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Abstract
Introduction: In Tanzania, there is little awareness of hearing loss and rehabilitative measures that can be used to effectively manage it.
This study considers the outcomes of children in Tanzania who have cochlear implants and aims to measure the outcomes of the rehabilitation
they currently undergo. The research aimed to establish the relationship between rehabilitation outcomes in implantees and the frequency of
the rehabilitative sessions they attend. It was carried out to quantify this variable and its effect on gaining better outcomes for rehabilitation.
Participants: 15 children between ages 1 and 6 who attend speech therapy sessions at Hearwell Audiology Clinic, out of which 13 are
unilaterally implanted and 2 are bilaterally. They were assigned to two groups, Group 1 (n=5) being the group that attended therapy sessions 3
or more times a week, and Group 2 (n=10) being the children that attended once a week, on average.

Method: The children’s outcomes were assessed using the Little Ears Auditory Questionnare (LEAQ) and the Meaningful Auditory Integration
Scale (MAIS), both administered at one year of hearing age. These questionnaires focus on auditory development and comfort and habits of using
the cochlear implants.
Results: Group 1 had mean scores of 23.6/35 for the LEAQ and 30.8 for the MAIS, while Group 2 had mean scores of 14.1/35 for the LEAQ
and 26.2 for the MAIS.

Conclusion: Children who attended more sessions of speech therapy showed better scores, displaying a positive correlation between
outcomes and attendance to rehabilitation sessions. These results imply that, as awareness of hearing impairment increases in Tanzania, the
need for effective rehabilitation should be stressed, as it could promote better outcomes, especially in low resource settings. To date, there
has been no similar research in this field as yet for this region, and this being the first of such, it is my hope that it will encourage more future
researches that are further indepth and more generalized.

Chapter I: Hearing Impairment
Introduction
Hearing impairment
Disabling hearing loss affects over 5% of the world’s
population - about 360 million people worldwide [1]. Hearing
impairment can be defined as any loss of the ability to detect
sound, and has different causes, depending on the part of the
auditory pathway that is being affected. The auditory system
consists of three main parts; the external ear, the middle ear,
and the inner ear. The external ear is formed by the pinna, the
part of the ear that is externally visible, and the ear canal, which
both function to funnel sound waves towards the tympanic
membrane. The middle ear begins at the tympanic membrane,
or eardrum, and is primarily constituted of the ossicles - three
tiny bones, attached to each other, and to the eardrum on one
end and the oval window on the other. As the eardrum vibrates
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when sound waves hit it, it sets the ossicles into motion too,
which transfer this energy on to the fluid in the cochlea via the
oval window.

The cochlea, the hearing portion of the inner ear, is where
sensory hair cells detects the energy passed into the fluid
and convert it to neural impulses. These impulses then travel
through the vestibulocochlear nerve, the VIIIth Cranial nerve,
and ascend the auditory pathway to the auditory cortex of the
brain. When any of these portions of the auditory system are
not functioning as they should be, an individual’s ability to hear
may be impaired. This loss of hearing can in turn have a range of
effects on an individual’s life; from having social consequences
to having psychological and even physiological impacts on one’s
life. These consequences of hearing loss affect the quality of
everyday life; and an estimated 10% of populations in a number
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of Western countries have a degree of hearing impairment that
affects their daily lives [2].

Hearing impairment causes disabilities of many kinds - as a
sensory impairment, it firstly presents as the loss of the ability
to detect sounds, to discriminate and recognize sounds or
speech, and to localize sounds [2]. Even a slight loss can hamper
normal sensory abilities, people with mild to moderate hearing
losses reported that they often have problems understanding
speech when background noise is present [3]. Additionally, the
difficulty in detecting sounds is not confined to speech sounds,
but rather involves environmental sounds as well. Sounds such
as those of phones and alarms may be missed, and one could
also face difficulties in detecting sounds that may be signaling
the presence of a danger; traffic sounds, for example.
Hearing loss therefore has a large impact on an individual’s
life, and with its effect on hearing and understanding speech,
it largely affects one’s communication with others. Hearing
impaired people have to concentrate much more so that
they can pick up speech, and the effort that this requires may
cause fatigue. Other people also need to put extra effort into
communication with hearing impaired people; they may need to
stand closer, speak slower and louder, face the person directly,
and speak much more clearly. Due to this, one may find that
hearing loss could affect an individual’s social life. A study by
Weinstein and Ventry [4] was conducted to determine whether
there is a relationship between hearing impairment and feelings
of social isolation, and the results showed that in individuals
over the age of 65 there was a strong correlation between scores
of social isolation and audiological measures of hearing loss.
Hearing loss can also have an impact on the education and
employment of an individual. The effect varies, majorly dependent
on when the onset of hearing loss occurred, and the degree of
the impairment. For adults or postlingual children, while there
is a loss of functional hearing ability, other competencies may
not be majorly affected. For prelingual children however, there
is a great impact on the development of language, on education,
and as a direct consequence, on employment. The effect of
hearing impairment on education can be increasingly negative
in children’s lives; Blanchfield et al. [5] reported a 44% rate of
high school dropouts for deaf students, compared with a 19%
dropout rate for the general population that was sampled.

In Tanzania, there are no studies into the prevalence of
hearing loss for the population of the country. According to the
World Health Organization’s global estimates for prevalence
of hearing loss [6], the prevalence of disabling hearing loss in
children i.e. impairment greater than 30 dB in the better ear,
is third greatest in the Sub Saharan Africa region, under which
Tanzania falls. Another study placed Sub Saharan Africa as the
region with the second highest prevalence of disabling hearing
loss in children, with an estimated 4.1 million children with
hearing impairment [7], meaning that their development of
speech and language could be impacted, and therefore their
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cognitive development could also be impacted. This highlights
the need for intervention and rehabilitation programs for hearing
loss in children in regions where it is prevalent; Tanzania being
part of one such region.

Types of Hearing Loss and Causes

There are two primary types of hearing loss, conductive
hearing loss and sensorineural hearing loss. Each type of
hearing loss affects a different part of the auditory system,
has a different range of causes, and therefore has different
management options. A third type of hearing loss is known as
a mixed hearing loss, and is the combination of a conductive
and sensorineural hearing loss. Conductive hearing loss occurs
due to an obstruction or impedance to the transfer of energy
through the external and/or middle ear. This usually results in
a flat hearing loss, i.e. a similar loss across all the frequencies, of
up to 60 dB [8]. Conductive hearing loss can be a consequence
of a range of causes, most of which can be managed via medical
or surgical methods, after which an individual’s hearing levels
would most likely be restored.
Some causes are more easily treatable than others; a
loss caused by wax build up in the ear canal can be negated
through the removal of the wax via irrigation or other suitable
methods [9]. A common proponent of conductive hearing loss
is an infection of the middle ear; an estimated five out of six
children experience otitis media by the age of three [10]. The
mismanagement or neglect of a majority of conditions that may
cause a conductive hearing loss could result in more serious
complications, such as a permanent sensorineural hearing loss.

The second type of hearing loss is known as a sensorineural
hearing loss. As the name suggests, these hearing losses have
a sensory or neural element, and therefore are typically due to
defects in the inner ear and onwards. Sensorineural hearing loss
is more common than conductive losses, and in most cases, is
irreversible [11]. Sensorineural hearing losses are often typified
by the deficiency or damage of hair cells in the cochlea, resulting
in a decreased sensitivity to sound of the cochlea, as the absence
of hair cells would mean diminished stimulation of the auditory
nerve. In cases of profound losses, a cochlear dead region may
be present. These can be defined as regions of the cochlea with
very few or no functioning inner hair cells/ neurons [12], and
therefore as a result, the range of sounds that the region was
particularly sensitive to is lost.

