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Abstract

The article conducted a study of computer acoustic analysis of Jitter and Shimmer voice
parameters in children with dysphonia after laryngeal surgery. The study found that children with
dysphonia had significantly lower preoperative Jitter and Shimmer scores (574359, 587, and 2.3)
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compared to healthy children (1316743.376 and 4.84). At 1 month after surgery, affected children
showed a decrease in Jitter and Shimmer indices compared with these acoustic indices before
surgery. However, at 2 months, there was a significant increase in Jitter and Shimmer scores, and
at 3 months, Jitter and Shimmer scores were comparable to Jitter and Shimmer scores in healthy
children without dysphonia. The results of the study show that the method of analyzing the
acoustic parameters of the voice Jitter and Shimmer allows a phoniatrist to objectively assess the
occurrence of a voice disease in patients with dysphonia, and this method is the most accurate
criterion for determining the pathologies of dysphonia and determining the treatment program

for the disease.

Introduction

Thevoiceis aninstrument ofinterpersonal communication,
so the quality of the voice is of great importance for the
social adaptation of the child in society. Dysphonia is a
disorder of vocal function, which is expressed by weakness,
hoarseness, and hoarseness of the voice of children in the
form of hoarseness of varying degrees from acute laryngitis
to severe lesions of respiratory papillomatosis and diseases
of the larynx (vocal cord nodules, unilateral paresis of the
vocal cords). With dysphonia, a change in the voice of children
occurs in the form of hoarseness of varying degrees of severity
from a dull voice to a complete absence of voice. Long-term
dysphonia is a psychotraumatic factor, often leading to
disruption of the child’s social adaptation [1]. With dysphonia,
important functions of the larynx are disrupted, such as voice
formation, breathing problems, and in some cases, swallowing
disorders may develop. All this affects the quality of life and
severe dysfunction of the larynx in children, they can have
a negative effect on the child’s social adaptation and speech
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development. Modifying factors for dysphonia (factors leading
to or provoking dysphonia) can be: operations directly on the
larynx or manipulations to ensure emergency airway patency,
which can lead to changes in the structure of the larynx
and voice pathology [2]. When diagnosing the condition of
the larynx, a subjective assessment of the voice is the Voice
Handicap Index (VHI) questionnaire [3], and the most used,
valid, and reliable questionnaire is the nine-item International
Voice Handicap Index (VHI-9i) questionnaire - the clinically
established version the original VHI, which quantifies patient-
reported voice impairment [4]. The initial examination of a
patient with dysphonia is based on a thorough history taking,
analysis of the patient’s complaints, and clinical examination.
Traditionally, invasive methods such as flexible and rigid
fiberscopic laryngoscopy (examination using a fiber-optic
instrument), video stroboscopy (strobe lighting of the
larynx), and electromyography (indirect observation of the
functional state of the larynx) are used to diagnose dysphonia.
Improvement of standard endoscopy and the introduction of
modern technologies into otorhinolaryngology, which allow
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for a better examination of all parts of the larynx, make it
possible to assess the anatomical features of the functioning
of the larynx, but assessing voice quality is quite difficult.

Currently, the diagnosis and effective treatment of
dysphonia is ensured by the introduction into the practice
of a phoniatrist of modern innovative methods for assessing
the state of the vocal function of the larynx. When diagnosing
dysphonia and assessing the voice quality of patients with
dysphonia, a method of analyzing the parameters of the
acoustic signal is used - auditory-perceptual voice analysis
[5,6]. The method of computer spectral acoustic analysis
of voice (AAG) is a non-invasive method for diagnosing
dysphonia, which is based on subjective and objective data
from the patient’s voice [7,8]. Acoustic analysis is an objective,
non-invasive screening method to identify laryngeal pathology
and assess voice quality in patients with voice disorders such
as laryngitis, laryngospasm, laryngeal tumors, spasmodic
dysphonia, vocal cord paralysis, etc. [9,10]. In paper [11],
when conducting a computer spectral analysis of the voice, 5
indicators of acoustic parameters of the voice were measured:
Energy of discrete signals, Entropy, Maximum signal value,
Minimum signal value, Zero points number, and spectrograms
of the acoustic parameters of the voices of children with
dysphonia and healthy children were obtained.

Thus, modern diagnostics of the functioning of the larynx
is very diverse and its assessment is one of the key factors in
the effective treatment of dysphonia in children.

