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Abstract

Background: Partial deafness (PD) is a condition in which normal hearing is preserved in the low frequency range, while se-
vere to profound hearing loss is observed in the middle and high frequency ranges. The aim of this study was to assess the
acoustic structure of the voice in children considered for partial deafness treatment (PDT).

Material and methods: The material included 127 children aged from 5 to 12 years old. The study group included children
with partial deafness (PD). Depending on age, patients in the study group were divided into 2 groups. The first included 40
children aged 5-6 years, and the second consisted of 44 school-age children aged 7-12 years. The control group included 20
healthy normally hearing children aged 5-6 years and 23 healthy, normally hearing children with clear voices, aged 7-12 years.
Children’s voices were assessed subjectively by the physician and objectively with the use of a digital CSL KAY Multidimen-
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sional Voice Profile analyser (MDVP). The sustained vowel “a” was used for analysis.

Results: Acoustic features of PD vs. normally hearing children were different. Statistically significant parameters differentiat-
ing voices in the group of younger children were fundamental frequency (Fo); shimmer, a parameter describing changes in
amplitude (ShdB); and noise-to-harmonic-ratio (NHR). In the group of older children more acoustic parameters characteriz-
ing voices of PD children were defined. They included fundamental frequency (Fo); fundamental frequency variation (vFo);
amplitude change (vAm, sAPQ); noise-to-harmonic-ratio (NHR); and voice tremor (FTRI).

Conclusions: The acoustic structure of the voice in children with partial deafness is different from that in children with normal hearing.
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ESTRUCTURA ACUSTICA DE LA VOZ EN LOS NINOS CONSIDERADOS PARA EL
TRATAMIENTO DE SORDERA PARCIAL

Resumen

Antecedentes: La sordera parcial (PD) es una condicién en la cual se conserva una audicién normal en el rango de frecuencia
baja, mientras que se observa pérdida auditiva severa a profunda en los rangos de frecuencia media y alta. El objetivo de este
estudio fue evaluar la estructura actstica de la voz en los ninos considerados para el tratamiento de la sordera parcial (PDT).

Material y métodos: El material incluyé a 127 ninos de edades comprendidas entre 5 y 12 afios. El grupo de estudio incluy6 a
nifos con sordera parcial (PD). Dependiendo de la edad, los pacientes del grupo de estudio fueron divididos en 2 grupos. El
primero incluy6 a 40 ninos de 5-6 afos, y el segundo contd con 44 ninos en edades escolares de 7-12 anos. El grupo de con-
trol incluyé a 20 nifios sanos con audicion normal con edades de 5-6 afos y 23 nifios sanos, con audicién normal, con voces
claras y edades entre 7-12 afios. Las voces de los nifios fueron evaluadas subjetivamente por un médico y objetivamente me-
diante un analizador digital CSL KAY Multidimensional Voice Profile (MDVP). Para el analisis se utilizo la vocal sostenida ,,a”

Resultados: Caracteristicas acusticas de los nifios con la PD vs a los con audicién normal eran diferentes. Los parametros es-
tadisticamente significativos que diferencian las voces en el grupo de los ninos mas pequefios fueron la frecuencia fundamen-
tal (Fo); el brillo, un pardmetro que describe los cambios en la amplitud (ShdB), y el ratio ruido-armonia (NHR). En el gru-
po de ninos mayores se definieron los parametros mas acusticos que caracterizan voces de los ninos con PD. Estos incluyeron
la frecuencia fundamental (Fo), la variacion de la frecuencia fundamental (vFo), el cambio de amplitud (vAm, sAPQ), el ratio
ruido-armonia (NHR), y el temblor de voz (FTRI).

Conclusion: La estructura acustica de la voz en nifios con sordera parcial es diferente de la de los nifios con audicién normal.

Palabras clave: tratamiento de sordera parcial « voz « nifios
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LA STRUCTURE ACOUSTIQUE DE LA VOIX CHEZ LES ENFANTS PRIS EN
CONSIDERATION POUR LE TRAITEMENT DE LA SURDITE PARTIELLE

Résumé

Contexte: La surdité partielle est un état dans lequel I'audition normale est conservée dans la gamme des basses fréquences, tandis
qu'une perte auditive sévére ou profonde est observée dans les gammes de fréquences moyennes et hautes. Le but de cette étude
était dévaluer la structure acoustique de la voix chez les enfants pris en considération pour le traitement de la surdité partielle.

