic parameters that
determine this index in individuals with MS compared to
healthy subjects.

2. Methods

This descriptive-analytical and cross-sectional study
was performed from October to December 2016, on 40 pa-
tients with multiple sclerosis (13 males and 27 females), at
the MS association of Khuzestan and 20 healthy (9 males
and 11 females) individuals. The sample size was calculated
based on the standard deviation of jitter (SD = 0.546) ob-
tained from a study by Dogan et al. (19) with a = 0.05
(type 1 error rate) and 3 = 0.2 (type 2 error rate). Twenty
healthy individuals were matched for age with the patient
group. The subjects were aged 18 to 60 years old. Study en-
try requirements included a definitive diagnosis of multi-
ple sclerosis, the absence of infection in upper respiratory
system or a cold for three weeks before the test and enter-
ing the assessment, having no voice problems before enter-
ing the study, being monolingual (Persian), not having se-
vere problems in understanding and not having a history
of tracheostomy and head and neck surgery, no use of to-
bacco and alcohol, lack of anatomical problems of speech
organs (lips, tongues, etc.), no history of hormonal disor-
ders, or the use of hormonal drugs. In this study, only pa-
tients with MS in the relapsing-remitting phenotype were
included. The patient was excluded if she/he had a recur-
rence period within a month before the study.

Initially, subjects were approved for MS by a neurolo-
gist. Then, people were investigated for inclusion and ex-
clusion criteria in the Khuzestan MS Association; subjects
that had the criteria were selected and referred to a speech
and language pathologist with clinical experience in the
treatment of speech disorders in progressive diseases. In
the next stage, a consent form and individual information
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recording were completed by the subjects; then tasks re-
lated to the acoustic assessment were taken from individu-
als by a speech and language pathologist. The study proto-
col was approved by the ethics committee of the Jundisha-
pur University of Ahvaz (IR AJUMS.REC.1395.545).

Tasks related to acoustic assessments and recording
of voice samples were performed in an acoustic room
(noise level < 20 dB). To record voice samples, an unidi-
rectional dynamic cardioids AKG, C1000S microphone was
connected to a portable computer at a distance of 10 cm,
45 degrees from the subject’s mouth (13). Before record-
ing the voice samples, the examiner described each task
for the subjects and performed it practically. In case of any
problem, the items were explained for the person. Acous-
tic analysis of data was performed using the Praat software
version 5. 1. 44. The test items were run as follows:

2.1. Maximum Phonation Time

Subjects were asked to take a deep breath by sitting and
lying on the seat and with the examiner’s cue the vowel [a/
be expressed in the comfortable loudness and pitch and as
long as possible continuing the phonation. The duration
of the vowel phonation was measured three times for each
subject, and the maximum number (maximum phonation
time) was plotted in the equation (12).

2.2. Jitter

The participants were asked to produce a sustained [a/
at their comfortable loudness and pitch for three seconds
andrepeated this task three times. Each vowel attempt was
recorded in 44 [1KHZ and 16 bit resolution. Then, to deter-
mine the jitter, the Praat software was used. To analyze this
parameter, 0.5 seconds after the start of the vowel, one cen-
tral second of produced vowel, using this software, was se-
lected and from ‘voice report’ option number related to jit-
ter (ppq5) (13) for each of three vowels were extracted and
the least of all three trials was reported (12).

2.3. Maximum Frequency

After providing the necessary training and demon-
strating the correct pattern to the subjects in relation to
the pitch of voice, with the examiner’s cue, they were asked
to begin to sustain the vowel [a] with habitual pitch and
then going up to the highest frequency in their frequency
range. Then, using the Praat software, the maximum fre-
quency number was extracted and entered in the equation

(12).
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Table 1. Demographic Information of MS Patients and Healthy Group

Variables Multiple Sclerosis (N Control Group (N=
=40) 20)

Age, mean + SD 35.17 £ 9.05 34.40 +14.24

Gender, Male/ Female 13[27 9/11

2.4. Minimum Intensity

The subjects were asked to produce the vowel [a | at
their habitual pitch and reduce the intensity before the
level of whispering for 5 seconds. The value of the mini-
mum intensity was measured (12).

