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Abstract

Childhood hearing impairment is a common chronic condition that may have a major impact on acquisition of
speech, social and physical development. Numerous literature states that injury to the vestibular organs may result
in accompanying balance and motor development disorders. But still postural control and motor assessments are
not a routine procedure in hearing impaired children. Hence, we aim to provide an overview on motor skill
performance and balance in hearing impaired children.

Introduction
Childhood hearing impairment is a significant public
health problem, which is associated with long-term aca-
demic and communicative difficulties [1,2]. The preva-
lence of moderate to profound hearing loss in children,
including sensorineural hearing loss and conductive
hearing loss is 1 to 6 of 1000, of which, 10% have hear-
ing levels that fall in the profound range [3-6]. More-
over, it is estimated that about 440 million children
worldwide have hearing loss above 85 decibels, and this
increases to about 800 million when the threshold is
reduced to 50 dB [7,8]. Although many children have
hearing impairments, each child is unique.
Newborn hearing screening has led to earlier identifi-

cation and treatment of infants with hearing loss [7,8].
However, the earlier identification of childhood hearing
impairment is considered critical for normal speech, lan-
guage, cognitive and social development [4].
As routine screening does not include assessment of

balance and motor deficits, physical therapy services are
not included in the educational programme, unless
obvious neurological or orthopedic disorders are diag-
nosed. However teachers and parents of these children
often report inco-ordination, clumsiness and balance
deficits which may hinder the child’s optimal perfor-
mance [9]. Moreover, many pediatric health care provi-
ders are often too busy or inadequately trained in
conducting elaborate developmental screening tests dur-
ing the regular clinics. These tests are performed only

when the child present with an obvious deficit [10].
Hence, we aim to provide a concise description on bal-
ance and motor performance in hearing impaired
children.

Degree of hearing impairment
The degree of hearing loss explains the severity of hear-
ing impairment. Table 1 shows the degrees of hearing
loss according to American Speech-Language Hearing
Association [11].

Classification of hearing impairment
American speech-language hearing association has cate-
gorized hearing loss based on the part of the auditory
system damaged. Accordingly there are three basic types
of hearing loss: conductive hearing loss, sensorineural
hearing loss, and mixed hearing loss [12].
Conductive hearing loss
Results from disruption in any of the mechanism, which
conduct sound waves from external canal to the oval
window. eg. Outer ear, ear drum or middle ear. It
usually involves inability to hear faint sounds.
Sensorineural hearing loss (SNHL)
It is the most common type of permanent hearing
impairment and results from damage to the inner ear or
the nerve pathway from the inner ear to the brain.
Mixed hearing loss
It is a combination of both conductive and sensorineural
hearing impairment.
Furthermore, hearing impairment may exist as unilat-

eral or bilateral, and pre-lingual or post-lingual.* Correspondence: venkadphysio@gmail.com
Department of Rehabilitation Science, Holy Cross College affiliated to
Bharathidasan University, Tiruchirappalli-620 002, India

Rajendran and Roy Italian Journal of Pediatrics 2011, 37:33
http://www.ijponline.net/content/37/1/33 ITALIAN JOURNAL 

OF PEDIATRICS

© 2011 Rajendran and Roy; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:venkadphysio@gmail.com
http://creativecommons.org/licenses/by/2.0


Unilateral
People have impairment in only one ear.
Bilateral
People have impairment in both the ears.
Pre-lingual deafness
It refers to hearing impairment that is sustained prior to
the acquisition of language. eg. Congenital, early infancy.
Post-lingual deafness
It refers to hearing impairment that is sustained after
the acquisition of language, which can occur as a result
of disease, trauma or a side-effect of a medicine [13].

