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SUMMARY
Background: Individuals who suffer from multiple sclerosis, aside from other symptoms, usually have voice changes such as poor control of 
pitch, variations in voice intensity, altered voice quality and resonance disorders. Purpose: The purpose of this study was to determine voice 
acoustic characteristics in individuals with multiple sclerosis and to compare those results with control group. Methods: This study was conducted 
on 17 subjects, both males and females, of chronological age between 27 and 55 years. All subjects were diagnosed with multiple sclerosis by 
professional neurologist. Control group consisted of 17 subjects who matched with experimental group of the same age and sex. The study was 
conducted at the Clinic for Neurology, University Clinical Centre Tuzla. Sustained phonation of vowel /A/ was analyzed by computer programme 
for voice analysis MDVP (Multi Dimensional Voice Program). Results: Results of our study exhibited statistically significant differences between 
subjects with multiple sclerosis and control subjects in variables standard deviation of fundamental frequency and phonatory F0 range. We also 
found statistically significant differences between variable related to pitch perturbation (jitter) and peak-to-peak amplitude variation. Statistically 
significant differences were also determined between subjects with multiple sclerosis and control subjects in variables related to degree of ir-
regular vocalization, noise to harmonic ratio and variable related to amplitude tremor intensity index. Conclusion: Results of this study showed 
that subjects with multiple sclerosis exhibited significant variation in voice acoustic characteristics compared to control group. MDVP can be a 
useful tool for further monitoring of voice characteristics alterations in patients with multiple sclerosis during diagnostic and treatment processes.
Key words: voice, multiple sclerosis, acoustic analysis.

1. IntroductIon
Patients with multiple sclerosis often have motor, sen-

sitive or cognitive impairments that interfere with their 
communication abilities and their swallowing (1). Speech 
disorders in patients with multiple sclerosis can be some-
times disabling (2), and they can also manifest themselves 
through motor speech aspects (dysarthria), respiratory defi-
cits, voice disorders (dysphonia), and high level of problems 
in language and cognitive functions such as comprehension 
and expression (1). Severity of speech deviation in indi-
viduals with multiple sclerosis was positively correlated to 
severity of neurological deficit, type of disease course and 
number of years in progression (3).

Several researchers made a list of speech symptoms: 1) 
impaired loudness control, 2) voice harshness; 3) disor-
dered articulation; 4) impaired emphasis; and 5) impaired 
pitch control.

Dysarthria occurs in approximately 40% of all patients 
with multiple sclerosis (5). Multiple sclerosis can affect 
myelin just about anywhere within the CNS. When there 
is bilateral involvement of the upper motor neurons, spas-
tic dysarthria may be one of the consequences of multiple 
sclerosis (MS). MS also may result in other types of dysar-
thria, such as ataxic or mixed dysarthria (6). Dysarthrias 
of multiple sclerosis are best categorized as spastic-ataxic 

dysarthria with disturbances of voice intensity, voice qual-
ity, articulation and intonation (3, 4, 7). If we look at the 
problem only from the aspect of voice, it is necessary to 
point out changes in pitch, variations in voice loudness, 
alterations in voice quality and resonance disorders (8). 
Although patient with dysarthria can exhibit difficulties 
in articulation and prosody, parameters related to voice 
(phonation and resonance) can result in major problems 
and symptoms (9). Dysphonia can be present as one com-
ponent of dysarthria including problems with vocal cords, 
and therefore with voice production (4). Vocal cords can 
vibrate in an unsynchronized manner, resulting in a spastic 
movement which makes speech comprehension difficult 
(10). The main purpose of this study was to determine 
voice acoustic characteristics in individuals with multiple 
sclerosis and to compare those results with voice acoustic 
characteristics of control group.

2. subjects and Methods
This study was conducted on 17 subjects (5 males and 12 

females) of chronological age between 27 and 55 years. All 
subjects were diagnosed with multiple sclerosis by profes-
sional neurologist. Control group consisted of 17 subjects 
who matched with experimental group of the same age and 
sex. The study was conducted at the Clinic for Neurology, 
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University Clinical Centre Tuzla. All subjects had under-
gone neurological assessment with confirmed diagnosis of 
multiple sclerosis.