In the cochlea, the hair cells are arranged on the basilar
membrane in a pattern that allows individual auditory nerve
fibers to be highly tuned to specific frequencies [13]. This is
firstly due to the structural properties of the basilar membrane;
it is stiffer and narrower at the base, and wider and flexible
at the apex. This allows for sound to be propagated from the
stiffer portion towards the more flexible one. Von Békésy [14]
studied the movement of the basilar membrane and showed
that due to these properties, a traveling wave is formed in the
cochlea when stimulated by sound, and this wave grows and
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slows down as it propagates, until it reaches the point of its
maximal displacement. This point’s position on the membrane
is dependent on the frequency of sound that is introduced to the
cochlea; points of maximum displacement in response to high
frequency sounds are towards the base of the membrane, while
the points that correspond with low frequency sounds are at the
apex.

This phenomenon allows for the ton topical organization of
the auditory system, where specific regions are said to respond
to specific frequencies, and this is an occurrence observable
throughout the system: from the basilar membrane of the cochlea,
to the organization in the fibers of the auditory nerve, and even
to the primary auditory cortex in the brain [13]. This tonotopic
organization of the basilar membrane is a phenomenon that is
vital when studying how a cochlear implant functions, which
will be looked at in depth in the next section. Sensorineural
hearing losses have an observable effect on speech perception
and the ability of an individual to pick up speech in background
noise. While conductive losses simply require a greater level
of sound to achieve the same scores as normal hearing people,
sensorineural hearing impairment may cause distortion of
sounds that are presented to the cochlea.
This effect can be seen via speech audiometry tests and in
particular, when testing for the speech recognition threshold
and finding the patient’s word recognition score. The former
is the lowest level at which one can identify a sound from a
list of disyllabic words, while the word recognition score is a
score of the number of correct words recognized out of a list of
presented words [15]. For normal hearing individuals, a score
between 85 and 100% is expected, but as hearing impairment
increases, the patient’s score decreases. In profound hearing
losses, a loss of speech intelligibility is observable and distortion
occurs at intensities higher than 80 dB, making word and speech
recognition increasingly difficult [15].

Intervention for Hearing Impairment

Intervention for individuals with hearing impairment
involves multiple types and faculties for the improvement of the
lives of these individuals. For patients with conductive hearing
losses, surgical or medical intervention is usually required to
manage the complication causing the hearing loss, after which
the individual’s hearing is normally restored. For patients with
more permanent, sensorineural hearing loss, interventions are
usually dependent on the degree of impairment suffered by
the patient, and the type of residual hearing that is available.
Additionally, the efficacy of intervention differs from patient to
patient, what one patient could find beneficial might not work
for another patient, even if their audiometric tests are of similar
configuration.
This section focuses on the technology that offers intervention
for the hearing impaired. The first, and most common device
offered to patients is the hearing aid. A hearing aid is a device
that picks up sounds from the environment, amplifies and
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processes these sounds, and then delivers the processed sound
wave into the person’s ear. The second device offered to patients
is the cochlear implant. It is important to note that the cochlear
implant is only offered to candidates who meet set criteria that
differ from one country to another depending on the maturity
of the cochlear implant program in the respective country. For
example, more developed countries have been doing Cochlear
Implant surgeries for a very long time and hence have lowered
the criteria, from implanting only patients with profound hearing
loss to now implanting individuals with partial deafness as well.

As a rule of thumb, cochlear implants are usually more
beneficial in cases of profound hearing impairment, not being
normally required in cases of milder losses where hearing aids
provide ample benefit. Cochlear implants function by directly
stimulating the auditory nerve electrically, and therefore bypass
the auditory systems conductive mechanisms and the sensory
hair cells as well. The third category of devices can be referred to
as assistive devices, and encompasses all other devices that aim
to help the hearing impaired in their daily lives. This category
includes the use of loop systems for hearing aids, flashing or
vibrating alarms and devices, amplified or text telephones,
teletypewriters, and the like [16].

Hearing Aids

Hearing aids are the most commonly used device in managing
hearing impairment, offering amplification that is adjustable
depending on an individual’s degree of hearing loss. Devices for
amplification for those with hearing loss have been available for
a long time; prior to the development of electrical technology,
funnel shaped devices called ear trumpets were used to provide
acoustic amplification. After the development of the telephone,
and more specifically the receiver in 1876, this invention opened
up a world of possibilities for the development of amplification
[17]. In the early 20th century, the vacuum tube came along,
offering 70 dB of gain and an even frequency response. The
first models were not very practical, weighing about 100 kg,
but later developments produced one that was much smaller
and weighed just 4 kg [17]. The first wearable hearing aid was
developed in 1938, and these required a battery pack that was
housed separately from the amplifier.

A decade later, body worn aids as we know them today
were developed, and using subminiature vacuum tubes, all the
components of the hearing aid could be housed in one unit that
was then connected to an earpiece using a wire. The solution
to this was the invention of the transistor, which found it being
used in hearing aids more than vacuum tubes. Following this
development, the first hearing aids worn completely at the ear
were developed, by integrating the components of hearing aids
into spectacle frames. These gave way to the development of
the behind the ear hearing aids that we are familiar with today.
These early models utilized analog signal processing, however as
the turn of the century approached, digital signal processing was
being applied to most hearing aids, either in conjunction with
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analog systems, or in fully digital models that allowed a greater
ability to fine tune hearing aids and the amplification offered to
suit an individual’s hearing loss [17].

Today, hearing aids are capable of a large number of functions,
and come in a range of styles, all geared to suit the consumer’s
needs. The function of a hearing aid is to amplify sounds to a
degree and manner that enables a person with impairment to
use their residual hearing effectively [18]. Digital hearing aids
function by converting a sound wave into analog signals and
then into binary digits, which represent the characteristics of
the wave and allow more intricate processing to be utilized. The
processed signal is then converted back into an analog signal,
which is transmitted to the receiver and then passed on into
our ears [19]. Hearing aids therefore are a marveling piece of
technology, and the incorporation of their components enables
individuals with hearing impairment to be offered intervention
that may prove very effective in correcting the hearing loss.

Hearing aids come in a number of styles and types; firstly,
there are the common behind the ear hearing aids, referred
commonly to as BTEs. These are the standard hearing aids that are
offered to patients, and the components are housed in a case that
is worn behind the pinna, hence the name. A thin acoustic tube
or wire connects the case to the ear canal, via the use of a dome
or custom made ear mould. BTE hearing aids are widely used
due to their availability, the range of functions they possess, and
their wide fitting ranges. They also come in a variety of sizes and
colors; generally, the greater the hearing loss, the greater the size
of the hearing aid. These are the most appropriate hearing aids
for more severe hearing losses, or for consumers with complex
needs. They are equipped with a number of functionalities to
achieve the ability to benefit the impaired hearing; functions
such as directional microphones, noise cancellation, feedback
managers, loop system functionality, and direct auditory
input, to name a few. Digital hearing aids are also equipped
with multiple channels, these allow factors like amplification
(gain) and compression to be manipulated independently for
frequencies that are separated into these channels, allowing for
a hearing aid’s response to be customized and fit to accurately
suit an individual’s audiogram and preferences.

Recently, a new type of BTE has become more prevalent in
the hearing care sector today, the Receiver in the Ear/Receiver
in the Canal aid, also known as the RITE or RIC. This subtype of
behind the ear hearing aids have, as of late, become a category of
their own due to their popularity amongst users and providers.
The main key difference from traditional BTEs, as the name
suggests, is that the receiver is not housed within the hearing
aid casing, but rather sits in the canal of the ear and is connected
to the casing of the aid via a thin electrical cable. These hearing
aids in 2012 made up around 45% of hearing aids sold in the US
[20]. RITE aids became popular due to a number of reasons; the
ability to interchange receivers when higher power is required
is convenient for audiologists when fitting these aids. They also
provide more gain with less risk of feedback [21], as the receiver
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is located in the ear canal while the microphone is housed in
the case that sits behind the pinna. They could offer a smoother
frequency response, once again due to the positioning of the
receiver, and do not face problems that traditional BTEs face with
moisture collecting in the acoustic tubing. The disadvantage of
these aids is the conditions in the canal that the receiver would
be subject to; the warm, moist and oily conditions are generally
not friendly to electrical devices.

