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Abstract

This paper examines the current trends in audiotbgiractices in Nigeria, as it makes case for adsgy use

of electro- physiological tests in determining trearing potentials of children in the country, gaiast the use
of behavioural audiometric strategy which requittes active participation of the patients. Varietidselectro-
physiological tests such as Auditory Brainstem Resp Test (ABR), Oto- Acoustic Emission, and modern
advances such as cochlear implants and auditoigsbean implants for Neuro- Fibromatosis type 2 (NB2
practiced in developed countries were explaine@sélcurrent trends in audiological practices sheatge as a
catalyst to stimulate the developing countries anaging hearing and speech disorders.

Keywords: Audiological practices, Developing countries, Aaldgical investigations, Audiological
Management

1. Introduction

During the dark ages, hearing tests consisted @fping a coin on the floor behind a person to daeitee his
hearing ability. Funnel-shaped ear trumpets weesl s hearing aids. It was not until after WoMdr Il that
audiology became a formal field of study, with nrajmiversities forming audiology departments anfiririg
undergraduate and graduate programs. Many injuetdrans returning to the US had hearing losses or
difficulty interpreting what they were able to hebr order to help these veterans, medical praofesds began
serious research on how the ear functions and Indovnhation is processed neurologically (centralitug
processing — CAP). The focus for the next seveemlades was on the development of more scientific an
precise diagnostic tests. Computer technology lyredivanced diagnostic sophistication and has evevided,
recently, the ability to diagnose sensory from aétearing loss. Computers even lead to the disgookan
entire new area of auditory disturbance — audit@yropathies. New technology also enabled the dprent

of CAP tests designed specifically for children @8A, 2011).

After World War I, new, yet still crude, amplifiian devices were developed. One of the first mepaid units
was a set of earphones connected to a large cHsdedvy batteries. Next was the transistor-ratjiled device
that fit into a pocket and had a wired earpiecalybworn hearing aid). This was followed by the Inghthe-ear
hearing aids. Hearing aid devices functioned ornogneircuitry, amplifying sounds that were clos&sthe aid's
microphone. Analog technology offered some benéfit, could not regulate sounds well in noisy plalies
restaurants. Today, we have digital hearing aids phovide better sound quality and user satisfactDigital
circuits specifically identify speech sounds whiéglucing background noise, which provides improwexntd
intelligibility in all listening environments (NJSX 2013).

Perhaps the most revolutionary development has lleenCochlear Implant, a hearing device surgically
implanted into the ear. Originally designed for ikslwith sudden lost hearing, the implant has bespecially
successful with children because of the young twaihility to adapt to the technology. The Cochleaplant
has the potential to beat deafness. Children asg/@s six months can be fitted, which will enalfiien to
develop speech, language and learning the samhildsea born with normal hearing. To better diagnasd
treat hearing problems earlier, some developedtdesnof the world had mandated hearing screenimcall
newborns before hospital discharge or within tifieit 30 days, receiving diagnostic audiologicahlenation by
three months of age and enrolling in early intetimmservices by six months of age if needed. ©igiown as

1 - 3 — 6 goal. It is pivotal for hearing probletosbe diagnosed and treated early so that childeenlearn
language and social skills that will enable themdmmunicate effectively.
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The current trends in audiological practices wdldiscussed in two dimensions: investigations aadagement.
2. Audiological Investigations
2.1 Pure Tone Audiometry

It will be highly rewarding to begin current trenitlsaudiological practices by briefly discussinganventional
method used in measuring hearing sensitivity acensange of frequencies known as pure tone audigmet
(PTA). Pure-tone sensitivity can be measured bga@mduction and bone conduction testing. The audings a
graph showing the hearing sensitivity for air atiéd conducted sounds. The frequency at the toHelitz (Hz)

is represented along the abscissa, and hearinbitedecibels (dB) along the ordinate. The frequesased in
clinical measurement include only those from 250t6l8000 Hz even though young normal adults cam hea
frequencies as low as 20 Hz to as high as 20,60(Miler, Groher, Yorkston & Rees, 1993). The adeter is
an electronic device for measuring hearing ab{lityabsence of it) which produces pure tones. Ttensity of
these tones or frequencies can be adjusted acgotalithe threshold of sound perception of the patik its
simplest form, it is a pure-tone oscillator, an #figs, and an attenuator. A selection of differémtquencies can
be obtained by altering the output from the pureetoscillator through manipulation of the frequeisejector
switch and the tone can be turned on and off bggimg or releasing the stimulus button. The intgndial
controls the intensity of the stimulus. A noise g@tor is usually included to provide masking wherded. All
diagnostic audiometers are equipped with a setagbh®nes and a bone vibrator so that both air ame-b
conduction tests could be performed.