The sample of variables consisted of following variables: 
AGE: age of subjects–expressed in years; G1 – subjects of 
control group; G2–subjects with multiple sclerosis; ACO-
USTIC VARIABLES: F0 – average fundamental frequency; 
MF0 – fundamental frequency of male subjects; FF0 – fun-
damental frequency of female subjects; XF0 – fundamental 
frequency for both male and female subjects; STD–standard 
deviation of fundamental frequency; PFR – phonatory F0 
range in semitones; FFTR–frequency tremor intensity index 
in Hz; FATR–amplitude tremor frequency; Jitter–jitter in 
percentage (fundamental frequency variation – in %); vF0 – 
coefficient of variation of the fundamental frequency; ShdB 
– shimmer in decibels (perturbation of amplitude in the 
vocal tone in dB); vAm–peak-to-peak amplitude coefficient 
of variation–in %; DUV–degree of irregular vocalization; 
NHR – noise to harmonic ratio; VTI – voice turbulence 
index; SPI – soft phonation index; ATRI–amplitude tremor 
intensity index – in %; NVB – number of voice breaks. 
Computer program for voice analysis Multi Dimensional 
Voice Program (MDVP) (Kay Elemetrics Corp., Pine Brook, 
NJ) was used for acoustic analysis of sustained phonation of 
vowel /A/, and by this analysis variables for determining of 
voice acoustic characteristics were obtained. The MDVP is 
a computer program that can calculate as many as 33 acous-
tic parameters from a voice sample. The MDVP appears to 

have potential for rapid quantitative assessments of voice 
in both research and clinical applications (11).

Upon determining that subject had multiple sclerosis, 
an audio recording of subject’s three consecutive vowel /a/ 
phonations was made for the purpose of phonation param-

eters evaluation. The microphone (an electret 
condenser microphone Sony ECM-MS907) 
was placed 30 cm in front of the subject’s 
mouth, and voices were recorded using high 
quality a Sony Portable Mini-Disc Player/
Recorder (MZ-R91). The same procedure was 
conducted in control group. Data on voice 
parameters were obtained by software analy-
sis. Quantitative acoustic-statistical voice 
analysis of analyzed groups was performed 
by the MDVP. Basic statistic parameters 
were calculated for each variable applied in 
this study. T-test was used for examination of 
differences between subjects who suffer from 
multiple sclerosis and control group. Correla-
tion analysis was used for determining pos-
sible correlation between analyzed variables.

3. results
Results of the study related to acoustic 

parameters of sustained phonation of vowel 
/A/ in subjects with multiple sclerosis and 
control group were obtained by acoustic 
analysis of recorded voices with computer 
program for voice analysis MDVP. Basic 
statistic parameters of analyzed variables 
are displayed in Table 1. Analysis of results 
displayed in Table 1 indicate that mean age in 
subjects from control group was 40,94 years, 
and in subjects with multiple sclerosis 41,06 
years. Mean value of variable fundamental 
frequency in male subjects from control 

Control group (N=17)
 Multiple sclerosis

(N=17)

Variable X SD  X  SD

AGE 40,94 6,39 41,06 6,36

MF0-male 113,43 28,13 152,80 46,14

FF0-female 200,71 27,21 165,45 45,64

SŢD 5,02 4,93 17,03 23,67

PFR 6,58 2,96 12,65 9,07

FFTR 3,97 1,66 4,81 2,36

FATR 3,69 1,21 4,50 2,72

JITTER 0,98 0,37 2,40 2,03

VF0 2,89 2,27 9,39 11,23

SHIMMER 0,64 1,31 0,79 0,84

VAM 24,66 12,11 36,66 17,46

DUV 1,68 2,33 8,91 15,69

NHR 0,14 0,02 0,20 0,12

VTI 0,04 0,01 0,04 0,01

SPI 17,70 7,48 21,87 7,00

ATRI 4,68 2,40 12,58 9,22

NVB 0,13 0,34 3,24 8,30

Table 1. Basic statistic parameters of voice acoustic variables

G1
(N = 17)

G2
(N = 17)