The second types of hearing aids are in the ear hearing aids,
also referred to as ITEs. This type also includes in the canal, or
ITC, hearing aids and completely in canal, or CIC hearing aids.
These are custom made hearing aids, and all of the components
of the aid are housed in a shell that is made from an impression
of the patient’s ear, similar to how ear moulds are made. These
hearing aids are seen as being more convenient for wearers; as
everything is housed in a single unit, they are seen as easier to
handle than aids with ear molds. They are also more discreet
than BTE aids, studies into hearing aid non-use show that a
number of individuals do not prefer hearing aids due to cosmetic
reasons [22]. ITE hearing aids fit in the ear, and are less visible
than some of the more apparent BTE versions. Users of ITEs also
report more natural sound, as the microphone on the ITE sits
in the ear canal rather than behind the ear, and therefore also
allows for the pinna notch effects to occur to some degree.
ITEs are slightly different from ITCs as they fill the concha
bowl too, while ITCs simply sit inside the canal, with little that is
externally visible. The size and placement of these hearing aids,
however, do slightly limit their functionality. Modern ITEs can
fit for almost any degree of hearing loss, but ITCs are usually
only appropriate in cases that suffer from degrees of hearing
loss up to moderate-to-severe impairment. CICs are even more
limited, being best for individuals with mild to moderate hearing
impairments. This is due to their size, they have a limited ability
to provide high levels of gain, and there is a great possibility of
feedback. These hearing aids are also a little less durable than
BTEs as they are subject to the warm and moist conditions of the
ear canal, with the presence of wax also being a reason for their
vulnerability [19].

A third and less common type of hearing aid is the bone
conduction hearing aid, or the bone anchored hearing system,
known as the BAHS. A bone conduction system is mainly an
effective intervention for conductive or mixed losses, and
is usually recommended in cases of chronic or irreversible
conductive complications. It is also useful in cases of single sided
deafness, as interaural attenuation loss through bone conduction
between the two cochleas is 0 dB, and therefore sound from one
side can clearly be transmitted to the contralateral cochlea via
the bones of the skull [23]. The device is composed of three
parts; an external sound processor, an abutment, and a titanium
implant. The titanium implant is surgically implanted into the
bones of the skull, and through the process of osseo integration
forms a structural connection between the bone and its surface.
The abutment connects this titanium implant to the sound
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processor, which stimulates the implant and thereby stimulates
the bones of the skull, which transmit the sound to both cochleae
[23]. These are just a number of intervention options available
to people with hearing impairment, and these all function to
provide stimulation and sound to these individuals.

Cochlear Implants

A cochlear implant is an electronic medical device that
replaces the function of the damaged inner ear. Unlike hearing
aids, that usually make sounds louder, the cochlear implant
bypasses the damaged inner ear to stimulate the nerves and
electrically providing the sound signals to the brain. The
evolution of cochlear implant has come a long way, since the
beginning of its use over three decades ago. It has provided hope
to patients with hearing impairment that cannot be corrected
with use of hearing aids. By the end of the year 2012, around
324,200 registered implants had been implanted worldwide
[24]. A cochlear implant consists of two parts, an internal
implant that has the receiver and the electrode that is inserted
into the cochlea and an external sound processor that sends the
signal to the internal implant by means of magnetic conduction.
Currently there are five companies that produce these devices,
namely, Cochlear, Med-el, Advance Bionics, Nuerelec and
Nurotron. Amongst these, the first three are the most widely
used around the world and are approved by the Food and Drug
Administration (FDA) in the US.

Each of the companies have a history in terms of development
and innovation of the devices. They differ in various aspects and
not just in the physical design, but also in the software and options.
For example, each of these differ in the number of channels they
provide for stimulation, the coding strategies, the physical makeup of the electrode, as well as the speech processing strategies.
A paper by Hainarosie, Zainea, and Hainarosie [25] discusses the
history of these companies and the development of the cochlear
implant in more depth. For the purpose of this master’s thesis,
however, this section aims to sufficiently outline the evolution in
the field of Cochlear Implants for the three companies approved
by the FDA in the United States of America; namely Cochlear
Limited, MED-EL and Advanced Bionics.

Cochlear Limited Implant Systems

This was the company that came out with the first
commercially available Cochlear Implant system in 1985. It
was known as the Nucleus 22 and it was a device that had 22
electrodes. The external device was known as WSP (Wearable
Speech Processor) and it used what was known as SPEAK
processing strategy. The next generation of device from this
company was the Nucleus 24 and was commercially available
in 1997. Like the Nucleus 22, it also had 22 electrodes but in
addition to this it had 2 extra cochlear reference electrodes.
The external speech processor was called Sprint and used three
processing strategies i.e. SPEAK, MSPEAK and CIS. One of the
key features of this implant was that it had a removable magnet
incase the implantee needed to undergo an MRI procedure.
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The following generation came out in 1999. This was known
as Nucleus 24 Contour. The major difference was in the electrode
array, which was precurved and presumably easier to insert
in the cochlea. The external processor also saw and evolution
from the previously body worn device to Behind the Ear (BTE)
device which seemed more like a normal hearing aid providing
better comfort in wearing as well as better sound perception.
This generation also saw an improvement in coding strategy
whereby one more strategy was added. During the years up to
2002, the fourth and fifth generations of external processors
were introduced with the last one being backward compatible
with previous generation internal implants.

In year 2005, another model was introduced, known as
Freedom. This had two types of electrode arrays which included
one with a soft tip for a traumatic insertion. In 2008 Cochlear
launched the hybrid model which incorporated the function
of a conventional hearing aid as well. These are particularly
useful for patients who have residual hearing. The Nucleus 5
was introduced in 2009. It was an improvement on the previous
model and had a remote control as well for ease in programming.
The current model available is Nucleus 6. This is deemed to be
the best model so far from this company and can be used with
varieties of electrodes. Recently, Cochlear also introduced the
Kanso. This is a single unit processor. It offers the same features
as nucleus 6 and is more convenient and discreet.

MedEl Corporation Implant Systems

Medel made available its first commercial implant system in
1989. It introduced a 4 channel electrode array with an internal
ceramic component. The sound processor used an analogue
processing strategy. In 1991 the processor was updated with
Behind the Ear (BTE) model. In 1994 they launched an 8
channel electrode internal implant known as Combi 40 and
also introduced a new sound processor CIS PRO+ in 1995. The
development of the internal component focused on the electrode
array to be able to cover the entire cochlea for maximum
stimulation. The following model, Combi 40+, also with ceramic
casing had 24 active electrodes. During the time it was the
thinnest available internal component at just 4mm. The main
feature of this model was its MRI compatibility that was upto 1.5
Tesla without needing the magnet to be removed.

In 1999, Med-el introduced the Tempo+ which was a
modular processor and could be used for infants. The Pulsar
system was launched in 2004 with a variety of electrode options.
In 2005 they launched the Duet sound processor which also
had acoustic stimulation capabilities. In 2006, a new cochlear
implant system was introduced. This was known as the Sonata.
It was the first model that had a silicon casing for the internal
implant. The year also saw introduction of various newer
generation electrode arrays. The sound processor, known as
Opus was also an improved version of the previous generations.
It had improved electronics and had three coding strategies. In
2011, the Maestro system was introduced. It had five different
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types of electrode arrays. In addition to the Opus 2 processor, a
single unit processor; Rondo was also introduced.
The latest version of their implant is the Synchrony, which has
the thinnest internal component. The external processor, Sonnet
also has many features that were not available in the previous
generations including its water resistant capabilities. The main
highlight of the synchrony however is the MRI compatibility. The
synchrony is MRI compatible up to 3 Tesla and therefore does
not require magnet removal.

Advanced Bionics Company

The first model from Advanced Bionics was introduced in
1996. Known as Clarion, it had a ceramic case for the internal
component and a precurved electrode array with 8 electrodes.
This had a body worn external processor. The S-Series processor
was introduced a year later and had four coding strategies.
The Clarion II was launched in 2001 with two type of sound
processors, a body worn and a Behind the Ear (BTE). This also
had 16 active electrodes. In 2003, the company introduced the
HiRes 90k system which had a titanium casing. With this they
introduced the Auria external sound processor. The company
marketed another new generation of processor in 2006 known
as Harmony with better coding strategy. The newest model from
the company is Naida CI Q70 system. The internal component
has three types of electrode arrays. With this a new sound
processor; Neptune was introduced. This external processor is
also water proof. Lately, all of the latest four sound processors
(Auria, Harmony, Naida and Neptune) have come in modular
variants: behind-the-ear, some-on-the-ear and nothing-on-theear [25].

