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Abstract:
Technology in science had made it a possibility for those with "defective" genes
to live a "normal" life. This paper examines other works of literature and focuses on the
impact that gene manipulation would have on certain groups of people, particularly those
who are deaf Arguments could be made for and against manipulation or eliminating
certain genes, including deafness. Major advances in the field ofbio-medicine are
drastically changing our world. What we thought would never be possible is now a
reality. From what seems it could come out of a science-fiction novel, the advancement
in the name of science and medicine has enormous implications on our society. Decades
ahead of our time, the United States had made rapid movements in order to decode our
human makeup.

Proiect overview:
According to the Human Genome website, the U.S. Human Genome Project is
a13-year effort coordinated by the Department of Energy and the National Institute of
Health. The project was originally planned to last 15 years, but effective resource and
technological advances have accelerated the expected completion date to 2003
(http://www.oml.gov/hgmisD. The goals of this project were to a) identify all the
approximately 30,000 genes in the human DNA, b) determine the sequences of the 3
billion chemical base pairs that make up human DNA, c) store this information in
databases, d) improve tools for data analysis, e) transfer related technologies to the
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private sector, and f) address the ethical, legal, and social issues (ELSI) that may arise
trom this project (http://www.oml.govlhgmisD.
With these new advancements come the social responsibility that many feel is
necessary. Miringoff (1991) writes that the definition of genetic welfare as described in
her book, The Social Costs a/Genetic Welfare, as the desire "to improve the human
condition through genetic and reproductive intervention. Its proponents are those who
seek to modify the genetic foundation of human life and to bring about a healthier
society, with fewer human problems." Weinberg (1977) supported that the idea of a
quick "technological fix" to our social problems, suggesting that for many social issues,
technological approaches would be both more effective and efficient than expensive
social interventions. A question, however, that seems to appear trequentIy, is how much
this quick fix would impact in finding cures for cancer, for diseases such as Parkinson's,
or eliminating genes that can tree the person trom a life-long struggle with physical
conditions such as obesity.
Genetic scientists use a method known as gene mapping. Gene mapping is a
technique used to find the precise location of genes on chromosomes
(http://views.vcu.edu/-nance/genemap.html).InI997,

researchers, with this method,

first identified a genetic cause of non-syndromic deafness, hearing loss that is the
patient's only abnormality. Since then, 29 genes that cause non-syndromic deafness have
been located (http://uihealthcare.com/news/2002/1O/14/genediscovery.html).
Diagnosing non-syndromic deafness has gone through rapid changes. Screening
for deafness has become a part of the process of diagnosing deafness. Prior to 1997, in
most instances, the only way to diagnose non-syndromic deafness was to exclude all
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other possible causes of deafness
)(http://uihealthcare.com/news/2002/10/14/genediscovery.html. In the state ofIowa, 90
percent of newborns are tested for hearing loss.
In recent years, scientists have identified the gene that when mutated, causes nonsyndromic deafness. Connexin 26, also known as GJB2, is the name given to a particular
gene which when mutated is known to cause non-syndromic deafness. It is autosomal
recessive mutation, which means that two copies of the gene must be present in order for
deafness to occur. Connexin 26 was the first gene to be identified for a non-syndromic
form of deafness in the 1990's. It is considered to be one of the most important
breakthroughs in the genetics of deafness as it is thought responsible for the majority of
cases of recessive, non-syndromic deafness and 30-40% of all childhood deafness in
some populations (www.deafgene.info/connexin26.html).
The search for and potential applications of mapping the deafness gene is an issue
that is being intensely debated between two cultures- the hearing and deaf cultures. For
most minority groups, it is difficult to make necessary changes to conform to a larger
majority. The deaf minority is no exception. For deaf people, conforming to the hearing
majority was most often associated with oralism. During the mid-nineteenth century, the
majority hearing society believed that if deaf persons could learn to speak, they would
become educated and more able to fit into the hearing world. Alexander Graham Bell
was an important figure in the oralist movement. He supported the idea that being deaf
was being "defective". Ironically, his mother and wife were deaf. "In 1883, Bell wrote a
paper titled 'Memoirs Upon the Formation of the Deaf Variety of the Human Race.' In
it, he claimed that a "defective deaf race was emerging and growing strong" (Bahan,
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1989). Bell strongly opposed marriages between deaf people for the fear of spreading
deafness. Bayton (1993) writes, "the reasons for the turn against sign language were
many and complex, but among them was the influence of the new theories of evolution.
Evolutionary theory fostered a perception of sign language of sign languages as inferior
to spoken languages, fit for only 'savages' and not for civilized human beings. Oralists
charged that the use of sign language damaged the minds of deaf people, interfered with
the ability of deaf children to learn English, and reduced the motivation of deaf students
to undertake the difficult but in their view, crucial task oflearning to communicate orally.
They sought the complete abolition of sign language in the schools in hopes that it would
then disappear ITomthe use outside of the schools as well." It is important to understand
the oralism movement as an indirect link to the current movement of gene manipulation
because as Miringoff(1991) writes, "increasingly, we are perceiving the genetically ill
and disabled as individuals who should have been prevented- never born. Thus, our
societal obligations to them appear extraneous, unnecessary, 'a burden' we need not
bear." Is genetic alteration another oralist movement?

Proiect obiectives:
The focus of this project is to do a literature review of the topic "genetics and its
social and educational impact on the deaf community." Other genetically based
disabilities that have a deafness component will also be discussed in this paper including
Usher's Syndrome and Waardenburg Syndrome. Usher's syndrome is the most common
eye/ear disorder which is the cause of 3-6% of early onset deafness. People with Usher's
syndrome also suffer ITomRetinitis pigmentosa, which progressively leads to blindness.

6
It is also an autosomal recessive condition which means you need a copy of the mutated
gene ITomboth parents to develop it. Many people with Waardenburg's (WS) have
different colored eyes and also distinctive coloring of the hair. This is because the WS
gene affects pigmentation. People with WS are known to have a certain type of facial
structure, usually only recognized to the trained eye. The main feature is that the eyes are
further apart than normal. Approximately half of the people with WS have hearing
problems (http://www.deafgene.info/syndromic.html#Ushers). As a result, US and WS
are commonly linked within the Deaf population.
Genetics has been an intensely debated topic within the past ten years due to the
major advances science has taken to achieve its goal in mapping out our DNA code. This
literature review will delve into the issue of moral and ethical issues that will impact not
only individuals, but entire families, educational systems, and a culture. In an article
written by Liza Mundy in the March 31, 2002 issue of the Washington Post, she writes
about a deaf couple who was looking for a male sperm donor who was deaf They
wanted their child to be deaf R. Alto Charo, a professor of law bioethics at the
University of Wisconsin, who stated that "I think all of us recognize that deaf children
can have perfectly wonderful lives. The question is whether the parents have violated the
sacred duty of parenthood, which is to maximize to some reasonable degree the
advantages available to their children. I'm loath to say it, but 1think it's a shame to set
limits on a child's potential." Twiss (1974). Miringoffstates, "individuals are
increasingly seen as having a right to genetic health; parents have a duty to ensure this
outcome." Do we have the right to pick and choose the types of babies we want? What
will be the impact on society if a couple can pick and choose the physical makeup of their

