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Abstract

Children acquire language without instruction as long as they are regularly and meaningfully engaged with an

accessible human language. Today, 80% of children born deaf in the developed world are implanted with cochlear

devices that allow some of them access to sound in their early years, which helps them to develop speech.

However, because of brain plasticity changes during early childhood, children who have not acquired a first

language in the early years might never be completely fluent in any language. If they miss this critical period for

exposure to a natural language, their subsequent development of the cognitive activities that rely on a solid first

language might be underdeveloped, such as literacy, memory organization, and number manipulation. An

alternative to speech-exclusive approaches to language acquisition exists in the use of sign languages such as

American Sign Language (ASL), where acquiring a sign language is subject to the same time constraints of spoken

language development. Unfortunately, so far, these alternatives are caught up in an “either - or” dilemma, leading

to a highly polarized conflict about which system families should choose for their children, with little tolerance for

alternatives by either side of the debate and widespread misinformation about the evidence and implications for

or against either approach. The success rate with cochlear implants is highly variable. This issue is still debated, and

as far as we know, there are no reliable predictors for success with implants. Yet families are often advised not to

expose their child to sign language. Here absolute positions based on ideology create pressures for parents that

might jeopardize the real developmental needs of deaf children. What we do know is that cochlear implants do

not offer accessible language to many deaf children. By the time it is clear that the deaf child is not acquiring

spoken language with cochlear devices, it might already be past the critical period, and the child runs the risk of

becoming linguistically deprived. Linguistic deprivation constitutes multiple personal harms as well as harms to

society (in terms of costs to our medical systems and in loss of potential productive societal participation).
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Introduction

Medical harm can be due to errors or complications of

treatment, but it can also be due to failure to properly

inform patients of the information they need to protect

their overall health now and in the future. Inappropriate

care of the latter type lies usually in unawareness on the

part of medical personnel and on lack of coordination

among the various medical professionals. Here we

discuss medical harm related to the use of cochlear

implants with deaf children. Because of lack of training

and lack of coordination among professionals, there is a

great deal of misinformation about the use of speech

and sign language with deaf children who undergo

cochlear implantation. Specifically, many medical profes-

sionals do not fully understand the ramifications of pro-

moting speech-exclusive approaches and denying sign

language exposure to a deaf child before and after

implantation.

We describe several harms from the surgery itself, and

argue that, ethically speaking, a standard for success
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should be cochlear implants measured against hearing

aids which are less invasive and do not cause permanent

damage to the cochlea. In particular, we need studies

that show success provided by cochlear implants justifies

excluding hearing aids as treatment. We also need more

studies that identify predictors of successful implant use

as well as which children will benefit from a cochlear

implant.

Background

Whether or not to give a child a cochlear implant has

been a point of controversy since cochlear implants

were first introduced. The debate is often presented as

revolving around the question of whether or not

cochlear implants would remove a child from Deaf com-

munities and eventually threaten Deaf communities with

extinction [1]. (In writing deaf, it is common convention

to use a capital “D” when talking about communities

that use a sign language as their major language, and

“d” when talking about auditory status.)

We don’t enter into this debate here. Nor do we enter

into a discussion of the ethical questions surrounding

cochlear implants, which are complex [2]. Instead, we

look at the harms of the implant procedure, risks of

hopes for outcomes not realized and leading to depres-

sion, economic consequences to society, harmful con-

flicts of ideology, and other questions associated with

performing cochlear implantation surgery. We offer sug-

gestions for remedies where possible.

The number of deaf children who are candidates for

cochlear implants is substantial. Sensory neural hearing

loss is the most common birth defect globally, occurring

in 2 to 3 out of 1000 newborns in developed countries

[3-5] and much higher in underdeveloped countries,

such as in Nigeria, where we find 28 per 1000 [6]. Post-

natal causes of sensory neural hearing loss [7] increase

that number, so that by school age, 6 to 7 out of 1000

children have permanent hearing loss [8]. The number

of deaf children that are affected is quite large and begs

for careful and informed calculation of risk and addres-

sing of harms.

Cochlear implantation has become the standard of

care, so much so that in developed countries around

80% of deaf children are implanted, and in some places

the figure is even higher [9]. As a result, the harm we

address in this paper has already been experienced by a

significant number of children.

Most of these children experience harm not only

because they do not experience success with the

cochlear implant but because they are also not provided

with exposure to sign language. Over forty years of

research on linguistic and psycholinguistic aspects of

sign languages demonstrate that they are human lan-

guages acquired and used in the same ways as spoken

languages with all the requisite grammatical properties.

The lack of awareness of medical professionals that sign

language gives deaf children unambiguous and total

access to a human language is a source of great harm to

many deaf children. With this background, in the fol-

lowing sections we expand on the different areas of con-

cern that we have raised.

Harm

There are several types of harm associated with cochlear

implantation. We focus first on those that follow from

the increasingly common practice of health professionals

advising, and sometimes insisting, that the family keep

the implanted child away from sign language, an act

that leads to the harm of linguistic deprivation. This

harm is not the result of cochlear implantation itself,

but of actions that lead to linguistic deprivation.

Harms associated with the speech-only approach:

Linguistic deprivation

The brain of a newborn is designed for early acquisition

of language. Indeed, language acquisition proceeds with-

out explicit training on the part of the already compe-

tent language users. Children naturally come to be

fluent in whatever accessible language(s) they are sur-

rounded by and exposed to on a regular and frequent

basis. The language or languages the child acquires dur-

ing these early years are called first languages. Around

five years of age, the plasticity of the brain begins to

gradually decrease. A child who has not acquired a lan-

guage by that time (often called “the critical period”)

runs the risk of not acquiring native-like fluency in any

language [10-12]. As a result, the child becomes linguis-

tically deprived. Linguistic deprivation occurs rarely

among hearing children, and only in the most unusual

circumstances, such as in children who have grown up

without being surrounded by human language [13], or

in children who have been denied language as an act of

abuse [14].

The circumstances for deaf children are different. Spo-

ken language is not accessible for many deaf infants and

children. This is true even for children who have

cochlear implants, because the success rate with

cochlear implants is highly variable [15-17]. While many

studies of the language and psycho-social development

of implanted children conclude that cochlear implants

are valuable, other studies of implanted children’s lan-

guage skills in daily communication beyond speech skills

within a laboratory setting reveal that an alarmingly

large percentage of implanted children are not receiving

sufficient benefits and continue to demonstrate weak-

ness in language competence. A closer examination of

these studies finds that a significant number of these

children do not communicate with ease in a speech-only
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environment even after years of rehabilitative training

[[18-31], among others]. Assuredly, there are spectacular

successes that have been reported in the literature cited

here, but they do not represent the majority of deaf chil-

dren, and unfortunately, even those very successful indi-

viduals often demonstrate some cognitive difficulties

[32-34].