Cochlear Implant Candidacy

The candidacy criterion for Cochlear Implants differs from
one region to another depending on the level of the maturity of
the Cochlear Implant program in the respective region. Regions
where the Cochlear Implant program is just starting have stricter
criteria, while those who have been implanting for a number of
years, continue lowering the criteria for candidacy obviously in
the interest of providing better life to the hearing impaired. The
first child to be implanted with a cochlear implant was 10 years
old. This happened in the 1980’s. Over the years, with numerous
research studies in this field, professionals have refined the
candidacy criteria by exploring the pros and cons of the surgery
and benefits of the outcomes. The technology has also evolved
drastically over this period of time in terms of both the hardware
and the software within the implants.
Cochlear Implants, being medical devices, are regulated in
the respective countries. Each country differs from another in
process of approving the same for use on humans. However, the
candidacy criteria are more or less similar from the regulatory
perspective from one region to another. In areas where
regulations are not strictly enforced, one can find a variation
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from the outlined criteria. This is argued as a rational decision for
improving the lives of those suffering from hearing impairment.
The FDA divides the children candidates into two groups, one
that is of age 12 months to 18 months and another of 18 months
and older. Below are the criteria for each of these groups:
i)

Age 12 months to 18 months

a)

Bilateral profound hearing loss

c)

Lack of progress in auditory skill development

b)

Limited or no benefit with appropriate fit hearing aids

d) No physical contraindications for placement of the
device
e)

Medically cleared to undergo surgery

ii)

Age 18 months and older

g)

Bilateral severe-profound hearing loss

i)

Lack of progress in auditory skill development

f)
Realistic parental expectations and commitment to
follow up appointments

h)

Limited benefit with appropriate fit hearing aids

j)
No physical contraindications for placement of the
device
k)

Medically cleared to undergo surgery

l)
Realistic parental expectations and commitment to
follow up [26].

There may arise situations where the above criteria cannot be
followed strictly. Surgeons sometimes have to take decisions to
implant for the best interest of their patients. One such situation
is when the patient losses their hearing post meningitis, and the
time to implant becomes of the essence, especially taking into
account the progression of cochlea’s ossification. Some clinics
around the world also carry out implants for partial deafness
or for candidates for whom they think Cochlear Implants will
provide greater benefit and improved life than the hearing aids.
Earlier, one of the criteria for candidacy for Cochlear Implants
was bilateral severe to profound hearing loss. Over the years we
have seen this situation change, with the criteria being updated
as technology and surgical techniques evolved. Individuals
with unilateral hearing losses are also implanted with Cochlear
Implants. Those who have partial deafness are implanted with
shorter electrodes to preserve the natural hearing that exists, or
is still residual in the individual. There are also, as mentioned
earlier, cochlear implants that are combination of an implant
which stimulates electrically, but also include a part of it that
functions as a hearing aid and provides acoustic amplification.
When it comes to a child candidate, it is imperative that
parent expectations in relation to the outcome are realistic.
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Although there is no specific way to measure parent expectation,
adequate counselling can help them make a better decision for
their child, and also to aid them to adapt their expectations to
reality. Families have to understand that the surgery is just a
small part of the solution towards better life for their child and
it is only the beginning of a long rehabilitation process that is
yet to come, a process that will require their commitment and
dedication to ensure good outcomes. It is generally accepted
that children who have had prior experience with hearing aids
perform better when implanted. This is regardless of whether
hearing aids were useful or not as it may have provided some
stimulation, even if the results of this stimulation were not
apparent.
Another important factor to consider is the availability of
rehabilitation facilities as near as possible to the location of the
child, i.e. within the same city. Since rehabilitation is a long term
process, travelling long distances to attend therapy session may
become discouraging over time especially since the results of the
therapy are not seen immediately. This is especially important in
less economically developed countries, as rehabilitation centers
may be only available in particular areas of the country, usually
the more developed, urban areas. In these cases, it is remarkably
important that the parents or guardians, and family of the child
are committed to the child’s rehabilitation and take a keen and
active interest in ensuring its success. Rehabilitation centers can
then train parents and provide them with home programs to go
through with the child in cases of being unable to regularly attend
the center, and these programs have to be followed vigilantly.

Hearing with Cochlear Implants

Jansen [27], in an article about cochlear implants, reported
that when hearing with cochlear implants, sounds are different
from the sounds produced by hearing aids. Being an implantee
herself, she wrote that while hearing with hearing aids can be
said to be passive i.e. sounds are simply amplified and delivered
to the ear, hearing with cochlear implants can be described as
active; you have to learn to hear with the implants [27]. Although
she did not receive the implant in childhood, she provides an
insight into how it is to hear with an implant, and highlights the
difference between an implant and a hearing aid.
As discussed earlier, while hearing aids aim to stimulate the
auditory nerve by amplifying sounds so that they are loud enough
to be detected by the hair cells in the cochlea, cochlear implants
bypass the damaged hair cells altogether and directly stimulate
the auditory nerve. An implant, therefore, sounds different to
a hearing aid, as hearing aids use acoustic stimulation, while
cochlear implants provide electrical stimulation [24]. When an
implant is programmed, each electrode is stimulated individually,
first to find the lowest level of current needed to barely hear a
sound, and then to find an upper level of stimulation, i.e. a level
of current that is comfortably loud. At this stage, it is important
to establish a good dynamic range of hearing and maintain
loudness relationships between sounds while doing this [28].
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While the cochlea has around 8000 inner hair cells
responsible for detection of sounds and stimulation of the
auditory nerve, most cochlear implants have around 22
electrodes, and therefore sound quality is inevitably different,
due to the loss of the detail that the fine structures of the cochlea
provide in normal, auditory hearing. An implantee therefore
has to learn the patterns of sound that are stimulated by the
implant’s electrodes, and understand how to interpret them.
Jansen [27] states, “At first, soon after receiving my cochlear
implant, noises were just that -- noise. I was aware people were
speaking, but I heard only sounds, not speech. I heard the changes
in pitch, intonation and volume that go with speech, but I could
not understand words without lip-reading.” While patterns of
speech and in other sounds will be picked up by the processor
and transmitted electrically to the auditory nerve, the sounds
have to be understood through constant use and active methods
of learning in order to effectively hear with a cochlear implant.
This is simply a short insight into how hearing is made
possible through a cochlear implant, and the differences
between it and normal hearing. This highlights the need for
effective rehabilitative programs, and is also crucial information
for everyone involved in the cochlear implant process, especially
parents, patients, teachers, and therapists. By understanding
how the implant works, these faculties can not only have more
realistic expectations of its outcomes, but also effectively plan
rehabilitative measures according to this information.

Chapter II: Outcomes of Cochlear Implants in
Children
Speech Production and Spoken Language Skills

The effect that hearing loss has on language and
communication greatly affects an individual’s life as previously
stated, it can result in social isolation and exclusion, and have
an impact on one’s employability too. However, in pre-lingual
children, or children still developing linguistic skills, a hearing
loss can have an even greater effect, as it impacts the very
development of language in a child. Language development in
humans is theorized to occur in a variety of ways, and there are
four prominent theories of language acquisition in children;
the Nativist theory, the Interactionist theory, the Cognitive
Developmental theory, and the Behaviourist theory [29].

The behaviourist theory, conceived by Skinner in 1957, is
one of the earliest theories of language acquisition. It functions
on the principle that children learn language orally from other
humans, and utilize processes such as imitation, practice, and
operant conditioning [29]. This theory states that language
acquisition is dependent on human role models in the child’s
environment, and through stimulation of spoken language, the
child learns and develops language. It also states that operant
conditioning (rewarding the child with praise and affection upon
correct imitation of oral language), plays a role in development.
Critics of this theory argue that when a child isn’t rewarded
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sufficiently, based on this theory, the child may not acquire
language in the uniform way that it develops in humans.

