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CHAPTERI
PRE- ELECTRI C AND NON- ELECTRI C HEARI NG Al DS



CHAPTER |

PRE-ELECTRC AND NON-ELECTR C HEARING Al DS

Hearing Aid literally nmeans, a device capabl e of
"Alding the hearing' . The main purpose of the hearing aid is
to anplify the sound and enable it to reach the ear effectively.
There are no records of earliest attenpts through which nman
aided his hearing. But soneone nust have found out that hand
cupped behind the pinna made the weaker sounds | ouder by
defl ecting the nore sound energy into the external canal
and at the same tine cautioned the speaker to raise the vol unme

of his voice.

V¢ m ght specul ate about the forns which first man

made hearing aid took. These could be:

. Hol | owed out ani nmal horn
ii. Broken sea-shell
iii. Alarge leaf rolled into a tube

iv. Length of a cane.

The earliest aids were terned as deaf aids, deaf
i nstrunents, speaking tubes and hearing tubes. It is
difficult to determne about the firns which manuf act ured
hearing aids. Only few pioneer firnms can be indicated which
were situated in Engl and, France, United States of America

and Wst Cer many.



Ear Trunpets and Cornets

The ear trunpet certainly is one of the earliest
hearing ai ds which were first fashioned from the horns of
cows or rans suitably holl owed. Later wooden, netals and
then shell horn followed the same. Contours as the anina

horns had. Figure 1 shows an Ear Trunpet.

Several centuries before Christ, the G eeks bought
a large variety of shells. These were hardened and pai nted

and used as acoustical cornets (Berger, 1970).

These devices collect and direct the sound into the
external auditory canal. The anplification is of primtive
form It required no other expenditure than buying of the
instrument. Archi genes suggested that the deaf be trai ned
by using an ear trunpet and enploying |oud sounds.

(CGol dstein, 1933)

A 17th century engraving is the ol dest known

graphi cal representation of a hearing device, which is a
spherical tube, like a huge football of about two meters in
length and at least 50 Cm in dianeter at its md point.
The central portion was a resonator. The instrunent rested
on a socket like axis. This permtted the tube to turn and
orient one of the ends towards the nmouth of the speaker.
The user placed hinself so that his ear was next to the

opening at the other end of the tube.
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Fig.l: Ear Trunpet Collects Sound Energy, But has no
Batteries or Anplifier.
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Ear trunpets were varied in size with an intention to

or el se nake these serve several functions. These

concea
imtations of tortoise shell.

wer e nade of vulcanite or
G her nodel s were referred as banje-style since they sonewhat

resenbl ed that nusical instrunent. The disc or bowel shape

attachnment (4-6" in dianeter) at the speaker end was pl anned
to increase anplification.
whil e other advertised as 'Geen's Hearing

One nmanufacturer called it

' Pl ant agenet '
Length ranged from 14-17" open and 8-12" when

Horn' .
col l apsed. The various forns of ear trunpets are shown in
Figures 1-1, 1-2 and 1-3 depicts the anplification of Bonjo

styled Trunpet and Ear Trunpet (Non-El ectrical) respectively.

The di sadvantage of the ear trunpets and the cornets

the user had to hold themwi th one hand while in

wer e t hat
by

use. This inconveni ence was overcone i n anot her nodel

nmounti ng of scoop-like sound bells on a head band with a

snall ear-tip or circular ear cushion opening at the ear.

These were called Auricles and other firmmade it known to

the public as Dupli phones.

The cornets seens to have taken their origin from

horns. The speaking

sea shells, and the trunpets from ani nal

trunpets were usually designed to facilitate comuni cation

Honer (G rca 850 B.C)

bet ween naval ships or mlitary units.

nmentioned the | arge bronze trunpet that projected a voice

over consi derabl e di stance.
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Ki rcher (1601- 1680) a Ger manschol ar, mat hemat i ci anand
phi | osopher clains to have invented the speaking trunpet. He
seens to have devel oped hearing trunpet in about 1649 while

he was at Jesuit's Coll ege i n Rone.

Lanbert (1736) was probably the first man to put forth
a theory as to how speaking trunpet wor ks, but mstakenly

based his explanation on |ight*

Speaki ng Tubes

The speaking tube consisted of funnel and tip ends
whi ch were nade of netal or hard rubber, with the tube itself
made of rubber or of spring wwre covered with fabric. The
speaki ng tube picked up the sound close to its source and
directed the sound by Iimted pathway to the ear. The
speaker would talk directly into the funnel end of the tube
and the listener would hold the smaller tip of the tube at
his ear. Here the advantage is simlar to that of the
speaker talking very close to the listener's ear. The

anplification of speaking tube is illustrated in Figure 1-4.

Acoustic Cane

The Acoustic cane becane popul ar around the first
decade of 20th century* |Its principle is sane as that of
speaki ng tube. The cane was not flexible but the deaf could

use this as a cane and al so when needed, for the purpose of
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Fig.1-4: Amplificaton of Speaking Tube.



hearing. The curved handl e was kept near the nouth of the

speaker, while the other end was held at the ear of the deaf

i ndi vi dual .

Pi nna I nserts

These date back to about 1830. This was a sort of
device which fit into the external canal. They have very
limted use in mld hearing | oss cases. It mght be possible

that sone individuals found themuseful in cases of collapsed

ear canal .

Artificial Ear Drum

An artificial ear drumconsisting of a snall tube
covered by a piece of pig s bladder was used by Marcus Banzer

as early as 1640 (ol dstein, 1933). An early nodel of such

device is shown in Figure 1-5.

The artificial ear drumwas of use only to a person
who had a large perforation of the ear drumand even then
the help it afforded was doubtful. It required considerable

skill to position the device and its aimwas to serve as an

artificial ear drum

Devices simlar to the artificial ear drumare still
used today. An artificial ear drum nade out of a snal
pi ece of fish skin, connected to a bristle, can be brought

into contact with the stapes through the perforation in the
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Fig.i-5 Artificial Eardrum



ear drum Paper patches are also applied, but it is recom
nmended they be inserted by the otol aryngol ogi st under
operating mcroscope. Sone Indian Ggrarette Conpanies are

manuf act uri ng t hese papers.

Afewfirnms in Europe still manufacture a limted
nunber of non-electric aids. Some elderly individuals nay
find the non-electric devices easier to use than the |atest

mniature electronic hearing aids.

Bone Conducti on Appl i ances

The concept of bone conduction hearing is old and was
known at the tinme of G eek Physician and witer O audi us
Gal en (131-200 A.D.). Here the sound is applied directly or
indirectly to the skull. Itard (?-1832) an otologist at the
Paris Hone for the Deaf-Mites devel oped a red which the
speaker held at one end between his teeth and the |istener
the other end between his teeth. Bulwar (1614-1684) also
made use of bone conducted stimulation in the construction

of auditory prosthesis.

Previously Haller (1757) reported his investigation
regar di ng bone conduction in E ementa Physi ol ogi ca Corporis
Hurmani. It is reported that Beethoven (1770-1827), the
nusi ¢ conposer, after becom ng deaf, used a stick with one
end between his teeth and the other touching piano, to listen

to his nusic (Berger, 1970).



Buchner (1770) related that deaf coul d hear by neans
of "long" thin slips of wood, as thick as the back of knife
one end to be applied to the upper teeth of the speaker, and
other to the upper teeth of deaf person. A conversation tube

to be used simlarily was invented by Painter (1828).

Dent aphone

The teeth provide nore efficient bone conduction
route for sound conduction than that via the skull particu-
larly for |owfrequencies (Berger, 1970). Dentaphone
utilizes the concept of bone conducted sound via teeth.

Dent aphone consisted of a round flat case with a thin

di aphragmin the shape of the flat cone at the front centre
of the case. The user held the case in his hand and a snal |
wooden piece in his nmouth was gripped tightly with the teeth.
The di aphragm picked up the sound and in its centre was a
knot from a piece of silk covered wire which was held

tightly so as to pass vibrations to the user's teeth, inthis
way Vi a bone conduction to the inner ear. A drawing of this

device is shown in Figure 1-6.

Ost eophone

Ost eophone was simlar in construction to Dentaphone.
Charles Herman patented it in 1879. The Gst eophone consi sted
of a large diaphragmheld at body, but w th unattached rod
curved so as to reach the teeth (Goldstein, 1933).
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The acoustic heard, acoustic bonnet and acoustic fan
appeared late in 19th century. These inventions were designed
to hide the hearing device. The acoustic fan was prepared
froma sheet of vulconite with a handl e and shape of fan. It

I's shown in Figure 1-7.
Audi ophone

The hearing fan as invented by Rhodes (1879) may have
been the first ane to be referred to as "audi ophone” to
describe a hearing aid. Later it becane common to refer to

the pre-electric hearing aids as audi ophones.

Audi ophone was nade of conposition material. The
i ndi vidual held the top edge of the fan agai nst upper
incisors as illustrated in Figure 1-8. The fan area
collected the sound, then it travelled via the upper teeth
to the inner ear by bone conduction. A series of cord
whi ch connected the upper edge of the fan blade with the
handl e, kept the |large area of fan under tension and

provi ded better vibration.

Approxi mate anplification characteristics which were

limted around 500 Hz are shown in Figure 1-9.

Audi net
Anot her bone conducti on fan, date unknown, also used

the systemof collected sound, via teeth and by bone



Fig.l-% Acoustic Fan
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conduction to inner ear. This fan seans to be nodification
of the Audi phone and was call ed Audinet. It was nade up of
two large thin discs of vulcanite, a sonmewhat smaller disc

on the top and slightly separated fromthe |largest disc. The
handl e consi sted of solid vulconite rod. The process of
sound col l ection and transmssion in the Audi net was

presunably nore efficient than that of the Audi phone.

G her Non-electric Hearing Devices

Various other forns of acoustic fan design for air
conduction were also available. The fan was built of a
metal. It resenbled the shape of a partial folded fan. |Its
handl e portion was held behind the ear. The folded fan
defl ected and directed the sound into the ear. |Its another
version consisted of snall trunpet hidden in the partially
fol ded fan.

Several other instrunents do not cone in any of the
above categories. These were especially nade for the rich
and royalty. A chair was constructed with a conoe-shaped
back top which kept the head in a "prow' position and

all owed the sound to be focussed towards ears.

Many nenbers of the royal famly had uni que devices
designed for their use. These consisted of special chairs
or thrones which had trunpet bells built into the arm sets

and with tubes leading to the ears, Duguet is considered
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to be the inventor of the acoustic chair in 1706.

The firmRein & Son in 1819 made acoustic throne for
King Goa VI of Portugal. Each armrest had openings carved
in the shape of lion heads. Courtriers knelt and spoke into
the nout hpieces in the arns. The resonated sound was
transmtted to an ear piece which was fitted on a tube. Here

the flexibility of the user or speaker was restricted.

There was also an attenpt by Vainwight in 1896 to
hide the hearing aid by attaching a binaural ear trunpet to
a pair of binoculars. The barrels of the binocular acted as
a resonator to anplify a sound which was routed to ears.
Sargent (1918) provided for a funnel-like sound catcher to
be mounted on each eye-glass tenple and from here the sound

was directed towards the ear.

Ear Exercisers

The earliest ear excercisers were hand driven and
later on it was possible to operate themon battery or
alternating current. But such devices were regarded usel ess

and people were discouraged from buying them

Previously it was thought that deafness was caused
by problenms of inertia of the ossicles or a simlar barrier
to the sound transm ssion, hence the idea of ear exercisers

came fromthe above belief (Berger, 1970).



11

In addition to the ear vibrators or nmassagers there

was an assortnent of oils, medicated ear pieces, electric

belts, concentrated heat |anps and speci al devices that

spul tered sounds or flashed colour lights to 'restore

heari ng absol utely'.
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CHAPTER 2

THR ELECTRIC HEARING AID

The hearing trunpet and speaking tubes were certainly
better than no hearing aid at all. But these were clumsy to
handl e and their anplifying capabilities were limted. The
carbon hearing aid anplified the sound and it was a definite
advance over the non-electric hearing instruments. 1In 1902,
first commercially made hearing aid was introduced based on

the invention of Alexander Graham Bell.

Bell (1872) devised a sinple receiver transmtter and
battery systemfor his mother (Newhart and Hartig, 1938).
Bel | who married Mabel Hubbard in 1877, attenpted to make an
anplification device for her, as she was deafened at the age
of four years. He did not succeed around 1872-73, but his
| deas were inplemented in the devel opment of a telephone.
The earlier devices were naned tel ephone aids or telemcro-
phone aids and |ater carbon aids. Jackson (1945) credited

Dr. Ferdinand Al't with producing the first carbon device in

1900.

