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CHAPTER- |
| NTRODUCTI ON

' Sci ence noveS bUt slowy,
Creeping en itempoint to point'

- Tennyson.

In the Iines of Audiology that is expansive, science
fostered, science fostering and world conquering, the field
of earmolds toe haS bean undoubt edl y extensive, spanning
the fields of acoustics, mathematics, electroacoustics and
material sciences.

A sound hearing is avital, everyday link with the
world. In the drama of |ife,one seldomgives it a second
thought. It is when an auditory loss is incurred that we
realize how inportant this is to us and howdifficult life
can be without this vital sense of hearing.

Necessity is the nother of invention

Breaking this'isolated ward of sound of silence' to the "world
of resound', the mracle of nodern nedicine and technol ogi cal
advancement, coupled with the deligence of the professional
has created new avenues for better hearing. The field of
earnol ds i s one such, fostering the physical cumacoustic
needs of the ears.

Earnol d, sonetines called the earpiece, is aplastic
Insert designed to conduct the anplified sound fromthe hearing
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aid receiver into the ear canal as efficiently aa possibles
Langford, 1995.

Formng a constituent part of the personal anplifica-
tion system it serves to -
1) link the hearing aid to the patient, confirmng to the
external ear contours.
2) convey the sound fromthe output transducer of the hearing
aid (receiver) to the external auditory neatus.
3) anong many ot hers, another vital roleis the acoustic
modi fication of the output signal which are beyond the
circunscription of the electrical nodifications of the

hearing aid.

Wth this background, the present pages, founded on the
researcher's valiant effort to solve the nystery of howto
best fit the ears (physical + acoustic) requiring differentia
consi deration, deals with the follow ng:

- Earnmol d nomencl at ure ( NAEL) .

- The earnol d options comercially available including the
physi cal style options, the nodul ar hearing aid nodel s,
non-occl udi ng, antifeedback and acoustical options.

- Acoustic nodifications grossly conprise of the principles
of venting, danpers and horn effect, exercising control
over low, md and high frequencies respectively, taking
into account the ease of handling, cosnetic and confort

consi deration and acoustic seal .
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The consecutive chapters deal with the technol ogica

aspects of fabricating a good earnmold (inpression and pro-
cessing), its maintenance and repair in the dispensers
office, the inportance of customnold in hearing aid selec-
tion procedure. Finally, another major determnant of
user satisfaction which can make or marr a successful usage
of earnold - the fitting of the nold is dealt with,

Earmol d t echnol ogy continues to be dynamc, and yet,
t he manuf acturers have been slowto exploit this vast reser-
voir of practically baaed know edge. The reason for this is
perhaps not felt to be within their province and does not
seemto be conmercially applicable. This being an integral
part of the anplification system it is our responsibility
to marshal | the professions intellectual capabilities and
prelude to a manifesto that we nmeet this with a chall enge.



CHAPTER- 2

EARMOLD- THE ESSENTI AL ARVAMENTAR UM OF PERSONAL AMPLI FI CATI ON
SYSTEM

"Earnol d, sonetines called the earpiece, ia a plastic
I naert designed to conduct the anplified sound fromthe
hearing aid receiver into the earcanal as efficiently as

possi bl e" - Langford, 1975

It forns an integral part of the personal anplification
system extending its influence on fitting of the hearing aid
to the acoustic nodifications which are beyond the circum

scription of electrical controls of the hearing aid.

Rol e of earnol ds:

Various rol es of earnolds have been cited in literature

(by the authors quoted in bibliography) which are as fol |l ows:

(1) It forns a |ink between the hearing aid and the
patient (Nol an and Tucker, 1985).

(i) It is nechanically and acouatically designed to deliver
the anplified signal wwth controlled nodifications, i.e.
it ia the conveyor of sound fromthe output transducer
of the hearing aid (the receiver) to the external audi-
tory meat us.

(iii) It serves to anchor the ear-level hearing aids, affording
retention of the aid to the ear. For the body aids, the

earnol d provides a retainer for the receiver.
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(iv) The earnold has a very significant influence on
t he frequéncy response of a hearing aid (Lybarger,
1967; Curran, 1978, Corell, 1978, Skinner, 1988
and others)?

(v) It provides aa acoustic real to prevent auditory
f eedback for the high gain aids (particularly the
customnol d).- But this is often considered the
‘weak link' in the anplification chain owing to
the fact that "the quality of fit of the nold in
achild s ear may give rise to the probl em of
acoustic feedback' (Nolan et al, 1978).

(vi) The quality of fit often determ nes the usabl e

gain of the hearing aid.

Earnol d confi gurati on:

The earnold configuration confirns to the anatom ca
| andrmar ks of the external ear and ia said to represent reverse
of the ear. These principle parts, together with the corres-

ponding | ocation on the earnold are represented in Fig-1.

l R
! - mm._L_& f;%:pkl T

Fiﬁ,ls External ear and its The earmmold
principle parts,
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1. Helix 2. Fossa 3. Ctus 4. Antihelix 5. Tynpanic
menbrane 6. External auditory nmeatua 7. Aperture
8. Canba 9. Cavum 10. Concha (Bow 11. Tragus
12. Anti-Tragus 13. Lobule (I obe).