They also argue that this theory does not account for
the child’s learning of abstract words [30]. However, for the
purpose of this paper, the basis of this theory will be taken
into consideration; the behaviourist theory has, in most parts,
advanced in its assumptions about the acquisition of traditional
grammar in native languages. It emphasized the role of verbal
behavior in the learning of language, and although Skinner’s
model attributes development to the association of rewarding
response to environmental stimuli, i.e. speech, it gives great
importance to the presence of the stimuli. Children therefore are
said to have a natural tendency towards learning the language of
their social surroundings, and through a trial and error process,
they develop the necessary skills for the production of correct
language and grammar [31].
The nativist theory of language development followed the
behaviourists’ perspective on the acquisition of language, and
was argued against by Noam Chomsky. An American linguist
and psychologist, he argued that if language development
was dependent on stimulation via the environment alone,
a child could never acquire all the necessary tools for the
endless learning of language, grammar, and semantics [32]. He
therefore introduced the theory of Universal Grammar, stating
that children are born with the innate knowledge of language,
its systems, and their ability to develop it [33]. This innate
knowledge, called the Language Acquisition Device, is claimed
to be ‘wired’ in children’s brains, and equips them with a set of
intuitive tools for language development [33].
Nativism therefore suggests that all children have the same
innateness that characterizes the grammar of the language
they are going to learn to construct [34]. Although there are
variations across languages, according to Chomsky, universal
grammar operates on principles from which rules of every
language are derived, not operating on different core principles
for different languages [34]. A child’s culture, environment, and
the language it hears in its surrounds can be said to interact with
its innate language acquisition device, and through interaction
with limited input from the environment, an infant is able to
use its innate tools to develop their knowledge and use of the
intricacies of language [35].

The cognitive development theory was modeled by Jean
Piaget, and was formed by four stages of cognitive development
in infants that included the development of language. Piaget
conducted a systematic study of development, and centered
his theory around his observations of children’s cognitive
abilities [36]. The theory of cognitive development is therefore
constituent of three components; the building of schemas,
adaptation processes of assimilation and accommodation, and
the four stages of cognitive development: the early sensorimotor period, the pre-operational stage, the concrete operational
stage, and finally the formal operational stage [37]. In Piaget’s
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theory, the use of language is developed in a similar way to other
cognitive processes, and consequently infants display different
types of language behavior depending on what stage of cognitive
development they are at [38].

Piaget states that a child’s language is first egocentric, and then
becomes social as it develops. This is because during the earlier
stages of development, children find it difficult to understand
different perspectives, and therefore do not work towards
communicating for the purpose of interpersonal interaction [39].
This theory, however, also shows that development is still reliant
on interaction with the child’s environment, and therefore is
subjected to criticism similar to that of Skinner’s behaviourist
theory [40]. Processes of assimilation and accommodation only
occur as a child is corrected over his/her development, and can
thus adapt correct mechanisms by utilizing cognitive abilities. A
child would therefore develop language through these cognitive
mechanisms if he/she has adequate interaction with language.
The fourth major theory of language development is the
interactionist theory, which stresses the role of social interaction
in the acquisition of language and the development of cognition
[41]. This theory of cognitive development is also known as
the Social Development Theory. Vygotsky’s theory is based on
the principle that an individual’s development can’t be fully
understood without referring to sociocultural factors and context
[42]. According to Vygotsky, language plays a fundamental role in
cognitive development; it is the main method of communication
of information from adults or role models to children, and it
therefore is a powerful tool for intellectual adaptation [43].
Additionally, unlike Piaget, Vygotsky’s interactionist theory
believes that language and other cognitive processes, or
thought processes, are initially separate. As speech develops,
speech and thought become interdependent, and children then
develop internalized inner speech, which is vital for cognitive
development [42]. However, to develop this speech, a child must
interact with the environment and with role models in order to
learn and produce the linguistic abilities necessary for cognitive
development, as outlined by this theory.

All four of these theories look at language development
in infants, and although they provide different models for
this development, they highlight language development as a
significant process in human beings. Its importance for cognitive
development can also not be understated, as shown by Vygotsky
[44]. Therefore, for the purpose of this master’s thesis, one can
conclude that it is important for a child to be able to develop
language, and in order to do so require input and interaction with
the world. Whether one agrees Chomsky’s theory of Universal
Grammar or Skinner’s behaviourist theory, development of
speech and language is dependent on a child’s being able to
receive stimulation from its surrounding. It is for this reason
that the ability to hear is vital, especially for young children
who have not fully developed language. A child who is hearing
impaired will not be able to pick up all the stimulation required
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for language development, and a child who is profoundly deaf
will not receive stimulation at all as seen above, by Piaget’s and
Vygotsky’s theories, this child’s cognitive development would
also be impacted, as language plays a great role in cognitive
development.

Factors Affecting Outcomes

There are numerous factors that could potentially affect the
language and quality of life for children with cochlear implants.
These are important to take into consideration when studying the
efficacy of cochlear implants, as certain variables tend to stand
out as influential factors in deciding the outcomes for implantees.
One such factor, believed to be the most important variable,
is the time of implantation or the age at which intervention is
introduced to the child [45]. It is important that children are
implanted as close to the time of their impairment as possible,
and therefore it is stressed that early implantation should be
the norm. This is because it is important that children are not
deprived of the auditory stimulation from the environment.

As we have seen previously, this stimulation from the
environment spurs linguistic and cognitive development, and the
longer that a child experiences a delay in this, the more apparent
the effects of this delay will be. Additionally, when dealing with
children, it is vital to note that children’s brains are extremely
plastic and therefore are especially receptive to development.
If development does not occur at this stage, it requires more
effort at a later stage. These statements are evidenced by studies
showing that onset of deafness at later ages and shorter lengths
of auditory deprivation have been associated with better speech
perception scores [46], and so have younger implantation ages
and longer implant use [47].

The critical period hypothesis for language acquisition
highlights the urgency for intervention to take place as soon as
possible, as delayed treatment may cause more permanent and
lingering consequences, especially for a child’s development
[45]. The critical period is defined as a restricted developmental
period during which the nervous system is particularly sensitive
to the effects of experience [13]. In studies of congenitally deaf
children, it has been seen that while normal hearing babies
begin to babble at about 7 months, congenitally deaf children are
deficient in this area. However, if they are exposed to alternative
methods of expression, e.g. sign language, they ‘babble’ using
this alternative method, in the case of sign language, they would
‘babble’ using their hands [13]. This supports the aforementioned
definition of the critical period; a child is particularly sensitive
to the environment, and his/her experience of that environment
shapes its development.
Language acquisition therefore is hypothesized to occur
primarily over this critical period, which ends at around the
age of puberty [48]. Studies into the neuroscience behind this
hypothesis have shown that during the critical period, infants
are able to discriminate between and perceive all human speech
sounds, and therefore are unbiased towards phonemes specific
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to certain languages. By 6 months of age, infants begin to show
preferences for phonemes of their primary language. The bias
towards the primary language grows as the child does, children
can learn to speak a second language without an accent until the
ages of 7 or 8, after which the ease at which a child can pick up
languages gradually declines [13]. However, it is imperative that
a child needs to be exposed to the experience of language in the
postnatal environment, in order to develop language during the
sensitive critical period [13].