Sign language, on the other hand, is accessible to all

deaf children, even to the deaf-blind child since there

are tactile versions of sign language [35]. Yet many deaf

children are raised in a strictly speaking environment

and are not offered sign language until after the age of

five or not ever [36-38].

Harm to the individual from linguistic deprivation

Not having a solid foundation in any language - not

being able to converse with native fluency and with

complete ease - this is not all that linguistic deprivation

encompasses. Linguistic deprivation carries with it a

spectrum of problems beyond strictly language patholo-

gies. Cognitive activities that rely on a firm first lan-

guage foundation such as mathematics (since symbol

manipulation is involved) and the organization of mem-

ory are then disordered or disrupted [38,39]. Linguistic

deprivation also diminishes one’s educational and career

possibilities, since the cognitive factor that correlates

best to literacy is a foundation in a first language

[40-52] - and without literacy one’s professional oppor-

tunities are highly circumscribed. Additionally, linguistic

deprivation leads to psychosocial problems due to the

isolation and frustration one experiences from dimin-

ished linguistic and cognitive capability. This also results

in the inability to express oneself fully, and to easily

understand others completely [[53,54], among many].

Clearly, linguistic deprivation constitutes a multi-faceted

harm to the individual.

Harm to society from linguistic deprivation

Because many deaf people have been linguistically

deprived at some level, epidemiological studies of deaf

people have revealed some alarming and undesired sta-

tistics. Deaf people have a higher rate of illiteracy [55],

imprisonment [56,57] and unemployment [58,59]. Illiter-

acy strongly correlates with high unemployment, poverty

and poor health (often due to lack of access to informa-

tion about good health choices and risky behavior).

While poverty has negative effects even for hearing chil-

dren [60], those effects are multiplied when the child is

linguistically deprived, making the child even less likely

to be able to participate constructively in society. We

also find that deaf children and adults who cannot com-

municate with those around them are abused more fre-

quently [61-63]. Victims of maltreatment, particularly in

childhood, have a higher incidence of mental distur-

bance and risky behaviors, exacting additional costs on

society [64-66]. Given these facts, it is predictable that

linguistically deprived deaf people would have a higher

incidence of imprisonment - either because they engage

in criminal activity, sometimes under coercion [67], or

because they cannot participate in defending themselves

against accusations of such activities. All of these factors

burden society. Further, the loss to society of the poten-

tial productivity of all these people is significant. Clearly,

linguistic deprivation is harmful not only to the affected

individuals, but to the society at large. Next, we discuss

how this harm is embedded in current medical acts and

practices.

Medical acts that harm

There are several medical acts that cause harmful lin-

guistic deprivation for the deaf child.

First, failure to inform Many medical professionals

faced with the parents of a deaf newborn or newly deaf-

ened child tell them that there are two routes with

respect to language and educational choices: the oral

route (i.e., access to spoken language only) and the man-

ual route (i.e., using sign language with the child). They

then explain that the choice is up to the parents. Pre-

sented in this way, parents often think their choice is

between their child speaking English or communicating

using signs that are not understood by most people in

the society. Unfortunately, to date, most professionals

do not realize there is another choice, a bimodal choice

(i.e. using sign language while at the same time promot-

ing English/speech development).

Some professionals explicitly frame the parents’ choice

as a cultural choice [68]. The child either grows up as a

deaf person immersed among people who hear, or

grows up like those deaf people they see signing on the

streets or in the deaf programs they may have visited.

The problem with this choice is that this choice is often

based on a stereotypical view of deaf people and not on

an adequate portrayal of well-functioning, well-adjusted

deaf people who might also use sign language. Unfortu-

nately, at this time, only a few medical professionals

have the knowledge or training to give better advice.

The result of this uninformed or misinformed advice is

often unintentional harm to the child and family.

The vast majority of deaf infants (approximately 96%)

are born to hearing parents, who often know very little

about sign language or Deaf communities [69]. These

parents are in a state of vulnerability, grieving the loss

of a normally hearing child and fearing what the future

may hold (or not hold) if their child cannot speak like a

hearing child [70]. They might view sign as an inferior

choice or a last resort [71,72] and not fully understand

that sign language is a human language with the linguis-

tic complexity and expressiveness of spoken language.

They might also fear their child will be stigmatized if

they use a sign language [73]. Furthermore, they might

be afraid of trying to learn a new language at their age
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[74]. In the absence of relevant information, many par-

ents opt for the speech-only route because, without

appropriate advice and information, they do not under-

stand the risks of linguistic deprivation.

Medical professionals who work with deaf children

and their families need to step forward and assume the

responsibilities that the situation places on them. If they

intend to give advice to their deaf patients about lan-

guage development, they need to inform themselves

about how some principles of first language acquisition

might be more important for deaf children. Visual lan-

guage skills can contribute to deaf children’s language

development (one can teach phonology to deaf children

through sign language without using any sounds, for

example). A deeper understanding of this would lead

medical professionals to tell parents of deaf children

that sign language offers them accessible language and

prescribe this as a medical necessity.

Second, misinforming and coercing behavior counter

to the child’s welfare Many medical professionals, faced

with vulnerable parents of deaf newborns or newly deaf-

ened small children, offer the speech-only route as

entirely different from the bimodal route. Frequently,

they will urge parents to keep the child away from sign,

offering the paradoxical justification that signing will be

so “easy” that the child will lose motivation to learn to

speak, and that the child can always learn a sign lan-

guage later precisely because it is so easy [75]. This

advice to avoid sign language is comprehensive and

extends through both home and school [76-78]. Some-

times, families are encouraged or actually required to

sign an agreement to this effect [79]. As a result, some

parents will demand in their child’s Individualized Edu-

cation Plan at school that their child be removed from

any access to sign language and be educated with

speech/hearing only [80]. Cochlear implant protocols

that prohibit the use of alternative accessible language

are causing linguistic deprivation in deaf children who

do not acquire a first language by early childhood.