Variable X1 STD1 X2 STD2 t test df P
P 

variance

XF0 175,250 48,617 164,000 44,438 0,76 39 0,454 0,951

SŢD 5,015 4,930 17,031 23,666 -,43 39 0,020 0,000

PFR 6,583 2,962 12,647 9,069 -3,07 30 0,004 0,000

FFTR 3,972 1,659 4,805 2,357 -1,28 36 0,208 0,047

FATR 3,690 1,208 4,500 2,723 -1,15 29 0,259 0,002

JITTER 0,982 0,373 2,402 2,026 -3,37 39 0,002 0,000

vF0 2,894 2,270 9,394 11,226 -2,77 39 0,009 0,000

SHIMMER 0,644 1,314 0,786 0,837 -0,39 39 0,697 0,988

vAM 24,658 12,110 36,659 17,461 -2,60 39 0,013 0,012

DUV 1,677 2,327 8,907 15,688 -2,23 39 0,031 0,005

NHR 0,140 0,023 0,198 0,115 -2,41 39 0,021 0,001

VTI 0,042 0,013 0,038 0,011 1,09 39 0,281 0,854

SPI 17,697 7,480 21,871 7,004 -1,81 30 0,079 0,621

ATRI 4,683 2,404 12,583 9,222 -3,66 29 0,001 0,000

NVB 0,125 0,338 3,235 8,296 -1,84 39 0,073 0,003

G1: subjects from control group; G2: subjects with multiple sclerosis, X1: mean values of 
variables for subjects from control group, X2: mean values of variables for subjects with 
multiple sclerosis

Table 2. Differences in mean values of voice acoustic variables between subjects 
from control group and subjects with multiple sclerosis
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group (MF0) was 113,43 Hz, and for female subjects it was 
200,71 Hz, which is in accordance with mean fundamental 
frequency characteristic for males and females in general. 
We obtained higher values of fundamental frequency for 
male subjects with multiple sclerosis (MF0 – 152,80 Hz), 
whereas for female subjects with multiple sclerosis we 
obtained lower values of fundamental frequency (FF0 – 
165,45 Hz) compared to mean value of F0 from control 
group. Mean value for standard deviation of fundamental 
frequency was higher in subjects with multiple sclerosis 
(17,03), whereas in subjects from control group this value 
was significantly lower (5,02). Mean value of phonatory F0 
range in semitones (PFR) was also higher in subjects with 
multiple sclerosis, and it was 12,65, whereas for subjects 
from control group it was 6,58. Frequency tremor intensity 
index in Hz (FFTR) was higher in subjects with multiple 
sclerosis, and lower in subjects from control group. Ad-
ditionally, values for amplitude tremor frequency (FATR) 
were higher in subjects with multiple sclerosis, and lower 
in subjects from control group.

Mean value of jitter, variable related to pitch perturba-
tion, in subjects with multiple sclerosis was 2,40%, and in 
subjects from control group it was 0,98%. Mean value of 
coefficient of variation of the fundamental frequency (vF0) 
was higher in subjects with multiple sclerosis (9,39%), and 
lower in subjects from control group (2,98%). Mean value 
of short-term perturbation of amplitude in the vocal tone 
(in dB–Shimmer) was higher in subjects with multiple 
sclerosis (0,79dB), whereas in subjects from control group 
those value was 0,64 dB. Perturbation in amplitude of vocal 
tone was confirmed through values of variable related to 
peak-to-peak amplitude variation (vAm) in subjects with 
multiple sclerosis – mean value was 36,66%, and in control 
group mean value was 24,66%. We obtained higher degree 
of irregular vocalization (DUV) in subjects with multiple 
sclerosis (8,91%), and it was significantly lower in subjects 
from control group (1,68%). Mean value of amplitude 
tremor intensity index was higher in subjects with multiple 
sclerosis (12,58%), and was significantly lower in subjects 
from control group (4,68%). Subjects with multiple sclerosis 
had greater number of voice breaks (3,24), and subjects from 
control group had only 0,13 breaks during phonation. Pos-
sible statistically significant differences between two groups 
of subjects will be determined by other statistical analyses.

T-test was used to determine differences between su-
bjects with multiple sclerosis and subjects from control 
group in variables determining voice acoustic character-
istics. Results of this study showed statistically significant 
differences between subjects with multiple sclerosis and 
subjects from control group in variables standard deviation 
of fundamental frequency (STD: p<0,020) and phonatory 
F0 range (PFR: p< 0,004). We also determined statistically 
significant differences between variable related to funda-
mental frequency variation (JITTER: p<0,002 and vF0: 
p<0,009), and variable related to variation in peak-to-peak 
amplitude (vAM: p<0,013). Additionally, we determined 
statistically significant differences between subjects with 
multiple sclerosis and subjects from control group in 
variables related to degree of irregular vocalization (DUV: 
p<0,031), variable related to noise to harmonic ratio (NHR: 

p<0,021) and variable related to amplitude tremor intensity 
index (ATRI: p<0,001).