Comparative studies into the language abilities of children
whose hearing impairment was identified by 6 months of age
against the abilities of children whose impairment was identified
after 6 months of age showed that the former group of children
had significantly better language scores than the latter group. All
children received intervention within around two months after
their loss was identified, and the only variable that caused a
significant difference in scores between the two groups was the
age of identification and intervention [49]. This highlights the
importance of early intervention and implantation, especially
in congenitally deaf children, in order to make the utmost use
of the critical period, and provide the necessary experience for
appropriate development.
A study by Ann Geers into children with early cochlear
implantation (2002) involved a sample of 136 children in the
United States with a mean age of 9 years at test and 3 years 6
months at implantation who participated in this study, which
aimed to investigate factors/variables that contribute to speech
and language outcomes in prelingual children with cochlear
implants. The results of this study showed that children with
implants before 5 years of age are enabled to interact with the
auditory information necessary for the development of language
and speech at a crucial age for development. The variables
that can have an effect on development at this age have been
categorized into three varieties of factors; what a child brings to
the learning environment, what is provided by the implant, and
what is provided by the rehabilitative program, the parents and
the professionals.

The factors categorized as being something brought by the
child to the learning environment by this study by Geers [28]
include nonverbal intelligence, which was found to be the most
important characteristic. Other variables studied included age at
implant, age at onset of deafness, and periods of normal hearing.
Additionally, another variable that presents itself in cases of
cochlear implants is the child’s prior development before the
onset of hearing impairment, as post-lingual children may have
better speech outcomes due to already being in the process of
developing speech and language, while pre-lingual children
may require more rehabilitative effort in order to stimulate the
adequate development of language [28].
Factors that involve the cochlear implant device and
technology itself also play a major role in contributing towards
the development of speech and language in implanted children,
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as the implant needs to be functioning optimally to best support
development. The use of an updated coding strategy had an impact
on the outcome areas examined by this study, which noted that
it is important that children are able to access the technological
and engineering advances in speech processing. The data of
this study outlines the benefits of improved technology, as it
is associated with better outcomes. A larger number of active
electrodes on the implant map is also associated with better
outcomes, a complete electrode insertion, along with a map that
activates all of these electrodes allow for optimal performance in
stimulation, which nurtures development. A well fitted map also
plays an important role in potentially positive outcomes, and is
shown to be particularly important in newly implanted infants
[28].

The third group of factors relates to the nurturing environment
provided to the child by the parents, the professionals involved,
and the rehabilitative program adopted. Communication mode
was evidently most important in this group of factors, with
better outcomes in children whose programs emphasized the
use of audition and speech in communication, over non oral
means [28]. Parents and guardians play an important part
in the rehabilitative process of a child, a role that cannot be
emphasized enough. By striving for a consistent emphasis on
the development of speech and auditory skills in their children
through active involvement and participation in rehabilitative
programs, speech therapy sessions, and in interacting with
their children throughout the day, the family of an implantee
can be a valuable factor towards successfully meeting goals for
development.
The role of the clinicians and professionals involved is also
vital, as active involvement in the rehabilitation of an infant is
necessary for successful rehabilitation programs. As stated in
the above paragraph, it is important to have an accurate and
well fitted map for the child, and therefore the clinician mapping
the child’s implant must be aware of how to best implement
this. The professionals involved in education programs, speech
therapy sessions, and other such rehabilitative measures are key
in ensuring that children within these programs get the best out
of them, and that they are provided with adequate resources to
meet goals and have positive outcomes in speech, language, and
cognitive development.

Rehabilitation of Children with Cochlear Implants

The importance of rehabilitation cannot be overemphasized
for children who get cochlear implants. The time between the
onset of hearing loss and intervention with cochlear implants
is very important as seen previously in this master’s thesis. The
length of auditory deprivation is a critical factor that determines
how easy or difficult rehabilitation will be. Considering this
factor and other influential factors, it is upon parents to decide
on the type of rehabilitation that will be most suitable to achieve
the best outcome for the children. This decision and course
of action is usually discussed with the speech therapist and a
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program is prepared on how to rehabilitate the child. The aim of
rehabilitation, especially for children, is to work towards making
sure that younger children who are implanted before or around
school age are mainstreamed. When it comes to the choice of
rehabilitation method, there are three main pathways that can
be adopted as described below:

I.
Auditory Verbal Therapy: In this approach the
emphasis is placed on the auditory skills development of the
child with the implant. Children are encouraged to learn to listen
and develop spoken language without the need to rely on sign
language or lip reading. The speech therapist coaches and guides
the parents on ways to encourage development of listening skills
in everyday situations. The primary goal of AVT is to develop
spoken language through the use of listening and integration
into the hearing community. The academic development goals
for the children are to develop their skills so that they are
mainstreamed.
The language development in children occurs through early,
consistent and successful use of their implants so that they
develop listening, speech and spoken language following natural
development patterns. Parents involvement in the process is
the key to determining the outcomes. Family members are
encouraged to attend therapy sessions so that the therapist can
coach and guide them how to develop such skills in everyday
situations. It also involves a lot of play and role play activities as
part of the therapy process.

I.
Auditory Oral Approach: This method encourages
children to develop spoken language through use of both
verbal and non-verbal means, including lip reading. The
primary goal once again is to enable children to develop spoken
language and communication skills that are necessary for their
integration into the hearing community. Academically, the aim
is to encourage development of skills that will ensure successful
mainstreaming. The language development using this method
is through early, consistent and successful use of their cochlear
implants accompanied by lip reading. As with AVT, this approach
also requires a commitment from parents and family members.
They have to work closely with the therapist to try and
stimulate the child’s spoken language development by various
means during the child’s day. It is important to understand
that therapy, whatever approach selected, is a long process,
and parents and family members have a big role to play in
development of spoken language for the child. Family members
and parents have to be active participants in the therapy sessions
so that they can provide the child optimal speech and language
stimulation according to the level of the child.
II. Total Communication: This approach encourages
using every and all means to communicate. The child is exposed
to a formal sign language, finger spelling, natural gestures, lip
reading and spoken language. There may be other means of
communication or any aid that helps in communication. The
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idea of this approach is to communicate and teach in any manner
that works, and the child is encouraged to use a combination of
communication methods e.g. speech and sign. The primary goal
is to provide an easy and less restrictive communication method
for the child and their parents, family, friends and peers. Such
approach may be suitable especially if the child is struggling to
develop expressive spoken language which may be due to other
associated issue such as weakness, cerebral palsy or simply due
to cognitive or processing difficulty.
The child undergoing total communication therapy develops
language that may be spoken or combination of spoken and
signing or another method. Commitment from family and
parents is encouraged, especially for family members to learn
the sign language chose for the child to ensure that there is no
breakdown of communication between them and the child. The
family members are encouraged also to visit the therapist with
the child. However, in addition to the speech therapist, there
may be requirement to see other professionals depending on
the associated issues that the child has e.g. physiotherapist,
occupational therapist, teacher etc. From the above, we can
establish the importance the parents and family members have
in the rehabilitation of the child no matter what approach is
chosen to develop their communication skills. Some children
with cochlear implants may also have additional special needs
that will require an even stronger commitment by the parents
and family members.

Chapter III: Conclusion

The importance of the sense of hearing in human life cannot
be stressed enough. Sounds play a major role in everyday life,
in a variety of ways and in innumerable situations. They allow
us to communicate with each other through speech and spoken
language, essentially the use of sounds to communicate our
thoughts through a mutually understood mechanism. Our
awareness of the environment also relies on our hearing, keeping
us alert to danger in our surroundings essentially all the time,
warning us of vehicles like cars and buses, of insects or animals
that may be harmful, and of sounds produced by mechanical
objects, to name a few. As studied in the previous section, the
stimulation of our neural systems by sounds plays an important
role in our cognitive development, and we learn and shape our
learning through the stimulation from our senses.