These professionals are acting under misapprehen-

sions. There is no evidence to back up the claim that

sign languages are easier to learn than spoken languages

or that if a child learns a sign language, that child will

lose motivation to work at gaining speech skills. Many

young hearing children are exposed regularly and fre-

quently to multiple accessible languages and acquire

them both (or all) with little effort. Bilingualism and

multilingualism have a range of cognitive as well as pro-

fessional and personal advantages for anyone, deaf or

hearing [81]. If the deaf child is truly finding the spoken

language accessible, there is no reason to expect that

child to abandon acquiring the oral language simply

because they are also acquiring a sign language. On the

other hand, if the oral language is not accessible, then it

is crucial that the deaf child acquire a sign language,

since without it, the child will experience linguistic

deprivation.

Certainly, the issue of accessibility of oral language

with respect to the deaf child is a nuanced one. All

implanted deaf children, for example, need intensive

therapy or training in order to have a chance to access

spoken language [82]. And the question still remains

whether the amount of access to speech that the

implant might bring will translate into substantial quali-

tative and quantitative access to language, substantial

enough to acquire it. This is because a cochlear implant

bypasses the ear canal and transforms auditory informa-

tion into electrical impulses that are directly delivered to

the cochlea [30,83]. As a result, accessing spoken lan-

guage for the deaf child, takes effort and intervention.

Still, children put out effort to learn new activities all

the time - from those that are mostly motoric in nature

such as walking or riding a bike, to more cognitively

based activities such as drawing a tree or reading and

singing. If a child experiences progress at and benefit

from an activity, that gratification is sufficient to moti-

vate further work at the activity. It is generally only in

the face of no progress that children will quit at activ-

ities crucial to daily living.

The deaf child who signs experiences gratification, and

the deaf child who makes progress in producing speech

and in both speech-reading and aural comprehension

also experiences gratification. There is no reason to

think that these deaf children, particularly those who are

making progress, cannot experience even greater gratifi-

cation with bimodal language exposure and gain compe-

tency at both.

Third, abnegation of trust Many deaf children raised in

speech-only environments receive little to no accessible

language. In the face of lack of progress or disappoint-

ingly low progress, parents may try to remain optimistic.

They might be resourceful and try new rehabilitative

techniques. They might be patient and encouraging to

the child, hoping that it’s just a matter of time. Medical

professionals often condone and foster these parental

behaviors because they, too, are invested in the success

of the implant. Too often, the family does not realize

that the child is experiencing severe difficulties in lan-

guage development until the child is falling behind hear-

ing peers in settings outside the home, often at school

[84].

Some of these parents lose faith in their medical pro-

fessionals and sometimes extend that lack of faith to

medical professionals in general. They may not know

where to turn. They suffer from indecision and stress

that they might be failing their child. The result is a

delay in facing the child’s problem [84], often until the

critical opportunity for language acquisition has passed.
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The abnegation of trust causes this delay, and such a

delay is highly detrimental [43,71,85].

Harms associated with cochlear implant surgery

All surgeries have risks. Cochlear implant surgeries are

no exception. Complications associated with cochlear

implant surgery include injury to the facial nerve, necro-

sis and breakdown of the flap, injury to hair follicles,

and improper electrode placement [86]. Post-surgery

complications include infection under the flap and in

the middle ear as well as meningitis [86]. 40% to 74% of

patients experience post-operative vertigo that can last

for years [87,88]. Further, many times the apparatus fails

due to traumatic damage or technical failure and

requires repeated surgery or surgeries with all the same

associated risks [89].

Additionally, the cochlear implant surgery typically

disables the cochlea [30], although new hybrid cochlear

implant apparati stimulate only the basal end of the

cochlea where the high frequency hearing has deterio-

rated, preserving the residual low-frequency hearing.

Since the implanted ear might well have had some resi-

dual hearing, if the cochlear implant does not offer lan-

guage access to the child, then the surgery has, in fact,

had a contrary result to its very intention. Hearing aids

do not present the same risk.

The harms of cochlear implant surgery are actually

increasing. More and more children are being binaurally

implanted, which means a second surgery with all its

risks and loss of residual hearing in both ears [90].

Additionally, the results with binaural implants are just

as variable as with a single implant with no clear bene-

fits having been established for the binaural choice

although it is often claimed that two implants are better

than one [91]. Further, while in the early days of

implantation children were not considered candidates

unless it was clear that they were receiving very little

language input auditorily, today children are implanted

even when they recognize up to 30% of sentence mate-

rial [92]. Since 30% is a better recognition rate than

many children have post implantation, these children

actually might be losing ground with respect to speech

skills.

Remedies

We have seen medical harm from cochlear implants due

to the faiure to inform properly, the failure to protect

the overall health of the child, and complications in

treatment - in other words, cochlear implants can cause

most of the major types of harm that medical proce-

dures can cause [93]. There are clear remedies for harm

caused by linguistic deprivation. We outline those first.

Then we turn to a discussion of how to limit harm

caused by implant surgery itself.

Remedies to prevent linguistic deprivation

There are several remedies that the medical profession

can enact by making sign language available.

First, recommend sign language

All children need and deserve an accessible language.

This is a biological need. The medical profession must

protect the health of deaf children by setting a founda-

tional goal of prevention of linguistic deprivation, which

can be achieved via sign language. Deaf children need to

be given an opportunity to interact with other Deaf

peers (i.e. signing children) during their childhood. This

ensures that they develop social and communicative

abilities. Additionally, for expanded professional and

social opportunities, the medical profession can and

should also recommend training in spoken language

skills. However, such recommendations should never

exclude sign language because sign language prevents

linguistic deprivation. This is a reliable and implementa-

ble remedy to reduce the risk and the harm of linguistic

deprivation.

The cochlear implant team must protect the

implanted child by demonstrating ways that the family

can raise the child with sign language. They should

direct the family to sign language classes if the family

has not already done this, and to support services that

will help introduce the family to the Deaf community.

They should require continued sign language exposure,

both regular and frequent, through the elementary

school years to help ensure that deaf children will have

good language skills regardless of their success with the

cochlear implant. Sign language skills are essential in

successful use of interpreters in educational, professional

and social settings, especially those requiring communi-

cation in large and complex interactions (such as a pub-

lic presentation). They should understand and help the

family understand that using a sign language is not an

inferior method of communication, but that sign lan-

guages are complex, expressive languages in which any

matter can be communicated, no matter how technical

or nuanced [94]. In order to give knowledgeable advice

in this regard, schools and continuing education pro-

grams for health professionals should include courses

on language acquisition for deaf children as well as the

status of sign language as a natural language and Deaf

communities as rich in culture and history which a

family can look forward to exploring [95,96]. The tradi-

tional deference to parental autonomy needs to be miti-

gated when parents’ knowledge about language

acquisition in deaf children is not sufficient to make

well-informed health decisions for their deaf children

[97].