Hut chi son (1902) first made the comercial carbon
hearing aid. The earlier carbon hearing aids enployed a
m crophone, an earphone, and were powered by battery. The
carbon aids, gave anplification primarily near the |ow end

and m ddl e end of speech.
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The Carbon M crophone

The m crophone converts acoustical energy into
electrical energy. The change in electrical energy corres-
ponds to the strength of the stimuli. This acoustica
energy can be in the formof speech, nusic or noise. This
el ectrical energy is converted back to sound waves with the

hel p of receiver.

The carbon m crophone is dependent for its operation
on the variation in the resistance of a small enclosure
filled with carbon gronules. \When the sound waves strike
the diaphragm these sound waves cause the carbon gronul es
in the cup to alternately be conpressed or be decreased to a
slight conpression. A cross section diagram of carbon
m crophone is shown in Figure 2. If battery is connected
to one side of the mcrophone and otherside to the receiver,
the small changes in resistance will end up anplified in the

ear phone.

The battery voltage mostly depends upon the size of
the battery which limts the anplifying characteristics of
particular circuit. The range and magnitude of the frequency
response of the carbon mcrophone is also determned by the

ability of carbon granules to change their density.

The peak resonance which occurs near 2000 Hz is

associated with the fundamental resonant frequency of the
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di aphragm The resonance of the m crophone causes the

m crophone to be non-linear and is usually a di sadvant age.

The use of stretched di aphragmnakes it possible to extend
the region of relatively uniformresponse to about 8000 Hz,

but only at the expense of decreased sensitivity.

The ot her undesirable characteristic of the mcro-
phone i S that once the diaphragm has been set in notion by
sound energy, it tends to stay in notion. This produces
di stortion which can be overcone by adding soft material to

the diaphragmwhich will danpen this notion.

The carbon m crophones are not sensitive to all the
frequencies. This adversely affects the quality of the
voi ce reproduced. The anplification can also be increased
by enpl oying a | arge nunber of m crophones, but this nakes

the hearing aid too bul ky.

Increase in anplification can also be sought by
I ncreasing the battery voltage. But high voltage leads to
nore noi se and al so shortens the life of carbon materials
due to burning. For best results, the carbon needed
renewi ng about once a year and even nore frequently if used

everyday or exposed to a |lot of dust.

The Magneti c Ear phone

The earphone changes the anplified electrical signa
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into acoustical energy. In the magnetic earphone, soft iron
diaphragmis held by the external case enclosure so that it
allows for a snall air gap between the di aphragm and the soft
iron pol e pieces which join the permanent magnet. Wen the
signal current varies, it alternatively pulls the diaphragm
towards pole pieces or allow the diaphragmto return to its

normal position.

As the current flows through the coils on the pole
pi eces of the magnet, it devel ops el ectromagnetic force.
The incomng current varies wth the signal, it sets inward
and outward notion in the diaphragm This in turn generates
audi bl e sound waves. A diagramof sinple nagnetic earphone

I's shown in Figure 2-1.

Bone Conduction Vi brat or

The sound can by pass the external and mddl e ear,
I n bone conduction. Here the diaphragmis connected to a

netal or plastic plate, or it noves a snmall plunger.

In 1920, |arge bone conduction vibrators were
I ntroduced with some audioneters and a few tabl e nodel
heari ng aids. Leiber (1932) devel oped a wearabl e bone
conductor vibrator for the carbon hearing aid, and it was
mar ket ed by Sonotone. Leiber also invented other popul ar
bone conduction vibrators. Since the bottompart of the

vibrator is placed in contact with the head, the energy
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fromthe vibrator is transferred to the skull, and on to the

inner ear (Leiber, 1932).

The bone conduction vibrator is usually nore bul ky
and tends to be a poor reproducer of high frequency sounds,
(DPavis and Silverman, i960). It also requires nore energy
than the air-conduction receiver. It is particularly useful
I n those cases where the external ear canal is absent or
defornmed, where theSe is large air bone gap or chronic

di schar ge ( Ber ger and MIITin, 1970).

Fi ske (1880) patented one bone conduction devi ce.
This dental attachment had a hinged flat nouth piece, which
was attached to a diaphragm device. The attachnent was to
be connected directly to the tel ephone, which enabled the
user to hear by bone conduction. Schvenche patented anot her
design in 1939. These designs called for a bone conduction
recei ver in snmoking pipe, which was to be powered by a

carbon hearing aid.

I n nost respects, carbon hearing aid was a great
| nprovenent over the non-electric instruments. Probl ens
consi sted of distortion, resulting fromresonance in the
m crophone and receiver, and difficulties due to noise
i nherent in the mcrophone. Later, however there were
I nprovenents in the carbon aid which included an anplifier

and allowed for sone indirect anplification of the signal.



Boosters were introduced about 1924, first in Gernmany, the

design was simlar to that of carbon m crophone.

The carbon hearing aid proved to be quite practica

and was not easily damaged. Though it did not provide

sufficient gain, the instrunent perfornmed well and the

18

internal noi se was bearable. A typical acoustic response of

carbon aid is shown in the Figure 2-2.

Danp weat her and body novenents also interfered with

the efficiency of mcrophone. Battery connections of the
carbon aid were to be kept clean and tight, using batteries
alternatively to give themtinme to recuperate. It was al so

necessary to have the m crophone clean and dry and noi sture

fromthe earphone was to be avoi ded.
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CHAPTER 3

THE ELECTRONC HEARING AID

Fl em ng (1904) discovered the principle of diode.
Diode is the sinplest conbination of el ements which consti -
tute an electron tube. It consists of a cathode which
serves as an emtter of electrons, and a plate or anode
serving as a collector of electrons. Both electrodes are
placed in a highly evacuated envel ope of glass or netal, to
avoid the contamnati on of cathode emtting surface and to
allow free notion of electrons without the collisionwth
air particles. Any air still renaining inside is cancelled

by placing a geter conpound in the envel ope.

The diode can only conduct current from cathode to
plate, and this property nmakes the diode a useful device.
For the operation of diode two supply voltage are needed,
one is applied to heater or filanent circuit and the ot her

to the plate cathode circuit.

Tri ode Vacuum Tube

In 1906, De Forest added a third el ement, the contro
grid between cathode and plate of a diode, as it involved
three elenents it was called triode. He called it "audion".
The control grid enables the tube to anplify by controlling

the fl ow of el ectrons.
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Tetrodes and Pent odes

The devel opnent of the tetrode took place due to
undesirabl e grid-to-plate capacitance in triodes. The four
el ement vacaum tube, containing two grids Is called tetrode.
A vacuumtube in which three of five elements are grids is
call ed a pentode whi ch was devel oped in 1931. These
additional grids, called the suppression grid and screen
grid are placed between the control grid and the plate of
vacuum tube. Hearing aids usually enpl oyed three or four
pent odes and sonetines one or two di odes. Anplification
ability of vacuumtubes in a circuit is cunulative. The
actual performance in a vacuumtube hearing aid was much

hi gher than this (Schachtel, 1948).

O'THER G RAUT COVONENTS

The M cr ophone

The crystal m crophone was nost commonly used wth
hearing aids (Berger, 1970). It nakes use of piezo electric
crystal or dielectrics as the transducing el enments. Rochelle
sal t, Ammoni um di hydrogen phosphate (A.D.P.) and the |ithium
sul phate crystals are used today. These crystals or
dielectrics becone el ectrical polarized and produce voltages
linearly related to nechanical forces, upon being distorted
by the action of incident sound waves. Rochelle salt is

wi dely enpl oyed in the design of crystal mcrophones as it
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has the strongest piezo-electric effect. Brother Qurie

(1880) discovered the direct piezo-electric effect.

The crystal mcrophone is housed in a thin netal cup.

Tinfoil electrodes are on each side of the crystal and from
the electrodes, wire leads to the anplifier portion of the
hearing aid. The physical size of an crystal governs the
range of frequencies to which it will respond. The ceranic
m cr ophone has piezo-electric characteristics. It has

advant age over the crystal and magnetic m crophone that

I ncl udes havi ng excellent |ow frequency characteristics and

may operate in high tenperature and humdity.

Recei ver

The function of the receiver is to accept anplified
power fromthe hearing aid. The receiver for vacuum tube
hearing aid was either of the air conduction or bone
conduction type. The air conduction receiver was based on
pi ezo-electric effect, but utilized the reverse operation
property of the crystal i.e., when electrical inpulses are

passed through it, it will vibrate nechanically.

The bone conduction receiver for the vacuum tube aid
was of nagnetic type. The vacuumtube hearing aids were
designed both for air as well as bone conduction receivers,
due to sone technical problens, they had a crystal nagnetic

switch, and separate cord connections for selection of the
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receiver to be used (Berger, 1970).

Vol une Control

It became nore easy to control the gain of vacuum
Tube Hearing Aid than was possible for the carbon aid. The
vol ume control is a variable voltage divider which permts
sel ection of greater or |esser output of a preceding stage
to be applied to the next stage in anplifier. Gin is also
| ess correctly called volume. There are three types of
vol ume control which are provided in vacuum tube and

transistor circuits.

1. A Potentioneter

The vol une control was usually provided in the form
of external dial, which made it possible for the user to
have finer adjustnents. The volune control adjusts the
di fference between the size of electrical signal going to the
amplifier and electrical signal comng out of the anplifier
(Viconeth, 1967).

2. Tone Control

Tone control may be considered as a "frequency
sel ective volune control". It selects the frequency range
to be boosted. There are three positions for the adjustnent

of this type of control in hearing aids, for high, mddle or



| ow frequency enphasis. In the electronic design of this
circuit, high frequency enphasis is actually an attenuation
of | ow frequency and vice-versa. Mst of the Indian hearing
aids are provided with three tone control positions, high,
normal and | ow. But one nanufacturer has introduced, nornal,

hi gh;. hi gh, and | ow tone control in their various nodel s.

3. Autonatic volune control (Conpression. AVC or ACC
Autonatic Gain Control)

In AVC the |oudest sound triggers on additiona
circuit, which conpresses the |oudest sounds but permts the
weaker signals to progress through on anplifier to the
|istener. Here the part of output is fed back to input
t hrough the negative feed back mechani smwhich varies
constantly with output. The AVC circuit keeps the out put
| evel constant. Hearing aids with this provision are
usual Iy nore expensive than nodel s without it (Fisch, 1959).
One manufacturer in London (The Miultitone Co.) was the one
of the pioneers in AVC circuitry. They introduced AVC in a
table nodel in 1936 and in a wearable hearing aid in 1948
(Berger, 1970). The first known AVC circuit in an Amrerican
made hearing aid was the Model K instrument of Vacolite in

1949 (Berger, 1970).
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The Vacuum Tube Hearing A d

The credit for the first vacuumhearing aid goes to
d obe Ear-phone Conpany, for Vactuphone invented by Hanson in
1920. It was comercially distributed i n Qctober 1921. The
earliest vacuumtube hearing aids were |arge, bul ky and not
portable. Mst people did not purchase thembecause of size

and pri ce.

Anplivox or Multitone, both of England, were the
first one to produce the first wearable hearing aid. These
first wearable hearing aids were called Milti-pak because
the hearing aid consisted of two or nore parts or paks.
Milti-pak aids were also naned two piece aids, as the nodel
had an anplifier-mcrophone pak and separate battery pak.
Wngel (1937) al so produced wearabl e vacuum tube in United

States (Berger, 1970).

The final devel opment for the vacuumtube hearing
ai d was nono-pak, which took place in 1946. |t consisted of
one pi ece vacuum tube which did away with the separate
battery pak. The reduction in vacuum tube size brought a
simlar reduction in battery voltage requirenent and thus

in battery size.
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THE TRANSI STORI ZED HEARING Al DS

In recent years, the transistor, anewtype of
el ectronic device has alnost replaced the bul ky vacuum t ubes.
El ectron tubes utilize the flow of free electrons through a
vacuum but the transistor relies for its operation on the
movenent of charge carriers, through a solid substance, a

sem conduct or

Bardeen, Brattain and Shochley (1947) devel oped
transistor at Bell Tel ephone Laboratories, It is a current
controlling device. The first transistors were of point-
contact type. The base crystal was of N type sem conductor
material. The emtter and collector were small areas of
P type material around the base crystal. The three el enent
rod was housed in a plastic case, with wires of three

el enents extendi ng outsi de.