After computing each of the four acoustic parameters,
the value of each parameter, using the Praat software, was
given in the following equation (13):

1) DSI pea = 1127 + 0.164 X MPT + 0.0053 X FO max -
0.038 X I min-5.30 X Jitterppg

Statistical analysis of data was performed using the
SPSS 21 software and significant level o = 0.05. Normality
of the data was evaluated using the Kolmogorov-Smirnov
test. Based on the results of this test, the distribution of
data in this study was normal and independent t-test was
used for comparison between healthy and patient groups.

3. Results

3.1. Demographic Data

The sample consisted of 40 MS patients with mean age
of 35.17 + 9.05 years and 20 healthy subjects with an aver-
age age of 34.40 £ 14.24 years (Table 1).

3.2. Comparison of Acoustic Parameters in Multiple Sclerosis
Patients with Healthy Individuals

Regarding the normal distribution of data in both pa-
tient and healthy groups, independent t-test was used to
compare the mean of the acoustic parameters between the
two groups of patients and healthy controls; the results of
the statistical test showed a significant difference between
the two study groups. The mean score of maximum phona-
tion time in subjects with MS (16.76 £ 6.36) was signifi-
cantlylower than the healthy group (21.83 - 6.88) (Pvalue=
0.005). The mean score of jitter in the patients group (0.38
=+ 0.17) was significantly higher than the normal group
(0.15 = 0.06) (P value = 0.000). The mean score of highest
frequency in the patient group (298 =+ 72.46) was signifi-
cantly lower than the control group (366 + 95.78) (P value
= 0.003). Also, the mean score of the minimum intensity
in the patient group (61.17 = 4.25) was significantly higher
than the control group (58.75 £ 4.11) (P value = 0.040). The
mean, standard deviation, and the coefficient of signifi-
cance of these parameters are given in Table 2.
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Table 2. Comparison of Acoustic Parameters and Dysphonia Severity Index Between MS and Control Groups®

Variables Multiple Sclerosis Control Group PValue 95% CI
Maximum phonation time 16.76 = 6.36 21.83 + 6.88 0.005 -8.65,-1.48
Jitter 038 £ 017 0.5+ 0.06 < 0.001 0.15,0.31
Maximum frequency 298 £ 72.46 366 1 95.78 0.003 -30.13,-23.49
Minimum intensity 6117 + 4.25 58.75 & 4.11 0.040 0.11,4.73
Dysphonia severity index (beta version) 1.07 £ 1.51 3.603 £ 113 < 0.001 -3.29,-1.75

Values are expressed as mean = SD.

3.3. Comparison of Dysphonia Severity Index in Multiple Sclero-
sis and Healthy People

In order to compare the score of DSI between the two
groups of MS and healthy participants, according to the
normal distribution of data, independent t-test was used,
which showed a significant difference between the mean
score of MS patients (1.07 £ 1.51) and healthy group (3.603
=+ 1.13) (P value = 0.000). The average score for statistical
details is given in Table 2.

4. Discussion

The present study was conducted with the aim of eval-
uating quantitative changes of phonation subsystem and
vocal quality in progressive multiple sclerosis, on 40 pa-
tients with multiple sclerosis, compared with 20 healthy
subjects without any voice complaints. In this regard,
the acoustic parameters, including maximum phonation
time, jitter, maximum frequency, and minimum intensity
were acoustically studied; also, the DSI (beta version) was
used to provide a quantitative report of the voice quality
for comparison between the two target groups.