Second, adjust expectations from cochlear implants

Unbridled optimism pervades the scene of hearing loss

in the developed world today, as evidenced by the fact
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that 80% of deaf children in many developed countries

are implanted [9]. We are inclined to view any new

technology as an advance in leaps and bounds, thus we

think cochlear implants will soon effectively bring “hear-

ing” to implanted people. Unfortunately, this optimism

is not only unfounded, it is also unrealistic. While we

have witnessed computers go from gigantic mechanisms

with limited power to miniscule mechanisms with awe-

inspiring power, the technology of cochlear implants is

not comparable to the technology of computers.

Cochlear implants do not involve only progress in tech-

nology; they also involve a biological interface between

technology and the human brain. Not only must we find

the right way to encode and deliver interpretable infor-

mation to the brain, we must then find the right way to

train the brain to decode and interpret that information.

This is not easy. Hearing aids have been around much

longer than cochlear implants; indeed, hearing aid tech-

nology has improved vastly, yet there are still thorny

challenges [98]. Cochlear implants have been implanted

in adults with the US Food and Drug Administration

approval since 1972 and in children starting in 1985

with clinical trials [99], so if the matter were simply

technology, we’d have expected dramatic changes in

implant success rates by now. Studies are not reporting

substantial increases in success rates, especially in lan-

guage development. The real challenge is the interface

of brain and technology.

As a result, we are required to objectively evaluate

benefits against risks. Medical professionals must begin

to expect this particular road - the cochlear implant

road - to be a long, hard journey, and they should not

give families the false impression that technology today

has advanced to the point where spoken language is

easily and rapidly accessed by implanted children. Once

we are sensible about our expectations, parents will then

better understand why they need to give their deaf chil-

dren a sign language and they will then be more likely

to comply with medical recommendations to that effect.

Third, coordinate delivery of medical services to the deaf

child across the relevant health professionals

At this time, a primary care physician who might receive

an abnormal newborn hearing screening is likely to send

the family of a deaf child to an audiologist and have no

further contact with that family regarding this issue.

The audiologist then might send the child to a surgeon

for a cochlear implant, who likewise has no further con-

tact with the family. The surgeon sends the child to a

rehabilitation team that may or may not work with the

child for years. Medical insurance in the United States

may not cover post-implant rehabilitation sessions,

resulting in withdrawals and poor CI outcomes. Unfor-

tunately, information is too rarely shared among these

professionals. Often, there is not a single medical

professional who is looking at the chain of treatment

interventions and who can respond in a timely and

appropriate manner to language development issues.

Here, coordination of information and efforts will

reduce the likelihood of delay in recognizing the warn-

ing signs of linguistic deprivation and of failing to

respond before the critical period for language acquisi-

tion has passed. This is a critical area of need because it

goes to the heart of accountability and responsibility of

medical professionals. Given the highly variable and lim-

ited success of the cochlear implant protocol from eva-

luation to surgery to training and education, there must

be a way for professionals involved to be aware of and

be accountable for the consequences of their actions. To

date, most research studies do not acknowledge con-

cerns such as the ones we have outlined.

Fourth, study successful CI users and learn from them over

a period of time

At this point we know that success among CI users is

highly variable. It is difficult to compare studies of suc-

cess rates because the standards of identifying success

vary widely. In addition, these subjects comprise socially

and culturally heterogeneous groups [100]. Regardless,

we must find a way to compare studies so that we can

know what factors do correlate with cochlear implant

success, especially language development and communi-

cation outside of laboratory settings, and better under-

stand who is a good candidate for them. The is a first

step in getting a better grip on the benefits versus risks

situation that we face today and in making realistic

implant decisions at all levels based on reliable data.

Remedies to limit harm from cochlear implant surgery

The medical profession is continually trying to find

improvements in cochlear implant technology and sur-

gery [101]. Nevertheless, the problem is the surgery

itself. The only real way to limit harm from cochlear

implant surgery in an ethical way is to make sure that

only the children who have an excellent chance of gain-

ing more benefit from a cochlear implant than from a

hearing aid be implanted.

Conclusion

Inititally, the burden was on the cochlear implant indus-

try to show the benefits of surgery. As recently as 2001,

a Council of Europe report that evaluates studies of deaf

children’s language acquisition from various countries

quotes a Finnish document that says, “No study has yet

shown that a congenitally deaf child learns spoken lan-

guage by means of the implant so that he/she can cope

with normal communication outside the laboratory”

[[102], page 33]. As a result of considering the material

from all the input countries, this council recommended

all deaf children be taught sign language as they learn to
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read and write in the ambient spoken language, and it

called for more studies on the efficacy of cochlear

implants. The findings of that report are still largely

true: cochlear implant “stars” are visible, but they are

few and far between. Though medical studies rarely

address this, economic motivations behind the cochlear

implant industry compounded by unrealistic optimism

regarding understanding of the interface between tech-

nology and the human brain might be promoting earlier

and broader use of cochlear implants in deaf children

without adequate long-term studies to support these

actions. The result is that the cochlear implant industry

has taken the upper hand and the burden to prove

harm has now shifted to those who urge caution and

support sign language as a plan for timely first language

acquisition. Because there is so much we cannot predict

about what implants do, and so much we already know

about what they don’t do, we believe that no child

should be implanted unless there is a very strong chance

that child will have excellent oral communication skills

as a result of implantation and rehabilitation. And

because we know that sign language acquisition from an

early age leads to normal language acquisition, every

deaf child should be raised with sign language as protec-

tion against the harm of late first language acquisition.

Counseling families to make a strict choice between

modalities is inadvisable [103]. Bimodalism - reading

and writing in the ambient spoken language combined

with a sign language - is advisable. Developing a child’s

speech skills is also advisable [103], but while cochlear

implants are presently the prevalent technology, hearing

aids may deliver the same benefits without the risks.