Junction Transistors

The junction transistor may be of NPN or PNP type.
They are in many respects anal ogus to vacuumtubes. There
are three elenents in transistor, the collector, base and
emtter which corresponds to plate, grid and cathode in
el ectron tube. The first junction transistors were nade of

Ger mani um
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Transi stors are much snall er than tubes, have no
filament and hence do not need power for heating and nay be
operated in any position. They start to work instantaneously
and do not need tine to warmup. They are mechanically
rugged and have practically unlimted life. The transistor
stands wel | under vibrations and ot her nechani cal hazards.
The transistor require the power between 0.3 to 1.3 volts and
can be operated with pen-torch cells. This brings a great
reduction in size and weight of a hearing aid. A junction

transistor can function as an oscillator or anplifier.

Transistor Hearing Ald Arcuits

The following Figure 2-3 shows a transistor circuit.

The holes in the P-region, known as emtter are
repel l ed by the positive battery termnal toward the P-N
or emtter junction. Under the influence of the electric
field, the holes overcone the barrier and cross into base
region. The remaining hol es penetrate through the base and
flowto the collector. Qurrent conduction in P-NP transistor
takes place by hole conduction fromemtter to collector,
while electrons carry the current in external circuit. A
| arge anmount of power in the collector circuit may be
controlled by a small anmount of power in emtter current.
The input power to emtter circuit is quite small. The

power gain in a transistor thus reaches quite hi gh val ue.
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The use of m crophone and tel ephone circuit together
allows the person to hear through tel ephone as well as mcro-
phone. Mbst of the Indian hearing aids provide for separate
m crophone and tel ephone sw tch, but one manufacturer has

conbi ned these functions into one switch in his product.

A single stage of voltage or power anplification
contains a transistor and its related circuitry and conponents.
Three or nore stages of anplification are used in hearing aids
as one stage is not usually sufficient. Extra transistors are
necessary to provide an anplifier with suitable accuracy,
stability and flexibility (M ctoreen, i960). The design of
the circuit plays an inportant role for the effective use of
transistors rather than their nunber. To obtain a desired
out put, several stages nust be connected so that anplified
output of one stage is properly fed to the next stage and
anplified* The connection of one stage to other is known as
coupling. Several nethods are used to couple amplifiers, the

t hree nost common are:

1. resistance - capacitance coupling often referred
as resistance coupling or RC

2. i npedance coupling, and
3. transforned coupling or TC.

This is illustrated in Figures, 2-4, 2-5 and 2-6.
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Feed back: The persona working with or using hearing
aids are quite famliar with feed back, when the m crophone
of hearing aid is kept too near the receiver, a wistle |ike
sound is heard. Feedback need not be only annoying, it
al so serves many useful purposes. Feedback may be said to be
in operation in a systemin which a specific output effect
results froma specific input signal, where the output effect
inturn affects the signal (Wanink, i968). The feedback nay
be categorized as positive feedback and negative feedback.
Positive feedback is sometinmes referred to as regeneration
or in phase feedback and helps to add anplification factor.
The negative feedback may be referred as degeneration or
out of phase or inverse feedback and reduces the anplification
factor and distortion. The inverse feedback circuit elim -
nates or at least mnimzed undesirabl e features |ike harnonic

di stortion which occur in anplifying circuit.

There is another circuit which concerns the out put
stage. Wien the two transistors are arranged so, that as the
alternating signal arrives, one of the transistor is pushing
it and another is pulling it, such circuit is known as
push-pull circuit, which is shown in Figure 3-7. This
circuit design allow about tw ce the power to be produced
as for a single output stage, with an increase of about 6 dB
inoutput pressure. This circuit needs an extra transistor and

nore current especially at high volunme control settings.
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The push-pull circuit has inherently |ow distortion and

provi des nmore power to the receiver.

This electronic Circuit is found in various nodels

of two Indian hearing aid manufacturers.

Qut Put Limtation

A person with normal hearing reports that sound is
becom ng unconfortabl e, when the sound pressure |level at ear
reached 120 dB SPL. Sound becones painful at still higher
| evel s. Tolerance to |oud sounds is reduced, in various ear
di seases. Hence we should Iimt the out put of hearing aid
in some way. An out put not greater than 130 dB is recomen-

ded, particularly in fitting children with hearing aids.

Two nmethods of limting out put are used - Symetrica
Peak dipping and Unsymmetrical Peak Clipping. Symetrica
Peak Clipping is usually acconplished through the use of
push-pull circuit and here only the add harnonics are
present as distortion products of the out put signa
(Krebs, 1964). A hearing aid with a single transistor out
put will wusually produce both odd and even harnonics. This
is unsymmetrical peak clipping and is an undesirable form
of limting, as it adversely affects the intelligibility of
speech. The other advantage of limting output is battery

savings (Berger, 1970).
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Aut omati ¢ Vol une Control

In AVC circuit part of the |oudest sounds are fed
back into an earlier stage of anplifying system thus prevent-
ing the |oudest sounds fromreaching the ear. The AVC feed
back is a working voltage. It incrases the grid or base bias
whi ch reduces the anplification factor of the system The
di sadvantage of the AVC systemis that it takes a fraction of
second for the signal to be fed back, which causes a silent
period in sound stimuli. Qher problens consist of selecting

the limting |l evel, the attack time and recovery tine.

The main function of AVC is to |limt the actual sound
pressure level. This is acconplished by enpl oying a feedback
network which is required to neasure the output |evel of the
hearing aid and adjust this output until it is at the desired
| evel . AVC systembegins to work to a | esser degree even
before this limting level is reached but it takes some tine
to react. As soon as a loud sound enters the instrunent
having AVC circuit, the output will initially and nonentarily
rise to a level above the limting |level. Then the AV
circuit works and brings the output to a limting |evel
autormatically. The time required for the AVC circuit to bring

the gain to alimting level is its attach tine.

The circuit automatically returns to its normal gain

function, when the |oud sound which triggered the circuit is
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no longer present. The brief period required by the circuit
to switch fromoperation to no operation stage is the recovery
or release tine. This tinme can be a critical factor in the

di sruption of speech flow or understanding. This problemis
avoi ded by keeping the recovery tinme from0.05 to 0.15 m sec.

so that soft sounds are not m ssed out.

At present there is considerable confusion and there
are no standard description of AVC circuits. The AVC circuit
in particular hearing aid nmay have a large or snall conpres-
sion range and several attack and rel ease tines, care should
be taken to check these paraneters while prescribing the aid.
The AVC may be considered for the person who wll use the
hearing aid in considerable and fluctuating noi se | evels.

AVC inproves speech to noise ration without it noise mght be

anplified nore than speech.

Qurvilinear AVC

Amplification is linear in AVC circuit up to the
poi nt, where the AVC circuit goes into operation. A new
circuit called Adjustable AVC (Qurvilinear or Lograthimc
AVC) has been introduced, which utilizes conbi nati on of AVC
and peak clipping. It is an effort to overcone the problens
of attacK and release tine in linear AVC. The curvilinear
AVC quickly adjusts for the increase and decrease in gain

brought about by sudden | oud sounds and yet does not cause
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the distortion of peak clipping or the attach rel ease

problemof linear AVC. There is no specific limting |evel
I n adj ustabl e AVC and sone degree of limting action takes
pl ace even at fairly low put intervals. As the curvilinear
AVC circuit is linear only at the |owest sound pressures it

does not followthe rule that input plus gain equals output.

There are no indications that curvilinear circuit
I's necessarily better than no AVC or linear AVC. The choice
of these wi |l depend upon the environnent in which the
hearing aid will be routinely worn. In fewaids, there are
provisions to cut-off the circuit of AVC or curvilinear, if

one desires.
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CHAPTER 5
HEARNG AIDS WTH D RECTIONAL M CROPHONES

It is well known fact that our ability to understand
speech is seriously inpaired in the presence of conpeting
noi se. Hearing aids with omidirectional m crophones provide
equal anplification for sounds arriving fromany direction.
In a noisy area hearing aid will anplify the speech along wth
t he background noi se, to avoid this directional m crophones
are used in the hearing aid. WIIlco (1969) devel oped the

first hearing aid wth directional m crophone.

A directional mcrophone hearing aid (DVWA) is one
whose m crophone responds better to sounds fromcertain angl es
of incidence. DWHA helps in separating the prinmary nessage
from the conpeting background noi se through the directiona
sensitivity of the m crophone response resulting in nore
I ntense speech fromthe front of the |listener than that com ng

behind the |i stener.

To nmake a IMHA with a naxi num sensitivity in forward
direction, an additional mcrophone inlet pointing directly
backwards is made, which gives a directional effect to sounds
comng fromfront direction of the hearing aid and al so al nost

elimnates sounds comng fromthe rear end of the hearing aid.
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Figure 2.8 depicts a conventional type of mcrophone
and a mcrophone with the additional rear inlet. In the con-
ventional type m crophone the cavity bel ow the menbrane is
conpletely closed while the other mcrophone is vented
through rear inlet. The sensitivity of any type of m crophone
Is proportional to the working pressure on the nenbrane,
defined as the difference between the sound pressures in the
two cavities on the both sides of the nembrane. When there
Is difference between the forward cavity pressure (Pf) and the
rear cavity pressure (pr) it will result in increased gain
with frequency as long as the m crophone size can be considered
small in conparison to wave length. |f Pf=Pr there will be

very |ow output from the m crophone.

Figure 2-9 gives directional diagrans for various

types of m crophones.

1. The circle indicates the response of a non-

di rectional m cr ophone.

2. The 8 shaped curve is of mcrophone with two
sound inlets pointing maxi mum sensitivity for front and back

sounds.

3. The apple shaped curve is a conprom se between
the two with a small rear inlet wth maximal sensitivity only
for forward and not rear sounds. Wth an proper obstruction

to rear opening only to a certain degree a phase-shift is
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I ntroduced between the outside sound and the sound j ust
inside the rear inlet. Wth a phase shift of proper magni -
tude, alnost all sounds comng fromthe rear can be

el i m nat ed.

The Phase Shift or Tine Del ay

Mostly %" m crophones are enpl oyed in the hearing aids.
Atime delay of 40 u sec (the tine required to travel a
distance of 13 mmor %) can elimnate alnost all sounds
comng through the rear. In Figure 3 it can be seen when a
danping elenent in the rear inlet opening is introduced, this
together with the rear equity will form an acoustical delay
elenment and with the correct dinensioning, this elenent wll

be able to delay the sound approxi nately 40 sec.

In Figure 3-1, the working pressure on thé nenbr ane
fromarear sound is alnost elimnated, while it is highest,
when the sound cones froma forward direction and the effect
I's half when the sound conmes fromone side. This is the
directional effect which is being ainmed at, and it works in
the frequency range fromabout 200 Hz upto 2,000 HZ, and the
difference will be 15 to 20 dB between sensitivity to forward

and rear sounds.

To design a directional mcrophone a very precisely
made acoustical delay elenent having an accurate acoustica

resi stance corresponding to a delay equivalent to one ful
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m crophone length needs to be introduced in rear inlet open-
ing. A delay elenent having too short or |long delay wll
disturb the directional effect. Precautions should be taken
that delay element is not covered with dirt or grease as it
Is likely to cancel the directional characteristics of a

m cr ophone.

Frank and Gooden (1974) used normal subjects to study
i f SD scores obtained using DMHA are influenced by the
| ocation and level of the interfering noise source. Results
showed that SD inproved when the background noi se was | ocated
at 180° or at 0° to 180° conpared to 0° azimuth. The discri-
mnation w || be narkedly increased when noise is |ouder or as
| oud as the speech signal. Authors recommend that EMHA shoul d
be used in a noi sy environment, while conventional m crophone

hearing aid in | ess noisy area.

According to Qiffind and Preves (1976) a directional
m cr ophone ean be used in body level and in the ear (I1TE)
hearing aids. They studied directional sensitivity with ITE
hearing aid using cardoid and using supercardi od directional
m crophone in conparison with an I TE and CVHA. It was found
that | TE hearing aid with non-directional mcrophone has sone
anmount directionality because of head diffraction. So, in
addition to this if a directional mcrophone is used there

wll be:
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(a) Extra anount of directionality.

(b) ITE, GWA has a good SN rati o because m crophone
inlet is situated in concha of ear and using a
IMHA even greater YN ratio is obtained.

(c) Wth ITE aid using directional mcrophone, head
diffraction is conbined with the rejection of
undesirable signals in the rear half by the

directional sensitivity and so gives gpod SD
(Speech di scrimnation).

(d) Cardoid and supercardoid directional m crophone
may offer naximal efficiency when used in an
| TE aid | ocat ed in t he concha.