4.1. Comparison of Acoustic Parameters Among People with
Multiple Sclerosis and Healthy People

Maximum phonation time: The results of this study
indicated a significant decrease in the mean maximum
phonation time compared with healthy Persian speak-
ers. Many studies reported a reduction in the maximum
phonation time (19-21). The reduction of this vocal parame-
ter may be indicative of a reduction in respiratory volume,
as reported by Gosselink (2000); the reduction of respira-
tory capacity in patients with MS is due to respiratory mus-
cle weakness and impairment of autonomic regulation of
respiration (22). Yamout also reported a reduction in the
maximum phonation time due to reduced respiratory vol-
ume in more severe stages of the disease, due to the poste-
rior chink of vocal cords during the phonation in data ob-
tained from patient laryngoscopy; He also stated that, con-
cerning vocalization needs, coordination between laryn-
geal and respiratory muscle function, the changes in the

vocal quality and the reduction of the maximum phona-
tion time may be due to weakness of the respiratory and
laryngeal muscles and be the first symptoms of motor de-
generation (20).

Jitter: The jitter in the present study indicated a sig-
nificant increase in people with MS compared to healthy
subjects. Also, most studies on the acoustic features of
speech in MS reported an increase in jitter in patients with
MS than in healthy subjects (19, 21, 23, 24). Yamout (2008)
also reported an increase in perturbation parameters and
stated that an increase in these parameters could indicate
the variability and inconsistency of muscle contractions
involved in the phonation in this progressive disease (20).

Maximum fundamental frequency: The results of this
study indicated a reduction in the maximum fundamen-
tal frequency in people with MS compared to healthy sub-
jects. This decrease could be attributed to a reduction in
the ability to control phonation and phonatory instability
(25). So far, a few studies have been performed with regards
tochanges in the maximum fundamental frequency in this
population.

Minimum intensity: The statistical analysis of the
present study data showed the increase of minimum in-
tensity in patients with MS compared to healthy subjects.
The ability to reduce the intensity in the progressive dis-
ease of multiple sclerosis, under the influence of phona-
tory instability, is limited to varying degrees in the affected
population. The damage to this ability and the extent of
thatdamage, due to the different neuropathologies in each
individual or different regions of demyelinated in individ-
uals, is different; however, the weakness of the respira-
tory muscles and, consequently, the appreciable decrease
in respiratory capacity in these patients clearly affects the
ability to change and controls the intensity (25). Also, in-
stability and inconsistency in the movements of the vocal
folds can be attributed to the inability to reduce the inten-

sity (26).
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4.2. Comparison of Dysphonia Severity Index Among People
with Multiple Sclerosis and Healthy People

In the present study, the mean score of DSI in healthy
subjects was higher than those with MS and the statistical
analysis showed a significant difference between the two
groups in terms of the score of this index. The DSI using
a standardized formula examines changes in acoustic pa-
rameters of vocal quality (maximum phonation time, jit-
ter, minimum intensity, and maximum fundamental fre-
quency); therefore, the significant difference of these pa-
rameters among the two groups in the present study re-
sulted in a significant difference in the scores of the in-
dex between these groups. Previous studies have shown
that this index has the ability to differentiate healthy peo-
ple from people with voice problems (12, 15, 17, 27). Based
on the results of the present study, which is in line with
previous studies (4, 6), individuals with multiple sclero-
sis,including those at high risk of phonation impairments,
and the DSI as a sensitive tool to these impairments in this
group, can be used in daily clinical evaluations for diagnos-
tic purposes of patients with multiple sclerosis. It has been
suggested that in future studies, other speech subsystems
should be investigated with appropriate clinical tools in
this progressive disease.

4.3. Conclusion

The phonation subsystem and vocal quality in MS dis-
ease due to central nervous system involvement is dam-
aged and impacts speech intelligibility. Diagnosing these
problems in the early stages of the disease and prevent-
ing further progress in the problems of this subsystem and
speech intelligibility through early treatment programs
are of particular importance. In this regard, the use of ap-
propriate assessment tools for timely detection of these
problems plays an important role. Furthermore, DSI (Beta
version) is capable of detecting voice problems in degen-
erative MS disease, and is able to differentiate people with
these problems from healthy people; this index is also ap-
propriate for daily clinical practice.
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