The human speech production system consists of a set
of soft tissue components of the larynx. Since the vibrations
of the vocal folds are not strictly periodic, there are always
small fluctuations in it. Jitter and Shimmer are acoustic
characteristics of vocal signals that are caused by irregular
vibration of the vocal cords.

A study of the literature data [12,13] showed that Jitter
and Shimmer can be used to diagnose voice disorders in
dysphonia, and the analysis of these acoustic parameters of the
voice can help in assessing the degree of voice instability and
visually undetectable pathologies. There are several different
ways to measure jitter and flicker. For example, when voice
disorders are identified, they are measured as a percentage
of the average period, with values above certain thresholds
potentially associated with pathological voices. Jitter and
flicker are most noticeable in long, sustained vowels.

A paper [14] shows, that in order to assess the functional
state of the larynx, in an epostoperative examination of
45 patients aged 18 to 70 years, a decrease in frequency
instability (Jitter, %) was observed: before surgery - 1.18,
after surgery on the 14th day - 0.09, and after 1 month - 0.025,
and there was also a decrease in voice instability in amplitude
(Shimmer,%): before surgery - 14.2, after surgery on 14th day
- 6.08, and after 1 month - 3.95.
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Analysis of the acoustic characteristics of the voice Jitter
and Shimmer has the advantage of providing objective data
for assessing voice disorders in patients with dysphonia and
becominganindispensable method for detecting voice diseases
and voice disorders. However, to date, clear algorithms
and criteria for assessing the voice quality of children with
dysphonia using the acoustic method, which is often based on
subjective assessments, have not been developed.

In the literature, there is no data on the study and analysis
of the acoustic characteristics of the Jitter and Shimmer voices
in children with dysphonia after laryngeal surgery.

The purpose of this work is to develop a methodology
for measuring the acoustic parameters of the Jitter and
Shimmer voice and to study and analyze the obtained acoustic
parameters of Jitter and Shimmer to monitor the rehabilitation
process of children with dysphonia after laryngeal surgery.

For the first time, in the department of congenital and
industrial diseases of the ENT organs of the Republican
Specialized Scientific and Practical Medical Center of
Pediatrics, studies were conducted to study and analyze pre-
and postoperative studies of the acoustic parameters of the
voice of Jitter and Shimmer in sick children with dysphonia.

Materials and methods

This study was approved by the institutional ethics
committee of RSSPMCP. A medical examination of the patients
was made after the informed consent of the parents and the
examination included: a thorough collection of anamnesis
(medical history) and analysis of complaints, preliminary
listening and assessment of voice quality (speech),
visualization of the larynx ENT organs using the endoscopic
method and computer acoustic analysis of Jitter and Shimmer
voice characteristics.

The age characteristics revealed that 61.3% (n = 57) of
children were under the age of 6 years, which indicates that
chronic pathology of the larynx develops precisely in the
younger age category (Table 1).

All patients with dysphonia were assessed using the
following methods:

Visualization of the larynx was done using endoscopic
methods - fibrorhinolaryngoscopy with video recording
(C-MAC, K. Storz, @-2.7 mm), telelaryngoscopy 700, direct
microlaryngoscopy, @ MDCT  (multidetector = computed
tomography) of the larynx in 3D mode with virtual

Table 1: Distribution of patients by gender and age.

Gender Age Total
4-6years 7-10years  11-17 years absolutely %
Boys 38 10 6 54 58.1
Girls 19 9 11 39 41.9
Absolutely 57 19 17
Total 93 100.0
% 61.3 20.4 18.3
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laryngoscopy. Fibrorhinolaryngoscopy was performed with
a flexible laryngoscope with the smallest distal end size (&-
2.7 mm), with a camera at the distal end and video recording,
without additional sedation and the use of local anesthetics.
The study time was up to 5 minutes, no special preparation
of patients was required, and the time of the last meal was at
least 3 hours before the study. The study made it possible to
conduct endoscopy in children under 6 years of age with good
visualization of the lumen of the larynx and determination of
pathological processes; itis also possible to conduct endoscopy
in older children if it is difficult to study with rigid endoscopy
due to emotional problems. Videotelaryngostroboscopy
(VLS) at a viewing angle of 700 and 900 to the tissue surface
in children over 7 years of age was performed. This method
is a well-established procedure that analyzes the vibration
of the vocal cords, but it has become a routine test for
voice problems. VLS is critical to assessing the patient with
dysphonia and their progress. The use of the VLS method
increases diagnostic accuracy in 68.3% of cases of hoarseness.
Direct microlaryngoscopy under general anesthesia using
a microscope of the OPMI® Sensera™ Carl Zeiss system
(Germany) with complemented endoscopes with a viewing
angle of 0° and 30° was performed.