Nonencl ature for specific parts of the earnol d:

The National Association of Earnold Laboratories (NAEL)
1970, proposed the follow ng nonenclature for earnold confi -

guration baaed ont he anatom cal |andmarks of the external ear.

Fi g. 2: The propoaed NAEL anat om cal | andmar ks. (RECEI VER MOLD)

Canal . The part of the earnold that is inserted into the
ear canal .

Concha rim The part of the earnold that extends fromthe cana
to the helix and fits in the concha of the ear.

Bri dge :  That portion of the earnold extending fromthe

canal to the junction of the concha rimand the

hel i x.
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Hel i x . That portion of the earnold adjacent to the
hel i x of the ear.
Bowl . That part of a shell earnold covering the bow
of the ear (The termbow is unfamliar, bat
probably refers to that region of the ear
descri bed anatomcally as the cavum concha.
Heel X That part of the earnold |ying between the tragus
and t he antitragus.
Recei ver . That part of the earnold on which the base of the
hase recei ver rests.
Sound bore : The hol e extending through the canal to the
t ubi ng connection or the receiver nub.
Fl are . A funnel shaped enl argenent of the sound bore at
t he end of the canal
Vent . Any hole giving free passage to air to the sound

bore of the earcanal.

Refraining fromthe usage of diverse termnol ogi es as
currently being enpl oyed by earnold manufacturers, a standard
system of nonencl ature for various parts/aspects of earnold ia
likely to elimnate confusion and difficulty in obtaining
earnold with the characteristics necessary for the anplifica-

tion system(Zachnan et al, 1970).

Requi renments of an earnol d

Earnold is an integral part of the wearable hearing aid

system the acceptance of which requires confirnmation to certain
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criteria, nmeeting both the client's and the professional's
demands. These requirenents as |isted out by Tucker, Nol an,
and Col el ough, 1978 and Tucker, Nol an, 1984 i ncl ude:

1. dient's denmands

2. Professional's denmands.

d i ents denands:

(i) Good cosnetic acceptability.

(i) Confort - Unsightiness or disconfort resulting froman
earnol d may be seized on by the reluctant possessor of
a hearing aid as an excuse for not using an instrunent.

(iii) Good acoustic fit - Wth high gain aids, acoustic feed-
back inposes a limt on the usable gain and can be a
source of enbarrassnment to the user and hi s acquai nt ances;
awell fitting earnold elimnating or alleviating its
l'i kel i hood.

(iv) Good physical fit - Adequate retentive capability
reduces the risk of hearing aid slipping fromthe ear &
bei ng damaged or | ost.

(v) Ease of insertion and renoval .

(vi) Ease in cleaning.

(vii) It should not interfere with nornal facial novenents.

Pr of essi onal ' s demands/ want s:

In addition to the above, an ideal nold shoul d be -
(i) Areliable product,
(ii) Should not shrink.



(iii) Base of working ia essential.

(iv) It shoul d have a quick processing tine.

(v) Shoul d be formed directly in the ear (one-stage
process) ow ng to the mnimzation of delay in
maki ng the finished product. This is particularly
of inportance for children, being deprived of an
efficient anplification for the two to eight weeks
required for processing a two-staged acrylic nold
(I NSTANT - | DEAL CONDI TI ON).

(vi) It should avoid the cumul ative errors of acoustic
| eakage i nherent in the two-stage process.

(vii)  Should be capabl e of handling hi gh acoustic out put.

(viti) Conpatible with commercial hearing aids.

(ix) Constructed from standard avail able materi al .

Wth this background, we shall now | ook into the different

commerci al ly avail abl e earnol d opti ons.



CHAPTER- 3

EARMOOLDS THEN AND NOW

Hearing is avital link of man to the comuni cati ng
world, and the hearing inpaired is robbed of this vital
experience. In his guest for anore efficient sound, the
field of earnol ds has seenlgroliferation of the fitting

options within a span of tinme between 1949 to 1989.

"From 1949 to 1985, the dispensing comunity has seen
a nunber of earnold fitting options in the area of physical
shape, acousti cal options, tubing options and earnold fabri -
cation materials increase froma sinple few choi ces to now
nore than 90 options. The result of this growth at the dis-

penser | evel has been confusion..." Mynders, 1986.

In the present section, the earliest known custom
earnol ds and the options available currently, pooled up from

the reviewof literature is discussed at |ength.

The earliest known custom ear nol ds:

Berger (1981) in a reviewon the earliest known custom

earnol ds reports -

A few references to the introduction of custom earnold

date from1920s or 1930s. The first electric (carbon) hearing
aid enpl oyed an earphone; and in the 1920s and 1930s, a trend

began of replacing the earphones wth snaller devices - the

receivers. The first receiver used with electrical hearing aids
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enpl oyed wood or hard rabber eartips, so as to direct the
anplified sound into the earcanal nore efficiently. The
receiver and eartip were typically held at the ear by a
Wi re whi ch was w apped over the pinna. Soon custom and

stock earnol ds appear ed.