Matériel et méthodes: Le groupe détude se composait de 127 enfants agés de 5 a 12 ans. Ce groupe comprenait des enfants
touchés de surdité partielle. Selon leur 4ge, les patients du groupe détude étaient divisés en 2 groupes. Le premier comprenait
40 enfants agés de 5-6 ans, et le second était composé de 44 enfants en 4ge scolaire, agés de 7-12 ans. Le groupe de contrdle
comportait 20 enfants sains, avec une audition normale, agés de 5-6 ans et 23 enfants sains, avec une audition normale et des
voix claires, agés de 7-12 ans. Les voix des enfants étaient évaluées de maniere subjective par le médecin, et de maniere objec-
tive, par analyse multidimensionnelle du programme de voix, a l'aide du spectographe numérique CSL KAY.

Résultats: Les caractéristiques acoustiques des enfants avec surdité partielle étaient différentes de celles des enfants qui enten-
daient normalement. Les parametres statistiquement significatifs différenciant les voix dans le groupe des plus jeunes enfants
étaient: la fréquence fondamentale (Fo), le parameétre décrivant Iévolution de l'amplitude (SHDB), et le bruit a-harmoniques ra-
tio (NHR). Dans le groupe denfants plus 4gés, un plus grand nombre de parametres acoustiques caractérisant les voix des en-
fants touchés de surdité partielle ont été définis. Ils comprenaient la fréquence fondamentale (Fo), la variation de la fréquence
fondamentale (VFO), le changement damplitude (vAm,sAPQ); le bruit-a-harmoniques ratio (NHR), et le chevrotement (FTRI).

Conclusions: La structure acoustique de la voix chez les enfants atteints de surdité partielle est différente de celle présente chez
les enfants ayant une audition normale.

Mots clés: traitement de la surdité partielle « voix « enfants

AKYCTUYECKUE XAPAKTEPUMCTUKN TOTOCA YV IETEV C HIOKA3AHUSAMMU
K JIEYEHUIO YACTUYHOW I'TYXOThI

Kparkwuit 0630p

Vcropusa Bonpoca: Yactuynas riyxora (PD) — cocrosiHue, Ipy KOTOPOM HOpMasIbHasi OCTPOTa C/IyXa COXPaHsEeTCs B
IMana3oHe HU3KMX 4YacTOT, IIPYU MOTEpe CIyXa C BBIPAXKEHHOCTBIO OT CYJIBHOL IO YIIyO/IeHHOIT, Hab/moaeMoil B na-
[Ia30He CPeJHMX VM BBICOKMX 4acTOT. I]e/IbIo JaHHOTO MCCIefoBaHMsA ObIIO ONIPeeNTh aKyCTUYeCKIe XapaKTepPUCTUKA
ToJI0Ca JieTeil ¢ MOKa3aHUAMM K JIeYeHNI0 YacTUYHOI rayxoTsl (PDT).

Marepuanbl u MeTopbl: B ncciefoBanuy npuHMManu ydactue 127 gereil B BospacTe oT 5 1o 12 neT. OnbITHAA IPyIl-
I1a BK/IIOYAJIa JIeTeil ¢ YacTu4Hoi rmyxoroit (PD). B 3aBUCKMOCTM OT BO3pacTa, MAlVIEHThl B COCTaBe OIBITHO I'PYIIIIbI
ObUIM pasfeneHsl Ha 2 nofrpynmnel. [lepsas mogrpymnma Opita o6pasoBaHa 40 ZeTbMI B BO3pacTe 5-6 JIeT, BTOpas COCTO-
sia 13 44 meTeit IIKOIBHOTO BO3PACTa, @ MMEHHO 7—12 y1eT. B KOHTpo/bHYI0 rpyIny 661710 HabpaHo 20 340POBBIX AeTell
6e3 HapyIIeHMIT C/TyXa BO3pacToOM 5-6 jieT u 23 30pOBBIX pebeHKa 6e3 HapyIIeHNIT c/lyXa U CO 3BOHKMM T'OIOCOM BO3-
pactom 7-12 net. XapakTep ronoca jieTeit Hofjiexan CyObeKTUBHOI OlleHKe Bpada 1 0O beKTUBHOI OL[eHKe IIPJ TOMO-
1wy urdpOBOro MHOTOPasMEPHOro aHanmaatopa romocosoro mpodmrt CSL KAY (MDVP). Ananns npoBOgyIu C IIo-
MOILbIO PACTAHYTOM ITACHOI «a».