Etiology
Davidson et al has proposed an etiologic classification
which clarifies the interaction between time of insult,
causation and time of expression of hearing loss. Most
of the SNHL are idiopathic, and appears to occur almost
twice as often as in developed countries. Where the
cause is known it may be genetic; pre-natally acquired;
peri-natally acquired; post-natally acquired; cranio-facial
anomalies; and other [13,14].
Genetic
Almost 50% of permanent childhood hearing impair-
ments have a genetic cause and influenced by consangui-
nity. It may be autosomal dominant, autosomal recessive
and sporadic inheritance [13,15]. Parker et al studied the
family history of hearing loss, the results pointing
towards different genetic disorders with autosomal domi-
nant, autosomal recessive and sporadic inheritance [16].
Prenatal Factors
Prenatal Infections such as rubella and toxoplasmosis
are considered to be the main cause of prenatally
acquired hearing impairment. Maternal exposure to
alcohol, streptomycin, quinine and chloroquine phos-
phate may destroy neural elements of the inner ear and
contribute to congenital hearing loss [13]. Sever et al
has reported in his study that 38.7% mothers had anti-
bodies to toxoplasmosis during pregnancy, and their
children had double the risk of developing permanent
childhood hearing loss by age 7 [17].
Perinatal factors
Perinatal factors such as prematurity, low birth weight,
hypoxia, Apgar scores 0-4 at 1 min; and 0-6 at 5 min,

ventilation required for five days or more, hyperbilirubi-
nemia requiring transfusion, and admission to the neo-
natal intensive care unit for 48 hours or longer may
predispose to permanent childhood hearing impairment
[18]. Davis and wood found that one in 174 NICU grad-
uates had a hearing impairment compared with one in
1278 non-NICU babies [19].
Post natal factors
There are many and varied postnatal causes for child-
hood deafness, which may result in sensorineural or
conductive loss or both. The postnatal cause for child-
hood deafness includes bacterial meningitis, infection
(eg. middle-ear infection, CMV infection), viral labyr-
inthitis (eg. measles and mumps), recurrent or persistent
OME for at least 3 months, complications of otitis
media, immunization, genetic causes, and head trauma
with loss of consciousness or skull fracture [15].

Hearing- a reflex process
Hearing is a reflex during the first couple of the month
of life. Responses to sound at a threshold are yet to
obtain during this period. The only response the child
posses during this period is the startle reflex- a response
to a loud sound, which is analogous to the protective
reflex of hearing in animals. Following this, there is a
development of comprehension hearing. The child
begins to understand the sound with the help of experi-
ence and learning as the cerebral cortex takes over the
control of auditory responses, with the simultaneous
inhibition of the reflex hearing. Thus the child at the
age of six to seven months does not give any response
to a loud sound, but turn and look towards a faint
sound that the child feels to be pleasant [20].

Age appropriate hearing milestones
It is hard to know whether a child has a hearing problem
or not. Hearing problems may be suspected if a child
does not respond to sound or does not develop language
skills appropriately. The National Institute on Deafness
and Other Communication Disorders (NIDCD) has listed
age-appropriate hearing milestones [21].

Auditory development
Several hierarchies of auditory development have been
proposed by numerous researchers and interventionists.
Pollack et al has ranked auditory development in four
stages [22].
Detection
Hearing a sound, pay attention to auditory signals,
attend to sounds at a distance, search for and turn to
the source of sound.
Discrimination
Discriminate the auditory stimuli, monitor the informa-
tion and modify the speech production.

Table 1 Degree of hearing impairment

Degree of hearing loss Hearing loss range (dB)

Normal -10 to 15

Slight 16 to 25

Mild 26 to 40

Moderate 41 to 55

Moderately severe 56 to 70

Severe 71 to 90

Profound 91+
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Identification
Select a word from group of words spoken, remember
and recall information and language make cognitive
judgements.
Comprehension
Synthesize meaning and respond to spoken language
appropriately.

