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Abstract

Background: Vocal fold nodules are a common cause of pediatric dysphonia. The aim of the study was to assess the acoustic structure of the 
voice in children with vocal fold nodules and investigate the relationship between objective and subjective measures.

Material and methods: The study group consisted of 223 children, aged 7 to 12 years with normal hearing. The control group included 213 
children. All children underwent ENT and phoniatric examination including laryngovideostroboscopy (LVS), assessment of voice on the 
GRBAS perceptual scale, and acoustic analysis (spectrographic analysis using the Multi-Dimensional Voice Profile).

Results: In children with vocal fold nodules the average perceptual score for their voice was G1R1B0A0S2. No statistically significant effect 
of the child’s sex or age on the values of the MDVP parameters was found. The acoustic structure of the voice of children with childhood 
dysphonia and vocal fold nodules differed significantly from the acoustic structure of those in the control group. A relationship between 
GRBAS features and MDVP analysis was found.

Conclusions: Voice acoustic analysis is a valuable tool for assessing voice quality in children. The analysis can identify deviations from normal 
values that the human ear is unable to pick up.
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JAKOŚĆ GŁOSU U DZIECI POLSKICH Z GUZKAMI GŁOSOWYMI

Streszczenie

Wprowadzenie: Guzki fałdów głosowych są częstą przyczyną dysfonii dziecięcej.

Cel: Celem pracy była ocena struktury akustycznej głosu dzieci z guzkami głosowymi oraz zbadanie zależności pomiędzy pomiarami 
obiektywnymi i subiektywnymi głosu.

Materiał i metody: Grupę badaną stanowiło 223 dzieci w wieku od 7 do 12 lat z prawidłowym słuchem. Grupę kontrolną stanowiło 213 
dzieci. U wszystkich dzieci wykonano badanie laryngologiczne i  foniatryczne obejmujące laryngowideostroboskopię (LVS), ocenę głosu 
w skali percepcyjnej GRBAS oraz analizę akustyczną (analiza spektrograficzna z zastosowaniem wieloparametrycznej oceny głosu – MDVP).

Wyniki: U dzieci z guzkami fałdów głosowych ocena percepcyjna głosu wynosiła średnio G1R1B0A0S2. Nie stwierdzono istotnego statystycznie 
wpływu płci i wieku dziecka na wartości parametrów MDVP. Struktura akustyczna głosu dzieci z dysfonią dziecięcą i guzkami fałdów głosowych 
różniła się istotnie od struktury akustycznej dzieci z grupy kontrolnej. Stwierdzono zależność między cechami GRBAS a analizą MDVP.

Wnioski: Analiza akustyczna głosu jest cennym narzędziem do oceny jakości głosu w populacji dziecięcej. Analiza identyfikuje odchylenia 
od wartości prawidłowych, których ucho ludzkie nie jest w stanie wychwycić.

Słowa kluczowe: analiza akustyczna • dysfonia • GRBAS • MDVP • guzki głosowe • głos

GRBAS Scale of G-grade, R-roughness, B-breathiness, A-asthenia, and S-strain

LVS laryngovideostroboscopy

MDVP Multi-Dimensional Voice Profile
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Introduction

Voice disorders in school children are often associated 
with abuse of the voice, e.g. speaking, singing, or shout-
ing too loudly. Voice abuse occurs in about 45% of chil-
dren [1]. The etiology of these disorders is not uniform, 
and sometimes children may produce their voice incor-
rectly because of psychogenic reasons [2,3].

Vocal fold nodules are a common cause of pediatric dys-
phonia. The authors believe that children 7–12 years old 
who have functional voice disorders usually have sec-
ondary changes in the form of vocal fold nodules, which 
give rise to chronic hoarseness [4]. The literature indi-
cates that vocal fold nodules are common, occurring in 
nearly 60% of children [5–7], and changes in the voice 
are more often observed in boys than girls [2]. In child-
hood dysphonia, the way the voice is produced and its 
quality change [8,9]. To date, there has been little litera-
ture on voice disorders in Polish children. In this study, 
we aim to describe the characteristics of the most com-
mon pathology of children’s voice – vocal fold nodules – 
in the Polish population.