PesynbTaThl: AKyCTIYECKE XapaKTePUCTUKN Y feTelt ¢ PD oTHOCHMTEeNTbHO feTelt ¢ HOpMaTbHBIM CITYyXOM Pas3Indainch.
CTaTiCcTIYeCK! JOCTOBEPHBIMI ITapaMeTPaMI, II03BOJIABIINMY IIPOBECTH Pas3/Idye MKy TOIOCaMI B TPyIIIle AeTeit
MJIaILIeTO BO3pacTa, 6bUIn ocHoBHasA yacToTa (Fo); poskb romoca — mapaMeTp, OIMMCHIBAIOLINIT M3MEHEHsI aMIUIUTY/IbI
(ShdB) u coornomenue mym/rapmonnku (NHR). B rpymme fieteit crapiero Bo3pacra 6bUI0 OIpee/ieHo OoJIblee Yu-
CJI0 ITapaMeTpPOB, XapaKTepusyoIlux royoca jgeteit ¢ PD. Takue mapaMeTpbl BK/II0YaI OCHOBHYIO yactoTy (Fo); Bapu-
anyy OCHOBHOII yacToThl (VF0); mamenenus ammmmtynsl (VAm, sAPQ); coornomenne mym/rapmonnku (NHR); u Tpe-
mop ronoca (FTRI).

3akaroueHne: AKyCTUYeCK/e XapaKTePUCTHKI TOIoca JleTell C YaCTMYHON ITyXOTOM OT/INYAIOTCA OT TAaKOBBIX Y fleTel
C HOPMaJIbHOI OCTPOTOM CIIyXa.

KiroueBbie crioBa: medeHne YaCTUIHONM TJTyXOTDbI e TOJIOC  NETU
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Background

Hearing loss acquired at any phase of life results in de-
velopment of a specific voice disorder called audiogenic
dysphonia. Dysphonia is a term describing voice disor-
der involving any acoustic voice component, such as fre-
quency, intensity, duration, and timbre. The mode of voice
production, its characteristics, pitch, and phonation time
are changed in subjects with audiogenic dysphonia [8].

Lack of proper auditory feedback in hearing-impaired
subjects results in functional voice disorder. It is direct-
ly related to discoordination of intrinsic and extrinsic la-
ryngeal muscles, and disturbed contraction and relaxa-
tion of antagonistic muscles. The voice organ of a hearing
impaired child shows no anatomical abnormalities in the
first years of life, provided that the factor that caused the
hearing disorder did not affect the larynx. Data in the lit-
erature suggest that the impairment of the voice organ is a
secondary effect and results not only from abnormal audi-
tory feedback but also from inappropriate hearing, voice,
and speech rehabilitation in early childhood, or even its
cessation [1,3,8].

Research on the physiopathology of voice and speech in
hearing-impaired children proves that a physiological de-
ficiency of the larynx affects phonation and articulation.
Specialists therefore emphasise that voice and speech re-
habilitation should begin as soon as possible, helping to
maintain correct functioning of the larynx [9,18]. Chang-
es in the larynx of a prelingually hearing-impaired child
and changes in his/her voice develop in the first years of
life. The nature of these disorders depends on numerous
conditions, including degree and type of hearing loss, du-
ration of the hearing impairment, the moment of its oc-
currence, the treatment applied and benefits obtained, as
well as the effectiveness of wide-range rehabilitation and
other environmental factors.

Limited functioning of the patient’s ear impairs their voice
control and may have a negative effect on their communi-
cation. Auditory disorders prevent the patients from reg-
ulating the pitch, intensity, rhythm, and timbre of their
voice. In hearing-impaired children, the melody of their
voice remains at a low level because the inborn, primary
reflexes cannot develop further. Development of the acous-
tic structure of their voice ceases when hearing impair-
ment occurs. Normally, over time the vocal range becomes
extended and the voice gets lower because of the develop-
ment of the phonatory-articulation apparatus. But disable-
ment of auditory feedback and control of speech prevents
the formation of a normal voice and phonation. One of
the specific features of audiogenic dysphonia, apart from
monotony, is pitch variation [1,11,13]. The voice clearly
changes its timbre.

