
Deafness in children: epidemiology
Since 1981, the European Community Report on Childhood Deafness has put 
the lower boundary on hearing impairment prevalence at around 1 per 1000, for 
children with a hearing loss equal or greater than 50dB average threshold level of 
0.5, 1, 2, and 4 kHz in the better ear.   
Whilst the part played by rubella as a cause of deafness in the developed countries 
has decreased, there has been a large increase in the number of pre-term babies 
surviving with hearing impairments. This group may account for up to 40% of the 
hearing-impaired children in most districts. Therefore, one might suggest that this 
should contribute to an overall increase of deafness in childhood, irrespective of 
the decrease of rubella’s incidence.  However, the situation is more complex as 
many confounding factors exist, such as the availability of funding resources so as 
to provide these services, the lack of reliable databases in many countries, etc. 
The aetiology of deafness is a very difficult issue as classification among centres 
may vary and “unknown” causes is the usual and easy explanation to patients/
parents when there is no evident cause of the hearing loss (more than 40% of 
cases). This is mostly true regarding congenital deafness. In acquired deafness, 
meningitis is the first aetiological factor in developing countries. 
Deafness in children: the impact on language
In human beings, language development is one of the children’s most spectacular 
accomplishments.  It begins probably before birth and develops throughout life.  
It becomes most significant as a remarkable tool that can be manipulated to help 
people think, learn and interact in satisfying ways. The ability to share information 
about intentions, ideas and feelings plays a vital role in human interaction, as 
knowing a partner’s feelings or intentions makes it possible to anticipate their 
response or probable behaviour, and so plan an appropriate response. Language is 
central to most aspects of the child’s life, and plays a role in the acquisition of a 
sense of self and achievement of social identity.  
Three general conditions are widely accepted in the area of the acquisition of a 
first language in children: 
a) from birth, babies are exposed to language which occurs in conversational 
settings and which is provided by those close to them 
b) a first language is acquired by infants through communicative interaction with 
competent users of that language
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c) the language addressed to the child displays some characteristics which 
make it especially helpful for the young language learner who is an immature 
conversational partner. These characteristics include not only the structural and 
semantic features of the language but particular communicative behaviours, such as 
the management of the child’s attention by the adult who is trying to communicate 
with the child.  Given these three conditions, which are almost always present in 
the early lives of normally developing infants in all cultures, receiving enough, 
and good enough, language input for successful language development is rarely 
a problem for them.  In other words, for normally developing children, language 
acquisition is a robust process which fails only in cases of extreme deprivation, 
as there is normally far more relevant and useful language input than is needed to 
trigger the processes of language acquisition.
However, for children with a profound congenital hearing loss, this is often not the 
case and the child’s intake of spoken language may be so impoverished that there 
are great difficulties in acquiring spoken language. 
Effect of inadequate auditory input on children’s vocabulary
Of-course vocabulary growth varies among children and definitions of ‘normal’ 
growth are difficult. Estimates range from 2,000 to 10,000 words for a 5-year-old.  
A 2-year-old child may have about 200 different words, a 3-year-old 1,000, and 
a 4-year-old around 2,000.  Most children encounter new words by the tens of 
thousands per year and learn thousands of them; for many children the speech of 
parents and peers may be the single most significant source of vocabulary growth. 
By comparing these numbers to those of a deaf child, some indication is given of 
the immense handicap that hearing loss can present.              
A ‘typical five-year-old deaf child’ may have as few as 25 words (whereas 
the normal hearing 5-year old child has from 2,000 to 10,000 words). English 
vocabulary of deaf pupils at the end of their school career may be equivalent to 
that of a 6-year-old hearing child.  However, one could question these claims, or 
at least the extent of the difference between hearing and deaf children, with regard 
to the validity of the test used and the way the words were presented to the deaf 
children. Crough suggests that children with no hearing loss will commonly have 
a vocabulary of between 5,000 and 26,000 words, while at the same age a deaf 
child may have a far inferior vocabulary of only 200 signed or spoken words.  
However, he claims that this is the result of the linguistic and educational ne glect 
of deaf children forced into an ed ucational environment where the fo cus is oral 
English acquisition instead of signed language acquisition.
