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Sensory integration of the vestibular system as a component
of complex rehabilitation of a child with hearing loss

Integracja sensoryczna uktadu przedsionkowego jako jeden z elementow kompleksowej
rehabilitacji dziecka z uszkodzonym stuchem

Maria Dabrowska(*BEF) Maciej Biernacki(*-B.EF)

Katedra Anatomii Prawidtowej Collegium Medicum im. L. Rydygiera w Bydgoszczy, Uniwersytet Mikotaja Kopernika w Toruniu /
Departament of Anatomy Ludwik Rydygier Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland

Abstract

Introduction. The vestibular system is one of the most important human sensory systems, morphologically connected with the auditory
system. The fetus starts responding to sound at around 16 weeks of development and its inner ear begins developing at 4 weeks. Proper
receiving and processing of sound dictates development and comprehension of speech. The organ of hearing can be damaged during fetal
development, birth or in the postnatal period. The damage to the organ of hearing affects the sensory systems’ integration. Training of
sensory integration can be successfully introduced as a part of integrated rehabilitation of a child with hearing loss.

Purpose. The work describes Sensory Integration used in speech and hearing therapy. Examples of hearing exercises have been included. The
therapy was conducted in years 2019-2021 in Polish Association of the Deaf Torun and Bydgoszcz facilities.

Rehabilitation of the organ of hearing. The organ of hearing can be damaged during fetal development, birth or in the postnatal period. The
rehabilitation of the organ of hearing begins as soon as the damage is recognized. The child, after being supplied with hearing aids or an
cochlear implant, sometimes before that, is referred for speech and hearing therapy. In the process of widely understood rehabilitation, if
complex action is required, included are physiotherapy and Sensory Integration- which was done at Polish Association of the Deaf Torun and
Bydgoszcz facilities.

Sensory Integration in children with hearing loss. In children with hearing loss parallel to speech, pedagogical and psychological therapies
conducted are other such as Sensory Integration, physical therapy or other forms of rehabilitation individually chosen depending on the
needs of the child.

Conclusion. Hearing exercises in accordance with the concept of Sensory Integration applied parallel to other forms of therapy can be used as
a part of complex rehabilitation of a child with hearing loss.

Key words:
sensory integration, rehabilitation, physical therapy in children, hearing loss

Streszczenie

Wprowadzenie. Jednym z najwazniejszych zmystéw cztowieka jest uktad przedsionkowy, ktéry jest powigzany morfologicznie z narzadem
stuchu. P16d odbiera dzwieki od okoto 16. tygodnia rozwoju, a jego ucho wewnetrzne rozwija sie od 4. tygodnia zycia ptodu.

Prawidtowy odbidr i przetwarzanie fal dZwiekowych warunkuje rozwoj i rozumienie mowy. Narzad stuchu moze zostac¢ uszkodzony

w trackie zycia ptodowego, podczas porodu lub w okresie poporodowym. Uszkodzenie badz zaburzenie stuchu wptywa na wspétdziatanie
innych zmystéw. Trening integracji sensorycznej moze by¢ z powodzeniem wprowadzany jako czes$¢ zintegrowanej rehabilitacji dziecka

z uszkodzonym stuchem.

Cel pracy. W pracy przedstawiono opis integracji sensorycznej stosowanej przy rehabilitacji mowy i stuchu. Dotaczono takze przyktady
¢wiczen stuchowych. Terapia prowadzona byta w latach 2019-2021 w Polskim Zwiazku Gtuchych w Toruniu i Bydgoszczy.

Rehabilitacja narzadu stuchu. Narzad stuchu moze zosta¢ uszkodzony w trackie zycia ptodowego, podczas porodu lub w okresie
poporodowym. Rehabilitacja narzadu stuchu rozpoczyna sie praktycznie od razu po rozpoznaniu wady. Wraz z zaopatrzeniem w aparat lub
implant (czasami wczesniej) dziecko kierowane jest na rehabilitacje stuchu i mowy. W razie potrzeby, w celu zapewnienia kompleksowego
dziatania, do procesu szeroko rozumianej rehabilitacji dotgcza sie fizjoterapie i terapie integracji sensorycznej — co zrobiono w o$rodkach
Polskiego Zwigzku Gtuchych w Toruniu i Bydgoszczy.