The symbols used on the audiogram are not complstahdardized; however, the air-conduction thrkssFar
the right ear is usually represented by a red “@d the air-conduction threshold for the left earablglue “X".
Even less agreed upon are the symbols for boneuctind and masking. However, the symbol < is frediye
used for bone conduction in the right ear in rddand > for bone conduction in the left ear. Wheassking is
done, the amount of masking should be indicatedddorner on the audiogram with other keys to algihmbols
used.

Pure Tone Audiometric Testing

The first thing to do in pure-tone testing is tketa case history after which otoscopic examinasamportant
to know the condition of middle ear. Then, the alafiist should take the patient into the sound pbamth; he
will tell him that he wants to perform a hearingtteThe audiologist will instruct his patient tHa will be
listening to some sounds (pure tones) and at anpdgée hears the sound whether soft or loud, foaildh
respond by depressing the patient response butten tp him. He can give him an example of the sbivat he
would hear, inasmuch as he avoids high decibelsriler not to traumatize his tympanic membrane amd h
should also ask him if one ear is better than therpif so, he is to begin the test from the bette. The red ear
phone is to be fitted on the right ear while theebyjoes to the left ear) and he begins to tesDO0 Hz at 0 dB.
He will ascend by 5 dB and descend by 10 dB; thiziled tracking the threshold. He must presthton on a
frequency three times and if the patient respomdset out of these three, he has passed the tedhahds his
threshold for that frequency. If he responds omlgeoout of three, he has failed the test on thaicpgar decibel
at that frequency and the audiologist is supposéddrease the decibel by 5 dB until the patiespomds twice
and that will be his threshold for that frequency.

Having done with 1000 Hz, he proceeds to 2000 Hx emntinues on that last threshold on 1000 Hz, for
example, if the threshold recorded for 1000 Hz 4@sIB, he starts testing 2000 Hz on 40 dB, if herfat 40
dB, he must go down to 30 dB, if at 30 dB, thegr#tdoes not hear then he moves up to 35 dB. ielaes at 35
dB, the audiologist confirms that he actually hdaefore he records it as his threshold for 2000 Hen he
moves to 4000 Hz, and to 8000 Hz. Moreover, he dgpaek to 1000 Hz for test-retest to validate hisuhe It
should be noted here that if two different resulese obtained on 1000 Hz when test retest is bedmglucted,
the first result should be marked with*@r “X*" and the second with “Oor “X? depending on the ear he is
testing and choose the more valid result out oftéi® After this, he goes to 500 Hz and follows ti@mal
testing process until he gets to 125 Hz and the=damone for the other ear. This is the same piureefor bone
conduction testing, only that the ear phone is gkdrio bone vibrator which will be placed on thestoal bone,
unlike the ear phone that is placed on the extezaal Moreover, only four frequencies are usuaited for
bone conduction testing; 500 Hz, 1000 Hz, 2000 Ha& 4000 Hz, unlike air conduction testing that iwes
eight frequencies.
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Charting / Configuring the Audiogram

Mark with a red “O” on the right and with a blue "Xn the left for air conduction thresholds. Fornko
conduction thresholds, mark right ear with an arfawing left “<” in red ink while the left ear isarked blue
with an arrow facing right “>”". Also, the symbolseajoined together with continuous line in air cootion

testing while broken lines are used for bone cotidndesting.

Interpretation of Test Results

A pure tone average is derived by the averageettimmation of the three speech frequencies (50A600
Hz and 2000 Hz) for each ear. This pure tone aeerageferred to as the threshold of each ear.r8gmehas
normal hearing when his threshold is less thamoakto 25 dB. However, this degree of hearingesaemong
states and countries of the world. A conductiveringaloss is when a patient's bone conduction negsfalls
below 25 dB while his air conduction testing is e®@5 dB. A sensorineural hearing loss is definéith an
audiogram having both air and bone conductionrigsiibove 25 dB but without air-bone gap (thaths, gap
should not be up to 10 dB). A mixed hearing losdi@gram also has both air and bone conductiomigstbove
25 dB but with a-b gap (here, the gap is more tadB).