Length of utterance time increases proportionally to the
degree of hearing impairment. While the voice range of
a hearing-impaired child fails to extend, the phonation
time also reduces. Hearing-impaired children may dem-
onstrate significant disorders of respiratory—phonation co-
ordination, characterized by a shortened exhaling phase
and a frequent and too deep inhaling phase, the result
of which is dissynchronization of exhalation, phonation,
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and articulation. One of the most common disorders ob-
served in the hearing impaired is a laryngeal hyperfunc-
tion with visible spasticity of face and neck muscles. The
voice of such patients has been described as husky, dull,
hoarse, wavy, screaming, nasal, pushy, harsh, and intense
[17]. Often the pharyngeal constrictor is too weak to sep-
arate the middle part of the throat from the upper throat
and nasal cavity. As a result, air passes through the nose
during speech, producing nasal sounds.

Partial deafness (PD) is a condition in which normal hear-
ing is preserved in the low frequency range, while severe
to profound hearing loss is observed in the middle and
high frequency ranges [14,15]. Such a condition gives lim-
ited possibilities for perceiving, differentiating, and iden-
tifying speech sounds. However it does allow for voice
and verbal communication development. In some cases
of PD, voice disorder is not detectable but speech recep-
tion problems are clearly visible — problems with under-
standing speech and identifying directed messages. While
it is important to perceive and understand verbal stimu-
li, in the wider context of interpersonal communication
sound production is equally important. Voice is the medi-
um for oral speech, and so its disorder impacts the quali-
ty of verbally created messages and disturbs the commu-
nication process.

Data in the literature suggest that the acoustic structure of
the voice of hearing-impaired children differs depending on
age [16,17,19]. The acoustic structure of the voice of nor-
mally hearing children changes with their growth and devel-
opment, whereas in hearing-impaired children, apart from
changes in the fundamental frequency, Fo, it does not sig-
nificantly change and its development is delayed [1,2,8,18].

The aim of this study was to assess the acoustic structure
of voice in children considered for PDT.

Material and methods

The material included 127 children aged from 5 to 12 years
old. The study group were children diagnosed with senso-
rineural hearing loss over 1000 Hz — which is defined as
partial deafness (PD). All were patients of the Institute of
Physiology and Pathology of Hearing. Depending on age,
the patients in the study group were divided into 2 groups.
The first included 40 children aged 5-6 years and the sec-
ond consisted of 44 school-age children aged 7-12 years.
The control group included 20 healthy normally hearing
children aged 5-6 years and 23 healthy, normally hearing
children with clear voices, aged 7-12 years. The research
group was selected according to the uniform characteristics
of the hearing loss and the type of audiogram (Figure 1).

All children underwent phoniatric and laryngological ex-
aminations as well as subjective and objective voice as-
sessment. The examinations excluded possible pathologies
(palate dysplasias, cleft palate, mental deficiency, asthma,
craniofacial congenital defects) that could influence the
quality of voice and phonation in the larynx. All under-
went hearing tests, and middle ear function was assessed by
tympanometry and stapedius reflex measurements. Hearing
thresholds were assessed in an age-appropriate manner: for
cooperative children pure tone audiometry was performed;
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in non-cooperating cases, wave V thresholds were obtained
by ABR examination. Voice was assessed subjectively con-
sidering the following features: character, production mode,
type of voice attack, and intensity. Objective measurements
included digital voice recording of all patients using a con-
denser microphone under studio conditions.

Each patient had to produce a prolonged “a” vowel with
their lips 10 cm from the microphone. Acoustic analysis
was done using a CSL 4300B KAY digital measurement
interface (Multidimensional Voice Profile, MDVP). Se-
lected fragments of the prolonged vowel were analysed
in each case. Parameters assessed in the MDVP program
consist of groups describing physical properties of voice.
They include parameters describing short and long-term
frequency perturbation (Jitt, Jita, RAP, PPQ, sPPQ, vFo),
parameters assessing short and long-term amplitude per-
turbations (Shim, ShdB, APQ, sAPQ, vAm), noise-related
parameters (NHR, VTI, SPI), tremor-related parameters
(FTRI, ATRI), voice breaks (DVB), degree of subharmon-
ics (DSH), and voice irregularity (DUV). For the purpose
of the study, 17 parameters which show the greatest clini-
cal importance have been analyzed (Table 1).

Our results document and give a graphical view of the
children’s voices. Statistical analysis of the results was per-
formed using an Anova test and post-hoc U-test. Statistical
significance was set at p<0.05. All children were assessed
for partial deafness treatment with a cochlear implant.

Results

Speech assessment revealed that all children in the research
group had developed verbal communication. All patients
were attending kindergartens or mainstream schools.