The aim of this study was to assess the acoustic structure 
of voice in children with vocal fold nodules and examine 
its relationship to the GRBAS perceptual scale.

Material and methods

The study group consisted of 223 children, aged 7 to 12 
years, with hyperfunctional dysphonia. There were 63 girls 
(28%) and 160 boys (72%). All children in the study group 
had normal hearing sensitivity and normal impedance au-
diometry. None were having voice therapy at the time of 
the study. The control group included 213 children, aged 
7 to 12 years, with normal hearing and without voice or 
speech disorders; there were 120 girls (56%) and 93 boys 
(44%). None of the control group had present or past voice 
disorders. Children were included in the study only if their 
voice had not mutated.

In this prospective study, all children underwent otolar-
yngologic and phoniatric examination including laryngo-
videostroboscopy (LVS), assessment of the voice on the 
GRBAS perceptual scale, and acoustic analysis. Endoscopic 
examination of the larynx was performed through the 
nose using a Xion fiberscope of diameter 3.2 mm. Features 
of hyperfunctional dysphonia were recognized accord-
ing to literature guidelines. Distinctive features of hyper-
functional dysphonia that can be observed by LVS are 
supraglottic hypertension, reduced open phase, reduced 
maximum amplitude, and elongated closed phase; sim-
ilarly, a physical examination can reveal general muscle 
hypertension, thoracic breathing pattern, tight articula-
tion pattern, and cervical tension [10,11]. The phoniat-
ric examination included perceptive evaluation accord-
ing to the GRBAS classification (G, grade; R, roughness; 
B, breathiness; A, asthenicity; S, strain) on a 4-step scale 
made independently by two practitioners (at least 2 of the 
authors) [2]. All patients underwent acoustic voice test-
ing. Vocal samples were obtained during sustained emis-
sion of the vowel /a/ and analyzed using a KAY 4300B 

spectrograph and its multi-parametric voice analysis func-
tion (Multi-Dimensional Voice Profile, MDVP).

Statistical analysis was performed with Statistica 7.0 (Stat-
soft). Based on the collected qualitative data, the number 
and proportion of cases in the analyzed subgroups were 
determined. The variables were evaluated using a Pearson 
Chi-square independence test. If the expected number 
in each subgroup was less than 5, a Chi-square test with 
Yates correction was used. The quantitative variables were 
placed into tables giving means and standard deviations. 
A Shapiro–Wilk test was used to assess the homogene-
ity of variance in each subgroup. Depending on the re-
sults, further dependencies were tested using a Student’s 
t-test for related and independent samples (if the results 
had a normal distribution), or a Wilcoxon pair order test 
or Mann–Whitney U-test (if the distribution was non-
normal). When formulating conclusions from analyses 
using statistical tests, the threshold level of significance 
was p < 0.05.

This study received approval from the Bioethics Committee, 
document No. IFPS/KB/10/2010.

Results

In the LVS examination, excessively tense vocal folds were 
found in the study group, with visible bilateral vocal fold 
nodules located marginally in the middle third of the vocal 
folds. The nodules were edematous in all cases. The glot-
tal gap during phonation in all children with vocal fold 
nodules was hourglass-shaped. In the LVS examination, a 
reduced amplitude of vocal fold vibrations was observed, 
with the regularity of vibrations disturbed. The mucosal 
wave was reduced and poorly visible in most of the ex-
amined children. The respiratory and phonation mobility 
of the vocal folds was preserved. The use of a flexible fib-
erscope for laryngoscopic and stroboscopic examination 
made it possible to assess the resting and phonation posi-
tion at the level of the pharynx and ventricle of the larynx.