Therefore, having looked at the importance of hearing and
sounds, it can be disadvantageous in many aspects to miss
out these benefits. There are a number of risks that can be
associated with hearing impairment, including social isolation,
stress, anxiety, prone to accidents (due to loss of environmental
awareness), cognitive decline, and psychological issues, to name
a few. Analysis of the studies discussed in this master’s thesis
and numerous other studies conducted worldwide provide two
imperative factors to reduce the effects of hearing impairment
on an individual’s life; identification and diagnosis of a hearing
loss as close to the time of its occurrence, and the introduction
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of intervention and rehabilitative measures as close to the time
of diagnosis as possible. This is so as to minimize the time an
individual is deprived of stimulation to the auditory system and
the brain as much as possible.
In cases of congenital hearing loss from birth, or hearing
loss that occurs close to the time of birth i.e. early in a child’s
life, it is even more important that intervention is introduced
not long after the identification of the impairment. Newborn
hearing screening programs are therefore very advantageous in
this process, as they allow the diagnosis of hearing loss shortly
after birth, and therefore opens the opportunity for an early
intervention. While hearing aids are routinely used to manage
a hearing loss, the advent of cochlear implants allowed for a
world of possibilities in rehabilitation of the profoundly deaf.
However, while cochlear implants can provide sensitivity to
sounds for implantees, the role of rehabilitative programs and
everyone involved in the rehabilitation of an infant should not be
taken lightly. These can be definitive factors in the efficacy of any
rehabilitative programs, and in attaining successful outcomes in
areas of speech and language development, along with a better
quality of life.
Therefore, it is imperative that all these factors are
acknowledged and addressed when researching cochlear
implants and studying their outcomes. It is also vital that one
is aware of the role of hearing in life, and thus aware of the
importance of striving for successful outcomes in infants
implanted with these devices, especially in countries that have
not had ready access to these services, Tanzania being such a
country.

Chapter IV: Goals

The Aim of this Thesis
The aim of this thesis is to evaluate the outcomes of
rehabilitation of children with cochlear implants in Tanzania
and try to establish the main factors that may influence these
outcomes. Cochlear Implants are fairly new to Tanzania. They
have become more known in the last 5 to 7 years only. There was
no local Cochlear Implant program in place in either the public
or private healthcare services in the country. It is only since
2014 that efforts to mobilize a local CI program started, and
first local Cochlear Implant surgeries are expected to take place
in June 2017. At the time of conducting this research, Tanzania
already had about 30 children cochlear implantees. The children
were aged between 1.5 years and 7 years (age at implantation).
All of the implantees were implanted outside Tanzania, mostly
in India.
Children have been implanted with devices from all 3 major
U.S. FDA approved manufacturers [50], however over 75% have
been implanted with MED-EL devices. Almost all of the implants
have been done through government sponsorship and referral.
For this matter, most of the children have been implanted
unilaterally. Regarding rehabilitation facilities, there is one
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private clinic that offers Speech Therapy services; HearWell
Audiology Clinic, which was established by me in late 2011.
This has been elaborated further in the biographical section of
this thesis. There is also the main referral hospital (Muhimbili
National Hospital) that has a rehabilitation unit for speech. The
research was conducted at this private center as almost all of the
implantees have been visiting the center for speech therapy and
support for their Cochlear Implant devices.

There is a lack of expertise in the field of cochlear implants
and it is only at this private center that the staff are qualified
to deal with cochlear implant devices in terms of rehabilitation
and troubleshooting [51-56]. HearWell Audiology Clinic has
a work force of 5 full time staff including myself, my colleague
who is an Audiologist and Speech and Language Pathologist, and
3 qualified nurses, one of whom is a receptionist and customer
service representative and the other two who have undergone
rehabilitation courses offered by Med-El on rehabilitation of
children with Cochlear Implants. This course comprises of
8 modules and covers rehabilitation for all age groups, from
toddlers to adults, as well as children with special needs who
have been implanted. These two staff assumes the role of

assistant speech therapists and are countinuously trained in
house by my colleague.

Data for about 30 implantees was available, and below
is the graphical representation of the age at implantation for
these children: From the above figure 1, it can be noted that the
intervention in these children was quite late. A majority of the
children who were implanted were of ages 2 to 5 years, and all
implantees were pre-lingual. Just a glimpse at the chart tells us
of the immense rehabilitation work that is required for these
children. In a limited resource setting, this becomes even more
challenging. However, despite these challenges, we managed to
ensure that the children get most of what is available in terms
of rehabilitation and support. With regards to the spare parts
and mapping, initially we started collaborating with centers
where the children were implanted (India) and facilitated the
availability of spare parts however the children still had to travel
to India for mapping. This was also an additional challenge, as
it meant additional costs for the patients, resulting in delays
of keeping mapping appointments due to financial and time
constraints.

Figure 1: Graph showing the age at implantation for the 30 children for whom data was available for the purpose of this study.

This changed when HearWell became the official distributor
of MED-EL in Tanzania in mid-2014. The patient support process
became better organized, and a direct link was established with
the company headquarters in Innsbruck, resulting into quick
turnaround times for repairs and spare part support. Local
mapping services were also established at this center and
patients did not need to travel to India anymore. This did not just
reduce the cost and time burden for the parents, but also meant
that better results could be predicted due to ease of accessibility
of services locally.
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Chapter V: Methods
Participants
Table 1.
Age (Years)

No. of Children

>1-2

3

>3-4

3

>2-3
>4-5
>5-6

3
3
3

How to cite this article: Fayaz M J. Rehabilitation Outcomes for Children with Cochlear Implants in Tanzania. Glob J Oto 2017; 10(3): 555786. DOI:
10.19080/GJO.2017.10.555786

Global Journal of Otolaryngology
15 participants were chosen for this study, with ages as
follows: (Table 1) from the above, two children of ages 1 to 2
years were bilateral implantees. Their inclusion in this study
allowed all age groups to have n=3 participants, providing
more data for the discussion of the factors that could influence
cochlear implant outcomes. The implantees were divided
into two groups; Group 1 was comprised of the children who

attended speech therapy sessions at least 3 times a week (n=5),
and Group 2 of the children who attended speech therapy once
a week, more or less (n=10). The number of implantees in each
age group was not intentionally planned, but rather occurred
due to the attendance to rehabilitation sessions. Other children,
due to their geographical location (away from main city) could
not attend speech therapy sessions frequently.

Table 2: Table showing the number of children in each group, and their ages. Group 1 consists of children attending ≥ 3 sessions weekly, while
Group 2 consists of children attending about one session a week.
Group 1

Group 2

Age (years)

No. of children

Age (years)

No. of children

>1-2

2

>1-2

1

>3-4

1

>3-4

2

>2-3
>4-5
>5-6

1
1
0

These children and their parents/guardians however,
are usually given a ‘home program’ to administer at home
but were omitted from the study due to lack of consistency in
follow up and to minimize assumptions on effectiveness of the
rehabilitation. Data from this group would also be less reliable,
as outcomes cannot be consistently assessed by the clinicians.

>2-3
>4-5
>5-6

2
2
3

The groups included in the study were as follows: Table 2. The
time frame for the purpose of this research study was 1 year of
hearing age for all participants i.e. one year after switch on of the
implant and the fitting of the processor. It should be noted that
the children were implanted at different times/years [57-60].

Appendix I: children’s implant profile (chip).
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Procedure
It is worthy to mention that all forms of assessment used
for this purpose were obtained from Med-el. This is due to the
fact that we do not have standardized assessment material
and rehabilitation material specifically for Tanzania. Med-el
guidelines and forms were found to be the most appropriate
to be used regardless of the choice of implants by the parents
for their children. Before going abroad for surgeries, initial
assessments were done for Cochlear Implant candidacy of the
children using the CHIP evaluation (Children’s Implant Profile),
the sample form can be found on Appendix I. This ensured that
the implantees did not have any contraindication for surgery and
did not have any other special needs. Since most children were
government sponsored and it was the beginning of the Cochlear
Implant surgery referral program, the candidacy criteria were
quite strict; i.e. only children with severe to profound hearing
loss, aged less than 7 years with no additional handicap or
contraindications for surgery were selected. Due to limited
funding for this program, higher preference was given to the
lower age groups.
All children who received cochlear implants started speech
therapy one month posts witch-on at the local center (HearWell
Audiology Clinic). The speech therapist used Auditory Verbal

Therapy (AVT) as the rehabilitation method. All implantees
followed the same course. The older children had however
already developed some form of sign language to communicate
with their parents and families. This mode of communication
was not a formal sign language, but a way of communication
between the children and their families informally. They would
use gestures to express themselves [61-64].
All of the children who underwent the Cochlear Implant
Surgery had hearing aid trials of 6 months or more and therefore
compliance was not a major issue during the rehabilitation
process. Both groups were given the Little Ears Diary to fill in
the observations and progress by the parents for each week of
progress since switch on. Regular progress was noted down by
the clinic informally after each session for both groups. At the
end of 1 year hearing age the following evaluation forms were
administered:
i.
Little Ears Auditory Questionnaire (LEAQ) (Appendix I
& II)

This evaluation was done for each child regardless of the
group and the scoring was noted.
ii.
Meaningful Auditory Integration Scale (MAIS)
(Appendix III & IV)

Appendix II: little ears auditory questionnaire.
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Appendix III: meaningful auditory integration scale (mais).