-
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child? How do we address the "positive eugenics", where the elimination of defective
genes can be an option?
This literature will examine what that impact is from both sides. How will this
have an impact on deaf culture socially? Will the deaf child be better off not being deaf
for the reason that Charo claims, "individual potential will be limited? What about the
impact of genetics on people with other disabilities? In what ways will they be affected
by technological advancements?
What this paper is to accomplish is to illuminate the impact that gene altering
would have, especially in deaf communities. Because of the major advances that
scientists have made in the field of genetics, it is important to understand what role this
will play in the society of today as well as tomorrow. What will this do to their cultural
values?
Another objective of this paper is to look at the possibilities of applying modern
technology such as screening for a person's potential for a disability. The National
Reference Center for Bioethics Literature lists five types of screening methods. The first
method isprenatal diagnosis, which is made using amniotic fluid, fetal cells, or maternal
blood cells obtained during amniocentesis testing; alpha fetoprotein assays or chronic
villus sampling; or ultrasound tomography, which creates fetal images on a screen. The
second type is newborn screening, which involves the analysis of blood or tissue samples
taken in early infancy in order to detect genetic diseases for which early intervention can
avert serious health problems or death. Newborn screening first came into use in the
early 1960's with the ability to test newborns for a rare metabolic disease,
phenylketonuria (pKU). The third type of screening method is carrier screening. This

---
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identifies individuals with a gene or a chromosome abnormality that may cause problems
either for offspring or the person screened. The testing of blood or tissue samples may
indicate the existence of a particular gene trait, changes in chromosomes, or changes in
DNA that are associated with inherited diseases in asymptomatic individuals. The fourth
type of screening is forensic testing. This method, the newest area to use information
obtained from genetic testing, seeks to discover a genetic linkage between suspects and
evidence discovered in criminal investigations. Finally, susceptibility screening is used
to identify workers who may be susceptible to toxic substances that are found in their
workplace and may cause future disabilities. With the exception of forensic screening,
prenatal diagnosis, newborn screening, carrier screening, and susceptibility screening can
all apply to this paper.

Imoortance of the oroblem:
With the major advancements in science, the study of genetics and hearing loss is
an important one. The Harvard Medical School Center for Hereditary Deafness states
that "the knowledge not only allows doctors to inform families their chances of having
children with hearing loss, but it can also influence the way a person's deafness is treated.
But is deafness a problem? Groce (1985) writes that "deafness on Martha's Vineyard
was seen as something that just 'sometimes happened' ~anyone could have a deaf child.
We know that 90 percent of deaf children have hearing parents.
Much has been written about screening, not only in newborns, but in terms of
employment. Annas wrote in1987, "your genetic profile could be used for the rest of
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your life to determine who you marry, what jobs to apply for, and for insurance
companies to decide if you are a good risk".

---
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Origins of Deafness
The origins of deafness are unknown. Both the Old Testament and New
Testament of the Bible contain significant references to deaf people (Van Cleve &
Crouch, 1989). Deaf communities were not prevalent in America until the concentration
of deaf people on Martha's Vineyard. By 1710, all of the 48 major families on the island
had arrived (Groce, 1985). But because Martha's Vineyard was isolated trom the
mainland, many people did not travel off of the island. Many travelers who passed
through the Vineyard felt a distinct characteristic about the island. In 1782, Crevecoeur
wrote: "Where ever I went I found a simplicity of diction and manners, rather more
primitive and rigid than I expected; and I soon perceived that it proceeded trom their
secluded situation which had prevented them trom mixing with others" ([1782] 1957:
128). Groce notes that even today many Islanders venture to the mainland only rarely.
This seclusion led to a decrease in marriages and interaction trom people off of the
island.
Since Martha Vineyard's isolation was a factor in the size of the population, the
genetic structure of the second generation residents and generations thereafter, were
different. Because marriage between cousins was permitted, and because there was very
little new blood to chose trom on a relatively isolated island, as generations passed, lives
of the descent on the Vineyard became entangled (Groce, 1985). Her study of the
genetics of the Vineyard deafness led to the notion that by the late 1700's of those who
were married, over 96% married to who they were already related. Within three
generations, nearly every Island family whose ancestors were not trom Kent, England
was linked to a Kentish family by at least one marriage and often a dozen more. She

11
goes on to state that as inbreeding continued from generation to generation, the frequency
of the gene for deafness in the population would be expected to increase. And in fact, the
number of deaf individuals born on the Island did rise gradually from the late seventeenth
century on, peaking in 1845.
The Vineyard phenomenon became a much talked about subject within the
science communities. Although, the deafness that occurred on the Vineyard was not
linked to hereditary but rather inbreeding among the small population, an Irish otologist
named William Wilde changed that notion. He, from an analysis of planned questions
about the deaf which were included in the Irish census of 1857, was the first otologist to
acknowledge that heredity is a cause of hearing impairments in man. The set of
prospective questions, the analysis of which provides information as to the role of
heredity in hearing loss were (Rubin, 1991):
Whether the person was born deaf and dumb, or became so afterward?
If born deaf and dumb, to what cause such a defect is attributed byfriends or

relatives: whether tofright heredity disposition, or the near relationship of
parents such as the intermarriage of cousins, etc? (Wilde, 1853).
If Wilde was the first to use the concept that heredity is a cause of hearing impairments,
the next step for him would be to examine unions between deaf people and its results.
Wilde found that in 77 marriages between a deaf and hearing person, there was 1 deaf
child out of 182, or 0.12%, which was twice the rate found in the general population
(Rubin, 1991). Wilde's findings also pointed out that five marriages between deaf
people, which produced 14 children, one of which was deaf (7.1% of the offspring

--
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affected at the rated of 100 times that of the general population). He concluded from his
findings and surveys that:
"The transmission of diseases by heredity taint or family peculiarity... is very
manifest among the deaf and dumb" (Wilde, J853).

Marriage within the deaf communities was ftightening to many people. Because of the
vast amount of people who were deaf on Martha's Vineyard and the high rate of deafness
found in the Irish population, the second half of the nineteenth century would prove to be
the genesis of deafness. In 1883, two important publications were introduced concerning
the growing concern of heredity and deafness. The first was by Sir Frances Galton, a
cousin to Charles Darwin, who coined the term 'eugenics' in his work, titled Inquiries
into the Human Faculty. He introduces eugenics as improving society by selective
human breeding. The second publication was A.G. Bell's famous Memoir upon the
Formation of a Deaf Variety of the Human Race. This was a study suggesting that
hearing society should take measures to prevent deaf people from marrying each other.
Bell was a prominent figure who led the movement of "cleaning up" the deafness in
people. Bell looked at the unique case of the Vineyard deafness for his publication.
"Although he did not understand how the Vineyard deafness was inherited, Bell seems to
have been confident that the problem was tied to heredity, and he argued that marriages
between deaf individuals should be discourages because of the likelihood of deaf
offspring. If deafness occurred at such a high rate in a population such as that on
Martha's Vineyard, he warned, grouping deaf children together in residential schools
would only compound the problem by encouraging even more marriage between deaf
partners, eventually leading to a whole race, of ,variety' of congenitally deaf people"