4. dIscussIon
Fundamental frequency perturbation is sufficiently 

sensitive to pathological changes in the phonatory process 
and to severe respiratory insufficiency (12) what justifies 
complete utility of measurement of frequency perturba-
tion in evaluation of voice and laryngeal pathology. Per-
turbation analysis of sustained vowel waveforms is used 

routinely in the clinical evaluation of pathological voices 

and in monitoring patient progress during treatment (13). 
Results of pathological voice production provide data on 
values of fundamental frequency, phonatory frequency ran-
ge, several frequency and amplitude short- and long-term 
perturbation and variation measures, noise-to-harmonic 
ratio, quantitative measures of voice breaks, sub-harmonic 
components and vocal tremors (14).

Results of the study related to acoustic parameters of 
sustained phonation of vowel /A/ in subjects with multi-
ple sclerosis and subject from control group were obtained 
by acoustic analysis of recorderd voices with computer 
program for voice analysis MDVP. Mean value of vari-
able fundamental frequency of male subjects from control 
group (MF0) was 113,43 Hz, and for female subjects it was 
200,71 Hz, which is in accordance with mean fundamental 
frequency characteristic for males and females in general. 
Typical values of mean fundamental frequency obtained 
for man is 120 Hz, and for women is 220 Hz (15). Obtained 
different values of fundamental frequency between male 
and female subjects are quite normal, because fundamen-
tal frequency represent the main acoustic parameter for 
differentiation between male and female voices (16). We 
obtained higher values of fundamental frequency for male 
subjects with multiple sclerosis (MF0 – 152,80 Hz), whereas 
for female subjects with multiple sclerosis we obtained lower 
values of fundamental frequency (FF0 – 165,45 Hz) com-
pared to mean values of F0 from control group.

Mean value for standard deviation of fundamental 
frequency was higher in subjects with multiple sclerosis 
(17,03), whereas in subjects from control group this value 
was significantly lower (5,02). Mean value of phonatory F0 
range in semitones (PFR) was also higher in subjects with 
multiple sclerosis, and it was 12,65, whereas for subjects 
from control group it was 6,58. Frequency tremor intensity 
index in Hz (FFTR) was higher in subjects with multiple 
sclerosis, and lower in subjects from control group. Ad-
ditionally, values for amplitude tremor frequency (FATR) 
were higher in subjects with multiple sclerosis, and lower 
in subjects from control group. A rise in pitch is directly 
affected by changes in length, tension and cross-sectional 
mass of the vocal folds. Increased tension and stiffness of 
vocal fold result in an increase of vibratory frequency, and 
is heard as a rise in pitch (17). Jitter and shimmer are voice 
acoustic features often used for the description of patho-
logical voice quality (18). Variable jitter is related to pitch 
perturbation and is expressed in %. The normal level of jit-
ter is 1% (19). Mean value of jitter in subjects with multiple 
sclerosis was 2,40%, and is higher than typical value of jit-
ter, whereas in subjects from control group jitter value did 
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not exceed 1% (it was 0,98%). Authors who deal with these 
issues report significantly higher correlation between jitter 
and voice hoarseness (or harshness) (20). Higher values of 
jitter reduce voice quality (21). Mean value of coefficient of 
variation of the fundamental frequency (vF0) was higher 
in subjects with multiple sclerosis (9,39%), and lower in 
subjects from control group (2,98%).

Shimmer in dB provides evaluation of cycle-to-cycle 
amplitude variations within the analyzed voice sample. 
During normal phonation, the variation around the mean 
amplitude is not usually greater than 0.5 dB or 5% of the 
voice signal (17). Higher value of shimmer in voice signal is 
perceived as hoarseness, and shimmer represent one of the 
most reliable acoustic predictors of dysphonia severity (22).