Janet Enger (1978) designed a study to find out
whet her ai ded SD scores woul d be influenced by varying the
pl acenent of the IMHA in the sound field testing arrangenent.
It waa found that orienting the mcrophone at 0° of incidence

to the prinary signal inproves SD between 5% and 30%

Advant ages and D sadvantage of Ald with Directional M crophone

1. A DWA reduces unwanted background noise in

conpari son wth an act ual speech si gnal .

2. It secures inprovenent in speech discrimnation
as unwant ed background noi se can be decreased provided that

the person speaking is positioned within the forward directed

open axis of the m crophone.

3. It inproves the users |ocalization.
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4. These can also be utilized for increasing the SN
ratio and therefore add new di mension to the speech in noise

procedure for hearing aid assessnent.

5. Sone subjects wearing directional mcrophone
hearing aid noticed that they could not detect sounds behind

for exanple, door and tel ephone bells.

6. Patients may feel tuned out and unable to react

to warni ng signals.

7. Rubbing noise is also considered as a negative

factor.
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CHAPTER 6
CRCS AND COURRENT VERSIONS OF CRGCs

Hariord and Barry (1965) evol ved the principle of
Contral ateral Routing of Signals (CRO5) and reported their
study on the effects of placing a mcrophone on the dead ear
side and transmtting sound electrically to the good ear

through the use of open ear noul d.

Pre-requisites for the use of CROS

A patient should be well notivated, as it seens

to play arole in the consideration of a CRCS hearing aid.

2. Daily activities of living and status of hearing
in the better ear of the patient is another inportant consi-
deration. The greater the demands the greater benefit he
should gain from CROS. A person with sone hearing loss in
good ear, but not enough to warrant the use of anplification
directly to that ear can be expected to react nore favourably

to the use of CRCS anplification.

Limtations of CRCS

The limtations reported are:

1. The distortion of the sound being fed to the good

ear by the hearing aid.
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2. Inability to locate an opti mumvol une sel ecting
for sounds in the distance and sounds at close range, naking

the cl ose sounds too | oud.

3. Personwll not be able to enjoy the nusic

properly while wearing the hearing aid.

4. Dfficulty in understanding in noisy places and

groups.

After the introduction of CROS type hearing aids
several versions of CROS have energed. These versions of
CROS either elimnate or utilize the head shadow effect and

also rely on the utilization of ear piece acoustics.

OURRENT VERSI ONS O CRCS

d assi ¢ CRCS

dassic CROS is useful for persons having unilateral
hearing loss with the better ear nmanifesting a slight |oss
In the speech frequencies range. Better ear though not
nornmal shoul d not be accluded by an ear piece as the objective
Is to provide the user with inproved hearing in the form of
mld increase in sensitivity and better auditory discrimna-
tion for conversational speech originating from the side of

the poorer ear.

Here the m crophone is detached from the nain
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conponent of the hearing aid and located in the vicinity of
user poor ear, Figure 3-2. |t can be housed either in eye
glass or postcurricular units. A polythene tube which is
shaped to the contours of the ear, ained directly into the
canal will provide an ideal arrangenent for the aid nounted
in eyeglass. A greater stability of the physical placenent of
the behind the ear unit is obtained if tubing is held in the

ear with the skeleton type ear noul d.

dassic CRCS suits well to persons with a unilatera
hearing loss and a mld loss in the better ear, but a person
havi ng normal or near normal hearing will find it too |oud

for himin daily listening conditions.
M ni CRCS

Mni CROSis identical inits construction to dassic
CROS and its purpose is also to elimnate the head shadow
effect for a person with unilateral hearing loss. It differs
In two respects fromdassic CROS. First, tube is not used to
carry sound into ear canal but anplified sound is allowed to
escape through the nozzle to which the tubing is ordinarily
attached. Second, a nore powerful aid than that used for
dassic CROS is needed, as nmuch of the anplified sound
di ssipates before reaching the better ear. Mni CRCS (Figure
3-3) reduces the consequences of the head shadow effect and

elimnates the chances of over anplifying the normal ear.



Fig. 3-2 : dassic CROS

Fig.3-3: Mni CRGCS
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H CROS

H CROS (Figure 3-4) is especially useful for the
persons with a bilateral high frequency hearing | oss. The
objective of H CRCS is to offer the high frequency and
simul taneously reducing |low frequency anplification. It
utilizes the attenuation of the head to provide greater
anplification of high frequency sounds to an open ear cana

bef ore encountering acoustic feedback.

H CROS produces inprovenment in auditory discrim-
nation for speech, conpared w th unai ded performnmance
especially at conversational |oudness, but in cases of very
sharp high frequency loss it fails to provide optinal

| nprovenent in speech.
Focal CROS

| deal candi dates for Focal CRCS are those persons
whose one ear is unaidable and aidable ear has a precipitous
drop starting at 1000 HZ, but it may also be used with
persons having a bilateral precipitous high frequency | oss.
In Focal CRCS (Figure 3-5) mcrophone includes a nozzle to
whi ch pol ythyl ene tube that extends into the canal of
unaided ear is attached. It has been found Focal CROS
sonetimes provides better discrimnation for speech than

H CRCS, the reason may be that the |ocalization of the

sound pick up in the concha utilizes the resonant
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characteristics of ear canal to enhance the high frequency
el ements of speech. Wen these enhanced hi gh frequency
sounds strike the mcrophone, it reduces the need for high
gain setting, resulting in less distortion fromthe hearing
ai d.

The unique | ocation of the m crophone suggests ather

possi bl e uses for Focal CROS which are:

1. Persons who work or engage in nunerous out-door
activities, the placerment of m crophone pick up in concha may

| essen annoyance fromw nd noi se.

2. In noisy places, it may decrease the anplification
of background noi ses by increasing the signal to noise ratio
by capitalizing on the protection or acoustic shield offered

by the auricle.

Power CROS

The Power CROS (Figure 3-6) differs fromthe A assic
CROS in tw ways:

1. A solid or closed ear nould is used in Power CRCS.

2. This hearing aid is in the highest gain category

for ear level instrunments.

Power CROS allows for greater utilization of anplifi-

cation than the conventional nonaural ear |evel arrangenents



Fig.3-6: Power CRCS
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| ocated on the side of the aided ear, thus permtting the use
of an ear level hearing instead of body borne instrunents.

It capatalizes on head shadow effect by using attenuation of
head shadow to reduce feedback potential for severe hearing

| 0ss.

Bi CROS (Bilateral CROS)

The Bi CROS works on the sane principle as the single
CROS aid. Sounds are picked up by a m crophone on the side
of the poor ear and routed across the head either over the
head via a wire attached to a head band (Figure 5-7) or
through a wire attached to the inside of glass franes
(Figure 3-8). The latter type has been found to be especially

convenient for many users.

Wth the eyeglass construction a m crophone is
| ocated in the temple on the side of unaidable ear, which
converts the incomng acoustic stimuli to an electrical
signal that is transmtted (by way of wire extending from
the m crophone around on the inside of glass frame) to the
hearing aid anplifier located in the tenple near better ear.
Ot her m crophone nounted on the side of the better ear also
delivers electrical stimuli to the hearing aid anplifier.
The signals fromthe two mcrophones are m xed, anplified and
fed to an receiver which delivers the nessage through a

plastic tube to better ear. This tube is heldin the ear



Fig. 3-7: Bi-CRCS
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Fig. 3-8 : Bi-CRCS
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canal by a standard hearing aid piece. This type of hearing

aidis illustrated in Figure 3-%

A candidate for a Bi CRCS hearing aid is one who has
a better ear with sufficient hearing loss to warrant anplifi-

cation and an unai dabl e ear which nay be due to variety of

causes.

The maj or advantage is that person can easily hear and
under st and speech when others are sitting on the hearing aid
user's "bad side", while he will also be able to hear those
peopl e positioned on the side of good ear. Bi CRCS elimnates
the need for the person to turn his head in conpensation of
unil ateral hearing problemwhile others nmay be able to

| ocal i ze the source of sounds.

pen Bl CRCS

The open BICRCS (Figure 3-9) is essential the sane
as the BiCRCS but here the solid ear piece is replaced by
tubing or an open nould to provide an unaccl uded ear canal
whi ch may be necessary for confortable and effective use of
anplification for a person having high frequency loss in
better ear. CREN-BICROS nay provide an alternative to
CLASSI G CRC5 i n sone eases, depending upon the |istening
demands and precise nature of the hearing loss in user's

better ear.
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Uni CROS

Dunl avy (1967) devel oped UNI - CRCS by a unique nodifi-
cation of CROS and it is intended to provide anplification
for the persons with a bilateral asynmetrical |loss with both
ears aidable. UN-CROS (Figure 4) is designed in one mcro-
phone | ocated on the side of the poorer ear, feeding into
two amplifiers located on each side of the head and can have
different gain characteristics The better ear utilizes
CLASSI C or HI -CRGCS principle while the poorer ear uses
conventional nonaural anplification with a solid ear piece.
Incomng signals are received by the single m crophone and
routed to both ears in a different manner. In a noisy
situation, the user may find it helpful to turn off the

monaural aid and use just the CROS anplification.
Mil ti CROS

MULTI - CROS can be used as a CLASSI C- CRCS, BI CRCS, or
OPEN-BI CROS or as a conventional nonaural aid (Figure 4-1).
Basically it is a BICROS hearing aid with a separate on-off
switch for each m crophone. Thus by activating both mcro-
phones, the aid can function as a Bl CROS or OPEN-BI CROS to be
used with appropriate ear piece. |t becomes a conventiona
monaural aid when the ipsisateral side mcrophone is turned
off. In a post-auricular assenbly, MJILTI-CROS can be easily
used either for right or left ear. Some eye glass MILTI-CROS
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Fig. 4: uni CRCS

Fig. 4-i: Milti CROS
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aids have al so been constructed wi th plunger type tenple bars,
that can be interchanged w thout disturbing the wiring, while
ot hers can be used as a FOCAL- CRCS and any of the other types
mentioned. The MLTI-CRCS may be used as an IRCS (Ipsilateral
Routing of Signal), MN -CRGSS and H - CRCS.

It may prove to be satisfactory for persons wth
unai dabl e ear, particularly if the better ear manifests a
mld to noderate, flat or high frequency |oss. MILTI-CRCS
shoul d be recommended for those persons who can use it with
good insight and whose |istening needs vary, since it coul d
requi re mani pul ati ng earnoul ds or tyubing or both as well as

m cr ophones.
| RCS

Qeen coined the term I RS to specify the ipsilateral
Routing of Signals to an unacculded ear canal. IROSis a
conventional nonaural mld-gain hearing aid used with an open

ear piece or shaped pol ythene tubing (Figure 4-2).

Wil e selecting IRCS aids for trials, the gain offered
i n the higher frequencies should be considered, not the average
HAIC gain as it could be msleading. Overlooking this
precaution can result in overanplification for the patient and
rendering himineligible for IRCS anplification because of a
feedback problem |IRGCS is |ess consipicuous in postauricular

units and if a person with bilateral high frequency | oss can
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Fig. 4-2: IRCS



use | ROS successfully, binaural anplification can al so be

consi der ed.

FRCS

It is arefinement of RS (A R Dunlavy, Unpublished
data), here the mcrophone is placed in the frame of eyegal ss,
just in front of the tenple bar hinge. Dunlavy clains to
achi eve approxinmately 10 dB nore gain with FROS (Front Routing
of Signals) than if the m crophone were nounted in the tenple
bar or in a postauricular case. FROS should preclude the
need for H-CROS in some cases and nmay provide binaura
anplification for some persons with a bilateral high frequency

hearing | oss.

Bi FROS
Bilateral front routing of signals utilizes two

m cr ophones, one on each side of the frame. These m crophones
send signals to areceiver inthe tenple on the sane side.
BIFORS is a binaural system and has advantages of greater gain
capability, directional characteristics and open noulds if

necessary.

Doubl e FRCS

Two m crophones, but only one receiver are enpl oyed.

It can take the place of BICROS fitting in sone cases.
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Bl FROS 270

Bi FROS 270 is the newest variation of FROS and uses
four m crophones and two receivers. Two mcrophones are
| ocated in the frame and one in the each tenple. The two
m crophones on each side deliver signals to the receives on

the same side.