--
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(Groce, 1985). Bell would prefer to use repressive measures to prevent the intermarriage
of the deaf in order to rid the world of this "evil", but does not think that this is possible.
He does believe that legislation should be enacted to forbid marriage between persons
each of whom has more than one deafmute in the family (Rubin, 1991). Because
legislation was not something Bell thought would pass, his solution was to 1) Determine
the causes that promote intermarriages among the deaf and dumb; and 2) remove them

(Bell, 1908). With his publication, Bell had set off a panic within the deaf communities.
Bell's stance on deafness is somewhat puzzling considering his mother, Eliza
Bell, and wife, Mabel Hubbard, were both hearing impaired. Many individuals cite that
either parents' or a sibling is the reason to work with the deaf However, Bell went
against the grain in a tireless effort to promote oral education despite having a deaf
mother and wife. Bell's early influence into teaching speech was through his father, who
was an elocutionist, a teacher of oral delivery, including voice control and gestures. Bell
was a strong advocate of oral teachings and speech and despised sign language. "The rest
of his agenda is to eliminate segregation, sign language, and deaf teachers of the deaf by
using small day schools (mainstreaming) and intensive oral education" (Rubin, 1991).
Bell's standing with the deaf community was clearly not of a good nature. To the deaf
community, attempts to eliminate sign language were tantamount to stripping them of
their identity, their community and their culture. They hated Bell for it. "Bell lamented
his poor standing within the deaf community, but his convictions were never shaken"
(Winefield, 1987).
Close to the turn of the nineteenth century, Bell and the deaf communities were
greatly debating over marriage within the deaf communities. A vice president and
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professor offoreign languages at Gallaudet College (Gallaudet College became Gallaudet
University in 1986) named Edward Allen Fay produced a study that would examine
every deaf marriage in America and Canada. It was titled Marriages of the Deaf in
America: an Inquiry Concerning the Results of Marriages of the Deaf in America. Fay
wanted to end the feud between the two and also to clarify the true questions of heredity
and deaf marriages. He sent blank "marriage records" to "heads of schools for the deaf,
the deaf themselves, and their relatives and friends" (Fay, 1896). With this data, Fay
hoped it would lead to answers to four questions he proposed. They were:
1. Are marriages of deaf persons more likely to produce deaf offspring than
ordinary marriages?
2. Are marriages between two deaf persons more likely to produce deaf
offspring than marriages between a deaf and hearing person?
3. Are certain classes of deaf more likely to have deaf offspring?
4. Are marriages between deaf more or less happy than marriages between a deaf
and a hearing person? (Fay, 1898).
The results from this ambitious study produce results that eased the panic created by Bell
(Van Cleve & Couch, 1989). Fay received 4471 responses to his survey. Fay eliminated
those marriages in which the hearing status of the partner was not known and those of
less than one year's duration. Three thousand seventy-eight marriages remained, which
had produced 6782 children. The findings were that 100.10
of the marriages produced
affected children and 9% of the children were affected but most (>75%) of the children
were hearing. TABLE 1 gives the data of Percentages of Affected Offspring from Deaf
Marriages.

--
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Deaf and deaf
Deaf and hearin
Deaf and unknown

.

Percent of Offspring
Deaf
8
10
5

Dataftom Fay, 1898

The prevalence of affected children from the marriages between two congenitally deaf
and two who are adventitiously deaf is given in TABLE 2.

Congenital and congenital
Adventitious and adventitious

.

Percent of Offspring
Deaf
26%
2%

Dataftom Fay, 1898

"Fay pointed out that the rates of the congenital deaf having a deaf child are about the
same whether or not they marry a deaf or hearing person: 34.3/100 and 30.8/100 live
births respectively. The situation was different for the adventitious deaf, for when they
married another adventitious deaf, the rate of deafness in the offspring was 2.4/100 and
when they married a hearing person the rate was 5.2/100. Fay identified that a significant
factor for having a deaf child was the history of deafness in the family" (Rubin, 1991).
Fay's fourth question discusses happiness within the marriages. Was there any
difference in happiness when a deaf person married another deaf person in comparison
with when he or she married a hearing person? The data gathered by the questionnaire
during the last decade of the nineteenth century in the United States, in a period in which
divorce and/or marital separation were uncommon and in the main deprecated. Table 3
shows the data of Prevalence of Separation or Divorce in Deaf Marriages.
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3242
894
335
4471
* Data uom Fay, 1898

Fay concluded that "it is exceedingly dangerous for a deaf person to marry a blood
relative, no matter what the character or degree of the relationships may be, and no matter
whether the relative is deaf or hearing" (Fay, 1897).
The beginning of the twentieth century saw many changes in genetics. Gregor
Mendel's findings became what we know as modem genetics. It was only seventeen
years prior that Galton had first used the concept of eugenics. Eugenics became a
popular field in science because of people like Bell and Galton. "In the United States,
eugenics was becoming increasingly popular due to the fact that eugenicists believed that
the increase of foreign and inferior populations prevented human advancement"
(Friedlander, 2002). This was true in Germany when Hitler became Chancellor of
Germany in 1933 and popularized eugenics by attempting to create a perfect race. He
wanted to create the perfect "Aryan" race- blonde hair, blue eyes. "On July 14, 1933,just
four-and-a-half months after assuming power, Hitler and his cabinet promulgated a
sterilization law for persons suffering IToma variety of mental and physical disabilities,
and in the process defined the groups to be excluded ITomthe national community"
(Friedlander, 2002). The law defined a person "suffering ITomhereditary disease," and
thus a candidate for sterilization, as anyone afflicted with one of the following
disabilities:

-
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.

1)
2)
3)
4)
5)
6)
7)
8)
9)

congenital feeblemindedness
schizophrenia
folie cirulaire (manic-depressive psychosis)
hereditary epilepsy
hereditary St. Vitus's Dance (Huntington's chorea)
hereditary blindness
hereditary deafness
severe hereditary physical deformity
severe alcoholism on a discretionary basis
(fi-om Gutt, Rudin, & Ruttke, 1934)

---
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Genetic Screening
A controversial practice in determining at-risk fetuses for possible disorders is
called genetic screening. Now that geneticists have identified 29 genes to cause nonsyndromic deafness, genetic screening has become an important part of family care and
planning. At the University oflowa Health Care, clinicians in the Division of Pediatric
Otolaryngology, in conjunction with the Molecular Otolaryngology Research
Laboratories, provide genetic testing for 800 families each year. Results of genetic
testing can provide helpful diagnostic and prognosis information to these families
(www.uihealthcare.com/news/news/2002/10/14geneticdiscovery.html- Feb 8, 2003).
Why is this a controversial procedure? Earlier, it was stated that MiringotI's
(1991) definition of genetic welfare in her book, The Social Costs of Genetic Welfare, is
defined as the "desire to improve the human condition through genetic and reproductive
intervention. Its proponents are those who seek to modify the genetic foundation to
human life, to bring about a healthier society with fewer human problems". For the deaf
community, this is controversial because they do not view themselves has having some
sort of defect within their genes. Many deaf parents with deaf chiidren do not use any
sort of hearing aid or cochlear implant to help them hear. Being deaf is being a part of
the community. In the article £romVI Health Care, Dr. Richard Smith, the Sterba
Hearing Research Professor at VI Roy J. and Lucille A. Carver College of Medicine, and
the director of the Molecular Otolaryngology Research Laboratories notes that "while
hearing parents of a deaf child might seek treatment such as hearing aids and cochlear
implants, the situation may be different for deaf parents of a deaf child. People who are
born deaf and identify themselves with the Deaf community consider deafuess an integral