2.2 Tympanometry

Tympanometry is an examination used to test thelition of the middle ear (Steele, Susman & Mccu2893).

It also tests the mobility of the eardrum (tymmamiembrane) and the conduction bones by creatirigticans

of air pressure in the ear canal. Tympanometryislgective test of middle-ear function. It is @ohearing test,
but rather a measure of energy transmission threkighmiddle ear. The test should not be used tesasthe
sensitivity of hearing and the results of this tekbuld always be viewed in conjunction with puomet

audiometry.

A tympanogram is a graphic representation of tHatimmship of external auditory canal air presstme
impedance. This can be classified into three biggies on the basis of the configuration of the tsgmygram.

Type A — The peak compliance occurs at or near atmosppegssure indicating a normal pressure in the midd
ear. There are three sub-groups:

A — normal shape that reflects a normal mechanism.

Aq- A deep curve with a tall peak which indicatesadmormally compliant middle ear, as seen in osaicul
dislocation or erosion or loss of elastic fibrestia tympanic membrane.

As— A shallow curve indicating a stiff system asrsgeotosclerosis.

Type B — No sharp peak, with little or no variation ingedance over a wide range usually secondary to non-
compressible fluid in the middle ear (otitis medigjnpanic membrane perforation or obstructingioen.

Type C — Peak compliance is significantly below zero,iégating negative pressure (sub-atmospheric) in the
middle ear space. This finding is often indicatbfdeustachian tube dysfunction.

2.3 Otoacoustic Emissions

Otoacoustic emissions, (OAES), are tiny sounds rg¢ee by movement of outer hair cells of a normakr ear
following auditory stimulus. These sounds are rdabte by inserting a probe with a soft flexible itipthe ear
canal to obtain a seal. Different probes are ueedlifferent people depending on the age and dizsaocanal.
OAEs are absent when there is a mild or greatesosgreural hearing loss (more than 30dB), and abskan
there is middle ear fluid. When testing is compléiteere will be a display on the liquid-crystal glsy (LCD),
‘PASS’ on the screen indicates the patient padseddreening, ‘REFER’ indicates that the patiedtrdit pass
the screening. The elements in the pathway foAE include the sound source, the ear drum, ossi@liain,
inner ear, and outer hair cells. The same strustuiemsmit sound coming out of the outer hair c€lAEs can
be affected by anything in the chain. If sound doatsget in or out, there will be no OAE. If thésea resonance
or filter between the sound source and microphtitie will cause altered frequency spectrum of OAGsenner,
2012).
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Usefulness of OAE

The clinical significance of OAE's is that they yrdccur in a normal cochlea with normal or nearnmalr
hearing. If there is damage to the outer hair geitslucing mild hearing loss, then OAEs are nokedo A rule

of thumb is that OAEs are present if hearing isdB5or better. Because OAEs are evoked by transignals
that have a wide frequency response, a broad regfiche cochlea responds, providing informationtha
frequency range from 1000 Hz to 4000 Hz. OAE's ideclvith age.( Cilento, Norton & Gates 2003). The
clinical experience with OAE's, is that they do wigcriminate well between causes of hearing losaither
words, someone with an intact cochlea (includirgrtbuter hair cells), perhaps due to an acoustiwot, is to

be equally likely to have absent OAE's as someoitie eochlear damage due to noise. Kagova, Shinggami
Kohno & Yamasoba (2012) have observed that OAEsganerally reduced by acoustic neuromas. OAE's are
appropriate for use in difficult-to-test patient&wborn infants, young children, patients who dtengpting to
feign a hearing loss (i.e. malingering), and depelentally delayed populations. OAEs primarily pu®yi
information about the activity of the cochlea, ata not assess the status of the rest of the ayditthway,
except for crossed responses mediated throughdtielear efferent system. OAE's have a specialtyufiti
auditory neuropathy. This is a condition, primardy children, in which hearing is impaired but clear
function is presumed intact. This is rather rarksoAit could be used in cisplatin ototoxicity. pl&tin is the
most widely used anticancer drug currently and dafately, it is cochleotoxic. The toxicity begimsthe outer
hair cells (Reavis er al., 2011), and affects liighjuencies first, the same area as age and noise.