Author details
1Education Studies/University of California, La Jolla, San Diego, CA 92093,

USA. 2Chester F. Carlson Center for Imaging Science, Rochester Institute of

Technology, Rochester, NY 14627-899, USA. 3Department of Linguistics,

Gallaudet University, 800 Florida Avenue NE, Washington, DC 20002, USA.
4Department of Linguistics, Swarthmore College, 500 College Ave,

Swarthmore, PA 19081, USA. 5Department of Communication/9500 Gilman

Dr., University of California, La Jolla, San Diego, CA 92093, USA. 6IDGS,

Universität Hamburg, Binderstr. 34, 20146 Hamburg, Germany. 7National

Center for Deaf Health Research, University of Rochester, PO Box 278990,

Rochester, NY 14627-8890, USA.

Authors’ contributions

All authors contributed equally to the drafting of the manuscript. All read

and approved the final manuscript.

Received: 5 August 2011 Accepted: 2 April 2012 Published: 2 April 2012

References

1. Grant SE: The Silent Debate: The Controversy Over The Cochlear Implant and

How it is Changing the Deaf Community Los Angeles: University of Southern

California; 2008.

2. Christiansen JB, Leigh IW: Cochlear Implants in Children: Ethics and Choices

Washington: Gallaudet University Press; 2002.

3. National Institute on Deafness and Communication Disorders/National

Institute of Health. [http://www.nidcd.nih.gov/health/statistics/quick.htm],

Accessed March 18, 2011.

4. Spivak L: Neonatal hearing screening, follow-up, and diagnosis. In

Audiology Diagnosis.. 2 edition. Edited by: Roeser R, Valente M, Hosford-

Dunn H. New York: Thieme Medical Publishers; 2007:497-513.

5. Kozak F, Ospina J, Fandino M: Investigation of sensorineural hearing loss.

2009 [http://www.cpnlac.org/memoriasacademicasinteramericano2009/files/

Frederick%20K.%20Kozak%20-%20Investigation%20of%20SNHL%20Monterey

%20Talk%20Jul.pdf], Accessed February 19, 2011.

6. Olusanya BO, Wirz SL, Luxon LM: Community-based infant hearing

screening for early detection of permanent hearing loss in Lagos,

Nigeria: a cross-sectional study. Bull World Health Organization 2008,

86(12):956-963.

7. Paqarkar W, Bitner-Glindzicz M, Knight J, Sirimann T: Late postnatal onset

of hearing loss due to GJB2 mutations. Int J Pediatr Otorhinolaryngol 2006,

70(6):1119-1124.

8. Bamford J, Fortnum H, Bristow K, Smith J, Vamvakas G, Davies L, Taylor R,

Watkin P, Fonseca S, Davis A, Hind S: Current practice, accuracy,

effectiveness, and cost-effectiveness of the school-entry hearing screen.

Health Technol Assess 2007, 11(32):1-168.

9. In Sign languages. Edited by: Brentari D. Cambridge: Cambridge University

Press; 2010:.

10. Lenneberg E: Biological Foundations of Language New York: Wiley; 1967.

11. Krashen S: Lateralization, language learning, and the critical period:

Some new evidence. Lang Learn 1973, 23:63-71.

12. Pakaluk E, Neville H: Biological bases of language development. In

Encyclopedia of early childhood development. Edited by: Tremblay R et al.

Center of Excellence for Early Child Development; 2010:1-7[http://www.

child-encyclopedia.com/documents/Pakulak-NevilleANGxp.pdf].

13. Shattuck R: The Forbidden Experiment: The Story of the Wild Boy of Aveyron

New York: Farrar, Straus and Giroux; 1980.

14. Curtiss S: Genie: A Psycholinguistic Study of a Modern-Day “Wild Child New

York: Academic; 1977.

15. Fink NE, Wang N-Y, Visaya J, Niparko JK, Quittner AL, Eisenberg LS, CDACI

Investigative Team: Childhood development after cochlear implantation

(CDaCI) study: Design and baseline characteristics. Cochlear Implants Int

2007, 8(2):92-116.

16. Giraud A-L, Lee H-J: Predicting cochlear implant outcome from brain

organization in the deaf. Restor Neurol Neurosci 2007, 25:381-390.

17. Peterson NR, Pisoni DB, Miyamoto RT: Cochlear implants and spoken

language processing abilities: review and assessment of the literature.

Restor Neurol Neurosci 2010, 28(2):237-250.

18. Gantz BJ, Tyler RS, Woodworth GG, Tye-Murray N, Fyauf-Bertschy H: Results

of multichannel cochlear implants in congenital and acquired

prelingually deafened children: Five-year follow-up. Am J Otol 1994,

15(2):1-7.

19. Miyamato RT, Kirk KI, Robbins AM, Todd S, Riley A, Pisoni DB: Speech

perception and speech intelligibility in children with multichannel

cochlear implants. Adv Otorhinolaryngology 1997, 52:198-203.

20. Robbins AM, Svirsky M, Kirk KI: Children with implants can speak, but can

they communicate? Otolaryngology-Head Neck Surgery 1997, 117:115-160.

21. Crouch RA: Letting the Deaf be Deaf: Reconsidering the use of cochlear

implants in prelingually deaf children. In Meaning and Medicine: A Reader

in the Philosophy of Health Care. Edited by: Lindemann Nelson JL,

Lindemann Nelson H. London: Routledge; 1999:360-370.

22. Papsin BK, Gysin C, Picton N, Nedzelski J, Harrison RV: Speech perception

outcome measures in prelingually deaf children up to four years after

cochlear implantation. Ann Otol Rhinol Laryngol 2000, 109:38-42.

23. Pisoni DB, Cleary M, Geers AE, Tobey EA: Individual differences in

effectiveness of cochlear implants in prelingually deaf children: Some

new process measures of performance. Volta Rev 2000, 101:111-164.

24. Tyler RS, Teagle HFB, Kelsay DMR, Gantz BJ, Woodworth GG, Parkinson AJ:

Speech perception by prelingually deaf children after six years of

cochlear implant use: Effects of age at implantation. Annals Otology,

Rhinology, & Laryngoly 2000, 109:82-84.

25. Sarant JZ, Blamey PJ, Dowell RC, Clark GM, Gibson WPR: Variation in

speech perception scores among children with cochlear implants. Ear

Hearing 2001, 22(1):18-28.