--
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part of their culture, and their language (sign language) is simply another language like
English or Spanish. The Deaf community does not believe that deafness is something to
be treated" (www.uihealthcare.com/news/news/2002/10/14geneticdiscovery.html-Feb 8,
2003). A recent case of this was brought about by a couple in Bethesda, Maryland,
Sharon Duchesneau and her partner Candance McCullough. Liza Mundy from The
Washington Post reported a story on Sharon and Candance and their quest for a deaf a
baby on March 31, 2002. Both are deaf and were "trying" to have a deaf baby. They
went to the local sperm bank hoping they would provide sperm that would give them a
deaf baby. When they were denied, they asked a family male friend to be the donor. He
agreed. Mundy later writes that "it may seem a shocking undertaking: two parents trying
to screen in a quality, deafness, at a time when many parents are using genetic testing to
screen out as many disorders as science will permit. Down Syndrome, cystic fibrosis,
early-onset Alzheimer's- every day, it seems, there's news of yet another disorder that
can be detected before birth and eliminated by abortion, manipulation if the embryo or, in
the case of in vitro fertilization, destruction of an embryo. Though most deafness cannot
be identified or treated this way, it seems safe to say that when or if it can, many parents
would seek to eliminate a disability that affects one out of 1000 Americans."
"Early identification of a hearing loss makes it possible to provide the family with
genetic counseling, and when needed to evaluate the child for associated conditions that
are frequently present in children with hereditary hearing loss" (Roizen, 1996). Usher's
syndrome, which was mentioned earlier, is found among the deaf population. Usher's
syndrome, an autosomal recessive disorder, consisting of congential deafness and
progressive blindness due to retinitis pigmentosa and accounts for hearing loss in 4

- ----
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percent of children who are congenitally deaf (Moller et ai, 1989). The argument for
having screening is to provide the family a plan not only for the child, but for them as
well.
Of course, newborn screening is not 100 percent effective. Mauk et ai, (1991)
write that when all children in a neonatal population who have indicators for hearing loss
are screened, hereditary causes account for most of the hearing loss identified. Roizen
(1998) goes on to say that many of the children with genetic deafness do not have a
family history of hearing loss and therefore, will not be identified by an indicator. She
continues that most of the children with recessive genetic hearing loss are normal in
appearance, cognitively normal and not admitted to a neonatal intensive care unit
(NICU), so they are not likely to be identified until their language delays or lack of
response to sound is noticed. Universal neonatal screening is the only way that a
majority of these children, which represent a large percentage of the children born with
hearing loss will be identified.
Genetic screening presents a question- how effective is it? Roizen (1998) writes
that "most NICU's screen the portion of their population who have indicators for hearing
loss or they screen all NICU graduates, meaning babies that have moved out ofNICU' s."
However, Eavey and colleagues (1995) have determined "from a study of their NICU
graduates that reliance on risk factors to identify which children should be screened for
hearing loss is inadequate and that each NICU survivor deserves audiometric evaluation.
If every NICU graduate had hearing screening prior to discharge, we would still miss
most of the children with hearing loss that could be identified in infancy." In another
study done by Stein et ai, (1990), "approximately one third of young children with
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hearing loss were NICV graduates while two thirds were baby nursery graduates." "If
only the children who are graduates ofNICV's

are screened for hearing loss, two thirds

of infants with hearing loss would be missed" (Roizen, 1998).

---
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Usher's syndrome:
Usher's syndrome is an autosomal recessive disorder characterized by hearing
loss and retinitis pigmentosa (RP). RP is an eye disorder that involves night blindness,
progressive loss of peripheral vision and an eventual variable loss of central vision.
Duncan et aI, (1988) list six specific features associated with RP:
1)
2)
3)
4)
5)
6)

night blindness
loss of peripheral visual field
preservation of good visual acuity until late in the course of the disease
change in the consistency of vitreous
Bone spicule pigmentation- a type of scar tissue in the retina
Narrowed retinal blood vessels

Not all of these characteristics are necessarily present in all effected patients. "While
hearing loss is congenital (i.e. present at birth), the symptoms ofRP are &equentlynot
apparent until the teens or twenties" (Duncan, et al.). Type I usher's syndrome
characterized by a profound hearing loss, vestibulocerebellar ataxia, and retinitis
pigmentosa. Type I usher's syndrome patients seldom have any residual hearing, rarely
using heaing aids and always have poor speech. Type II, in which Hallgren discusses has
a milder hearing loss, normal vestibular reflexes and retinitis pigmentosa. Type II shows
a sloping loss which is milder in the lower &equenciesand more severe in higher
&equencies; most type II patients benefit &om hearing aids and can effectively use oral
communication. A major characterization difference between type I and type II is the
presence or absence of vestibular responses. The vestibular system in type I usher's
syndrome patients is non-functional, while it appears to be normal in all type II patients.
Waardenbul"2 Syndrome:
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Discovered by Waardenburg in 1951, he described it as a hearing loss with
varying combinations of white forelock, heterochromia irides (different colored eyes),
and leukoderma (white skin patches), inherited as an autosomal dominant syndrome. WS
accounts for about 2 percent of the congenitally deaf. Each of these characteristics will
be briefly described.
Konigsmark and Gorlin (1976) describe WS as the white forelock (poliosis)
originating at the hairline in the middle of the forehead and continuing posteriorly. It is
found in 20-40 percent of the patients, varying from the width of only a few hairs to a
large white forelock. Reed et al (1967); Aries (1971) describe the characteristic of the the
forelock as distinctively white. However, the forelock may be red or black and
sometimes it is at the side or the back of the head rather than in the front midline.
DiGeorge et al, (1960) explains that the forelock may vary in size from a few hairs to a
large clump, and if present at birth, it may persist or disappear only to reappear later,
usually in the teens. Fraiser (1976) writes that the graying of the hair before the age of30
is common; complete depigmentation may occur in the teens and the hair may be sparse
and of poor quality. Pigmentation defects can affect the eyebrows, eyelashes and body
hair as well as scalp hair.