Neurophysiology of postural control and motor
development
It is necessary to understand the neurophysiology of
postural control and motor development to get a clear
construct of dysfunction. The ability to maintain a sta-
tic posture (eg. sitting, standing) and dynamic posture
(eg. walking) is operationally defined as static and
dynamic balance respectively. Both the static and
dynamic postural control are very important and
necessary to execute movement [23,24]. The develop-
ment and maintenance of postural control are known
to be a pre-requisite for the performance of skilled
movement. Simple or complex gross and fine motor
tasks necessitate a person to maintain his or her center
of gravity over the base of support. The development
and maintenance of postural stability are a complex
process that necessitates the involvement of multiple
systems such as sensory system, central nervous system
processing and co-ordination of motor output and the
vestibular system. Three sensory systems (sensory triad
of postural control) contribute to provide information
from somatosensory, visual, and vestibular sources to
maintain postural control, which is achieved by coordi-
nated motor outputs. The visual and somatosensory
system gathers information from the environment (eg.
position in relative to other objects) and the vestibular
system provides an internal reference (eg. head’s orien-
tation in space). Maturation of the vestibular system is
responsible for the stabilization of eyes, head and body
in space that helps to maintain an upright posture.
The vestibular system is composed of two parts; (i) the
vestibular ocular system, which maintains the visual
stabilization, (ii) the vestibular-spinal system, which is
responsible for the orientation of the body in space
and maintenance of the postural tone, which is neces-
sary for the development of motor milestone. It is nor-
mal for a human to have a certain amount of postural
sway for various age groups and both the sexes have
been documented. However, the child imitates the
adult pattern of postural control by the age of seven to
ten years. According to the sensory systems’ perspec-
tive, young children depend on the visual system to
maintain balance. As they grow older, there is a pro-
gressive domination of the somato-sensory system and
the vestibular system [25-27].

Patho-physiology of postural control and motor
development in hearing impairment
Delayed postural development and motor development
is a common sensorimotor impairment in profoundly
deaf children. The vestibular end-organ and cochlea are
closely related both anatomically and functionally.
Therefore, injury or trauma prenatally, perinatally, or
postnatally may cause damage to one or both systems
[28-30]. Moreover, damage to portions of the vestibule-
cochlear nerve is a presumed cause of sensorineural
hearing loss, may include damage to both cochlear
apparatus as well as the vestibular afferents [31]. The
vestibular system is also critical for gaze stabilization.
Thus damage to vestibular system causes gaze and bal-
ance impairments [32]. Potter and Silvermann has stated
that many deaf children compensate for vestibular defi-
cits through visual and kinesthetic systems to maintain
static balance with eyes open or closed [33]. In a cross-
sectional study Sharon et al studied 40 children with
SNHL and found that 50% had abnormality in horizon-
tal semicircular canal function, 38% had dysfunction in
higher frequency canal function and 40% had abnormal-
ities of saccular function [34]. Since damage to vestibu-
lar structures is known to cause the balance deficit,
which may interfere with normal motor development, it
has been postulated as the primary cause of motor defi-
cit [35,36]. Crowe and Horak in a cross-sectional study
found that hearing impaired children with sensory orga-
nization deficits have poor balance and motor profi-
ciency in many areas [37]. Esther Hartman et al
examined the motor performance in deaf elementary
school children and found that deaf children had signifi-
cantly more borderline and definite motor problems
than the normative sample [38].

Early identification and intervention
Early identification of childhood hearing impairment
and prompt intervention are crucial for improved out-
comes. Vestibular deficit related impairments and the
efficiency of therapy intervention for such impairments
in children are only recently documented [39-41]. In
spite of the existing documentation, postural control
and motor assessments are not a routine procedure in
hearing impaired children. Moreover, in developing
countries, early detection poses a significant practical
challenge. Many pediatric health care providers are
often too busy or inadequately trained to conduct an
elaborate developmental screening test in regular clinics
[42]. Consequently, balance and motor deficits in child-
hood are an overlooked entity and intervention to ame-
liorate these impairments is not provided. While testing
the vestibular function, tests of canal and otolith func-
tion should also be included as semicircular canals and
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otoliths, mediate the vestibular ocular reflex and vesti-
bule-spinal responses [32]. There is ample evidence that
children with SNHL have concurrent motor and balance
deficit. However, there is paucity in investigations of inter-
vention for balance and motor performance deficits in
hearing impaired children. Gheysen et al investigated the
consequences of cochlear implantation on the motor abil-
ities of deaf children and found that deaf children with
cochlear implantation did not perform better on balance
and motor skills than children without cochlear implanta-
tion [43]. Hence exercise intervention should be incorpo-
rated to improve balance and motor performance. Lewis et
al found improvement in balance skill in 6-8 year old chil-
dren following participation in balance and body awareness
program [44]. Braswell and Rine found improvement in
dynamic visual acuity, critical print size, and reading acuity
following visual-vestibular exercises [45]. Rine et al
reported improvement in sensory organization for postural
control and halt of progressive motor delay following exer-
cise intervention that focused on enhancement of sensory
integrative postural control abilities [46].