Humphries et al. Harm Reduction Journal 2012, 9:16

http://www.harmreductionjournal.com/content/9/1/16

Page 7 of 9

http://www.nidcd.nih.gov/health/statistics/quick.htm
http://www.cpnlac.org/memoriasacademicasinteramericano2009/files/Frederick%20K.%20Kozak%20-%20Investigation%20of%20SNHL%20Monterey%20Talk%20Jul.pdf
http://www.cpnlac.org/memoriasacademicasinteramericano2009/files/Frederick%20K.%20Kozak%20-%20Investigation%20of%20SNHL%20Monterey%20Talk%20Jul.pdf
http://www.cpnlac.org/memoriasacademicasinteramericano2009/files/Frederick%20K.%20Kozak%20-%20Investigation%20of%20SNHL%20Monterey%20Talk%20Jul.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16469394?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469394?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17927921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17927921?dopt=Abstract
http://www.child-encyclopedia.com/documents/Pakulak-NevilleANGxp.pdf
http://www.child-encyclopedia.com/documents/Pakulak-NevilleANGxp.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17549807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17549807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17943013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17943013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20404411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20404411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8572105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8572105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8572105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22328701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22328701?dopt=Abstract


26. Nicholas JG, Tobey EA, Geers AE, Brenner C, Altuna D, Gabbert G: Factors

associated with development of speech production skills in children

implanted by the age of five. Ear Hearing 2003, 24:36S-46S.

27. Thoutenhoofd ED, Archbold S, Gregory S, Lutman ME, Nikolopoulos T,

Sach TH: Paediatric Cochlear Implantation: Evaluating Outcomes London:

Whurr; 2005.

28. Geers AE: The process and early outcomes of cochlear implantation by

three years of age. In Advances in the Spoken Language Development of

Deaf and Hard-of-Hearing Children. Edited by: Spencer PE, Marschark M.

Oxford: Oxford University Press; 2006:271-297.

29. Yoshinaga-Itano C: Early identification, communication modality, and the

development of speech and spoken language skills: Patterns and

considerations. In Advances in the Spoken Language Development of Deaf

and Hard-of-Hearing Children. Edited by: Spencer PE, Marschark M. Oxford:

Oxford University Press; 2006:298-327.

30. O’Reilly R, Mangiardi A, Bunnell T: Cochlear implants. In Access: Multiple

Avenues for Deaf People. Edited by: DeLuca D, Leigh IW, Lindgren KA, Napoli

DJ. Washington: Gallaudet University Press; 2008:38-74.

31. Martin D, Bat-Chava Y, Lalwani A, Waltzman SB: Peer relationships of deaf

children with cochlear implants: Predictors of peer entry and peer

interaction success. J Deaf Stud Deaf Educ 2010, 16(1):108-120.

32. Hicks C, Tharpe A: Listening effort and fatigue in school age children

with and without hearing loss. J Speech, Hearing, Language Res 2002,

45:573-584.

33. Pisoni D, Cleary M: Learning, memory, and cognitive processes in deaf

children following cochlear implantation. In Cochlear Implants: Auditory

Prostheses and Electrical Hearing. Edited by: Zen F-G, Popper A, Fay R. New

York: Springer-Verlag; 2004:377-426.

34. Burkholder RA, Pisoni DB: Working memory capacity, verbal rehearsal

speed and scanning in deaf children with cochlear implants. In Advances

in the Spoken Language Development of Deaf and Hard-of-Hearing Children.

Edited by: Spencer PE, Marschark M. Oxford: Oxford University Press;

2006:328-357.

35. Mesch J: Tactile Sign Language: Turn Taking and Question in Signed

Conversations of Deaf-Blind People Camarillo: Signum; 2001.

36. Curtiss S: Language as a cognitive system: its independence and

selective vulnerability. In Noam Chomsky: Critical Assessments: 4. Edited by:

Otero C. London: Routledge; 1994:211-255.

37. Grimshaw GM, Adelstein A, Bryden MP, MacKinnon GE: First-language

acquisition in adolescence: evidence for a critical period for verbal

language development. Brain Language 1998, 63(2):237-255.

38. Newport E: Maturational constraints on language learning. Cogn Sci 1990,

14:11-28.

39. Ronnberg J: Working memory, neuroscience, and language: evidence

from deaf and hard-of-hearing individuals. In The Handbook of Deaf

Studies, Language, and Education. Edited by: Marschark M, Spencer P.

Oxford: Oxford University Press; 2003:478-490.

40. MacSweeney M: Cognition and deafness. In Issues in Deaf Education.

Edited by: Gregory S, Knight P, MacCracken W, Powers S, Watson L. London:

David Fulton Publishers; 1998:20-27.

41. Wortsman A: Making the links: Language acquisition and literacy

development in the Inuit language. Workshop proceedings. Published

online by the Nunavut Literacy Council; 2009 [http://www.nunavutliteracy.

ca/english/research/reports/maklinks/NLC-MakingtheLinks_Proceedings.pdf],

Accessed July 16, 2011.

42. McGuinness D: Language Development and Learning to Read: The Scientific

Study of how Language Development Affects Reading Skill Cambridge: MIT

Press; 2006.

43. Fischer S: Critical periods for language acquisition: consequences for

deaf education. In Issues Unresolved: New Perspectives on Language and

Deaf Education. Edited by: Weisel A. Washington: Gallaudet University Press;

1998:9-26.

44. Wilbur R: How to prevent educational failure. In Signs & Voices: Deaf

Culture, Identity, Language and Arts. Edited by: Lindgren KA, DeLuca D,

Napoli DJ. Washington: Gallaudet University Press; 2008:117-138.

45. Schick B: The development of American Sign Language and manually

coded English systems. In The Handbook of Deaf Studies, Language, and

Education. Edited by: Marschark M, Spencer P. Oxford: Oxford University

Press; 2003:219-231.

46. Paul P: Processes and components of reading. In The Handbook of Deaf

Studies, Language, and Education. Edited by: Marschark M, Spencer P.

Oxford: Oxford University Press; 2003:97-109.

47. Mayer C, Akamatsu T: Bilingualism and literacy. In The Handbook of Deaf

Studies, Language, and Education. Edited by: Marschark M, Spencer P.

Oxford: Oxford University Press; 2003:136-150.

48. Padden C, Ramsey C: American Sign Language and reading ability in

deaf children. In Language Acquisition by Eye. Edited by: Chamberlain C,

Morford J, Mahwah Mayberry R. NJ: Earlbaum; 2000:165-189.

49. Strong M, Prinz P: Is American Sign Language skill related to English

literacy? In Language Acquisition by Eye. Edited by: Chamberlain C, Morford

J, Mahwah Mayberry R. NJ: Lawrence Erlbaum Associates; 2000:131-142.