WS is present in about 15 percent of affected persons with

skin pigmentary changes ranging from small areas of vitiligo to depigmentation with
patchy areas of pigmentation having been observed. Also, over 20 percent of those
affected have some hearing loss. The extent ofthe loss is quite variable, ranging from no
measurable clinical deafness to severe congenital unilateral or bilateral sensorineural
deafness.
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Reed and Newton describe iris heterochromia may be complete or partial.
Complete heterochromia irides is each iris being a different color. Partial heterochromia
is the different colored area of the iris is sharply demarcated and is usually but not
invariably a radical segment.
Another characteristic of WS is leukoderma, or white skin patches. Reed and
Newton define this as hypopigmentation of the skin is congenital and may be found on
the face, trunk, or limbs. It may be associated with an adjacent white forelock. Newton,
et aI, (1994) write that pigmentation abnormalities are more likely to be associated with
severe or profound hearing loss than with normal hearing, and the likelihood of a severe
sensorineural loss increases with the number of pigmentation defects present.
Arias (1971) divides WS into two types:
1) Type I WS (WS1)- with dystopia
2) Type II WS (WS2)- without dystopia
The combination ofWS1 with limb abnormalities has been called the KleinWaardenburg Syndrome, or Type ill WS (WS3). Very few cases have been reported
(Reed & Newton). Shah et ai, (1981) described a series ofIndian infants with
Hirschsprung disease and white forelocks. This combination, apparently inherited as an
autosomal recessive character, has been called the Shah-Waardenburg syndrome or Type
IV WS (WS4).
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Ethical Issues
To demonstrate advancements in genetic engineering in an effort to create the baby we
want or the "perfect" child, one way is the selection of the baby's gender. In the January
26, 2004 issue of Newsweek, a couple living in Gillette, Wyoming have three sons. The
mother of the three boys has always wanted a girl. She stumbled upon a website for
Fertility Institutes in Los Angeles, where they uses a process called preimplementation
genetic diagnosis, or PGD. The purpose of this is to create embryos outside the womb,
then test them for gender with almost 100 percent certainty. The mother, with her three
boys, is now pregnant with twin girls.
The reason gender selection was mentioned first is that gender selection raises an
issue in genetic engineering. Where do we, as a society, draw the line? Are we going to
use it to eliminate certain kinds of genes? Are we going to use is only if couples want a
boy or girl? Having a boy or girl is not a disease. Can we then use genetic alteration in
that sense of selecting genders? What about those with disabilities- are we going to alter
their genes as well? How would the hearing world label those who are deaf? There is a
tremendous debate among these two groups of people, the deaf and hearing. The hearing
world would label someone who is deaf as someone having a disability, whereas the deaf
world identifies deafness as part of their identity and culture. "I see the goal in the
scientific community to solve the 'disease' they call deafness" (Bahan, 1989).
Why is there this desire to create the "perfect" human being? Why eliminate
"disabilities" from the human race. First, let us examine this desire to create a "perfect"
human. Some would say that it is a right to live a healthy and normal life. "Individuals
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are increasingly seen as having a right to genetic health~parents have a duty to ensure this
outcome" (Twiss, 1974).
The origins of this idea started back in the 1930s. Hermann 1. Muller, the Nobel
Prize winning biologist wrote, "What is most needed is an extension of the feeling of
social responsibility to the field of reproduction. ..When people come to realize that in
some measure their gifts as well as their failings and difficulties- physical, intellectual,
tempermental have genetic bases and that social approval and disapproval will be
accorded to them if they take these matters into account in deciding how much a family
to beget, a big step forward will have been taken in the motivation of human
reproduction." This was further reiterated in the 1970sby Bently Glass. He wrote "In a
world where each pair must be limited, on the average, to two offspring and no more, the
right that must become paramount is not the right to procreate, but the right of each child
to be born with sound physical and mental constitution based on a sound genotype." In
other words, the importance is not on the fact that babies are being born and that families
should be happy about having children, but physically and mentally healthy children.
The question now becomes why do both of these scientists feel that it is the right
of the child and the responsibility of the parent to provide their child with a genetic clean
bill of health? Both mention the right of the child. But a hotly debated topic has been
around for years~do unborn child even have rights? Since January 2003, named after
Laci and her unborn child, Connor Peterson, New York State law states that after the
second trimester a fetus is part ofthe woman's body. California, based on this law, states
that a fetus has rights after the embryonic stage (Newsweek, June9,2003).
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In her book, The Social Costs of Genetic Welfare, Miringoff outlines three labels
associated to right and responsibility on why to have genetically healthy children. The
first is the problem of stigma. To illustrate her point of the stigma of someone who is
disabled, she turned to Erving Goffman's 1963 study, Stigma. In it, he writes "By
definition. ..we believe the person with a stigma is not quite human. On this assumption,
we exercise varieties of discrimination, though which we efficiently, if often
unthinkingly, reduce his life chances. We construct a stigma-theory an ideology to
explain his inferiority and account for the danger he represents, sometimes rationalizing
an animosity based on other differences such as those of social class. We use specific
stigma terms such as cripple, bastard, moron in our daily discourse as a source of
metaphor, an imagery. ..We tend to inpute a wide range of imperfections on this basis of
the original one." With this quote, apply it to the deaf person. Deaf people as a whole,
were labeled "deaf and dumb". There was a label that was given to deaf people.
Alexander Graham Bell felt strongly that the more deaf people married, the more likely
their offspring would be deaf and therefore dangerous to society because it would lower
the status of the society. This produces more people with that label of being "deaf and
dumb". Also, with the stigma of being deaf, came words such as hearing-impaired or
disabled.
In recent years, the termpotential stigma has become an idea that has been
studied. Potential stigma is the labeling of a fetus based on chromosome liabilities.
Bioethicist Marc Lappe (1979) wrote, "At the very moment you acquire a 'bit' of genetic
information about a fetus (or any other person for that matter), you have begun to define
him in entirely novel terms. You tell him (and sometimes others) something about where
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he came from and who is responsible for what he is now. You project who he mayor
may not become in the future. You set certain limits on his potential. You say something
about what his children will be like and whether or not he will be encouraged or
discouraged to think of himself as a parent. In this way the information you obtain
changes both the individual who possesses it and in turn, the future of that information
itself" The idea of potential stigma is an unfair label, but often used in society. For
example, giving a deaf baby, or any other baby, the label of a potential stigma is not
warranted for the simple reason that we simply do not know the future outcome of the
baby and who he or she will become. Many hearing parents of deaf children face that
potential stigma that the deaf child will never be as good as their hearing siblings or
extended family.
The second idea Miringoff presents is the problem of powerlessness. This relates
to the term power, or the elite. The attitude of this can be traced backed to Nazi Germany
and the many experiments as well as the cleansing of the world from Jews or anyone else
not Aryan. Although the scientific community is not looking to rid the world of an entire
race, technological advancement attempts to make a more 'perfect' human being. "In the
1930's, Hermann J. Muller, the American geneticist and winner of the Nobel Prize
advocated a program of' eutelegenesis', that is the selection of sperm for superior men
for purposes of widespread artificial insemination" (Kevles, 1985). Muller continued this
thought well into the 1960s when he wished to replace former heroes such as Marx and
Lenin with more traditional leaders such as Einstein, Pasteur, Decartes, and DaVinci
(Miringoff, 1991). She continues with, "This quest for 'superior types' has not
dissipated. In the 1980s, the search reemerged in the form of the "Shockey controversy".
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In an attempt implement Muller's program of eutelegenesis, a California sperm bank
sought to acquire the sperm of Nobel Prize winners for purposes of artificial
insemination. The clinic's goals in the creation of' superior individuals' and the
participation of figures such as Shockey suggest that the elitist emphasis of classical
eugenics has not yet vanished. The continuing belief that superior intelligence can be
genetically endowed remains a powerful force in contemporary society".
The belief of superior intelligence makes someone elite is not the only form of
elitism. Recently, Hall of Fame Boston Red Sox slugger Ted Williams passed away with
his body being cryogenically frozen in an attempt to use his DNA to create someone who
can become the hitter he was. Ted Williams was regarded the as the greatest hitter of all
time.
Let us apply this label of powerlessness to the deaf community. Are deaf people
powerless because they are deaf? Are they or anyone one else deemed disabled
powerless? If we look at this idea of powerlessness and the idea of the elite, according to
the Washington Post article of the couple wanting a deaf baby, it is exactly the opposite
of Muller' s "eutelgenesis", with deafness, not intelligence.
The third assessment of genetic welfare that Miringoff uses is the problem of
alienation. For this, she categorizes the problem of alienation into 3 categories: 1) the
human being as a commodity- that can be bought or sold; 2) the human being as objectthat which can be manipulated; and 3) the human being as artificial- that which is
distanced ITomthe natural. We will briefly examine these three categories.
First for discussion, is the human being as a commodity- that which can be bought
and sold. There are a few examples that can be labeled into this category: surrogate
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mothers and in-vitro fertilization. MiringotIwrites, "Surrogate parenting creates the
opportunity to sell the human body for profit of the surrogate parent or for the profit of