During the assessment children did not use hearing aids.
Mostly they used grammatically correct speech. Articulation
disorders were observed in 55 of the children (65%), and in
25 (30%) speech was not fluent; 26 children (31%) had prob-
lems in understanding complex commands. Subjective voice
assessment revealed that in 55 cases (65%) voices were abnor-
mal. Voices were dull, unstable, too high, harsh, or of high
volume. Subjective voice assessment by a physician appeared
less informative than objective examination. Objective assess-
ment revealed harmonic irregularities of voices in all cases.

Results obtained by MDVP analysis showed that the voic-
es of partially deaf children differ in most of the acoustic

125250 500 1000 2000 4000 8000

parameters from voices of normally hearing children
(Table 1).

In the research group we observed differences, compared
to the control group, in parameters describing disturbanc-
es of frequency, amplitude, and voice tremor, and in pa-
rameters showing the presence of noise elements. Acoustic
analysis allowed us to select statistically significant acous-
tic parameters that differentiated both age groups from the
control groups. Statistically significant parameters differen-
tiating voices in the group of younger children were fun-
damental frequency (Fo); shimmer, a parameter describing
changes in amplitude (ShdB), and noise-to-harmonic-ra-
tio (NHR). The mean value of the fundamental frequen-
cy Fo in the group of younger children was 293 Hz, high-
er than the control group where the mean value was 270
Hz; ShdB and NHR were significantly lower than in nor-
mally hearing children.

In the group of older children, a larger number of acous-
tic parameters characterizing voices of PD children were
found. They included fundamental frequency (Fo), funda-
mental frequency variation (vFo), amplitude change (vAm,
sAPQ), noise-to-harmonic-ratio (NHR), and voice trem-
or (FTRI). The fundamental frequency Fo in the group
of children considered for PDT was 240 Hz, whereas in
the age-matched group of hearing children it was 217 Hz.
The fundamental frequency variation (vFo) in the group
of partially deaf older children was lower than in the con-
trol group. The parameter describing amplitude change,
sAPQ, was significantly lower in the partially deaf older
children compared to the normally hearing children. The
peak amplitude variation (vAm) was considerably elevat-
ed in the examined group. Among the noise components
(NHR, VTI, SPI), significant differences were observed
in the soft phonation index (SPI) and noise-to-harmonic-
ratio (NHR), which were much lower than in the control
group. In the group of older PD children, the voice trem-
or index (FTRI) was 0.34, lower than in controls.

Discussion

Our results show that the acoustic structure of the voic-
es of partially deaf children differs significantly from the
structure of voices of normally hearing children in sever-
al features. Disturbances of frequency, amplitude, tremor,
and noise were observed in the examination group. Sim-
ilar tendencies have been observed in deaf children and
in children with sensorineural hearing loss of a different
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Table 1. Acoustic voice parameters in younger and older PD children and control groups.

Parameters Control group PD 5-6 y.o. Control group PD 7-12 y.o.
FO 270 Hz 293 Hz* 217 Hz 240 Hz*
Jita 112 ps 68.9 us 77.66 ps 41.06 ps
Jitt 2.83% 2.01% 1.64% 1.12%
RAP 1.7% 1.2% 0.99% 0.66%
PPQ 1.7% 1.2% 1.00% 0.62%

sPPQ 2.07% 1.8% 1.44% 0.95%
vFO 6.77% 6.87% 5.13% 4.12%*
ShdB 0.81dB 0.49 dB* 0.55 dB 0.38 dB
Shim 8.65% 5.36% 6.18% 4.96%
APQ 6.35% 4.11%* 4.55% 3.60%
SAPQ 8.79% 6.65% 7.05% 6.24%*
vAm 20.25% 22.16% 14.71% 20.96%*
NHR 0.23 0.15* 0.17 0.15*
VTI 0.08 0.07 0.05 0.05
SPI 4.27 7.41 9.43 6.99*
FTARI 1.29 0.55 0.78 0.34*
ATRI 7.49% 5.68% 3.86% 4.0%

* Statistically significant differences between studied and control groups.

type. Results presented here indicate voice disorders and
other abnormalities in PD children, although compared to
deaf children and children using hearing aids, as found by
other authors [7,8,11,13], they are much better.