High muscle activity of the structures of the supraglottic 
region above the true vocal folds was observed, resulting 
in a reduction of space around the ventricle of the larynx 
and the inferior pharynx. In children with vocal fold nod-
ules excessive adduction of ventricular folds dominated.

In the listening assessment conducted by the doctor 
during the examination, all children exhibited a mostly 
hoarse voice to a moderate degree. Most often the voice 
was formed with effort, had a hard vocal onset, and a high 
volume. The voice analysis on the GRBAS perceptual scale 
showed a statistically significant increase in the frequen-
cy of occurrence of each feature, with a severity greater 
than 0 observed for the voices of children with vocal fold 
nodules. Table 1 shows the frequency of GRBAS param-
eter values in the group of children with vocal fold nod-
ules compared with the control group. In terms of the se-
verity of the disorders, it was most often light (degree 1), 
sometimes moderate (degree 2), and least often severe 
(degree 3) for each of the characteristics. The most dis-
tinguishing feature in the study group was the S-feature 
(strain), where severity 1, 2, or 3 was found in 97.4% of 
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the group. The G-feature (grade of hoarseness) was dis-
turbed in 95.4%, and the R-feature (roughness) was non-
zero in 80.0%. The average score for children with vocal 
fold nodules was G1R1B0A0S2.

From the acoustic tests, parameters and graphic images 
of the multi-parametric voice analysis (MDVP) were ob-
tained. Table 2 shows the acoustic parameters assessing the 
physical characteristics of the voice which are significant 
from a clinical point of view. Statistical analysis showed 
that the child’s sex was not statistically significant for any 
parameter, and the same was true of age.

Next, the values of the DVB, DSH, and DUV parameters 
were compared. In healthy voices these values do not ex-
ceed 0 [12]. Table 3 shows the number and percentage 
of normal and abnormal results for the DVB, DSH, and 
DUV tests. For each of these parameters, there was a sta-
tistically significant increase in the frequency of abnor-
mal results (> 0) in the group of children with dysphonia 
and concomitant vocal fold nodules. The highest number 
of abnormal results was observed for the DSH parameter, 
which assesses the subharmonic components in the voice.

The results of the objective voice tests show that the acous-
tic structure of the voices of children with childhood dys-
phonia and vocal fold nodules differed significantly from 
that of children from the control group. The largest statis-
tically significant differences concerned those parameters 

describing frequency disturbances (JitT, RAP, PPQ, sPPQ, 
vF0), which were notably higher in the study group, as 
shown in Table 2, where p < 0.01. Similar differences 
(p < 0.01) were found in the parameters NHR and VTI 
which describe the occurrence of noise in the analyzed sig-
nal. For FTRI, the voice tremor parameter, and APQ, the 
parameter that describes the short-term disturbance of the 
voice amplitude from cycle to cycle, p-values were < 0.05.

The next step was to look for relationships between 
GRBAS features and the voice acoustic parameters. For 
the G-feature, describing the grade of hoarseness, rela-
tionships (r = 0.86; p < 0.05) were found between the first 
degree of severity, G1, and the vF0 parameter, as well as 
between G1 and parameters describing amplitude distur-
bances (APQ, sAPQ, vAm). For the second degree of sever-
ity, G2, there was an even stronger relationship (p < 0.01) 
between it and all parameters describing the physical fea-
tures of the voice. However, statistical significance was not 
observed for SPI (soft phonation index) or ATRI (ampli-
tude tremor intensity index).

The R-feature, describing voice roughness, correlated 
(r = 0.83; p < 0.05) with parameters describing relative 
changes in frequency (Jitt, RAP, PPQ, sPPQ, vF0), with 
amplitude parameters (APQ, sAPQ), with the NHR noise 
parameter, and with the voice tremor parameter FTRI. 
Increases in severity of the R-feature did not affect the 
level of correlation.