third-party brokers... The sale of infants and children is currently forbidden in practice or
in law in most societies. In surrogate parenting, however, payments are presumably for
'services rendered'. MiringotI also uses an example of a 1985 case in Victoria, Australia
where "serious concerns arose over an in vitro fertilization proposal that included plans
for a commercialized center. At Monash University, the site of the clinic, "fifty faculty
members and others.. .attacked the proposal as leading to a 'new era of reproductive
exploitation' and "creating babies for profit-making purposes." (Hastings Center Report
15, 1985).
With new forms of medical technology, it is easy to imagine what some of the
capabilities are regarding genetic engineering. In her second category, MiringotI
discusses the human being as object- that which can be manipulated. How far does one
go drawing the line with humans as objects? MiringotI writes "One of the most frequent
complaints against developments in genetic and reproductive engineering is the
perception that the human beings are increasingly used for purposes of scientific
research." At what expense does the human race have in scientific research? How far
can scientists go in treating humans as objects in order to gain scientific developments?
"The new technologies appear to permit or encourage to objectification of the human
being as a thing or object for experimental purposes. Further, it is argued, if human
beings are to be manufactured, made, or constructed, they may also be subject to all the
types of manipulation that can be logically imposed on any manufactured item"
(MiringotT,1991). An example of this manufacturing process would be in-vitro
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fertilization (IVF). Previous attempts at IVF resulted in miscarriages and serious
disabilities... but the first child born oflVF was healthy (Miringoff, 1991).
"The manipulation of human material is similarly displayed in the use of 'spare
embryos', which often emerge as a residue oflVF techniques and other reproductive
procedures. The use and property of handling spare embryos has spurred intensive
debate internationally" (Grobstein, 1982). MiringotI continues by writing research on
spare embryos has been banned in some countries, for it is argued that unlike sperm and
egg handling, the manipulation of embryos involves a potential human being. Robert
Edwards, and IVF specialist stated, "These spare embryos can be very useful. They can
teach us things about early human life which will help that patient and other patients. It
is very important to know that these types of patterns of growth that we get in our
cultures are normal- as normal as we can ensure- and I believe it is absolutely essential to
examine the speed of growth of these embryos...to examine this chromosomes...which
involves flattening then on a tiny piece of glass and looking at the number of
chromosomes they have." While this idea of using human embryos for experiments may
seem like a good idea on paper, we still need to look at the ethical implications of this.
David Devore at the Woodrow Wilson Biology Institute
(www.woodrow.org/teacherslbi/1992/gen screenl.html.) wrote the possible outcomes of
genetic screening experts see are:
1) Genetic discrimination- people with genetic flaws, not all which show up as
dysfunctions, may be denied life insurance, health insurance, and access to
schooling or jobs.
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2) Differential treatment- employers could hire only those people whose genes
indicate they are resistant to health hazards of the work place, which is a
cheaper alternative to making the work place safe for all.
3) Eugenics- social or political pressure may be applied to the people to make
childbearing decisions on the basis of genetic information. Mating between
those with valued genes may be encouraged while mating between with
dangerous recessive traits may be prohibited. Women carrying fetuses with
genetic abnormalities may be encouraged to abort.
4) Genetic determinism- genetic determinism is the belief that behavioral and
personality characteristics, such as intelligence or criminal behavior, are
mostly a function of genes. Genetic determinism implies a fatalistic attitude
toward health and disease. It can be used to justify bigotry and to perpetuate
racial or ethnic inequalities. A genetic underclass could be created.
Devore also poses these worrying questions:
1) Once it becomes possible to test quickly and reliability for thousands of
genetic conditions, will physicians be expected to perform such tests? Will
the physician be liable for failing to test or for failing to inform parents of
every detail of the test results?
2) Who should counsel patients about what their genetic blueprints mean and
how will people react to the sure knowledge of their particular genetic
makeup?
3) Will health insurers deny policies to people with genes for diseases with high
economic cost? Will life insurers? Does either have the right to?
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4) Should laws be passed to protect people against genetic discrimination by
private entities?
5) How can genetic profiles be kept confidential and how can the discriminatory
use of test results be prevented? Since some tests will reveal information
about other family members, can the privacy of these relatives be protected?
6) Do people have the right to choose not to know about their genes? Do
mothers have the right to choose not to have their fetuses tested?
For Miringoff's third idea within the problem of alienation is the human being as
artificial- that which can be distanced from natural. When looking at this notion, two key
words are prevalent; artificial and natural. In genetic terms, we can ask ourselves if
genetic engineering is something that goes against what is natural. There have been
many debates over this issue. "To some scholars, many of the new technologies seem so
alien from that which we consider natural that intense debates have emerged over time
over the very meaning of the terms artificial and natural. One debate poses a question
this way: Should reproduction be left to its original form, as "nature intended", or is
laboratory reproduction in fact equally natural, and perhaps more efficient and healthier,
giving human beings new options, choices, and hopes? Is it more human to create, build
and control nature, or instead should human reproduction be one of the last "sacred"
areas, which science and technology ought to leave alone?" (MiringotT, 1991)
Joseph Fletcher, supporting the artificial approach writes, "Man is a maker and a
selector and a designer and the more rationally conceived anything is, the more human it
is. Any attempt to set up an antinomy between natural and biological reproduction on the
one hand and artificial or designed reproduction on the other is absurd... it seems to me
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that laboratory reproduction is radically human compared to conception by ordinary
heterosexual intercourse. It is willed, chosen, purposed, and controlled, and surely these
are among the traits that distinguish Homo Sapiens £Tomothers in the animal genus, £Tom
the primates down."
However, on the opposite side of the spectrum, we have Leon Kass, who supports
the natural approach. He writes, "Is there perhaps some wisdom in the mystery of nature,
which joins the pleasures of sex, the communication of love, and the desire for children
in the very activity by which we continue the chain of human existence? Is not biological
parenthood a built-in "mechanism" selected because it fosters and supports in children?
Would not the laboratory production of human beings no longer be human procreation?"
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Conclusion:
The world in which we live in today has drastically changed, especially in the
fields ofbio-medicine and genetics. Terms like "defective" and "normal" have been at
the center of intense debate. What is defective and what is normal? We examined cases
of gender selection. Is gender selection becoming prominent in the world today simply
because someone wanted a boy instead of a girl or vise versa? Does that mean that
whatever the couple gets, the child is defective because it was selected by the parents and
not the natural progression? Many of these questions can be debated and debated.
This paper examined the case of persons with disabilities and their place in
society. Miringoff's book The Social Costs of Genetic Welfare examined the stigma that
persons with disabilities have upon them. She looked at three labels that were placed on
them: the problem of stigma, the problem of powerlessness, and the problem of
alienation. These three labels have followed persons with disabilities. For deaf people,
the stigma was being impaired to hearing. For powerlessness, it was that deaf people
could not do things that hearing people could, and for alienation, it was surrogate
parenting and wanting specific traits in children, such as the couple from Bethesda,
Maryland. Weare entering a time in our history where we are closer to having the
capabilities for creating the "perfect" baby. With this, ethical issues become the forefront
of this topic.
The ethical questions presented by David Devore on pages 31-33 are questions
that many genetic screening experts have pondered. He listed genetic discrimination,
differential treatment, eugenics, and genetic determinism as topics that he and others fear
will be the outcomes for why we should not continue with genetic experiments.
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Ethical issues also come to play when discussing natural and artificial. Miringoff
questioned the meanings of these words. Should reproduction be left to its original form,
as nature intended or is it just as good making babies in the laboratories? Are there
benefits making babies in the laboratory?
The human genome has been identified by the U.S. Genome Project in a matter
of thirteen years. Scientists have identified connexin 26, a particular gene which when
mutated is known to cause non-syndromic deafuess. This was the first gene to be
identified for a non-syndromic form of deafuess. This has been an important discovery in
identifying deafuess. But this leads to a broader question- what do we do with it? Now
that it has been identified, do we eliminate it or again, let nature take its course? If, for
example, cancer or obesity is found in the genetic make up of a child, what do we do with
it? Is it ethically and morally correct to eliminate that gene?
In this paper, I identified two syndromes that are associated with deafuess. They
are Usher's syndrome and Waardenburg syndrome. These are not the only ones but are
prevalent in deaf people. Usher's syndrome is the most common ear/eye disorder which
is the cause of 3-6% of early onset deafuess. This is a progressive syndrome eventually
leading to blindness. In Waardenburg syndrome, eyes are of different colors and also a
distinctive coloring of the hair. Also, there are certain types of facial structures, usually
noticed by the trained eye.
This paper discusses various topics such as the origins of deafuess, especially on
Martha's Vineyard to gender selection. This paper is not the final word on what is out
there as far as research on genetics and deafuess. Still, there is much to go in terms of
research of deafuess. What comes into the picture with deafuess is that as we mentioned,