Educational integration
Educational placement of deaf children has been a major issue of debate for 
many years. Special schools, units in mainstream schools, and mainstream 
schools are the options, not available n every area or country. The movement 
towards mainstream educational placement for deaf children or integration has 
been a major theme in deaf education lately. There are claims that integrated 
pupils appear to perform better academically than pupils who are not integrated. 
However, the main question is which comes first?  Do mainstream schools make 
better pupils or better pupils go to mainstream schools? 
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Moreover, other obvious confounding factors such as intelligence, family 
background, and additional handicaps (which are often found in deaf children) 
are not taken into account. In addition, the dilemma is that whilst normal test 
procedures are often not appropriate for deaf subjects, if they are changed the 
results can be invalid. Anyway, there are as yet no standardised measures which 
can be used by professionals working with deaf children to assess their developing 
competence in spoken or sign language. 
Critical periods of neuroplasticity 
Animal studies suggest that initial auditory activation of the brain occurs in a 
localised area of the superior temporal gyrus known as the primary auditory 
cortex. The stimulation of this area causes dendrites to extend out and contact 
other areas of the brain. Eventually an intricate network linking with secondary, 
tertiary and associated areas of the brain is established. The development of 
this network appears to be critical for recognising sounds and realising their 
significance. There is a critical period during which time the brain retains the 
ability (plasticity) to establish this network.  Deprivation experiments in animals 
suggest that sensitive periods exist when the auditory system is most responsive 
to sensory stimulation. In human beings, there appears to be a time-dependent 
series of functions in the auditory system based on responsive adaptations to 
psychophysical and electrophysiological stimuli.
The sensitive periods during which the developing central nervous system can 
most readily use sensory information to form linguistic structure may vary as a 
function of the elements of language. With regard to phonology this may very well 
be between 6 months of fetal life through the 12 month of infancy.  Indeed, the 26 
week old human fetus has been shown unequivocally to have the auditory capacity 
to detect sound, and auditory discriminative abilities have been demonstrated in 
normally hearing neonates who have a preference for the voice they were mostly 
exposed to in utero. With regard to syntax the critical period may be up to 4 years 
of life and for semantics up to age 16 years.
Everyday examples can be found on the critical issue of neuroplasticity. Henry 
Kissinger, who immigrated to United States as a teenager, retains a frequently 
satirised German accent that he could not modify even after intensive speech 
therapy; his brother who was younger when immigrated to United States, has no 
accent.  Joseph Conrad, whose first language was Polish, is considered one of the 
best writers in English in this century, but his accent was so thick that his friends 
could barely understand him.
In sum, Pinker suggests that acquisition of a normal language is guaranteed for 
children up to the age of six, is steadily compromised from then until shortly 
after puberty, and is rare thereafter.  Ramsden concludes that the plasticity of 
the auditory system is at its greatest in the first three or four years of life and is 
probably all but lost by the age of ten.  These time frames are indicative of what 
really happen in the very complex structures of human brain, that is still grossly 
unknown. Exceptions and variations should be expected. 
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Modern hearing aids – limitations – need for electrical stimulation and 
cochlear implants 
All deaf children should wear appropriate hearing aids as soon as the diagnosis 
is made. The developments in the field of hearing aids are continuous and 
remarkable. Digital multichannel devices with advanced signal processing, 
automatic feedback suppression, double microphone and fast reaction systems 
promise directional amplification with high quality of sound even in the high 
frequencies and minimal or no distortion.  Moreover, new implantable devices 
stimulate directly the stapes and promise better speech understanding even in 
situations with loud background noise. 
These advances in hearing-aid technology have an enormous impact in current 
clinical practice, as more deaf children will derive substantial benefit from 
hearing aids.  However, there will always be a limit to the benefit hearing-aids can 
provide. If the number of the remaining / functional hair cells and the dynamic 
range are too small, the most powerful or most advanced hearing aids can provide 
very little benefit. Therefore, a significant number of deaf children will continue 
to need electronic devices that can bypass the damaged hair cells and stimulate 
directly the auditory nerve.   