Parameter Severity
Group with nodules Control group

No % No %

G

0 11 4.9 189 88.7

1 179 80.3 24 11.3

2 23 10.3 0 0

3 10 4.8 0 0

R

0 45 20.2 148 69.5

1 140 62.9 65 30.5

2 30 13.5 0 0

3 8 3.6 0 0

B

0 174 78.0 193 90.6

1 48 21.5 19 8.9

2 1 0.4 1 0.5

3 0 0 0 0

A

0 182 81.6 201 94.4

1 33 14.8 12 5.6

2 8 3.6 0 0

3 0 0 0 0

S

0 6 2.7 140 65.7

1 64 28.7 72 33.8

2 123 55.2 1 0.5

3 30 13.5 0 0

Table 1. Incidence of GRBAS parameters in a group of 223 children with vocal fold nodules compared with a control group of 213 
children
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The B-feature, which describes a breathy voice resulting 
from exhalation of air through the opened glottis, showed 
no correlation with any parameter determining the physi-
cal characteristics of the voice, at least when the degree of 
severity was slight (B1). However, with an increase in the 

severity of the disorder to B2, there was a significant cor-
relation (r = 0.51; p < 0.05) with parameters describing the 
relative change in frequency (Jitt, RAP, PPQ, sPPQ, vF0), 
amplitude (RAP, APQ, sAPQ, vAm), and the VTI param-
eter (an indicator of turbulence in the voice).

Voice parameter
Control group Study group with nodules

p-value_
X SD

_
X SD

Fo
Average fundamental frequency (Hz) 265.87 22.99 263.62 26.72 > 0.05

Fhi  
Highest fundamental frequency (Hz) 266.36 21.25 293.45 39.17 < 0.01

Flo  
Lowest fundamental frequency (Hz) 257.98 22.97 240.84 30.66 < 0.01

STD  
Standard deviation (Hz) 4.19 1.47 5.49 2.71 < 0.01

Jita  
Absolute jitter 26.53 11.12 47.83 21.67 < 0.01

Jitt  
Jitter (%)

0.71 0.48 1.42 0.81 < 0.01

RAP 0.45 0.21 0.82 0.45 < 0.01

PPQ 0.39 0.21 0.82 0.48 < 0.01

sPPQ 0.56 0.19 0.91 0.50 < 0.01

vFo 1.95 0.79 2.10 0.90 > 0.05

ShdB 0.55 0.18 0.61 0.19 < 0.05

Shim 5.27 1.43 5.17 1.45 > 0.05

APQ 3.89 1.17 4.94 1.80 < 0.01

sAPQ 5.03 1.52 5.65 1.51 < 0.01

vAM 16.70 7.10 18.18 6.66 < 0.05

NHR 0.16 0.03 0.18 0.05 < 0.01

VTI 0.08 0.03 0.10 0.04 < 0.01

SPI 4.47 2.49 4.26 2.11 > 0.05

FTRI 0.54 0.36 0.75 0.49 < 0.05

ATRI 4.11 3.26 5.46 3.23 < 0.05

Table 2. Average and standard deviation of acoustic parameters (MDVP) for the control group and the study group. Threshold of signifi-
cance was p < 0.05

Test Result
Control group Group with nodules

No % No %

DVB
normal 143 94.1 192 86.1

abnormal 9 5.9 31 13.9

DSH
normal 126 82.9 140 62.8

abnormal 26 17.1 83 37.2

DUV
normal 134 88.2 152 68.2

abnormal 18 11.8 71 31.8

Table 3. Frequency (%) of normal and abnormal results for the control and research groups, divided according to whether the children 
had or did not have nodules. Bold figures indicate a statistically significant (p < 0.05) greater number of abnormal results

Original articles • 29–34

32 Journal of Hearing Science  ·  2023 Vol. 13  ·  No. 1 



The A-feature, describing a weak, asthenic voice, showed 
a slight correlation (r = 0.34; p ≤ 0.01) with an A1 level of 
severity in relation to the VTI parameter; however, with 
an increase in severity to A2, no correlation was observed 
with any acoustic parameter.