According to Dunlavy (1974) this 270° sound stiml a-
tion provides "a nore full rounded sound" and potentially
allows front back |ocalization, which is not often denons-

trable with nmost hearing aid configurations.
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Research has been relatively inconclusive and sone
has been contradictory regarding sensorineural hearing |osses
resulting fromthe use of high gain and hi gh output hearing
aids. However the bal ance of recent evidence has been to the
effect that appropriate fitting of powerful aids is not
likely to be a cause of further hearing deterioration (H ne

and Furness, 1973).

Review of the literature identifies scattered articles
dealing wth this problem Kastern and Braunlin (1970)
presented a case study in which they could create deterioration
in patient's hearing through the use of a hearing aid. Their
patient was a 10 year old girl with bilateral, noderate
sensori neural hearing | oss. She wore a body type hearing aid
satisfactorily in one ear for 14 nonths and then began to
conplain that aid was not hel ping as nuch as it did previously.
An audi onetric evaluation showed nmarked worsening of the
hearing in the aided ear and no change in the hearing of the
unai ded ear. Subsequent hearing aid eval uation was done and
she was advised not to use her present aid. Re-evaluation

of her hearing 7 weeks later showed 20 to 30 dB i nprovenent
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in the previously aided ear. Eastern and Braunlin were able
to show tenporary deterioration in the aided ear, regardless
of which ear wore the hearing aid. The aid in question had

an average gain of 34 dB and average saturation sound

pressure level of 120 dB. They recomrended a | ess powerfu

aid of 30 dB gain and 100 dB saturation sound pressure |evel.
Wien the |l ess powerful aid was fitted to the patient and worn
alternatively between ears, evaluations verified that
tenporary deterioration of hearing was no |onger present.
Their conclusions included that all children, and their

fitted hearing aids be carefully re-evaluated shortly after
initiating hearing aid use* They also suggest that clinicians
have sone neans of verifying the el ectracoustic characteristics

of each hearing aid.

The question of traumatic hearing |oss from persona
anplification was raised as early as 1940 by Holingren who
affirmed that in his experience hearing aids never affected
heari ng adversely. D vergence of opinion on this issue is
refl ected by two national conference groups on two continents
in 1967. Wiile the Wrld Health O ganization stated that no
evidence existed to support the contention that use of a
hearing aid could cause deterioration of hearing, the Arerican
Speech and Hearing Association in 1967 that the question of
whet her anplification can endanger residual hearing had not

been adversely resol ved.
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Harford and Markl e (1955), Ross and Truex (1957) and
Staloff (1961) present case studies which link tenporarily
hearing loss to hearing aid use. |n each case renoval of
hearing aid permtted the hearing of the aided ear to return
to its presided level. Placing the hearing aid in opposite

ear created deterioration of hearing in that ear also.

Robert (1970) presented a case study of child who
showed a 40 dB decrease in hearing level in the aided ear which
did not recover even though the aid was renoved. Barr and
Wedenber g (1965) conducted extensive etiol ogi cal eval uation
In an attenpt to isolate the cause of continuing deterioration
of sensori-neural hearing loss. He classified children into
two categories: endogenous and exogenous. The findings of
this study indicated that individuals wi th exogenous
(acquired hearing | osses due to nmaternal rubella) showed no
sign of detereoration despite the constant use of hearing
aid. Exogenous cases arising fromneningitis, however and
50% of the endogenous cases showed continui ng detereoration
of the residual hearing, but this appeared to be spontaneous
and not attributable to hearing aid use. Roberts as well as
Barr and Wedenberg (1968) suggest that use of anplification
in children with progressive sensorineural hearing |oss may
cause acoustic trauma and t hus accel erate the hearing

deterioration in the ai ded ear.

The evidence for powerful hearing aids causing
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threshol d changes in the aided ear certainly seens to confirm
this unfortunate circunstance as a real possibility to be
considered by clinicians. Further developnents wll hopefully
assist in identifying children, in advance, who m ght suffer
trauma fromhearing aid use. Danaher and Picket (1972) noted
in subjects with profound hearing loss that their nost
confortable hearing level may actually be 125 dB SPL, with a

| oudness disconfort |level of 128 dB SPL. Many patients with
prof ound hearing |oss have no |oudness disconfort at any |evel,
while other patients with seemngly simlar hearing | oss,
have | oudness tol erance problens so severe that they can not

tolerate any type of anplification.

Naunton (1957) reviewed charts of 120 patients
sel ected froma popul ati on of 1480 cases. He conpared
threshold from the non-aided ear with the aided ear of these
patients, and concluded that changes in hearing due to hearing
aid use are statistically and clinically non-significant. n
the contrary in a simlar study by Kinney (1961) with 178
patients, sufficient nunbers of unilateral trasmatic hearing
loss were attributed to anplification and he recommended t hat
aids fitted to children wth sensorineural deafness be
limted to |less than 40 dB of gain. Kinney also recomended
frequent audiologic follow up visits for children who wear

heari ng ai ds.

Macrae and Farrant (1965) support Kinney's finding
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using 87 children. They divided the children into two groups,
classified the maxi mum power output of their hearing aids ie.,
noderate and high output. They also considered etiologic
factors, but, unlike Barr and Wedenberg, concl uded t hat
deterioration in hearing was the same whether the |oss was
exogenous or endogeneous. They supported Kinney's contention
that there was a correlation between hearing aid output and

the anmount of deterioration. They concluded that:

(a) individuals wth sensorineural hearing |oss
should be fitted with limted maxi mal power
out put hearing aids,

(b) frequent follow up of aided children should
be required,

(c) children should alternate the use of aid in
each ear whenever practical,

(d) users should be cautioned about wearing
hearing aids in high anbient noise environnments.

Macrae (1968) found substantial tenporary threshold
shift in the aided ears of the children with sensorineura
deafness follow ng use of powerful hearing aids. He neasured
the hearing levels of four children froma school for the deaf
on Friday afternoon after the children had worn their hearing
aids all week. He then kept the aids, and deprived the
children of anplification for 66 hours, until the follow ng
Monday norning which again deteriorated after four hours of

hearing aid use.
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Beliefler et.al. (1968) conducted the study to know
the effects of high gain anplification on childrenin a
residential school for the deaf. The audionetric records of
58 children covering an eight to ten year span were statisti-
cally analyzed to determne if hearing aid anplification had a
del eterious effect on the residual hearing. 1In 25 cases, the
unai ded served as a control for the aided ear. In the renaining
33 cases, the objective was to statistically select the aided
ear. It was hypothesized that if anplification had an effect
on hearing loss over a period of time, it would be apparent
fromthe comparison of the aided and unaided ears. The
result indicated no differences between ears for subjects

during the years of study.

Derbyshire (i976) admnistered to one hundred children
“"before and after” pure bone tests of hearing over a period
of at least two years, nine nonths, during which they wore
hi gh gain and/or high output hearing aids. Three clear trends
were shown by the data obtained. First, there was no evidence
that the wearing of aids caused deteriorations of hearing.
Ears to which aids were not fitted tended to give slightly
| ess good readings on the re-test conpared with first test
results. The only frequency which showed any deviation from
the first of these trends was 4000 H2 where there was no
evi dence of general recorded inprovenent with the use of

anplification.
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The use of anplifying device for the hearing inpaired
child in the first year of his age entails some difficulties
in anatom cal, physiological, central nervous system and
nursing respects. These are additional therapeutic risks
resulting from maturity problems of the auditory system and
di agnostical inpedinents within first 6-8 months. Biesalsh
(P) and Stange (G (1975) took measurements of the central
hearing potential in 21 children of various age groups and
11 adults with normal hearing and studies of progressive
di sturbance confirm the presented doubts about and prove the
risk of a too early and too intensive application of a
hearing aid. It is cautioned against providing a child with
a hearing aid before the 9th to 12th nonth without a thorough

eval uati on.

There have been one or two allusions to the possibi-
lity of injury to hearing of infants by incautious exposure
to very loud sound. There are two situations in which danger
m ght occur. One is the case of the child whose ears are
normal or near normal but who, because of central condition
does not devel op speech and is m stakenly given anplified
sound. The second situation is the case of the child who is
actually hard of hearing from some sensori-neural disorder
and whose hearing loss mght be increased by overloading the
ear with sound. The output of high gain aid is enough to

produce a hearing loss in normal or near normal ears if they
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are worn consistently with high gain outputs.

Ext ensi ve research has shown that the production of
noi se induced hearing loss is inversely proportionate to the
level of resting threshold i.e., as the resting or permanent
threshold I evel increases, the anount of noise exposure
necessary to produce a further elevation of hearing |eve
increases. \When a maxi num pernmanent hearing level is reached
at approximately 75 dB, further increase of hearing level is
very unusual, particularly in frequencies bel ow 2000 C. p.s.
Figure 4-3 denonstrates this phenonenon very well, since it
has been shown that if no tenmporary threshold shift occurs,

no change in resting threshold is produced.

Roj skj aer (1960) reported three hundred and ninety
cases, both adults and children, with different kind of
hearing diseases of the inner ear and treated by hearing aid
for five years or nore, were re-exam ned. He found that
9 cases who since the first hearing exam nation had devel oped

additional hearing loss in the ear using the hearing aid.

This ear alone was worse than before; the other ear was
unchanged. It mght be a series of coincidences and the
possibility that it mght be progression of the origina

di sease in the hearing aid ear only, cannot be excluded.
Agai nst the chance of coincidences was the fact that no
cases were found with the opposite findings, that is further

i npai rment of hearing in the ear without the hearing aid.
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The patients were using their hearing aids all day and every

day.

It is inportant to exam ne woth positive and negative
results with respect to the future, including the risk of
treatnent itself, but this risk nust not restrain us from
treating our hard of hearing patients, as well as hard of
hearing children with little residual hearing wth aids.

The hearing aid is of such great inportance for the acquisi-
tion of |anguage and speech and for education as a whole

that we ought not to igpore it, since the residual hearing

in children is of no use if sounds cannot be anplified. The
further devel opnments of audiology should assist in the
elimnation of the risk of acoustic trauma by anplified
sounds, particularly by identifying in advance those patients

especially sensitive to injury by noise.

Ross and Lerman (1967) reconmended the following to
alleviate, or mnimze the possibility of traumatic hearing

| oss related to over anplification:

1. Additional hearing loss is nost likely related
to use of extrenely high |levels of maximal power output which
exceeds 130 dB SPL; hearing aid recomendations for children
wi th sensorineural hearing |oss should include only hearing

aids with less than 130 dB SPL MPO.

2. The traumatic hearing | oss nay be related to



hearing aid use, the incidence seens quite small and this
concern is by no means to be interpreted as contra-indicatory
to anplification. Denyinga child hearing aid during the
critical language years may only be saving his bearing for no
good use. If the aid is fitted too late it will not help

any way.

3. Frequent follow up, audionetric and hearing aid
evaluation is an absolute nmust for all children with sensort -
neural hearing | oss who wear hearing aids. A ded children

nmay be reeval uated tw ce a year.
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The Cochlear inplant attenpts to replace a function
whi ch has been entirely lost in the cochlea. WMany peopl e
m st ake cochl ear inplant for a newtype of hearing aid. In
cochlear stinmulation attenpt is nmade to replace the functions
of lost or damaged hair cells by transformng the nechanica
energy of sound to electrical energy, which directly excites
or stimulates the renaining auditory nerve. Only the
patients with loss of hair cells but with remaining viable
auditory neurons can benefit fromthis device. Keeping this
in viewit becones necessary to differentiate various types
of | osses grouped under the term sensorsneural hearing | oss.

These | osses can be divided into four types:

Sensory
Neur al

Brain stem and

A

Central

Wen the sensory cells of the cochlea are not
capable of stimulating the auditory nerve, the sensory hearing
|l oss results. An exanple of this loss is which occurs from

ototoxic antibiotics.

Neural hearing inpairment occurs when the auditory
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nerve is diseased and does not conduct inpulses to the central
nervous system generated by the hair cells. Acoustic neurom

can cause this type of | oss.

A central hearing loss results, when the central
nervous systemis unable to nmake neani ngful interpretations
of the electrical inpulses received from an intact peripheral

mechani sm

Above listed definitions are theoretical, only
extensive testing will determ ne type and degree of hearing

| oss. But usually the sensory loss is npbst often encountered.