50. Wilbur R: Sign language and successful bilingual development of deaf

children. J Inst Social Res 2001, 56:1039-1079.

51. Chamberlain C, Mayberry R: American Sign Language syntactic and

narrative comprehension in skilled and less skilled readers: Bilingual and

bimodal evidence for the linguistic basis of reading. Appl Psycholinguist

2008, 29(3):367-388.

52. Hermans DH, Ormel E, Knoors H, Verhoeven L: The relationship between

the reading and signing skills of deaf children in bilingual education

programs. J Deaf Stud Deaf Educ 2008, 13(4):518-530.

53. Marschark M: Raising and Educating a Deaf Child Oxford: Oxford University

Press; 1998.

54. Leigh IW: Who am I? Deaf identity issues. In Signs and Voices: Deaf Culture,

Identity, Language and the Arts. Edited by: Lindgren KA, DeLuca D, Napoli

DJ. Washington: Gallaudet University Press; 2008:21-29.

55. Stewart DA, Clarke BR: Literacy and Your Deaf Child: What Every Parent

Should Know Washington: Gallaudet University Press; 2003.

56. Tucker B: Deaf Prison Inmates Los Angeles: Loyola of Los Angeles School of

Law; 1988.

57. National Association of the Deaf: Legal rights: The Guide for Deaf and Hard

of Hearing People. 5 edition. Washington: Gallaudet University Press; 2002.

58. In Taking Employment Discrimination Seriously: Chinese and European

Perspectives. Edited by: Yuwen L, Goldschmidt JE. Leiden: Martinus Nijhoff

Publishers; 2009:.

59. Winn SL: Employment outcomes for the congenitally deaf in Australia:

Has anything changed? Am Ann Deaf 2007, 152(4):382-390.

60. Morrison FJ, McDonald Conner C: Literacy development in the transition

to school: An integrative framework. In Handbook of Research on Schools,

Schooling and Human Development. Edited by: Judith Meece JL, Eccles JS.

New York: Routledge; 2010:185-197.

61. Sullivan PM, Knutson JF: Maltreatment and disabilities: a population-

based epidemiological study. Child Abuse & Neglect 2000,

24(10):1257-1273.

62. Knutson JF, Johnson CR, Sullivan PM: Disciplinary choice of mothers of

deaf children and mothers of normally hearing children. Child Abuse &

Neglect 2004, 28(9):925-937.

63. Kvam M: Sexual abuse of deaf children. A retrospective analysis of the

prevalence and characteristics of childhood sexual abuse among Deaf adults

in Norway. Child Abuse & Neglect 2004, 28(3):241-251.

64. Read J: Child abuse and severity of disturbance among adult psychiatric

inpatients. Child Abuse & Neglect 1998, 22(5):359-368.

65. Downs WR, Harrison L: Childhood maltreatment and the risk of

substance problems in later life. Health & Social Care Community 1998,

6(1):35-46.

66. Macmillan H, Fleming JE, Streiner DL, Lin E, Boyle H, Jamieson E, Duku EK,

Walsh CA, Wong MY-Y, Beardslee WR: Childhood abuse and lifetime

psychopathology in a community sample of Ontario residents. Am J

Psychiatry 2001, 158(11):1878-1883.

67. Kleimenov M, Shamkov S: Criminal transportation of persons: Trends and

recommendations. In Human Traffic and Transnational Crime: Eurasian and

American Perspectives. Edited by: Stoecker S, Shelley L. Lanham, MD:

Rowman 2005:29-46.

68. Bryan WV, Henderson G: Psychosocial Aspects of Disability. 4 edition.

Springfield: Charles C. Thomas Publisher; 2011.

69. Moores D: Educating the Deaf: Psychology, Principles, and Practices Boston:

Houghton Mifflin; 2001.

70. Kurtzer-White E, Luterman D: Families and children with hearing loss:

Grief and coping. Ment Retard Dev Disabil Res Rev 2003, 9(4):232-235.

Humphries et al. Harm Reduction Journal 2012, 9:16

http://www.harmreductionjournal.com/content/9/1/16

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/20805230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20805230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20805230?dopt=Abstract
http://www.nunavutliteracy.ca/english/research/reports/maklinks/NLC-MakingtheLinks_Proceedings.pdf
http://www.nunavutliteracy.ca/english/research/reports/maklinks/NLC-MakingtheLinks_Proceedings.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22523764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18400787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18400787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18400787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18257507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18257507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15066344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11691695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11691695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14648815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14648815?dopt=Abstract


71. Petitto LA: On the biological, environmental and neurogenetic factors

determining early language acquisition: Evidence from signed and

spoken languages. ACFOS Neurosciences et Surdité du premier age.

Bulletin D’Audiophonologie 1998, XIV(1):337-348.

72. Johnston T: Response to comments. Sign Language Studies 2006,

6(2):225-243.

73. Meadow-Orlans KP: Deafness and Child Development Los Angeles: University

of California Press; 1980.

74. Ogden PW: The Silent Garden: Raising your Deaf Child Washington: Gallaudet

University Press; 1996.

75. Wrigley O: The Politics of Deafness: Family Handbook on Adult Hearing Loss

Washington: Gallaudet University Press; 1997.

76. Krausneker V: The protection and promotion of sign languages and the rights

of their users in Council of Europe member states: Needs analysis Strasbourg,

FR: Council of Europe; 2008, Available online by Googling the title.

77. What is auditory-verbal therapy?. [http://www.avcclisten.com/avt.html].

78. The Canadian Hearing Society: Response of the Canadian Hearing Society to

the Standing Committee on Social Affairs, Science and Technology: Challenges

Facing Deaf, Deafened, and Hard of Hearing Individuals with Mental Health

Issues Toronto: The Canadian Hearing Society; 2005 [http://www.

deafontario.ca/article-2011-03-13-CI-by-snoddon.html].

79. White T: The Deaf World: Audiologic considerations. 2008 [http://www.

mariondowns.com/images/research_PDF/

deafworld_audiologicconsiderations%20white.pdf].

80. Padden C, Humphries T: Inside Deaf Culture Cambridge: Harvard University

Press; 2005.

81. Kushalnagar P, Mathur G, Moreland CJ, Napoli DJ, Osterling W, Padden C,

Rathmann C: Infants and children with hearing loss need early language

access. J Clin Ethics 2010, 21(2):143-154.