The S-feature, describing a strained, hyperfunctional voice 
showed a relationship with the SPI (r = −0.81; p < 0.01) 
and FTRI (r = 0.79; p < 0.05) parameters when there was 
a slight degree of severity (S1). Increasing the severity 
level to S2 gave a correlation (r = 0.77; p < 0.05) with all 
groups describing physical features of the voice (i.e., pa-
rameters assessing relative changes in frequency, ampli-
tude, noise, tremor, pauses, irregularities, and subhar-
monics in the voice).

In summary, the features that correlated most strongly 
with the acoustic parameters in children with vocal fold 
nodules were the G-feature, which determines the degree 
of hoarseness, the R-feature, which assesses the rough-
ness in the voice, and the S-feature, which describes a 
tense, spastic voice.

Discussion

The experience of many authors in everyday clinical prac-
tice, including ourselves, is that there is a growing prob-
lem of children with voice disorders [13]. A survey con-
ducted in Poland has shown that 12.8% of children aged 
7–12 had voice disorders [14]. This percentage represents 
a significant problem not only medically, but also socially 
and educationally. In the opinion of the authors, this prob-
lem requires screening and monitoring.

The novelty of this study is the characterisation of the 
voice of Polish children with vocal nodules from within 
a large group of early school-age children. The research 
conducted here, and in the literature, demonstrate that 
diagnosing and treating the voice of a child needs to be 
done differently than in an adult [15–17]. Children have 
different anatomical structures and environmental fac-
tors; they also differ in terms of maturation of the central 
nervous system and psychological profiles, and one must 
consider the huge role of emotional and cognitive factors 
at this age. Fundamentally, the acoustics of voice forma-
tion occur in children under different conditions than in 
adults. The results obtained in the present study show that 
acoustic parameters describing the physical features of the 
child’s voice differ from the results standardized for adults. 
Therefore, normative results for school-age children are re-
quired; only then will we have a reliable basis for compar-
ing children’s voices in various types of pathology [18,19].

If one uses common values of acoustic parameters for chil-
dren and adults, it is possible to misinterpret the acoustic 
structure of the voice, not only in the case of vocal nodules 

but also in other diseases. In the present work, differences 
for each age group within the studied age range were not 
statistically significant; therefore we averaged all values to 
establish normative values for healthy children aged 7 to 
12. Our results of acoustic analysis for children from the 
control group accord with results from other research-
ers [20,21]. Moreover, the results for Polish children with 
dysphonia showed similar trends to those described in 
the literature for pediatric populations of other nationali-
ties [22,23]. The children with dysphonia had significant-
ly higher parameter values than those of healthy children, 
especially for parameters describing frequency and ampli-
tude disturbances and parameters describing the presence 
of noise components.

The results of our work suggest that determining relation-
ships between subjective and objective features of the voice 
might allow one to determine characteristic voice profiles 
for each childhood disease. Such conclusions were also 
reached by Fujiki [24]. We conclude that acoustic exami-
nation is a valuable tool in diagnosing voice disorders and 
a valuable supplement to subjective assessment of voice 
quality, especially during therapy and rehabilitation. In 
the authors’ opinion, the assessment can also be useful in 
screening children’s voices.

Conclusions

Hyperfunctional phonation in children with vocal fold 
nodules creates disturbance of their voice quality. The 
acoustic structure of the voice of school children with vo-
cal fold nodules differs significantly from that of healthy 
children. The use of acoustic analysis in children requires 
reference values specific to the pediatric population. 
Development of references values for children is a val-
uable tool for assessing voice quality, especially in treat-
ment and rehabilitation of the voices of Polish children. 
In the perceptual evaluation test, an increase in the degree 
of voice dysfunction is accompanied by a strong increase 
in acoustic features of the voice. Simultaneous objective 
and subjective assessment of the voice is a sensitive indi-
cator of changes in voice quality in children with pathol-
ogy of the larynx.
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