MDCT of the larynx in 3D mode with virtual
laryngostracheoscopy (Sensation16, Siemens, Germany)
was performed with a standard distance between the X-ray
film and the radiation source of 100 cm, and studies in
direct, lateral, and oblique projections were mandatory. The
tomograph step was 2 mm, and the slice thickness was 2 mm.
The data obtained were processed using a special program
with the production of 3D images in virtual endoscopy mode.

Auditory-perceptual analysis was carried out using the
N. Yanagihara scale (1967), which is a classic method for
determining the degree of dysphonia. Voice quality was
assessed on a scale from 0 to 5, and only one characteristic
of the voice was examined - the sonority of the voice or the
degree of hoarseness: 0 - normal voice; 1 - dull voice; 2 - mild
degree of hoarseness; 3 - moderate degree of hoarseness; 4 -
severe degree of hoarseness; 5 - aphonia.

Acoustic measurements of the fundamental tone
frequency (FFT) of the vocal folds were determined with
a laryngostroboscope mPulsar (K. Storz, Germany) when
patients pronounced the drawn-out vowel “and” (at this
time a video image of the larynx appears on the monitor
screen). Time of maximum phonation (TMP), a method for
determining the duration of a sound, was measured using a
stopwatch, which recorded the time during which the patient
pronounced the vowel sound /i/, the sound intensity of which
should correspond to spoken speech. The VMF measurements
were carried out three times and the average value of the
result was recorded (the unit of measurement is seconds).
The TMF method was used to determine the degree of closure
of the vocal cords during the duration of sound vibrations.
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According to work [15], shortening (decrease) of the VMF to
5 seconds in children 5-7 years old and up to 9 seconds in
children 8-12 years old indicates insufficient closure of the
vocal cords.

A special soundproof room was used to collect data and
analyze the acoustic characteristics of the Jitter and Shimmer
voices of children with dysphonia. The patients’ voice was
recorded using a microphone equipped with a built-in noise
level meter. The microphone at a distance of 30 cm from the
child’smouth wasplaced. The voices of children with dysphonia
after surgery on the larynx and healthy children in the control
group were recorded when they pronounced the vowel sound
/i/. The optimal mode for voice recording was determined
to be a noise level of no more than 40 dB. Audio signals of
wav format with a sampling frequency of 22050 Hz and
monotype on a computer were recorded using the computer
program for recording audio data “Audacity”. The use of the
Audacity program is due to the power of the program, which
records and processes voice messages, including cleaning the
recorded sound from noise and normalizing sound waves by
height [16]. The results of audio recordings of the voices of
children of patients before surgery on the larynx and after
surgery after 1, 2, and 3 months of rehabilitation of patients
were analyzed based on objective indicators of the acoustic
parameters of the voices of patients Jitter and Shimmer.

The main criteria for the parameters of Jitter and Shimmer
are effects, the level of turbulent noise, and the nonlinearity of
the process of vibration of the vocal cords [17].

Jitter is defined as the change in frequency from cycle
to cycle, and Shimmer refers to the change in amplitude of
the sound wave [18]. Jitter is affected primarily by a lack of
control of vocal cord vibration, and the voices of patients with
pathology often have a higher percentage of Jitter.

Jitter is the measure of the cycle-to-cycle variations of the
fundamental glottal period and shimmer is the cycle-to-cycle
variations of the fundamental glottal period amplitudes as
depicted in Figure 1.

Jitter is commonly used to assess temporal instability in
an acoustic speech signal, which characterizes changes in
the time intervals between successive pitch periods due to
physiological or psychological factors. Jitter may reflect some
aspects of dysphonia, but its usefulness for the full assessment
of dysphonia is limited. The Jitter score may be useful in the
context of general acoustic analysis of the voice and may
complement other methods for diagnosing dysphonia, such as
visual assessment of dysphonia. However, Jitter cannot fully
capture the diversity of symptoms and causes of dysphonia

[7].