82. In Cochlear Implants: Principles & Practices.. 2 edition. Edited by: Niparko J.

Philadelphia: Lippincott Williams 2009:.

83. Møller A: Cochlear and Brain Stem Implants. Hearing: Anatomy, Physiology,

and Disorders of the Auditory System. 2 edition. London: Academic Press;

2006, 267-288.

84. Chute PM, Nevins ME: The Parents’ Guide to Cochlear Implants Washington:

Gallaudet University Press; 2002.

85. Yoshinaga-Itano C: Benefits of early intervention for children with

hearing loss. Otolarynology Clinics North Am 1999, 32(6):1089-1102.

86. Cohen NL, Roland JT: Complications of cochlear implant surgery. In

Cochlear Implants.. 2 edition. Edited by: Waltzman S, Roland T. New York:

Thieme Medical Publishers; 2006:205-213.

87. Steenerson RL, Cronin GW, Gary LB: Vertigo after cochlear implantation.

Otology Neurotology 2001, 22:842-843.

88. Walker G: A conversation with Grace Walker: Personal experiences with a

cochlear implant. In Access: Multiple Avenues for Deaf People. Edited by:

DeLuca D, Leigh IW, Lindgren KA, Napoli DJ. Washington: Gallaudet

University Press; 2008:140-145.

89. Borkowski G, Hildmann H, Stark T: Surgical aspects of cochlear

implantation in young and very young children. In Cochlear Implants: An

Update. Edited by: Kubo T, Takahashi Y, Iwaki T. The Hague: Kugler

Publications; 2002:223-226.

90. Snow JB, Wackym PA: Ballenger’s Otorhinolaryngology. 17 edition. Shelton:

People’s Medical Publishing House; 2008.

91. Tyler RS, Witt SA, Dunn CC, Perreau A, Parkinson AJ, Wilson BS: An attempt

to improve bilateral cochlear implants by increasing the distance

between electrodes and providing complementary information to the

two ears. J Am Acad Audiol 2010, 21(1):52-65.

92. Tobin H: Rehabilitation Research and Development Service: Practical Hearing

Aid Selection and Fitting Baltimore: Department of Veterans Affairs; 1995.

93. Sharpe VA, Faden AI: Medical Harm: Historical, Conceptual, and Ethical

Dimensions of Iatrogenic Illness New York: Cambridge University Press; 1998.

94. Humphries T: Scientific explanation and other performance acts in the

reorganization of Deaf. In Signs & Voices: Deaf Culture, Identity, Language

and Arts. Edited by: Lindgren KA, DeLuca D, Napoli DJ. Washington:

Gallaudet University Press; 2008:3-20.

95. In Open Your Eyes: Deaf Studies Talking. Edited by: Bauman H-D.

Minneapolis: University of Minnesota Press; 2008:.

96. Bauman H-D, Murray JJ: Reframing: From hearing loss to Deaf-gain. Deaf

Studies Digital Journal 2008, 1(1)[http://dsdj.gallaudet.edu/], Accessed 10

January 2010.

97. Davis DS: Genetic dilemmas and the child’s right to an open future. Hast

Cent Rep 1997, 27(2):7-15.

98. Chung K: Challenges and recent developments in hearing aids: Part II

Feedback and occlusion effect reduction strategies. Laser shell

manufacturing processes, and other signal processing technologies.

Trends in Amplification 2004, 8(4):125-164.

99. Eisen M: The history of cochlear implants. In Cochlear Implants: Principles

and Practices. Edited by: Niparko J. Philadelphia: Lippincott Williams

2000:89-93.

100. Bouchard M-E, Ouellet C, Cohen H: Speech development in prelingually

deaf children with cochlear implants. Language Linguistics Compass 2008,

2:1-18.

101. Meshik X, Holden TA, Chole RA, Hullar TE: Optimal cochlear implant

insertion vectors. Otology Neurotology 2010, 31(1):58-63.

102. Priesler G: Cochlear Implants in Deaf Children. Council of europe. Committee

on the Rehabilitation and Integration of People with Disabilities Strasbourg:

Council of Europe Publishing; 2001, Quotation available at: http://books.

google.com/books?id=vFbLVlXm-B4C&pg=PA33&lpg=PA33&dq=No+study

+has+yet+shown+that+a+congenitally+deaf+child+learns+spoken

+language+by+means+of+the+implant+so+that.

103. Giezen M: Speech and Sign Perception in Deaf Children with Cochlear

Implants Amsterdam: Amsterdam Center for Language and Communication;

2011.

doi:10.1186/1477-7517-9-16
Cite this article as: Humphries et al.: Language acquisition for deaf
children: Reducing the harms of zero tolerance to the use of alternative
approaches. Harm Reduction Journal 2012 9:16.

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

Humphries et al. Harm Reduction Journal 2012, 9:16

http://www.harmreductionjournal.com/content/9/1/16

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/22050391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22050391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22050391?dopt=Abstract
http://www.avcclisten.com/avt.html
http://www.deafontario.ca/article-2011-03-13-CI-by-snoddon.html
http://www.deafontario.ca/article-2011-03-13-CI-by-snoddon.html
http://www.mariondowns.com/images/research_PDF/deafworld_audiologicconsiderations%20white.pdf
http://www.mariondowns.com/images/research_PDF/deafworld_audiologicconsiderations%20white.pdf
http://www.mariondowns.com/images/research_PDF/deafworld_audiologicconsiderations%20white.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20866021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20866021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11698805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20085200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20085200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20085200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20085200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22523764?dopt=Abstract
http://dsdj.gallaudet.edu/
http://www.ncbi.nlm.nih.gov/pubmed/15735871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15735871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15735871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19777128?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19777128?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19707168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19707168?dopt=Abstract

	Abstract
	Introduction
	Background
	Harm
	Harms associated with the speech-only approach: Linguistic deprivation
	Harm to the individual from linguistic deprivation
	Harm to society from linguistic deprivation
	Medical acts that harm

	Harms associated with cochlear implant surgery

	Remedies
	Remedies to prevent linguistic deprivation
	First, recommend sign language
	Second, adjust expectations from cochlear implants
	Third, coordinate delivery of medical services to the deaf child across the relevant health professionals
	Fourth, study successful CI users and learn from them over a period of time

	Remedies to limit harm from cochlear implant surgery

	Conclusion
	Author details
	Authors' contributions
	References