Summary
Childhood hearing impairments are a world-wide pro-
blem that causes the most serious limitation that can
befall a child, as it prevents his optimal development. It
has to be viewed as a multifaceted condition as a variety
of factors determines the effect of hearing impairment
on child’s development. The focus of evaluation and
treatment for these children is primarily on the language
development. Therefore in order to minimize the
adverse effects on normal development of hearing disor-
ders, it is crucial to carryout screening examinations
and appropriate interventions of balance and motor def-
icits, which enable early detection of these dysfunctions,
which are often either not noticed or under estimated.
It is also important to re-evaluate motor function in
these children during the course of their childhood in
order to assure early intervention.

Acknowledgements
The authors thank Deepa J (Physiotherapist) who provided writing
assistance.

Authors’ contributions
Both the authors contributed to the conception of the study and were
involved in writing, revising and approving the final draft of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 29 December 2010 Accepted: 14 July 2011
Published: 14 July 2011

References
1. McCormick B: Screening and surveillance for hearing impairment in pre-

school children. In Paediatric Otolaryngology. Volume 6.. sixth edition. Edited

by: Kerr AG. Scott Brown’s Otolaryngology; 6/6/1-6/6/5, DA Adams, MJ
Cinnamond (Volume Eds.), Butterworth Heinemann, Oxford.

2. Davis A: Epidemiology of hearing impairment. In Scott Brown’s
Otolaryngology. Volume 4.. sixth edition. Edited by: Kerr AG, Stephens D.
Butterworth Heinemann, Oxford; 1997:18-19.

3. Sokol J, Hyde M: Hearing Screening. Pediatr Rev 2002, 23:155-161.
4. Windmill IM: Universal screening of infants for hearing loss: Further

justification. J Pediatr 1998, 318-319.
5. Denoyelle F, Marlin S, Weil D, Moatti L, Chauvin P, Garabédian EN, Petit C:

Clinical features of the prevalent form of childhood deafness, DFNB1,
due to connexin-26 gene defect:implications for genetic counseling.
Lancet 1999, 353:1298-1303.

6. Mehl AL, Thomson V: Newborn hearing screening: the great omission.
Pediatrics 1998, 101:1-6.

7. Newton VE, Macharia I, Mugwe P, Ototo B, Kan SW: Evaluation of the use
of a questionnaire to detect hearing loss in kenyan pre-school children.
Int J Paediatr Otorhinolaryngol 2001, 57(3):229-334.

8. Smith AW, Hatcher J, Mackenzie IJ, Thompson S, Bal I, Macharia I, Mugwe P,
Okoth-Olende C, Oburra H, Wanjohi Z: Randomized controlled trial of
treatment of chronic suppurative otitis media in Kenyan school children.
Lancet 1996, 348:1128-1133.

9. Butterfield SA: Gross motor profiles of deaf children. Percept Mot Skills
1986, 62:68-70.

10. Dickens Omondi, Calistus Ogol, Syprine Otieno, Isaac macharia: Parental
awareness of hearing impairment in their school-going children and
health care seeking behaviour in kisumu district, Kenya. Int J Pediatr
Otorhinolaryngol 2007, 71:415-423.

11. American Speech-Language-Hearing Association: Degree of hearing loss.
[http://www.asha.org/public/hearing/Degree-of-Hearing-Loss/].

12. American Speech-Language-Hearing Association: Types of hearing loss.
[http://www.asha.org/public/hearing/disorders/types.htm].

13. Angeles Espeso, David Owens, Gareth Williams: The diagnosis of hearing
loss in children: Common presentations and investigations. Current
pediatrics 2006, 16:484-488.

14. Davidson J, Hyde ML, Alberti PW: Epidemiology of hearing impairment in
childhood. Scand Audiol Suppl 1988, 30:13-20.

15. Davidson J, Hyde ML, Alberti PW: Epidemiologic patterns in childhood
hearing loss: a review. Int J Pediatr Otorhinolaryngol 1989, 17(3):239-66.

16. Parker MJ, Fortnum HM, Young ID, Davis AC, Mueller RF: Population-based
genetic study of childhood hearing impairment in the Trent region of
the United Kingdom. Audiology 2000, 39(4):226-231.