It is worth pointing out that all examined children com-
posed sentences freely and did not show significant voice
disorders during assessment. This is a major difference
compared to children suffering from other types of hear-
ing disorders. Partial deafness is a type of hearing loss
that limits sound perception, differentiation, and identi-
fication, but it does allow voice development and verbal
communication.

In the presented material, school-age children were ob-
served to have more abnormalities in the acoustic struc-
ture of their voices than the younger children. This may be
connected with an increased demand on hearing function
when children start school. Acoustic features of the voice
change with age, which is why voices were compared in
age-matching groups.

Data in the literature suggest that by examining the acous-
tic properties of the voice it is possible to obtain informa-
tion on the subjective quality of the produced voice and
the phonatory function of the larynx [1,2,5]. Voice is an
acoustic phenomenon and all its disorders are character-
ized by abnormal values of its components - frequency,
amplitude, intensity, duration, and timbre [8,19]. Acoustic
measurements are useful for assessing the voice of hearing-
impaired children, including children with partial deafness.

© Journal of Hearing Science® - 2012 Vol. 2 - No. 2

Acoustic analysis of the voice is a valuable complement to
a basic phoniatric examination and perceptual voice assess-
ment [4,8]. Data in the literature show that after cochlear
implantation there is significant improvement in the acous-
tic structure of the voice in children with profound senso-
rineural hearing loss [4,5,8,10-13]. Authors are in agree-
ment that rehabilitation greatly affects voice development
in children with hearing disorders [6,17]. Our analysis con-
firms that cochlear implantation in partially deaf children
can restore hearing in the lost high frequencies, allowing
development of auditory feedback control of speech and
proper voice development [14,15].

Data in the literature suggest the important role of acous-
tic examinations in rehabilitation programs for hearing-
impaired children [18]. Rehabilitation in hearing-impaired
children does not differ from the common practice of
voice rehabilitation. Nonetheless, a rehabilitation program
should be individually adjusted to the patient’s age, lan-
guage skills, intellectual abilities, general health, and emo-
tional profile [17]. Rehabilitation should always be based
on trust between the patient and the therapist.

Since voice rehabilitation is closely connected with effec-
tive auditory ability, it is easy to imagine how difficult it
is to introduce exercises to improve the voice in patients
who have partially lost their hearing. The objective of voice
therapy is to achieve auditory differentiation and feedback.
If hearing abilities are lacking in cases of hearing-impaired
patients, then vision and touch can be used as additional
channels of contact. Children especially need to observe
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and perform mimicking exercises with numerous repeti-
tions, even though it is often difficult for them to verify
their own voice and speech because of diminished audi-
tory feedback. An impaired hearing—voice-speech loop
makes it nearly impossible to produce correct or almost
correct phonation patterns.

In such cases we often observe excessive mobilisation of
the whole muscle apparatus, including respiratory muscles
and pharyngeal and articulation muscles. Speech therapists
and phoniatricians must be aware that inappropriate audi-
tory feedback control, or its incorrect use during rehabilita-
tion, may lead to development and establishment of wrong
phonatory habits which can affect the quality of the pro-
duced voice. This is why auditory training is so important.

The most difficult phase during voice rehabilitation of
hearing-impaired patients is teaching them to identify
correct and incorrect features of the voice. Thus, the first
phase of rehabilitation should be educational and should
provide knowledge of voice features, differences resulting
from various ways of producing it, and general awareness
of the processes involved. Such an education is very diffi-
cult, considering that a partially deaf child is often diso-
riented and lost, not only during conversation but also in
play with other children. The child is perceived as such by
the people around them and as a consequence develops
a whole variety of inappropriate emotions and attitudes
(frustration, lack of confidence, alienation).

Voice plays an important role in expressing the emotional
state of a person. It reflects our emotional condition, and
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our emotions impact the way it is produced and its qual-
ity. Emotions affect muscle tension in the vocal folds and
the whole vocal tract, the larynx position, and the larynx’s
readiness to produce sounds. In positive situations, when
we are joyful, the reactions connected with voice produc-
tion are optimal. Negative emotions, such as anger, cause
muscle tension in all the structures engaged in producing
the voice and convey this information.

To sum up, children with PD present disorders in acous-
tic voice structure, although the limited stage of the dis-
order still makes it possible to communicate. In cases of
children with high-frequency hearing loss causing partial
deafness, cochlear implantation and subsequent rehabili-
tation offer a chance to improve the acoustic structure of
the voice and of communication in general.

Conclusions

Results obtained during research on children considered
for PDT allow us to conclude that:
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