Cochlear implants
Cochlear implants have become an approved method of management for profound 
deafness worldwide (more than 170.000 implantees so far). Children implanted 
early in life have significant potentials to develop spoken language.
Approximately 80% of children implanted under 5 years of age, can understand 
conversations without lip-reading five years following implantation. With regard 
to common phrases, 95% of implanted children understand them without lip-
reading at the same interval. With regard to speech intelligibility, at the same 5-year 
interval, more than 90% of young implanted children develop intelligible speech 
and approximately half of them are intelligible to all or to people with only little 
experience to their speech. These results may be far better if we exclude children 
with additional disorders (30% of deaf children) or taking into account that the 
current trend is towards younger and bilateral implantation. Moreover, the devices 
and related speech strategies are constantly improving. 
The outcome of paediatric cochlear implantation is characterised by its variability. 
Young, prelingually deaf children have a great variation in their auditory, 
cognitive and linguistic maturity, which may be impossible to quantify prior to 
the intervention. For instance, there are as yet no reliable measures of the central 
processing mechanisms that are critical to the recognition of speech presented 
through an implant. The joint contribution of young age at implantation and oral 
communication mode may account for 26% to 63% of the observed variance of 
the various outcome measures. Thus, while decisions about implant candidacy 
should give due weighting to these variables, other factors are also likely to 
have a significant bearing on outcome (educational placement, family support, 
IQ, etc). The implementation of universal neonatal hearing screening programs 
is imperative to ensure the early identification of deaf children and their timely 
referral to implant centres. 
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The results clearly indicate that prelingually deaf children progressively develop 
material speech perceptual abilities and significant spoken language abilities. 
However, Lane and Bahan have argued that cochlear implants are threatening 
the very existence of Deaf society that has the intellectual and aesthetic power of 
sign language, the close binding of the members of “deaf family”, participation in 
unique social institutions and enhanced abilities in spatial cognition. Deaf society 
claims that deaf people are like other ethnic and cultural minorities and being 
perfectly healthy they do not need a surgical intervention. However, and despite 
the remarkable results of cochlear implantation in children, parents should always 
be informed about these issues and honest discussion should replace extreme 
approaches in both sides of the argument. The views of deaf people should always 
be included in parents’ information so as they can make an informed decision. 
Moreover, that there are still limitations of what current paediatric cochlear 
implantation can accomplish, as intelligible speech to all listeners may not be a 
result that all implanted children will demonstrate. The auditory input via implants 
in these prelingually deaf children may not always be enough to help them 
develop a speech intelligible to everyone. Nevertheless, if we take into account 
the impact of profound deafness on speech and language development concerning 
not implanted children (as analysed above) the results of cochlear implantation 
are still remarkable.
The future
The last 20 years, significant progress has been made in the field of profound 
deafness management. If the current trend of continuous advances continues, it 
is reasonable to expect that in a few years fully implantable bilateral cochlear 
implant systems will be a reality.  Speech processing improvements will allow 
deaf people to perceive high quality speech and the numbers of candidates for 
implantation will significantly increase as audiological criteria for candidacy are 
relaxed.  At the same time universal hearing screening programmes will allow 
detection of congenitally deaf children, hopefully correctly because there are some 
false positive results in any medical testing, soon after birth and the mean age at 
implantation may very well become under one year of age. Further advances in 
basic science and especially in molecular genetics lead to a future where cochlear 
implants may not be used only for restoration of hearing, but also to deliver to the 
inner ear implantable neurotrophic growth factors that can regenerate or repair the 
damaged neuronal processes.  Moreover, cochlear implants may very well be the 
delivery systems for genetically modified viruses that will enable gene therapy for 
congenital deafness. 
The challenge that faces investigators in these exciting fields is further definition 
of basic mechanisms of action in the auditory system, the interactions between 
growth factors and genes on the auditory neurones and the much needed 
translation research that will act to bridge the gap between basic laboratory studies 
and clinical applications.  
However, the challenge that faces humanity is that these major advances in the 
management of deafness should not be the privilege for a few rich minorities or 
societies but should be available to all who need them.  
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