17. Sever JL, Ellenberg JH, Ley AC, Madden DL, Fuccillo DA, Tzan NR,
Edmonds DM: Toxoplasmosis: maternal and pediatric findings in 23,000
pregnancies. Pediatrics 1988, 82(2):181-192.

18. Razi MS, Das VK: Effects of adverse perinatal events on hearing. Int J
Pediatr Otorhinolaryngol 1994, 30:29-40.

19. Davis A, Wood S: The epidemiology of childhood hearing impairment:
factor relevant to planning of services. Br J Audiol 1992, 26(2):77-90.

20. The lancet London: Saturday, February 23. 403-1026, 195.
21. Speech and Language Developmental Milestones. [http://www.nidcd.nih.

gov/health/voice/speechandlanguage.html#6].
22. Pollack D, Goldberg DM, Caleffe-Schenck N: Educational Audiology For the

Limited Hearing Infant: Auditory-Verbal Practice. 3 edition. Springfield, IL:
Charles C. Thomas; 1997.

23. Shumway-Cook A, Woollacott MH: Motor Control: Theory and Practical
Applications Baltimore, Md: Williams & Wilkins; 1995.

24. Shumway-Cook A, McCollum G: In Assessment and treatment of balance
deficits. Edited by: Montgomery PC, Connolly BH. illotm Control and
Physical Therapy: Theoretical Framework and Practical Applications. Hixson,
Tenn: Chattanooga Group Inc; 1991:123-137.

25. Weisz S: Studies in equilibrium reaction. J Nerv Ment Dis 1938,
88:150-162.

26. Forssberg H, Nashner LM: Ontogenic development of postural control in
man: adaptation to altered support and visual conditions during stance.
J Neurosci 1982, 2:545-552.

27. Foundriat BA, Di Fabio RP, Anderson JH: Sensory organization of balance
responses in children 3-6 years of age: A normative study with
diagnostic implications. Int J Paediatrics Otorhinolaryngol 1993, 27:255-271.

28. Anna Pajor, Magdalena Jozefowicz-korczynsks: Prognostic factors for
vestibular impairment in sensorineural hearing loss. Ear Arch
Otorhinolaryngol 2008, 265:403-407.

Rajendran and Roy Italian Journal of Pediatrics 2011, 37:33
http://www.ijponline.net/content/37/1/33

Page 4 of 5

http://www.ncbi.nlm.nih.gov/pubmed/21735393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11986491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10218527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10218527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9417143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8888166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8888166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3960685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17175033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17175033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17175033?dopt=Abstract
http://www.asha.org/public/hearing/Degree-of-Hearing-Loss/
http://www.asha.org/public/hearing/disorders/types.htm
http://www.ncbi.nlm.nih.gov/pubmed/3227256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3227256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2670797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2670797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10963445?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10963445?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10963445?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3041362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3041362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8045692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1628120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1628120?dopt=Abstract
http://www.nidcd.nih.gov/health/voice/speechandlanguage.html#6
http://www.nidcd.nih.gov/health/voice/speechandlanguage.html#6
http://www.ncbi.nlm.nih.gov/pubmed/7077364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7077364?dopt=Abstract


29. Wilson VJ, Peterson BW: In The role of the vestibular system in posture and
movement Edited by: mountcastle VB , medical physiology, ed 14, St. Louis,
MO, CV Mosby Co, 1980, vol 1, pp 813-836.

30. Kimitaka kaga: Vestibular compensation in infants and children with
congenital and acquired vestibular loss in both ears. International journal
of pediatric otorhinolaryngology 1999, 49:215-224.

31. Siegel JC, Marchetti M, Tecklin JS: Age-related balance changes in
hearing-impaired children. Phys Ther 1991, 71(3):183-9.

32. Rine RM: Growing evidence for balance and vestibular problems in
children. Audiological medicine 2009, 7(3):138-142.

33. Potter CN, Silverman LN: Characteristics of vestibular function and static
balance skills in deaf children. Phys Ther 1984, 64(7):1071-5.

34. Cushing SL, Papsin BC, Rutka JA, James AL, Gordon KA: Evidence of
vestibular and balance dysfunction in children with profound
sensorineural hearing loss using cochlear implants. Laryngoscope 2008,
118(10):1814-23.