Differentiation of Type of Sensori-neural Hearing Loss:

Sel ection of Patients wth Cochlear |nplantation

First part of the testing involves the determnation
of the site of deficit in the inner ear and central nechani sm
by the techniques of the el ectrocochl eagraphy, brain stem
audi onetry, and cortical audionmetry (House and Brachmann,

1974).
It is possible to neasure:

1. The Cochl ear mcrophonic fromthe hair cells.

2. The eight nerve action potential from the auditory
nerve.

3. The potentials generated in brain stem

4. The potentials from the auditory cortex, Concl usi ons
can be drawn as to the type of loss fromthe Tabl e:
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THECRETI CAL  TYPES O SENSCR -NEURAL HEARI NG | MPAI RVENT

Cochl ear M crophoni cs absent Sensory | oss

2. Cochl ear M crophoni cs present Neur al | oss
Action Potential Absent

3. Cochl ear M crophoni cs present Brain Stem deficit
Action Potential present
Brai n Stemresponse absent

4. Cochl ear M crophonic present Cortical deficit.
Action Potential present
Brai n Stem response present
Evoked cortical response absent

It may not be possible to classify the | osses as
stated above as the production of subsequent potential is
dependent on the presence of an adequate potential proceeding
it Therefore when the GCochlear mcrophonics is absent.
recording of potentials will not determne the intactness of
the eentral nechanism and thereby separate sensory from

neural i npairmnent.

The second part of the testing makes this differen-
tiation which consists of electrically stimulating the
patients inner ear through the same needl e as was used for
recording by applying a low frequency (30 to 120 HZ), |ow
voltage (.3to 1.2 V) alternating current. These paraneters

were experinental ly found nost effective in earlier studies.
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The brain stem response can be nmeasured fromintra
cochlear electrodes. |Its anplitude grows with the increasing

stimilus intensity.

The inpairnments nmay be divided into sensory or neura
dependi ng on whet her or not patients perceive an auditory
sensation, through the periphally applied electrical stimla-
tion, and patients selected for cochlear inplant surgery.

Al the patients thus sel ected have responded to the
permanent |y inplanted device for directly stimulating the

audi tory nerve.

Brackmann (1976) tested 225 patients with electrica
stimul ation, approximately two-thirds of these patients have
responded to electrical stimulation. A nunber of patients
experience a painful sensation due to stimulation of
Jacobson's nerve, which inturn limts the amount of current

to be applied to the pronontary el ectrode.

Chouard and MaclLeod (1976) used operative testing
with placenent of an electrode directly on the round w ndow
and reported that in 59 patients so tested, all but three
patients who had renoval of the auditory nerve secondary to

acoustic neuroma renoval responded to electrical stimnulation.

Brain Sem and Cortical Stimulation

Anot her net hod which attenpts to restore the hearing
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in deaf patient is by stinmulating the auditory cortex of the
brain. There is a great deal of basic research and Iimted
clinical research on direct stinulation of the auditory
cortex which give promse to the possibility (Dabelle et.al.,

1973) .

It has been shown in human studies that stinulation
of discrete areas of the brainw |l produce different pitch
sensations. This offers a hope that a prosthesis could be
constructed which would transmt speech information to the

brain in a coded form

Auditory Nerve Surviva

For a cochlear inplant to be effective, sone audi-
tory neurons nust remain viable after there has been tota
hair cell degeneration, but the exact nunber is not known
(Wallach et al., 1973). Lawr ence and Johnson (1973) on the
basi s of histopathol ogic studies have shown that there is |oss
of some of the ganglion cells in all cases where there is
severe loss of hair cells. 1In alnost all cases 5 to 10% of
the ganglion cells and neurons remain. The neurons are
nmet abol i cally and physiol ogically independent of hair cells,
but they are sonme what dependent on the supporting cells of
the organ of corti. Therefore any cochl ear prosthesis nust

respect the integrity of organ of corti as nmuch as possible.

The four types of danmage which can occur to the



neural tissue on cochlear inplantation are:

1. Mechanica
Cheni cal

Ther mal

A W N

El ectrol ytic.

An el ectrode should be designed to produce the
m ni mal anmount of nechanical injury to the remaining cochlear
structures and auditory nerve. The scala tynpani appears to
be the best site to peace on electrode to produce the |east
amount of cochlear trauma. Sinmons (1967) states that
pl acenent of scala tynpani electrodes in aninmals have shown
little damage to the hair cells or neurons. An electrode in
the scala vestili would very likely injure Reissner's
menbrane which is found to be associated w th neuronal

degenerati on.

Pati ents who have been inplanted with silastic nol ded
scala tynpani electrode have shown little changes in stinmulus
paranmeter that they have been inplanted. Simlarly, patients
implanted with a wire electrode in a scala tynpani have shown
little changes in their ability to be stinulated over a

period of inplantation of up to five years.

Simons (1966), Simons and G attke (1972) state that
el ectrodes directly placed into the auditory nerve through the

nodi olus are well tolerated in cats and in one case of chronic
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inplantation in human. Al of this evidence suggest to the
| i kel i hood that the auditory nerve will survive nechani cal

effect of long termelectrode inplantation.

The second type of damage whi ch can occur from
el ectrode placenent is chemcal, which can be mnimzed by
selection of chemcally inert material that are resistant to
alkalis and corrison like platinum iridumand titani um
Teflon, silastic and various types of varnishes are avail abl e
for insulation. Teflonis least likely to devel op insul ation
| eaks. Another material Pyre M. has al so been well tolerated

I n cochlear inplants of human and ani nal s.

The third type of danage is thernmal which nmay occur
fromthe electrical stimulation of neural tissue but the
current levels necessary to stinulate auditory nerve are very
| ow and thernmal danage is unlikely. The heat dissipation
capabilities of the tissue environnent exceed the beat which
I's produced by the current adequate for stinulation.

Wal | ach and Cowden (1974) have shown that nodi ol ar
electrodes directly in the auditory nerve have the | owest
| evel s of current necessary for auditory stimulation. Scala
tynpani electrodes require a current in the m croanpere
range of |ess than 200 anpere and well belowthe |evel that

Is found to cause danmage by heat.

The fourth type of injury which can occur due to
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electrical stinmulation of neural tissue is electrolytic but
use of alternating current is less likely to produce

el ectrophoresis than a direct current. The lowcurrents
necessary for stimulation reduce the hazards of electrolysis
and it also not likely that charged ions such as chlorine

w Il accunmulate in sufficient quantity to be injurious.

The | oss of surface would be other undesirable effect
of electrolysis. Experience has shown that electrodes snall
enough to be introduced to scala tynpani or nodiolus wll
have sufficient area so that they will have long life inspite

of small anount of electrolysis that occur.

Information Transfer By Electrical Stinulation

It is difficult to exactly reproduce and duplicate
Cochl ear functions. A good speech discrimnation up to
4000 HZ can be obtained by stinulation through a single
el ectrode. But this will only provide periodicity pitch

and hence the speech discrimnation will be limted.

The work on auditory nerve stinulation was initiated
inearly 1960 (House, 1976, House and urbon, 1973). The
three patients had five wire electrodes planted and showed
possibility of pitch discrimnation for frequency 25 to 400 HZ.
Increase in pitch was al so reported when el ectrodes were
stimul ated near to the basal end of the Cochlea and when the

pul se repitition rate was increased.
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The dynamc range of electrical stimulation is nmuch
reduced than that of normal cochlea. King et al., (1972)
reported it to be 4 dB. S mons (1966) found a dynamc
range of 15 to 25 dB in his subjects and they did not |earn
to identify words or phrases. Merzenich et. al., (1973) also
confirmed the finding of narrow dynamc range. Hanson and
Lauridsen (1975) noted very narrow dynamc range to electrica
stimul ation and encountered problemw th the skin in the area

of exit of el ectrodes.

M chel son (1971) found that patients respond to
sinusoi dal electrical stimulation across the frequency range
of 25 to above 10 KHZ. PRitch changes as a function of
stimulus frequency fromapproximately 50 Hz to 500 Hz, above
It pitch changes very little. Hectrode selection, stinulus
repitition rate and current intensity influence the subjective
pitch sensation. Chouard and MacLead (1976) reported
recogni tion of speech and popul ar nelodic tunes anong their

subj ect s.

A ark (1975) recomended inplanting a series of
el ectrodes through snmall openings in the proxinal and dista
portions of the basal turn and m ddl e Cochlear turn for
auditory nerve stimulation. dark et. al., (1975) also found
that el ectrodes pass nore easily fromthe apex basal ward
than vice-versa and considered it to be the preferred nethod

of insertion.
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The major goal of direct eighth nerve stimulation is
hearing and good speech discrimnation. The inplanted
patients had greater sense of security as they hear the
background noise at normal intensity level. The cochlear
stinulation also inparts a rhythmto speech which is of
great value in |lip reading. Single channel stimulation does
not provide good speech discrimnation. [|ndependent

y
I nvestigations of other groups have also confirned these
findings.

Future of Direct Eighth Nerve Stinulation

The single channel stinulation does not provide
sufficient information to understand speech, it has been
estimated that eight to twelve channels stimulating different
popul ations of nerve fibres may provide necessary infornation.
M adej ousky et al., (1975) has shown that nerve fibres respond
entirely differently to electric than acoustic stimulation in
animal studies, hence it is not likely to duplicate the

functions of cochlea with artificially produced infornation.

Hi | gl y sophi sticatedcochl eareprosthesisw || al soprovidea
different type of information than is nornal to centra
nervous system It is not known if the brainwll be able to
decode the information provided by prosthesis and bering a good
speech discrimnation. A congenital deaf person without a
prior nmenory mght learn this new code with nmore facility

than a patient with auditory menory who nust unlearn one
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| anguage prior to | ear ni ng anot her.

It may be that electrical stinmulation of fibres whose
characteristic frequency to acoustic stinmulation is in speech
frequency will not respond in this manner to electrica
stimul ati on necessiating the placenent of electrodes into
apex. A finer and flexible electrodes will be needed to
reach the apical portions of cochlea where speech frequencies
are normally perceived. This information m ght be produced
by stimulating eight to twelve discrete group of fibres near

the basal end of the cochl ea.

Speech signals will have to be divided into eight to
twel ve band wi dt hs, each hand width stinmulating a separate
electrode. It is naive to think that anything approaching
near normal |evel of stinmulation could be achieved, though
it is hoped that enough information will be conveyed centrally

so that brain can interpret it meaningfully.
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REHABI LI TATION EQU PMENT OTHER THAN HEAR NG AIDS

Sound anplification units have been used for nany
years to educate the hearing handi capped people. Watts (1969)
said that at the beginning of 19th century, Itard nade a
systenati c approach to use the residual bearing of the hearing
handi capped. The types of equipnent which are avail able for
deaf education can be dividied into follow ng types of

educational sound anplification systens:

(a) The Individual Auditory Trai ner

(b) The Induction Loop (Audia Frequency)
(c) The Induction Loop (Radio Frequency)
(d) The Radio Frequency Free Field System

(e) The Self contained individually worn unit.

| ndi vidual Auditory Trainer

The individual auditory trainer has two m crophones
(one for the student; one for the teacher), an anplifier, an
attenuator for each earphone and pair of earphones (Figure
4-4). The unit can be battery or nmai ns operated. The nodel

could be portable or earable.

The m crophones may be handhel d, round the neck type,

or desk type. The mcrophone for the pupil nmay be attached
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by boomto the head set. It has the advantage that child
speaks at a constant distance fromthe m crophone, but
acoustic feedback may cause problemw th this type of

m crophone. Two m crophones used should be of simlar
characteristics and there gain control should al so be
separate to conpensate for any voice differences of student
and teacher. Voice level can be nonitored by a neter or
visual indicator. This can also be used as a positive visual

reinforcer for child s responses.

The frequency response of the anplifier should be
flat and wide (+ 3 dB in the range 50-8000 Hz) and shoul d
have provisions for altering this response. Variable bags
and treble attenuation controls can also be provided. The
anplifier may al so incorporate peak clipping, autonatic
vol une control, automatic gain control or conpression

anplification.

Der byshire and Reeves (1969) studied the perfornance
of 24 children on three different bone settings of an
auditory trainer. They found that the settings predicted

to give the best discrimnation score did in fact do so.
The attenuators could be continuously variable or could
change in 5 dB steps.

The earphone used in the auditory trainer should give

extended and substantially flat response. The Tel ephonics
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TDH-39 moving coil is best suited for this purpose. The type
of earphone cushion is also important. Considerations should

also be given to fitting of the instrument and comfort.

Liltler and Rice (1964) concluded that profoundly
deaf child does not need an average SPL greater than 125 dB,
or a frequency response higher than 4000 Hz. John (1957)
produced an auditory trainer with a response up to 8000 Hz.
Wat son and John (1960) found that deaf children could benefit
from extended high frequency range. Ewing and Ewing (1964)
supported the above findings. Dale (1962) advises to use
| evels up to 185 dB SPL. Ling (1965) stressed the need for

amplification below 300 HZ for certain group of cases.