Integracja sensoryczna u dzieci z uszkodzonym stuchem. W przypadku dzieci z uszkodzonym stuchem, réwnolegle do treningu stuchowego,
terapii logopedycznej, pedagogicznej i psychologicznej prowadzi sie inne terapie - integracje sensoryczng, rehabilitacje ruchowa lub inng
forme terapii dobrang indywidualnie, w zaleznosci od stanu klinicznego dziecka.

Whioski. Cwiczenia stuchowe wedtug koncepcji integracji sensorycznej, prowadzone réwnolegle z innymi formami terapii, moga by¢
stosowane jako jedna z metod kompleksowej rehabilitacji dziecka z uszkodzonym stuchem.

Stowa kluczowe:
integracja sensoryczna, rehabilitacja, fizjoterapia dzieci, wada stuchu
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Introduction

The vestibular sensory system is the first of senses to develop
during fetal development, with many authors concurring it to
be the one of greatest importance. Receptors present in the
inner ear receive sensory input and relay it to the central ne-
rvous system. Information getting there being related to mo-
vement, gravitation and head placement. Proper hearing in
children is one of the main elements directly influencing spe-
ech and language development. Structure of the outer, middle
and inner ear alongside with vestibular system and cochlea
conditions the reception and processing of auditory and static
stimuli [1]. The vestibular organ and cochlea are functionally
independent from each other, however there is a morphologi-
cal correlation between them. Sound waves are received by
the auricle. Then they travel through the ear canal to the ear-
drum, whose vibrations are transmitted to the bony labyrinth.
The movements of the auditory ossicles affect the perilymph,
which consequently affects endolymph present in the mem-
branous labyrinth, stimulating the movement of receptor cells
in the cochlea. The vestibular organ is activated by the chan-
ge in position of the head in relation to the rest of the body.
The outer and middle ear collectively belong to the organ of
hearing and are responsible for relaying sound waves. Whe-
reas the inner ear contains sensory receptors of hearing and
balance and develops earlier. At the beginning of the fourth
week of prenatal development auricle hillocks appear [3].
Tympanic membrane begins development around week 12,
the next are the ossicles. From the 16th week the fetus reacts
to sound [4, 5].

Purpose

The therapy and hearing exercises, applied as one of the components
of complex kinesiotherapy, led by Polish Association of the Deaf To-
run and Bydgoszcz facilities in the years 2019-2021, within the fra-
mework of the PFRON ,,Umiem wigcej - mogg wigcej — wsparcie
dla dzieci i miodziezy z dysfunkcjg stuchu i niepetnosprawnosciami
sprzg¢zonymi” “I know more- I can more — support for children and
youth with hearing disorders and comorbid disabilities” project [6].
Classes with a physiotherapist were held biweekly, spanning 75 mi-
nutes each. During the classes different physiotherapeutic methods
were combined in accordance to the therapy plan of the patient. Ele-
ments of Sensory Integration were used among the hearing exercises
and other specialist physiotherapeutic methods.

Rehabilitation of the organ of hearing

The organ of hearing can be damaged during fetal
development, birth or in the postnatal period. In the year 2002
in Poland the Universal Neonatal Hearing Screening
Programme was introduced. All newborns go through routine
hearing checkups. Their purpose being uncovering the
pathology of the organ, making an early audiological
evaluation possible [7]. Speech and hearing therapy begins and
the child is referred for further evaluation and, if necessary,
attributed with hearing aids or cochlear implant [8]. The child
with hearing loss is taught correct and best ways of
communicating with others. The patient is trained in dealing
with everyday life situations. Proper hearing and processing of
sound dictates development and comprehension of speech [9,