35. Rine RM, Cornwall G, Gan K, Locascio C, O’Hare T, Robinson E, Rice M:
Evidence of progressive delay of motor development in children with
sensorineural hearing loss and concurrent vestibular dysfunction. Percept
motor skills 2000, 90:1101-12.

36. Horak FB, Nashner LM, Doemer HC: Postural strategies associated with
somatosensory and vestibular loss. Exp Brain Res 1990, 82:167-78.

37. Crowe TK, Horak FB: Motor proficiency associated with vestibular deficits
in children with hearing impairments. Phys Ther 1988, 68(10):1493-9.

38. Hartman Esther, Houwen Suzanne, Visscher Chris: Motor Skill Performance
and Sports Participation in Deaf Elementary School Children. APAQ 2011,
28(2):132-145.

39. Rine RM, Cornwall G, Gan K, LoCascio C, O’Hare T, Robinson E: Evidence of
progressive delay of motor development in children with sensorineural
hearing loss and concurrent vestibular dysfunction. Percept motor skills
2000, 90:1101-12.

40. Rine RM, Spielholz NI, Buchman C: In Postural control in children with
Sensorineural hearing loss and vestibular hypofunction: deficits in sensory
system effectiveness and vestibulospinal function. Edited by: Duysens J, Smits-
Engelsman BCM, Kingma H. Control of postural and gait. Amsterdam:
Springer-Verlag; 2001:40-5.

41. Cohen H, Friedman EM, Lai D, Pellicer M, Duncan N, Sulek M: Balance in
children with otitis media with effusion. Int J Pediatr Otorhinolaryngol
1997, 42:107-15.

42. CDC, Internet Communications. [http://www.cdc.gov/ncbddd/child/
devtool.htm].

43. Gheysen F, Loots G, Van Waelvelde H: Motor development of deaf
children with and without cochlear implants. J Deaf Stud Deaf Educ 2008,
13(2):215-24.

44. Lewis S, Higham L, Cherry DB: Development of an exercise program to
improve the static and dynamic balance of profoundly hearing impaired
children. Am Ann Deaf 1985, 130:278-283.

45. Braswell J, Rine RM: Preliminary evidence of improved gaze stability
following exercise in two children with vestibular hypofunction. Int J
Pediatr Otorhinolaryngol 2006, 70(11):1967-73.

46. Rine RM, Braswell J, Fisher D, Joyce K, Kalar K, Shaffer M: Improvement of
motor development and postural control following intervention in
children with sensorineural hearing loss and vestibular impairment. Int J
Pediatr Otorhinolaryngol 2004, 68(9):1141-8.

doi:10.1186/1824-7288-37-33
Cite this article as: Rajendran and Roy: An overview of motor skill
performance and balance in hearing impaired children. Italian Journal of
Pediatrics 2011 37:33. Submit your next manuscript to BioMed Central

and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rajendran and Roy Italian Journal of Pediatrics 2011, 37:33
http://www.ijponline.net/content/37/1/33

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/10519701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10519701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2000434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2000434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6739549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6739549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18758383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18758383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18758383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10939054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10939054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2257901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2257901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3262878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3262878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21757785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21757785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10939054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10939054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10939054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9692620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9692620?dopt=Abstract
http://www.cdc.gov/ncbddd/child/devtool.htm
http://www.cdc.gov/ncbddd/child/devtool.htm
http://www.ncbi.nlm.nih.gov/pubmed/17965453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17965453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4072857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4072857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4072857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17023057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17023057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15302144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15302144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15302144?dopt=Abstract

	Abstract
	Introduction
	Degree of hearing impairment
	Classification of hearing impairment
	Conductive hearing loss
	Sensorineural hearing loss (SNHL)
	Mixed hearing loss
	Unilateral
	Bilateral
	Pre-lingual deafness
	Post-lingual deafness

	Etiology
	Genetic
	Prenatal Factors
	Perinatal factors
	Post natal factors


	Hearing- a reflex process
	Age appropriate hearing milestones
	Auditory development
	Detection
	Discrimination
	Identification
	Comprehension


	Neurophysiology of postural control and motor development
	Patho-physiology of postural control and motor development in hearing impairment
	Early identification and intervention
	Summary
	Acknowledgements
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