The following additional features may be provided in

an auditory trainer:

(i) Input: for tape-recorder, record player, radio
or television; an induction pi ck up coil.

(ii) Output: for vibrator or visual attachment I|ike
speech emphasis or 'S' indicator

Stereo Auditory Trainer

Stereo auditory trainers have two m crophones and

amplifiers to produce a true binaural effect (Figure 4-5).

Poul os (1950) found improvement in speech perception

of deaf children when they listened binaurally instead of
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| nduction Loop System (Audi o- Frequency)

This systemis used in a classroom and has m crophone,
an anplifier, a loop wire round the room (Figure 4-6).

| ndi vi dual aids should have induction pick up coil.

The m crophone converts the teacher's voice into
el ectrical signals which is anplified and fed to the | oop.
When this electric current flows through a wire, it produces
magnetic field wwthin the room This induces an electrical
signal in the coil of the hearing aid, which is anplified

wWthin the aid and is converted into sound in the earphone.

The teacher's m crophone m ght he designed to operate
at a close range. It will reduce the nmasking effect of the
background noi se. The teacher can maintain his nobility in
the roomwith the help of long |ead. Heath and Lane (1969)
reconmend the use of fixed m crophone, so as to enable the
child to appreciate all sounds created within the room The
output of the anplifier should be sufficients produce the
magnetic field, which will saturate the aids when the gain
(Volunme) control of the aid is set at maxinmum Martin (1967)
reports that the power is sufficient to operate |oop systens
in the classroom Many aids are designed for use in magnetic

field strengths of either 10 or 100 m A m? .



AMPLIFIER

LONG LEAD

TEACHERS MIC.

AlD WITH
INDLCTION ColL

Fig. 4-6: Induction Loop System (Audi o- Freqaency)



82
The | oop should be around the walls of the room at
the height at which aids are used and its inpedance matched
to anplifier output. Such a |oop, would radiate a nmagnetic
field outside the actual area of a |loop for a considerable
di stance both horizontally and vertically. This makes the
use of loop systemdifficult. The over spill problens are

due to excessive anplifier output power.

Most hearing aids have the induction coil in vertical
position. These aids are intended to be used in the horizontal
magnetic field. The performance of the aid will be inpaired,
if it is used in any other position than normal one. Aids
may be designed for efficient use in any direction. The
hearing aid has a function switch which allows the selection
of :

(1) "m crophone only" operating

(i) "Coil only" operating

(iii) "mcrophone and coil" operating.

The choi ce of above will depend upon the acoustic

environment and type of teaching being done.

The mai n advantages of |oop system in a classroom

(1) The masking effect of background noise is

el i m nated, because of teacher's closeness to the m crophone.

(1i1) The distance between child and teacher does not

affect the communi cati on.
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A charger is provided to recharge the battery of both the

units.

Each class in the school for the deaf can be alloted
radi o frequency. The nunber of assigned frequencies wll
depend on the total band wi dth provided by authorities and
on the band wi dth used by the equi pnent. The frequency
response of the narrow band width radio systens will be
poorer than wi de band systens. Figure 4-7 and 4-8 shows
I nducti on Loop System (Radi o Frequency) and Radi o Frequency
Free Field System

The advantages of the free field RF system are:

(1) Student can nonitor their own voi ces.

(ii1) Teacher's voice is received by the pupils at

a constant | evel.

(iii1) The units are adjustable as far as possible

to suit each student's hearing | oss.

(1v) Mvenents of the teacher and student in the

classroomare not restricted.

(v) The systemis also operatable outside the

school e.g. educational visits.

(vi) Adjacent classroons can use systens w t hout

the danger of interference from each ot her.
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The only maj or drawback is that, once the child is
out of the school, he will have to change to another form of
aid. Another disadvantage is that the child will not be
able to pick up his other classmates, if they are out of

range of the m crophone on his or teacher's unit.

The teacher can have the freedom of novenent by

substituting the conventional m crophone and |ong | ead.

Self Contained Individually Wrn Unit

This may consist of a conbination of radio m crophone
receiver and an individual aid (Figure 4-3) or a conbination
of radio m crophone receiver, |oop and individual aid which

can be worn (Figure 5).

The advantages of this unit is that the child uses
the sane individual and which has been found to be suitable
for himand the additional facilities can be added as the

situation requires.

These systens can be used with a radio frequency | oop
systemor a free field radio frequency system These units

can also be separated and the aid used as a nornmal hearing aid.

Anci | I ary Equi pnent

There have been attenpts to design the equi pnent

specifically for the needs of the auditory handi capped.
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These aim at supplementing or replacing the sound signal with
visual and tactile information. Watts (1965) and Good (1973)
have traced historical and the technol ogical devel opment of

t hese devi ces.

Vi sual Devices

Numer ous vi sual devices of variety are available now

and they can be divided into two:

1. Wiich display some specific characteristic of
speech, and

2. those which display a nore conpl ete speech
pattern.

The first category includes:

"S" Indicator:

This can be of use in cases with high frequency
sensory neural haring |oss. Speech sounds are fed into the
m crophone, which is then analyzed through selective filter-
ing and the "S" content is visually displayed by a meter
indication or a flashing light. In training young children
and to increase their notivation, a relay can be used for
operation of toys and slide projectors. Risberg (1968),
Mortony (1969) and Pickett (1971) found it to be a useful

equi prent .
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The I ntonation |ndicator

This is enployed for training of voice pitch register
in deaf persons where auditory feedback of fundanental
frequency is not possible. A contact m crophone, held
against the throat picks up the vibration frequency of vocal
folds, and the fundnmanetal frequency nay be displayed on a

nmeter or an oscilloscope,

The Nasal | ndicator

The nasal indicator is helpful in teaching the
partially hearing handi capped the aspects of nasalization
and denasalization. Here the contact m crophone is held
agai nst the al ae of the nose, m crophone picks up the
vi brations, anplifies it. The intensity of these vibrations

is registered on a neter.

The Rhythm | ndi cat or

The speech rhythmis displayed with the hel p of
m crophone, on a |long persistance cathode ray tube arranged
so that vertical spot deflection is independent of frequency
and in direct proportion to voice anplitude. The instrunent
is inportant in training the deaf children, as the inproper
rhythmwi |l affect the intelligibility of speech of the
deaf child.
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The second category contains visual speech equi pnent
whi ch displays a nore conpl ete speech spectrum Mst of the
devi ces use band pass filters to anal yse the frequency
conposition of the speech and display this as varying
vertical colums of light. Fant (1960) described a device
whi ch provided sixteen colums of |ight, the height of the
colum representing the energy within that band w dth.
Secrson (1965) described the use of such apparatus in speech

t her apy.

Mont gomery (1967) reported about a portable visua
speech devi ce whi ch produces running visual representation
of speech sounds on 7.5 Om screen of the oscilloscope. The

still photographs of characteristic speech are available for
conpari son.

Gtlits (1972) describes an oscilloscope type of
vi si bl e sppech apparatus which conveys the rhythmc structure
of the speech and also converts the audible speech into

synbol s.

Tactile Aids

Mul hol | and (1963) reported that use of equipnment to
interpret speech signals through the sense of touch has not
been of nuch benefit to the deaf child. Udan (1960) indicat-
ing that it is possible to make the child aware of sounds

t hrough sense of vibration



Various nodels of tactile vibrators consist of mcro-
phone, an anplifier and transposer to transpose frequencies
withinthe Iimted sensitivity range of the skin. Picket
(1971) gives this range as 100-800 Hz. The vibrator can be
used on the different parts of the body |ike wrist, the
sternum the clavide and the cervical vertabrae. At the
sane time anplified sound can also be fed to the child's
ears. Neate (1972) who used sinple tactile vibrators with
sel ected group of children thinks it worthwhile to use

addi tional techniques while training the deaf.

Recodi ng Devi ces

I n cases of profound hearing | oss, where no usefu

hi gh frequency hearing exists, equipnment has been produced
whi ch transposes the high frequencies down to the |ow
frequencies that can be usefully used. Johannson (1959,
1966) recomends a form of transposition that superinposes
frequencies above 4 KHZ on the linearly anplified |ow
frequency band. The details of the transposing type hearing

aid are shown in the figure.

Bl ock diagram of a commercially available body worn
frequency transposing hearing aid is shown in Figure 5-1.
Channel 1 allows all signals to pass through while the |ower
channel (Channel 2) filters off all sounds bel ow 4 KHZ and

then effectively transposes these high frequency signals.
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These signals contains a |large anount of |ow frequency energy
which is then passed back to normal channel through a |ow
pass filter and superinposed on channel i. A switch allows
the possibility of using the aid as a conventional body worn

Instrunent or as a transposing aid.

Pi nonow (1968) has described a devi ce whi ch can be
considered an alternative to frequency transposition. Here
the input sound is anal yzed and than synthesized in such a
way that the output is contained within a narrow frequency

range.

SPEA AL DEVI CES
Signal Detection

A patient who has a loss in lowand md frequencies
and greater loss in higher frequencies ("ski drop" | o0ss)
often faces a problemand fails to hear the door bell or
tel ephone ring. This problemcan be sol ved either by
anplifying the stimulus or substituting it with one which
can be easily heard. Various tel ephone conpanies nay have
tel ephones with different signal bells ranging in frequency
from800 to 4000 HZ. Selection can be nade dependi ng upon
the requirenments of the particular patient. The ringing
t el ephone can al so be signalled by an auxiliary control
device to activate a flashing lanp. This will be of great

hel p to the severely hearing inpaired person.
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Another problemfor the hearing inpaired person wil
be the inability to hear the sounds from another parts of
one's own home. Awareness of specific sound such as door
bell or cry of the baby can be enhanced by installing a
special electronic sw tch, which converts sound into either
visual or vibratory inpulses. Fromthe sound sensing devi ce,
| anps or vibrators can be wired to various other roons. For
exanpl e, when the baby will cry, the light will flash

t hroughout house, wherever the installations have been nade.

Aut omati ¢ Vaki na Devi ces

Anot her probl em which confronts the deaf is awakening
to the sound of alarmclock. Automatic waki ng devices consists
of an electric clock into which, a bed side |anmp, buzzer or
vi brator can be plugged dependi ngupon the choi ce of the user.
The buzzer can be placed under the pillow, while the vibrator
can be attached to bed frame. Hence the light and vibrator

will be able to awake the person.

Bl ectronic wist watches has been built which when
are pre-set for alarm at the exact tinme a snall spin wll
conme out of the watch as well sound of the buzzer and keep
on pricking the skin of the person, till he wakes up and
stops it. Such watches can be of definite help to the deaf

popul at i on.
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Radi o and Tel evi si on Li steni ng

Listening to a radio or television view ng can be
trying for the famly as well as deaf person. The attachnent
of the earphone to the audio-output can be of great help. A
smal | | oud speaker can al so be placed near the hard of hearing
person's chair. The television audio signal fromtel evision
sound control can be fed to a portable radio receiver, the
gain of which could be adjusted through radio control. But
if they are still troubled by other sounds in the house
I nduction coil apparatus can be used and aid switched to a

t el ephone position.
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CHAPTER 10

TUBE FITTING

Tube fitting, or fitting of a hearing aid wi thout an
ear noul d has proved very useful in dispensing the hearing
aids. The follow ng are the basic advantages of the tube

fitting:

1. Wen the ear nould is used, the person gets the
feeling that his ear is plugged and accl uded w th sonething.
Wth the tube fitting, the person even does not feel the tube

I n pl ace.

2. Wien the hearing is normal in the | owfrequency,
but there is greater loss in the high frequencies, tube
fitting is ideal for this type of 'ski slope'" sensori-neural

hearing | oss.

3. The tube fitting appears to be nore "'normal' to
the users than the close nould fitting as it |eaves the

canal open and does not interfere with residual hearing.

4. Tube fittings are quick and easy to nake. |If the
tube fitting can be utilized for particular type of hearing
| oss, the hearing aid can be fitted i mmedi ately, eval uations
can be nade and user can wal k out wearing the aid after

fitting.
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5. The tube fitting is also used for tinnitus
maskers on patients wth nornal or near normal hearing. The
ear is left open to allowthe hearing nechanismto act
normal ly, and at the sane tine nmasking sound is fed into the

ear to assist intinnitus relief.