-

---

37
deaf people do not look at deafness as a disability. Most, ifnot all hearing people would
classify deafness as a disability. The deaf community does not have this same opinion.
When we discussed the origins of deafness, Alexander Graham Bell was afraid that if
deaf people mated, then they would produce more deaf offspring. I do not think there
will ever be a right answer as to what to do with making the "perfect" child. Debates will
continue and people will have their opinions. It is hard to please all sides of this issue.
We will continue to study the issues that this paper covered and see what those results
bring to society.
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Aooendix

Glossary:
Allele- one or several possible forms of a particular gene, which mayor may not be
pathological.
Autosomal inheritance- the transmission of an allele carried on an autosome.
Autosomal inheritance is suspected when a character can be transmitted by a parent of
either sex to a child of either sex.
Autosomal dominant- the pedigree pattern seen when an allele at an autosomal locus
causes a dominant character
Pedigree description of autosomal dominant inheritance- both males and females
can be affected. The disorder is transmitted from generation to generation and can be
transmitted in all possible ways: female to female, female to male, male to female, and
male to male (this latter specifically distinguishes autosomal from X-linked inheritance).
Formal segregation studies to show that the possible ratio is 1:1 affected: non-affected in
individuals' families is not usually possible. In small families the mode of inheritance
can be difficult to determine, but transmission of a rare condition across three generations
is good evidence for dominant inheritance. Many dominant conditions are variable (even
within families) and may skip generations.
Autosomal recessive- the pedigree pattern seen when an allele at an autosomal locus
causes a recessive character.
Pedigree description of autosomal recessive inheritance. Both males and females
can be affected. It the parents of affected individual(s) are consanguineous, then
recessive inheritance is more likely, but not certain. Usually only individuals within one

-

--
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sibship are affected; parents and other relatives are usually unaffected. In most cases
there is only one affected individual in the family, making the pedigree pattern hard to
identify as autosomal recessive, but in large multiply inbred kindreds, affected
individuals may be seen in several branches of the family.
Carrier- an unaffected person with one pathogenic and one normal allele at a locus. Best
restricted to heterozygotes for recessive conditions, but the word is sometimes applied to
unaffected people with a gene for an incompletely penetrant or late-onset dominant
condition.
Chromosome- a structure containing many genes arranged on a long strand of DNA.
Each person has 23 pairs of chromosomes including a pair of sex chromosomes.
Connexin- is a protein that helps activate hair cells in the inner ear. When mutations
occur in the Connexin 26 gene, also known as GJB2, it is the most common genetic cause
of deafness and are thought to be responsible for up to half of recessive nonsyndromic
hearing loss.

-

DNA (deoxvribonucleic acid) the chemical that makes up genes. It is composed of
adenine (A), cytosine (C), guanine (G), and thymidine (T).
Dominant- a character that is manifest when present in the heterozygous state.
Dominant mutation- a mutation in a gene that is strong enough to make a person
affected even if the person also has a normal copy of the gene.
Gene- chromosomes contain thousands of genes. Every gene is responsible for one
character ofa person, i.e. the color of the eyes, blood type, etc.
Gene Maooin2- is a technique used to find the precise location of genes on
chromosomes.