2.4 Auditory Brainstem Response

The auditory brainstem response (ABR) is an auglimvoked potential extracted from ongoing electrica
activity in the brain and recorded via electrodisx@d on the scalp. The resulting recording isrees®f vertex
positive waves of which | through V are evaluatéese waves, labeled with roman numeraldenett and
Williston convention, occur in the first 10 millisecondseaivnset of an auditory stimulus. ABR is consideaad
exogenous response because it is dependent upon external factord @@€l7). ABR is used in hewborn hearing
screening, auditory threshold estimation, intrarapiee monitoring, hearing loss degree and type, aunditory
nerve and brainstem lesion detection.

According to DeBonis & Donohue (2007); Hall (200The auditory structures that generate the auditory
brainstem response are believed to be as follows:

* \Wavel — generated by the peripheral portion of crangai/a VIlI
* \Wawvell — generated by the central portion of cranial earill
* \Wawelll — generated by the cochlear nucleus
* \WavelV - generated by the superior olivary complex/ldtieraniscus
* \WaveV — generated by the lateral lemniscus/inferioricolus
ABR Testing Procedures

The patient should be made as comfortable andeélas possible to minimize any potential muscléaats
and ensure optimum test outcome in the shortest tithe face, neck and shoulder of the patient lareta be
relaxed. Electrodes are placed on three locationshe patient’s head i.e. the centre of the fordhatathe
hairline, the side of the forehead near the teroplen the cheek and the nape of the neck or th nigastoid.
The skin should be cleaned with an electrode skapgration product to remove any oil or dirt frohe tskin
surface before the placement of the electrodesn Dlegin the test by clicking ‘start measurementtdn. In
normal hearing population, the auditory wave V €ndr colliculus) will be clearly defined but fondse with
hearing loss, it will be absent or less definechwituch longer latencies.This is because the infeadiculus is
essential for hearing, connecting the auditoryrbitem to sensory, motor, and limbic systems, ttfierior
colliculus is a critical midbrain station for aunliy processing (Winer & Schreiner 2005).

3.Audiological M anagement of Hearing L oss

3.1 Hearing Aids

A hearing aid is an electroacoustic device whighiaglly fits in or behind the wearer's ear, andlésigned to
204



Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) /l'H.i.l
Vol.3, No.12, 2013 IIS'E

amplify and modulate sound for the wearer. Eadievices, known as ear trumpets or ear horns wessiea
funnel-like amplification cones designed to gatbeund energy and direct it into the ear canal. I&mdevices
include the bone anchored hearing aid, and cochiggant (Bentler, Duve & Monica, 2000).

3.2 Cochlear Implants

In 1980, the first child in the world was implantedth the single-channel House cochlear implantickev
(Eisenberg & House, 1982). Children who initialgceived cochlear implants during this first paedtiatlinical

trial were quite old compared to current ages @lerage age in the first House clinical trial wagegrs,
whereas children are now being implanted as yowsng months of age), and the majority communicatsdgu

sign language (Eisenberg & Johnson, 2008). It i& k@mown that implanting older children who do not
communicate orally gives little chance of speeaftg@egtion or spoken language development. A cochlear
implant is a small electronic device consistingsafgically implanted internal components with aneexally

worn speech processor. An implant has four basmpoments, these are microphone, speech processors,
transmitter and receiver/stimulator and electrqde&HA, 2011).

Cochlear Implant Candidacy

» Severe to profound sensorineural hearing loss tin bars.
* Functioning auditory nerve

« Bilateral hearing loss

* No benefit from other kinds of hearing aids, inéhgllatest models of high power hearing instrotee
and FM systems

« Have no medical contraindications to surgery

Approximately 2—4 weeks after surgery, the patieturns to the clinic for fitting of the externajiepment. The
electrodes are stimulated to determine the levelndound is fist heard and to determine the levanasounds
are loud but comfortable. This is a process calle@pping” or “programming” of the implant. Special
techniques are used to obtain this information fymmng children. Patients then return for furthieeftuning of
the device on several occasions during the firat w& device use. After the first 12 months, anrfabw-up is
recommended to check the speech processor andligy progress with the device (ASHA, 2011).