There are various methods for calculating and estimating
the Jitter parameter for speech signals. Jitter is defined as the
standard deviation of the time differences between successive
pitch periods:
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Figure 1: Measures of disturbances Jitter and Shimmer in a speech signal [6].
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Where, P(M) and P, are durations of the i-th and i+1-th main
tonal periods, respectively; N is the total number of periods in
the speech signal.

Jitter is mainly affected by the lack of vibration control of
the vocal folds [9].

Jitter and Shimmer is a measure of pitch variability in an
acoustic speech signal that evaluates changes in the amplitude
of pitch periods. If A is the amplitude of the i-th period of
the fundamental tone, P, is the duration of the i-th period of
the fundamental tone, then the local shimmer for the same
segment can be mathematically represented by the following
formula:

AR
AR A
! A

Where: A - average amplitude of the periods of the
fundamental tone;

N is the total number of periods in the speech signal.

The Jitter value is mainly influenced by the lack of control
of vocal fold vibration, while the Shimmer value is influenced
by decreased glottal resistance and mass lesions of the vocal
folds, which are associated with the presence of noise during
aspirated emissions [19]. For stable phonation in children,
the typical change in Jitter value is between 0.5% and 1.0%.
Shimmer changes with decreased vocal impedance and
volumetric lesions of the vocal cords, correlates with the
presence of noise emissions and dyspnea, and is considered
pathological voice for children with values of about 0.4% and
1% [20].
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Results and discussion

Visual examination revealed laryngeal pathologies in all
sick children and diagnosed the following types of dysphonia:
laryngeal membranes in 8 children (8.6%); the largest number
were sick children with respiratory recurrent papillomatosis
(RRP) - 58 children (62.3%), sick children with vocal cord
nodules (VCN) - 18 children (19.3%), sick children with
cicatricial changes in the larynx due to causes medical nature
-9 children (9.6%) (Table 2).

Table 1 shows the average values of the voice parameters
Jitter and Shimmer for children with dysphonia after laryngeal
surgery.

When studying dysphonia using the auditory-perceptual
analysis method, severe dysphonia was detected in 26.9%
of patients, while aphonia developed in 13.9% of children
(children after operations associated with RRP and surgical
interventions for the elimination of laryngeal stenoses and
congenital membranes). The average degree of development
of dysphonia in children with RRP and vocal nodules identified
with the largest number was 44.1% (Table 3).

The criteria for RRP were more severe degrees of
hoarseness from average to aphonia, which was constant,
without periods of improvement, while the increase in the
degree of hoarseness was accompanied by the appearance of
shortness of breath and its intensification.

The criteria for VCN were mild to moderate dysphonia, of
an unstable nature, which changed throughout the day, while
the morning voice was always much better than the evening
voice. Dysphonia was never accompanied by shortness of
breath or dysphagia.

Table 2: Characteristics of patients with dysphonia according to nosology.

Pathology Quantity = Indicator, %
Laryngeal membranes 8 8,6
RRP 58 62,3
VCN 18 19,3
Scar changes in the larynx due to medical reasons 9 9,6

Table 3: Indicators of voice changes in benign laryngeal formations in children (N.
Yanagihara, 1967).

Pathology of the larynx

Dysphonia Total,
VAL RRP, VCN, | Cicatricial stenoses caused LETEEEl o
degree membranes, /%

n=58 n=18 bylaryngeal surgery,n=9 n=8

0 - normal 0

voice

1 - muffled 0

voice
2 - mild 10 2 2 14/15,0
hoarseness;
3-
moderate 29 8 3 1 41/44,1
hoarseness;

4 - severe 25 ) ) 25/26,9

hoarseness;

5 - aphonia 4 - 4 5 13/13,9
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The criteria for vocal cord membranes were most often
pronounced dysphonia; with membranes extended in-
depth, they were accompanied by complete aphonia; with
membranes in the form of a “crow’s foot”, hoarseness was
grade 3-4.

Cicatricial stenoses caused by medical reasons led to
dysphonia of 2-3-4 degrees, rarely to aphonia, since most
often cicatricial changes were localized in the subglottic area,
partially involving the lower surface of the vocal cords, while

DiomlagdlX] i
o e | oes |

5

with the membranes of the larynx, the pathology was directly
located in areas of voice formation, namely on the vocal cords.

Figure 2 shows signalgrams of an audio recording of the
voice of a healthy child (a) and a sick child with dysphonia
after surgery on the larynx (b).