Appendix IV.
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This evaluation gives an overview of the child’s use and
confidence with the implant. It also gives an overview of the
child’s hearing capability growth.

Chapter VI: Results

Table 3: Table showing the Little Ears Auditory Questionnaire scores
for the children in Group 1 (≥3 sessions weekly) along with their age
group.
Group 1
Child No.

Age (years)

Total score

1

>1-2

26

3

>2-3

23

2
4
5

>1-2
>3-4
>4-5

Average

25
23
21

23.6

Table 4: Table showing the Little Ears Auditory Questionnaire scores
for the children in Group 2 (1 session weekly) along with their age

range while Group 1 does not, and as age is discussed as a major
factor in the outcomes of the rehabilitation of implantees, an
average of the scores of children in Group 2 can be calculated
with the omission of the three children in the >5-6 age range,
in an effort to make the average group scores more comparable
(Table 5).
When this is done, the average score for Group 2 is 14.3/35.
This result suggests that while including the older children
lowered the average score for the group slightly, it did not make
a significant enough difference to necessitate the omission of
their scores from the study. The scores from Group 1, however,
suggest that the younger the child, the better their scores are.
This may be due to their sufficient attendance for rehabilitation
services. The results for the Meaningful Auditory Integration
Scale (MAIS) administered by the parents was as follows (Table
6).
Table 6: Table showing MAIS scores for Group 2 (1 Session weekly)
along with their age group.

group.

Group 2

Group 2
Child No.

Age (years)

Total score

Child No.

Age (years)

Total score

1

>1-2

16

1

>1-2

25

3

>2-3

13

3

>2-3

28

2
4
5
6
7
8
9

10

>2-3
>3-4
>3-4
>4-5
>4-5
>5-6
>5-6
>5-6

Average

15
14
13
15
14
13
15
13

14.1

Table 5: Table showing MAIS scores for children in Group 1 (≥3
Sessions weekly) along with their age group.
Group 1
Child No.

Age (years)

Total score

1

>1-2

34

3

>2-3

31

2
4
5

>1-2
>3-4
>4-5

Average

30
30
29

30.8

The following were the results of the evaluation: Little Ears
Auditory Questionnaire: (tables 3 & 4). The Little Ears Auditory
Questionnaire (LEAQ) is a 35 question form that requires an
answer as a “Yes” or “No”. It is meant to access the auditory
development of a child up to the hearing age of 2 years. The
average score obtained by Group 1 was 23.6/35 with a standard
deviation of 1.95. This was much higher than the average score
of 14.1/35 obtained for Group 2, whose scores had a standard
deviation of 1.10. As Group 2 includes children of the >5-6 age
0055

2

>2-3

4

>3-4

5

>3-4

6

>4-5

7

>4-5

8

>5-6

9

10

>5-6
>5-6

Average

26
27
25
30
27
25
25
24

26.2

The MAIS questionnaire can be administered for any age
group. It is an interview with the parent to assess the child’s
wearing habit and confidence with the implant. It also focuses
on various auditory development aspects and the behavior of
the child in various real life situations. The questionnaire has 10
questions with a maximum possible score of 40. As seen from
the results, Group 1 performed better in this case too, with an
average score of 30.8, which had a standard deviation of 1.92,
compared to Group 2 whose average score was 26.2, with a
standard deviation of 1.81. The exclusion of the results of the
>5-6 age group presented an average score of 26.9. Group 1
scores exhibited an increasing score trend as age decreased
for this questionnaire too. The results obtained from both
evaluations indicated that Group 1 performed better in both
evaluations with higher scores than Group 2.

Chapter VII: Discussion
Methodological Issues

There may have been various variables and methodological
issues that were not considered during this research and thus
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resulting into a non-conclusive study that requires further
refinement. Some of the things that may have influenced the
outcomes somehow are:
a) Lack of standardized material for assessment and
rehabilitation for Tanzania

b) Lack of knowledge of parents on device use and care.
Many children in GROUP 2 had issues with their devices. One
may conclude that it was the lack of parent engagement and
commitment, but it could also be the lack of knowledge in
use and care.
c)
The surgery being done abroad, counselling the parents
and children was not adequate.

d) Unrealistic expectations of outcomes by the parents
may have discouraged them to put efforts into rehabilitation
at home. More often than not, parents are not aware of the
immense effort required for the sufficient development of
speech and language in children.

e) Lack of use of device due to delay in buying spare
parts. Since the surgeries were funded by the government
and there was no support for spare parts, many parents had
to collect the money over time in order to buy the spares
and hence during that time the device was not used by the
children.
f)
The time frame of study was too short to make a
comprehensive discussion of the subject of this thesis;
as one year of hearing age is not adequate to carry out a
comprehensive research study. However, it provides an
insight that was not priorly available into the field, and
aims to provide direction and a foundation for further
developments and studies in the region.
g) The sample size for this research was too small, due
to the limited resources and population available for this
specific research purpose, but there will be radical changes
in Tanzania in this domain in the following years, so further
research will be conducted.

h) The birth order of the implantee was not taken
into account. This may have influenced the outcomes i.e.
Parents with one child may have been more committed to
rehabilitation while those with younger siblings may not
have been given enough attention.

i)
The study was only carried out at one center, due to
the lack of adequate centers around the country. With the
inauguration of the local cochlear implant programme in Dar
es Salaam, Tanzania, awareness of the need for more widely
available services is increasing. This study therefore aims
to act as a platform for the evaluation of rehabilitation and
outcomes for both current and future implantees throughout
the country.
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Clinical implications
Future directions
A longer period of study is required once a National Cochlear
Implant Program starts. A lot of variables have to be ironed out
especially prior to surgery. Aspects such as the socio-economic
status and family dynamics have to be taken into consideration
as well. A standardized set of materials needs to be made, or
adoption of the one that will be best suitable for the Tanzanian
environment is required.

Conclusion

In conclusion, the results of this study showed that the
outcomes obtained from Group 1 seem to be better than the
ones from Group 2. Although the research has focused only
in one variable of several factors that affect the outcomes
of rehabilitation, i.e. number of sessions of attendance to
rehabilitation, there are other various factors that influence the
outcomes as indicated in the earlier part of this thesis. Parent
and family commitment in the process has been highlighted
everywhere in this thesis and in the references to various
researches. For the best outcomes of rehabilitation of a child
with cochlear implant, not only professional help is required
from the therapist but also dedication and commitment from the
parents and family members. This sometimes involves making
sacrifices to make sure the goals set with the therapist with
regards to the outcomes are achieved. The child with Cochlear
Implant spends at most 3 hours a week only with the therapist
for rehabilitation but the rest of the time the child is in the
natural growing environment around the family, friends and
school, thus they play a major role in the outcomes of the child.
While the results of this study may not be significant enough
to make absolute conclusions generalized to a larger population,
they emphasize the role of rehabilitation in improving and even
ensuring the efficacy of intervention i.e. the cochlear implants. It
is imperative that as a national cochlear implant program is being
established, rehabilitation should be discussed and resources for
rehabilitation should be developed and made available to ensure
the best chance at successful outcomes for not only implantees,
but all those affected by hearing impairment. It should also be
noted that, the earlier the intervention is, the less work will be
required for rehabilitation. Later implantation leads to more
work and effort to get the desired outcomes. For Tanzania, this
has been a challenge as there is no Universal Newborn Hearing
Screening program in place and thus identification of children
with hearing loss is quite delayed and so is the intervention for
the same.
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