Pr ocedur e

Fol | owi ng steps nay be used to make tubes for tube
fitting. Most people develop their own style and net hods of
tube nmaking after a little practice. The equi pnent needed

for tube fitting is as foll ows:

(1) a small bow of water or al cohol trubbing or
| sopropyl al cohol ),

(i1) a hand bl ower bul b
(iii) electronic sol der

(iv) wvarious types of tubing
(v) a hot blower, and

(vi) hand tools such as tweezers, side cutters and
needl e-nosed pliers.

1. Select and cut off a piece of the tubing desired.
It is better to take a bit longer piece than required at this
stage. A longer piece than will be used is cut and excess

can be trimed off |ater.

2. Push a piece of solder into the tubing. This is

done to give the tubing stiffness and nenory, as it shoul d



96

hold the ear contours when it is shaped. The sol der should
be dipped in water or alcohol to lubricate and allowthe
solder slide easily into the tubing. 0.50" dianeter

ectronic solder will be the right size into a .076" interna
dianeter standard tubing. Do not push the solder all the

way through the tubing, but recess about |/16" inside the end
of the tubing. This will prevent danaging or scratching the
ear canal with the solder when the tubing is placed inside

the ear canal .

Heavy wal | tubing should be chosen for tube fitting,
this will reduce the acoustic feedback and danp out the

undesi rabl e acousti c resonance.

3. Pace the tubing inside the ear canal and bend up
around the pinna. Insert the tubing down to the canal within
%% to 3/8" of the eardrum Sone fitters go further dow in
the ear canal upto ¥ of the drum But great care shoul d be
exerci sed, while observing through the otoscope, as to
prevent damaging the eardrum The distance of the tube from
the end of the ear drumw Il affect the acoustics of the
fitting. Make an upward and backwards bend in tubing, as
to match the contours of the external auditory canal, it is
useful to bend the tubing a bit extra towards upwards, so that
when the solder is renoved, tube should not touch the cana

due to its own weight but remain in the centre.
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4. When the desired! bend in the tubing is achieved,
heat it with hot air-blower to reformit for 1 to 1% m nutes.
Move the tube around constantly in the air stream to prevent
| ocal i zed overheating and sagging. Fingers or hand should

not be put in the hot air, as it can be quite painful.

5. After heating the tube, drop it inmmediately into
the bowl ofwater or alcohol. Now renove the solder fromthe
tubing using the pliers and bl ow out the excess water with
the hand bul b, sonme fitters claimthat al cohol makes the

bend set better than water.

6. As soon as the tube becones dry, reheat the cana
end of tubing with the hot air blower, to round off the end
which is sharply cut. This will prevent scratching or
irritating the ear canal fromthe shapp edge. Care should
be taken not to overheat the rest of the tube and nmake it
sag. The sharp end can al so be snoot hed by applying a drop

of nail polish on the end of the tube.

If at this stage tube does not conformto the
contours of the ears, it should be discarded and anot her one

pr epar ed.

The tube is fitted in place in the ear and the excess
is cut off next to the top of the pinner where the end of
earhook will fit. If the tube is well-fitted, it will hold a

tenple or an ear level aid securely. Many persons may fee
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that instrunents will fall off if they bend forwards. This
fear can be alleviated by the use of a free field ear noul d.
The free field ear nould contains just a. think, skel eton of
material to fit in the concha. Though when the ear is

occl uded by any material, it will produce sone acoustic effect,
but the free field ear nould will bring no change or have
mninmal effect in a totally open canal. Even at the cost of

slight change, a greater security can be provided to the user.
Acousti cs

To have relieve and easy to use nethod of neasuring
the effects of tube fittings, the usual way of performng
acoustic test is by using KEMAR KEMAR is the Know es
H ectronic Mani kin for Acoustic Research that represents the
physi cal dinensions of an average adult human ear. KEMAR
provi des a very convenient way to gather conparative data
that can be used to fonn the basis for fitting techniques for

all types of hearing aids.

The acoustics of occluding the ear with an ear noul d
are often not understood clearly. But this can be easily
under st ood fromthe curves drawn in the figure, fig 52Ais the
free field frequency response with nothing in KEMAR s ear
no ear nould tubing or anything el se. This shows a frequency

curve very close to data derived fromthe real ear.

The graph in the Figure 5-2(B) is taken under the
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conditions, but a standard lucite ear nould with a standard

bore and no vent is used.

Wien an ear nould is put in KEMAR s ear, it causes
| oss of 14 to 24 dB in the area between 2000 and 5000Hz. But
this is in speech frequency and which is inportant for

under st andi ng speech.

One of the advantages of keeping the ear canal open,
as in atube fitting, the occlusion |oss does not occur. The
ear can function normally with the sound passing down the ear
whil e hearing aid assists the residual hearing by providing

anplification only where it is needed.

The follow ng figures describe the perfornmance of
hearing aid under different nmeasurenent and fitting conditions.
The figure 5-3 (A) is taken using a 2 cc coupl er, under

standard ANSI neasurenments conditi ons.

Figure 53 (B) is the sanme instrunent run on KEMAR

using a standard ear nould with a standard bore and no vent.
Figure 5-3 (O was run on a KEMAR using a tube fitting.

Consi dering 1000 Hz as a reference point, it becomnes
apparent that |ow frequencies have been rolled off and hi gh
frequenci es have been enphasized. Starting with a flat curve

under cl osed nold conditions, nowthere is rise of 14 dB from
| 000t 0 2000Hz.
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fitting.



100

When an instrunment for tube fitting is to be selected,
it is necessary that instrunent has a flat frequency response
on neasuring with the 2 cc. coupler. There is no genera
agreenent on how flat the curve should be; but typically,
fromflat at 2000 HZ (with respect to 1000 HZ) to 6 to 8 dB
rise should work well. This can be seen in the figure 5-3(B)
and 5-3(C). Figure 5-3(B) has a flat curve but when tube is
fitted, the response shifts to that of 2 c. Fi gure 54 shows
asimlar tube fitting effect to Figure 5-3 for a tenple node
ing instrunent. Figure 5-4(A) shows the response of KEMAR
with a closed nould with a standard bore and no vent. Figure
5-4 (B) iswith that of tube fitting. It can be seen from
the diagram that under tube fittings, thereis rise in the

hi gh frequency and roll off in the |ow frequenci es.

There are two factors which can be changed by the

filter while doing the tube fitting.

1. Depth that tubing goes into the ear canal.

2. Internal dianmeter (1D of the tubing used.

Depth: Wen tube is put further in the ear canal it
serves two purposes. First, in this way noregain is achieved
bef ore feedback occurs as the effective length between the
recei ver and m crophone is increased and nore of the ear

canal provides better baffling of the sound.

hear
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Secondly, as the tube is pushed deeper in the ear
canal, |ow frequencies are enphasized* Usually additional
| ow frequencies are got desirable for tube fitting and it can
cause problens some tine bowfrequencies tend to create a
boom ng or echoing sound for the user. The depth of the tube
may becone a conprom se between the instrunent gain and

desired frequency response.

One can start at the maxi mumdepth in the canal and
then trimthe tubing back a small anmount at a tine till the

user reports that the boom ng sound is absent.

D anet er

Anot her factor, which can be varied in tube fittingis
the dianeter of the tube. |If the IDof the tube is |arge, |ow
frequencies will be enphasized and hi gh frequenci es dunphasi zed.
This is denonstrated in Figure 5-5B which shows the characteri s-
tic of a standard tube with an ID of 0.76" and can be used as
a reference curve. In Figure 5-5(A) is the response of .093"
ID tube. The build in |owfrequencies conpared to Figure 5-5(B)
can be noted here. Figure 5-5(C shows the response of tube
with IDof .053". The,toll off in the |owfrequencies as

conpared to Figure 5-5(B) can be seen.

Wth alittle experience and experimnentation, various

things with the tube fitting can be achieved. Figure 5-6(A)
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Fi g.5-5(A): Behind the ear nodel
runwth #l | tubing

Fi g.5-5(B): Sanme nodel with
# 13 tubing

Fig. 5-5(C): Same nodel with
#16 tubing.
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I's an exanpl e of unconventional tube fitting. Here 2 cc.
coupl er response shows an instrunent wth greater energy in
| ow frequencies. Wth tube fitting the response obtained is

shown in figure 5-6(B).

This mght be useful as a conventional fitting on a
person who has a ear discharge and the ear has to be kept
open. |If the aid has a low frequency gain and it is renoved
with tube fitting than it will be possible to obtain a

conventional type of curve with an open ear canal.

Tube fitting is a useful skill which can be easily

applied for gaining various benefits fromit.
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Advanced |evel of mcro-mnaturization technol ogy
has brought revolution in hearing aid design, making the size
of hearing aid very conpact and small. The devel opnment of
el ectret condenser m crophone has a significant inpact on the
hearing aid devel opnent as it has a broad, snooth frequency
response and | owvibration sensitivity. This has nmade
possi bl e high gain, forward facing m crophone, behind the
ear aids and has nade all in the ear aids practical.

Magneti c receiver technology has reduced overall size of the
transducer while providing high frequency range and response

snoot hness i n hearing ai ds*

H ectronic signal processing in hearing aids has
i nproved the anplification of speech signals considerably.
Signal processing involves the systenatic and controll ed
transfornation of a signal by the systemto inprove the
reception of the signal. Autonmatic Gain Control (AGO)
circuits are inportant type of signal anplifiers, as they
control and nodify the speech signal in order to nmake it
suitable for the hearing inpaired. Wen AGC has frequency
sel ective characteristics in addition to input conpression

circuits | ow frequency background noise in the environment
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can be reduced. Frequency selective input conpression
circuits filter out |ow frequency energy before it enters the
circuit's AGC feed back |oop thus preventing the |ow frequency
energy fromcontrolling the gain of the high frequency
information carrying portions of the speech signal. If this
low frequency filtering can be appropriately conbined with

i nput conpression to provide a speech signal processing

systemit will performwell in noisy listening conditions.

The directional mcrophone can also be used to inprove
listening in noisy conditions. Lentz (1976) and Beck et. al.,
(1980) reported nmeasurable difference in directional charac-
teristic anong hearing aids. Directional characteristics
referred to as super cardiod show greater ability to reduce
noi se whi ch cones from different angles behind the I|istener.
The super cardiod pattern maintains directionality across the
entire frequency range of the hearing aid. This is nore
desirable than predom nantly | ow frequency directionality
especially in hearing aid fitting utilizing large vents or
open ear fitting where only high frequency anplification is

needed.

The use of inproved controlled acoustic danping
el ements conbined with acoustic line principles in hearing
aids with extended frequency response has advanced hearing
aid technol ogy considerably. Most manufacturers now i ncl ude

danpi ng el enents and acoustic filters within the hearing aid
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or its optional ear hooks to snooth the frequency response or
to produce response enphasis in the frequency range between
2500 and 3000 Hz. This principle is commonly referred to as
"insertion gain" its purpose being to provide additional
anplification in the 2500 and 3000 HZ region so that it wll
conpensate for the loss of natural anplification of the ear

canal, when the ear canal is occluded by an ear noul d.

The hearing aid industry can benefit from | atest
t echnol ogy of m croprocessor, as it will be the major
conponent to be used in hearing aids and bring great
i nprovenents in the performance of anplification for the

persons with hearing | oss.

Hearing in noise and acoustic feedback reduces the
intelligibility af speech for the person using the aid.
Graupe (1979) worked on separating desired voice and other
signals fromunwanted noise, this signal processing schenes
can be inplenented by conbining both analog and digital
signal processing special integrated circuits for hearing
aids. These processors will reduce the feedback and background
noi se and al so conpensate for anplitude non-linearities
controll ed response across all or part of the speech frequency
range may also be incorporated. It m ght be possible to

i ndividually progranme such device with advance of technol ogy.

The technol ogy to devel op and produce such a programa-

ble m croprocessor hearing aid system is avail abl e today.
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These systens neasure the near stationary noi se spectrum
during pauses in speech and the spectral paranmeters of noise
are identified during these pauses. This is used to control
the response of an adaptive filter which inproves signal to
noi se ratio of the processed speech and noise. Such system
can also incorporate additional programabl e response
filtering, conpression with vari abl e conpression ratio

across frequency, multi-band conpression and ot her paraneters

found to be beneficial.

It will not be possible to apply this technol ogy

fully to wearabl e hearing aids, as our understanding regarding
the characteristics of suprathreshold hearing and its relation
to hearing | oss and selection of hearing is limted. The

desi gner and programer of m cro-processor-controlled digita
signal processing systens nust know the signal characteristics
that are required to inprove the ability of the inpaired ear
to receive speech signals in quiet and noise. This requires

a cooperative and conbined effort fromthe various profes-

sionals involved in the rehabilitation of hearing handi capped.
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