Mean value of short-term perturbation of amplitude 
in the vocal tone (in dB–Shimmer) was higher in subjects 
with multiple sclerosis (0,79dB). In subjects from control 
group that value was 0,64 dB. Therefore, in both groups 
mean values of shimmer are higher than established norm. 
Respiratory insufficiency and reduced phonatory function 
result in an rise of shimmer values which depicts decreased 
voice quality. Perturbation in amplitude of the vocal tone 
was confirmed through variable related to peak-to-peak 
amplitude variation (vAm) in subjects with multiple scle-
rosis (36,66%), and this value was 24,66% in subjects from 
control group. Researches indicate that increased values of 
parameters measuring frequency and amplitude perturba-
tions correlate significantly with perceived diminishing of 
voice quality (17). Dogan, Midi, Yazici et al (2007) in their 
comparative, controlled, cross-sectional study evaluated 
the voice quality in patients with multiple sclerosis (MS) 
by subjective and objective methods. Acoustic analysis and 
subjective measurements (GRBAS and “Voice Handicap 
Index”) were used in their study. They have discovered that 
values in variables jitter percent, shimmer percent, and soft 
phonation index (SPI) were higher in MS patients compared 
to controls (Jitt, P=0.001; Shim, P=0.033; SPI P<0.0001) (23).

Evaluation of irregular vocalization revealed differences 
between examined groups. We obtained higher degree of 
irregular vocalization (DUV) in subjects with multiple 
sclerosis (8,91%), and it was significantly lower in subjects 
from control group (1,68%). In patients with multiple scle-
rosis, loss of voice loudness control, diminished frequency 
and voice quality usually result in voice hoarseness (24).

Mean value for amplitude tremor frequency (FATR) 
was higher in subjects with multiple sclerosis (12,58%), and 
significantly lower in subjects from control group (4,68%). 
Subjects with multiple sclerosis had greater number of voice 
breaks (3,24), and subjects from control group had only 0,13 
breaks during phonation.

T-test was used for examination of differences between 
subjects who suffer from multiple sclerosis and control 
group in variables determining voice acoustic character-
istics. Results of the study revealed statistically significant 
differences between subjects with multiple sclerosis and 
subjects from control group in variables standard deviation 
of fundamental frequency (STD: p<0,020) and phonatory 
F0 range (PFR: p< 0,004). We also determined statistically 
significant differences between variables related to pitch 
perturbation (JITTER: p<0,002 and vF0: p<0,009), and 

variables related to variation in peak-to-peak amplitude 
(vAM: p<0,013). Additionally, we determined statistically 
significant differences between subjects with multiple scle-
rosis and subjects from control group in variables related to 
degree of irregular vocalization (DUV: p<0,031), variable 
noise to harmonic ratio (NHR: p<0,021) and variable am-
plitude tremor intensity index (ATRI: p<0,001). Results sug-
gest that phonation processes in individuals with multiple 
sclerosis differ from those processes in individuals without 
MS. In the study of Dogan et al. (2007) it was determined 
that value for noise to harmonic ratio (NHR) was similar 
for MS and control group (NHR, P=0.737) (23).

Group of authors have conducted research in the pur-
pose of comparison quantitative acoustic parameters in 
multiple sclerosis patients and normal individuals. They 
have discovered that fundamental frequency deviation 
was significantly higher in MS women (but not men) than 
controls (p=0.00). Jitter was higher in MS men than in all 
other groups (p=0.00). Results suggest that evaluation and 
treatment of MS patients should be revised, evaluating 
voice alterations in relation to other signs. MS seems to 
intensify gender effect on fundamental frequency devia-
tion, noise, and jitter, with MS women presenting fewer 
voice variations than men (25). Hartelius, Buder and Strand 
1997 used a new approach to describe and quantify the 
long-term phonatory instability of speakers with MS. The 
phonations were F0 and intensity analyzed and subjected 
to spectral analysis using the Fast Fourier Transform. Three 
methods for analyzing the instabilities are presented, com-
pared, and related to perceptual judgments: coefficients of 
variation, magnitude-based analysis of spectral energy, 
and frequency-based analysis of spectral components. All 
measures reliably distinguished between individuals with 
MS and persons with normal speech (26).

5. conclusIon
Conducted study has shown that subjects with multiple 

sclerosis exhibit significant variability in variables per-
taining to pitch perturbation and peak-to-peak amplitude 
variation, voice quality and presence of tremor compared 
to control subjects. MDVP can provide precious data on 
voice acoustic characteristics of individuals with multiple 
sclerosis during initial evaluation of voice parameters 
directly after establishing diagnosis of multiple sclerosis, 
and it can also enable monitoring of improvement of above 
mentioned voice parameters after application of medical 
and logopedic treatments.
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