---
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Genetic testin2- is the process of comparing the sequence of a particular person's gene
with that of the regularly occurring gene.
Genotvoe- the genetic constitution of a person. One can talk of the genotype at a single
locus, or the overall genotype.
Hereditarv- transmitted in a family by genetic means.
HeteroZV20UShaving two different alleles at a locus.
HomOZV20UShaving two identical alleles at a locus.
Inbred- a person is inbred whose parents are blood relatives (consanguineous). Since
ultimately everybody is related, a practical working definition is that parents are second
cousins or closer relatives.
Kindred- an extended family
Locus- the position that a gene occupies on a chromosome. People have a pair of each
autosome, so a person has two alleles (identical or different) at each autosomal locus.
Mutation- a change in a gene sequence that often disrupts the function of the gene.
Non-oenetrance- describes the situation when a person carrying a gene for a dominant
character does not manifest the character. This is because of the effects of other genes or
of environmental factors.
Nonsvndromic deafness- the only obvious medical problem is the loss of hearing.
OtTsorin2-a person's offspring are his or her children, regardless of their age.
Penetrance- the probability that a phenotype will be seen with a given genotype.
Phenotvoe- the observed characteristics of a person (including the result of clinical
examination). Compare with genotype.
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Recessive- a character that is manifest only in the homozygous state, and not in
heterozygotes.
Recessive mutation- the altered gene is not strong enough to have an effect if a person
also has one unaltered gene.
SibshiD- a set of sibs.
Sibs (siblin2s) - brothers and sisters, regardless of sex.

Svndrome- the occurrence together of several features having presumed common cause.
Svndromic deafness- hearing loss that is associated with other medical problems.
X-linked inheritance- X-linked inheritance is seen when a condition is caused by an
allele located on the X-chromosome.
-Definitions

from (Read, 2001; Relun, Corey, Williamson, & Korf, 2001)
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To understand deafness, we must first understand how the ear works. Below is a
diagram of the ear.
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We will describe the function of the ear beginning with the outer ear. The outer earto
-collectand resonate sound, assist in sound localization, and function as a .protective
mechanism for the middle ear. Thepinna, or auricle is the-visible portion of the ear
consisting of skin covered cartilage. The external auditory meatus, or the ear canal is a
narrow channel leading from an opening in the side of the head that measures 23-29 mm
in length. It directs sound to the eardrum or tympanic membrane. The tympanic
membrane lies at the end of the external auditory canal. It is made of several layers of
skin embedded into the bony portion of the canal.
The middle ear is an air filled space located within the temporal bone of the skull.
The middle ear contains the ossicular chain, or the melleus (hammer), incus (anvil), and
the stapes (stirrup). The melleus consists ofa long process called the manubrium that is

49
attached to the tympanic membrane and a head that is attached to the body of the incus.
The incus is fitted into a recess in the wall of the tympanic cavity by the crus, or leg. The
long crus of the incus is attached to the head of the stapes. The stapes consists of a head
and two crura, or legs (plural of crus) that attaches to a footplate. The footplate is fitted
into the oval window of the cochlear wall and held in place by the annular ligament.
(Stach, 1998).
The inner ear consists of two parts: the cochlea and the vestibular part. The
cochlea contains the auditory receptors, while the vestibular part contains the balance and
gravity receptors. The cochlea consists of a bony tube spiraling around a central core
divided by a central partition along its length. The partition, also known as the basilar
membrane, vibrates when sound energy is introduced into the cochlea (Steel & Palmer,
1996). One end is connected to the oval window; the other end is also connected with
another part of the middle ear through another membrane called the round window. The
inner ear is fluid filled and when the stapes move, a ripple is sent right of the inner ear to
the round window. This wave movement through the ear fluid is only possible because
the round window is elastic. At some point along the V-tube, or cochlea, the ripple will
have a maximum wave form; it is probable that this maximum wave represents the
specific ftequency of the sound being heard. Delicate tiny hairs balance on a membrane
called the organ of Corti, and connect directly to a multitude of nerve endings, which join
together to form the auditory nerve. They transmit the sound to the brain (Freeland,
1989).
When discussing the process of the ear and how we hear sounds, we must also
define some terms used in audiology for determining how much or how little one can
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hear. Sensitivity is defined as the capacity of a sense organ to detect a stimulus and is
quantified by the determination of threshold of audibility or threshold of detection of
change. Absolute sensitivity is the ability to detect faint sound. Differential sensitivity
is the ability to detect differences or changes in intensity, fTequency,or other dimensions
of sound. Your threshold is the level at which a stimulus or change in stimulus isjust
sufficient to produce a sensation or effect. Absolute threshold is the threshold of
audibility or the lowest intensity level at which an acoustic signal can be detected. The
differential threshold is the smallest difference that can be detected between two signals.
Hearing loss affects people in different parts of the ear. Two types of deafness are
sensorineural and conductive. Sensorineural hearing loss is affected in the inner ear. If
there is a hearing loss of the cochlea origin, then both air and bone conduction thresholds
will be affected similarly. When hearing loss occurs in the middle or outer ear, it is
called conductive hearing loss. Figure 1 shows and audiogram of normal hearing.

-;18

.
...

...
:
i

:

..

1

:
t.

I

I

1

..

I

..

.

..
:

t

i

I

. .
i

;

I.

1

1
..

1

,

1

I
1

.

..
..
t

.

i
1

.
I

1

.

Figure 1:Nonnal Hearing- trom: http://www.babyhearing.org/HearingAmplificationIHearingLoss/audiogram.asp

When reading an audiogram, figure 2 is an example of various levels of hearing and
where they would be plotted.
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Figure 2: found in- httD:llwww.audiologv.orgfconswner/guidesluva.oho
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The anterior chamber is the area bounded in front by the cornea and in back by
the lens, and filled with aqueous.

.

The aqueous is a clear, watery solution in the anterior and posterior chambers.

.

The artery is the vessel supplying blood to the eye.

.
.
.
.

.

The canal of Schlemm is the passageway for the aqueous fluid to leave the eye.
The choroid, which carries blood vessels, is the inner coat between the sclera and
the retina.
The ciliary body is an unseen part of the iris, and these together with the ora
serrata fonn the uveal tract.
The conjunctiva is a clear membrane covering the white of the eye (sclera).
The cornea is a clear, transparent portion of the outer coat of the eyeball through

whichlightpassesto the lens.

.

The iris gives our eyes color and it functions like the aperture on a camera,
enlarging in dim light and contracting in bright light. The aperture itself is known
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as the pupil.

.

The lens helps to focus light on the retina.

.

The macula is a small area in the retina that provides our most central, acute
vIsIon.

.

The optic nerve conducts visual impulses to the brain from the retina.

.

The ora serrata and the ciliary body form the uveal tract, an unseen part of the
lflS.

.

The posterior chamber is the area behind the iris, but in front of the lens, that is
filled with aqueous.

.

The pupil is the opening, or aperture, of the iris.

.
.

The rectus medialis is one of the six muscles of the eye.
The retina is the innermost coat of the back of the eye, formed oflight-sensitive
nerve endings that carry the visual impulse to the optic nerve. The retina may be
compared to the film of a camera.

.

The sclera is the white of the eye.

.

The vein is the vessel that carries blood away from the eye.

.

The vitreous is a transparent, colorless mass of soft, gelatinous material filling the
eyeball behind the lens.
From: httt>://www.discovervfund.org/anatomvoftheeve.htmi
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