www.fizjoterapiapolska.pl doi.org/10.56984/8ZG20AA4A 141
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10]. In some children with hearing loss besides incorrect
receiving, processing or selection of sound, hypersensitivity or
subsensitivity to sound can be observed, stemming from the
disordered processing of auditory stimuli [11]. These
dysfunctions may include children with an incorrectly
constructed or functioning organ of hearing, both in the central
and peripheral part. Dysfunctions can appear in children
without observable deficits in anatomical structure [12].
Hearing loss may be one of the components of multiple
comorbid disabilities [12, 13]. During the PFRON ,,Umiem
wigcej - moge wigcej — wsparcie dla dzieci i mlodziezy
z dysfunkcja stuchu i niepetnosprawnosciami sprzezonymi”
“I know more- I can more — support for children and youth
with hearing disorders and comorbid disabilities” project
kinesiotherapy with elements of Sensory Intergration was one
of the many classes run. The class supported areas that needed
rehabilitation including improving the sense of hearing [6].

Sensory Integration of the vestibular system conducted
with children and youth with hearing loss

Sensory Integration was introduced in 1972 and ever since the
number of its therapist proponents has been growing. Its
method involves improving the processing of stimuli, auditory
and those coming from the organ of balance among them. It is
accepted that the fastest development in sensory integration
occurs until the age of 7 [14, 15]. In humans, all senses
interoperate and interact with each other, and damage to one
of them affects the functioning of the others. In the first years
of a child’s life impressions get organized in the nervous
system. The proper functioning of the vestibular system affects
achieving proper body coordination and the ability to
dexterously cross the midline. Proprioreceptive stimuli
reaching the central nervous system provide it with
information about the position of various parts of the body in
relation to the environment [16, 17]. Thanks to the sense of
balance the fetus feels the rocking coming from the
movements of the mother’s body. The fetus can also
differentiate between the voice of the mother and other sounds
coming from her body. Since that starts in the prenatal period,
the fetus can learn melody, accent and rhythm through
familiarising with receiving and processing sounds of different
intensity. Which influences the proper development of the
sense of hearing, allowing also for the acquisition of features
of the native language [18].

Examples of hearing exercises

During the exercises minimum two sensory systems were set to
be stimulated.

1. While laying on the back on a swing, being swung in every
possible direction, the patient remains balanced and listens
carefully to sounds — the patient recognizes known bird sounds
(of an owl, cuckoo, woodpecker, stork).

2. Exercise in a cocoon — seated in a cross legged position with
a straightened back. While swinging the patient tries to discern
from which of the room corners a clapping sound is made and
names the places and number of claps.

3. Exercise in a cone- the patient turns four times right and four
times left- during each turn the child identifies one sound- a bell,

doi.org/10.56984/8ZG20AA4A
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a rattle toy, maracas, cymbals. Afterwards the child recounts the suc-
cession in which the instruments were used.

4. Exercise seated on a mat- the patient with eyes closed throws
a ball from behind the head. The ball falls in different places, discus-
sed before beginning- on the floor, on a mattress, into a basket, the
patient determines on what the ball has fallen.

5. Exercise in a hammock- music plays in the background while the
patient is being swung in different directions. The child recognizes
and names known instruments (violin, guitar, piano).

6. Recognizing animal sounds while rolling around in a tunnel. So-
unds are played from a recording. Animal sounds to guess: dog, cat,
mouse, Sparrow.

7. Dancing to various music. Goal: keeping up the rhythm and caden-
ce of the song. Clapping through the solo of the favourite vocalist.

8. Sensory box- the child places hands in a covered box and guesses
its contents(a ball with a bell inside, a rattle, a bell, marbles in a bag).
9. The child is presented with sensory bags of varied contents (dry
pasta, metal buttons, peas). The bags are all the same colour. The
child with eyes closed touches and then throws the bag, relaying
what was inside.

10. Counting ball bounces. The child swings in a hammock. Thera-
pist bounces a ball against a wall or floor. The child counts number of
bounces and relays their number. The therapist changes places of the bal-
I’s impact for the sound to be coming from different parts of the office.
The exercises were chosen and modified based on available literature-
books and scientific articles relating to Sensory Integration [16, 17, 18].

Conclusion

Hearing exercises in accordance with the concept of Sensory Inte-
gration applied parallel to other forms of therapy can be used as
a part of complex rehabilitation of a child with hearing loss.
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