Table 4 shows the results of the Jitter and Shimmer acoustic
voice parameters of a sample of three children with dysphonia

1 month and 2 months after laryngeal surgery.
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Figure 2: a) Signalogram of audio recordings of the voice of a healthy child. b) Signalogram of audio recordings of the voice of a sick child with dysphonia.

Table 4: The results of the Jitter and Shimmer acoustic voice parameters of a sample of three children with dysphonia 1 month and 2 months after laryngeal surgery.

Acoustic indicator S A After 1 month Decrease in indicator after After Increase in indicator after
after surgery on the larynx surgery, % 2 months after surgery surgery, %

Acoustic characteristics of the voice of a sick child (patient) No. 1

Jitter 453 850. 26 98512.16 21.71 723 788.31 159.5

Shimmer 7.149 3.337 46.7 7.89 110.4
Acoustic characteristics of the voice of a sick child (patient) No. 2

Jitter 300550 157 429 52,4 388 347 129.2

Shimmer 4.152 1.9335 46.6 4.812 115.9
Acoustic characteristics of the voice of a sick child (patient) No. 3

Jitter 675933 405 846 60.0 826923 122,3

Shimmer 6.3 4.508 71.6 6.557 104.1

https://doi.org/10.29328/journal.acr.1001126
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As can be seen from Table 4, in a sample of three patients
1 month after surgery on the larynx, there is a decrease in the
acoustic parameters of the voice Jitter from 21.71% to 60.0%
and Shimmer from 46.6% to 71.6% compared to these the
same indicators before laryngeal surgery. However, 2 months
after rehabilitation, an increase in the acoustic parameters
of Jitter from 122.3% to 159.5% and Shimmer from 104.1 to
115.9% is observed compared to these indicators before the
larynx surgery. The results obtained indicate the dynamics of
the process of rehabilitation of sick children after laryngeal
surgery.

w:n

Figure 3 shows a comparison of the “i” sound based on the
Jitter.

w:n
1

Figure 4 shows a comparison of the “i” sound based on the

Shimmer.
Figure 5 shows a comparison of average Jitter values.
Figure 6 shows a comparison of average Shimmer values.

Table 5 shows the arithmetic mean values of the acoustic
parameters of the voice Jitter and Shimmer of all 93 studied
children with dysphonia after laryngeal surgery.

The research results showed (Table 5), that children with
dysphonia before laryngeal surgery had significantly lower
Jitter and Shimmer scores (574359.587 and 2.3) compared to
healthy children (1316743.376 and 4.84). Moreover, 1 month
after surgery, sick children showed a noticeable decrease
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Figure 6: Comparison of average Shimmer values.

Table 5: Average value of Jitter and Shimmer parameters in children with dysphonia
after laryngeal surgery.

Jitter Shimmer

Patients with dysphonia before surgery 574 359.587 2.3
Patients with dysphonia after surgery 1 month later 363 945.925 1.28
Patients with dysphonia after surgery 2 months later 925 233.732 3.14

1292562.982 4.22
1316 743.376 4.84

Patients with dysphonia after surgery 3 months later

Healthy children without dysphonia

in Jitter and Shimmer indices compared to these acoustic
indices before surgery. However, at 2 months, there was a
significant increase in Jitter and Shimmer scores, and at 3
months Jitter and Shimmer scores were comparable to Jitter
and Shimmer scores in healthy children without dysphonia.
The experimental data obtained confirm the complete
rehabilitation and recovery of sick children with dysphonia
after laryngeal surgery.

Conclusion

Analysis of the acoustic parameters Jitter and Shimmer
in children with dysphonia after laryngeal surgery has
advantages over other diagnostic methods in terms of non-
invasiveness, low price, convenience, and objectivity.

The results of a study of the acoustic parameters of the
Jitter and Shimmer voice in children with dysphonia showed
that by measuring the acoustic parameters of the Jitter and
Shimmer voice and comparing them with similar indicators
in healthy children, it is possible to effectively monitor and
control the dynamics of the progress of the rehabilitation of
children after laryngeal surgery.

https://doi.org/10.29328 /journal.acr.1001126
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Thus, the method of analyzing the acoustic parameters of
the voice Jitter and Shimmer provides an opportunity for a
phoniatrist to objectively assess the course of the disease of the
vocal apparatus of children with dysphonia, and this method
has proven to be most useful for determining pathology and
clarifying a therapeutic rehabilitation program.
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