3.3 Auditory Brainstem Implant

An auditory brainstem implant provides a sensatibiearing to some people who are deaf due to @uydit
nerve damage. An auditory brainstem implant is mosmmonly offered to adults diagnosed with
neurofibromatosis type 2 (NF2). This rare genetiedition causes tumors to grow on nerves. Whemtitktory
nerves are involved, hearing can be destroyed.og&mms the auditory brainstem implant bypass theaized
auditory nerves and connect directly to the braimsto help people detect sounds. Although cochieplants
(Cls) are highly successful at restoring functionaring, some people have no remaining auditoryenand
cannot benefit from a Cl. These patients have tlosit auditory nerve (VIIIn) from a variety of cass most
commonly neurofibromatosis type 2 (NF2). NF2, aajendefect on chromosome 22, causes tumors otigia
in the Schwann cells that insulate the auditory@evhere it exits the internal auditory meatus. Wtree tumors
are removed the auditory nerve is usually cut amdannection exists between the still-functioningldea and
the brain. Other causes of VIII nerve loss are tenapbone fracture, congenital aplasia of the cemldnd/or
nerve, and severe ossification from congenitalast{neningitic growth (Shannon, 2011).

The auditory brainstem implant (ABI) is similar @esign and function to a Cl, except that the ebelgtris
placed on the first auditory relay station in thiaibbstem, the cochlear nucleus (CN). The ABI etaigrarray is
a small (8 x 3 mm) paddle that contains 21 smalitebde contacts. Unlike the cochlea, which haageslinear
tonotopic organization from base to apex, the Chldeveral tonotopic maps that are at differententd one
another within the nucleus. The CN also has meltgdll types that are specialized to extract déffietypes of
information from the VIII nerve input. The ABI eleode array is placed along the surface of the @il each
electrode likely activates a variety of neuron gpeossibly with different characteristic frequesc{Shannon,
2011).
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Auditory Performance

NF2 patients with an ABI receive sound sensatiomost electrodes that produce distinct pitch sémssiOtto,
Brackmann, Hitselberger, Shannon & Kuchta, 2002¢ctEodes that produce only non-auditory sensations
(mostly tingling sensations along the ipsilateidesof the body) are turned off and not includedhie implant
program. Patients with the ABI can detect and disicate sounds based on their temporal and amglitud
properties. This auditory information improves thiaice-to-face communication by about 30 percentamets

by supplementing speech reading. However, most AlBRrecipients cannot identify words or sentencethw
only the sound from the ABI—a few patients have enitvan 20% word understanding. When ABIs are pexvid
to patients who have lost their auditory nerve froauses other than NF2 (non-tumor or NT patierits),
outcomes of the ABI are dramatically different. I8til and colleague in Verona, Italy, have demaatsti that
about 50% of NT ABI patients have sentence undedstg of more than 50% with only the sound from A
without speech reading (Colletti & Shannon, 2005).

Several of these patients achieved speech undéistaequivalent to the best performance of Cl pasieThese
results demonstrate that electrical stimulationtted human brainstem (CN) can provide excellent cipee
understanding for some patients. It also suggéesisthe cause of poor speech recognition in NF2 pdiients
may be related to NF2. However, recent resultsurope have demonstrated speech recognition leieigsto
those of CI patients in NF2 ABI patients, a levetyiously not obtained by hundreds of patients witBis
around the world (Behr, Muller, Shehata-Dieler, 18kb., Helms & Roosen, 2007).

4, Conclusion

One of the key developments in audiological prastiin the last twenty years around the world is the
introduction of universal newborn hearing screensiygtems. These programs are proliferating all dker
developed world, but are infants in the developgiogntries today. Other important advancement aga Bethe
management of people with hearing loss, these dechigh technology assistive listening devices l@alring
aids, cochlear implants and auditory brainstemaesg. Of course, one of the most significant adearof the
last twenty years is the growth, expansion andgeition of the profession of Audiology all over therld. In
Nigeria, there has been a significant recognitibAwdiology as a profession more than before, midy @n the
public sector but also in the private sector, thipositively affecting the management of speedth lamaring
defectives.
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