The introduction of customearnol ds, however, dates
back wel | before the 1920s. At |east three confirmned
I nstances of custom earnol ds can be dated before the present
century, obviously being used with non-el ectric hearing devices.
The devi ce was invented by Friedrich WI hel m Aschendorf. The
Aschendorf hearing aid cone was nmade of thin silver, but
whet her the earnold was made of silver or of another naterial
was not clear. However, it is clear that a cast was nade of

the patient's concha as the nodel for the earnold portion.

(Fig.3: Picturizes the Aschendorf hearing aid and earnol d)

A second use of a custom earnol d dates from about the
sane tine as that by Aschendorf; this Loewe device is picturized
in fig.3B and 3C. This consisted of a | acquered papi er mache
or nmetal concha portion, nodeled froma cast of the ear concha,
with central opening continuous with the auditory canal. Again,
t he specifies of howthe earnold was nade are unknown. To the
earnold was attached a large, stiff paper disc which fit over

t he side of the head.
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Figure 3G

FI G 3: THE EARLI EST KNOWN CUSTOM EARMOLDS.

The third pre- twentieth century use of custom earnol dS

wer e those nade as early as 1890 by Thomas Hawksl ey. The

earnol ds was nmade a wax inpression of concha and slightly
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innward into the external canal, by using Stents dental
nodel i ng. When t he inpression had been nade and excess
wax trimmed off, it was coated with netallic powder , and
placed in an el ectrol yte depositing bath of copper sulfate,
with a bar of copper as an anode. A thin coat of copper
was thus deposited over the inpression and Wien it was
sufficiently thick the wax nelted oat and the pure copper

surface snoot hed and pol i shed.

Earnolds for electric aids:

The first patents for earnolds were obtained in 1926 by
Hal sey Augustus Frederick. Frederick Patent (No.l, 601, 063)
was assigned to Western Hectric Co. The sane firm obtai ned
patents for four sizes of right and four sizes of l|left stock

earnol ds soon thereafter (Nos. 1, 668, 890 and 1, 668, 910).

This called for an earnol d nmade of gutta-percha, rubber
conpound or plastic. It was suggested that the material m ght
be made to resenble the flesh of the user; though flesh-col oured

earnol ds were nade only after 1940s.

The earnolds for Western Hectric Co. were nmade under
| icense by the S.S. Wite Dental Manufacturing Co. for several
years, wth a price to hearing aid manufacturers and distri bu-

tors of $10 less 30% They were made of bl ack vul canite.

Dentistry played an inportant part in the manufacture

and perfection of customearnolds. The S. S Wite firmnade the
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earliest known customearnolds for use with electric hearing
aids. Efforts to inprove customearnolds as well as to
describe their acoustic effect on the anplified signal were
made by Dr. Mayer, B. A SChier, a dentist in New York, owner
of Orypto-plastics Laboratory, a nmanufacturer of custom
earnol ds. O her pioneer manuf acturer of custom earnol ds were
ML.Mir, Inc; of NewYork, H D Justi and Sons, Inc., of
Phi | adel phia, and t he Sonot one Corp. "

Earnol d nonencl ature - proposed by NAEL:

The Nat i onal Associ ati on of Earnol ds Lab ( NAEL), i n 1970
proposed a systemof classification dealing with the nonencl a-
ture of specific |andmarks of the earnold (as al ready di scussed)
and a systemdealing with the specifications of the earnold
types. This nomenclature has its basis on the af orenentioned
anat om cal | andrmarks and t he physi cal characteristics of the
earnold. This includes -

1. Skel eton: Consists of the canal, conplete concha ri mand
bri dge and may include the helix (Fig.4A) .

2. Three-fourths skeleton: Sane as the earnol d descri bed

above but with the central portion of the concha ri mrenoved
(Fig.4B).
3. Sem skel eton: Consists of the canal, bridge and helix

w thout a concha rim

4. Canal : Consists of the canal portion only.
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5. Canal lock: Consists of the canal with one-hal f of the

concha rimpresent. (Fig.4.0

6. Shell: Consists of the canal and a thin shell covering

the bow of the ear. This earnold may or may not include
ahelix(Fig.4.D).
7. Half shell: Sane as shell but with the bow extendi ng

only half way to the heli x.

D rect coupl e earnol ds:

Receiver - full solid nold with the meatal snap ring or other
attachnent to hold a receiver directly onto the
earnold (Fig.4.E).

All-in-the-ear: Designed to hold the insert hearing aid in the

ear.

Al t hough NAEL has proposed a standard system of term no-
| ogy, they mnimze its effectiveness by stating that the
nonmencl ature is not affered to "preclude the use of trade

nanes but rather serve to suppl ement thent.

Usage of NAEL proposed nonencl ature for earnol ds:

Zachman et al, 1970: conducted a survey conparing the
NAEL proposed system and that currently used by the earnol d
manuf acturers. E ght earnol d manufacturers were sanpl ed for

t he survey.



A= SRULETOM.
B - 3//4 SKELETON.

¢ = CANAL Lolk

D = S+HELL .

C = ReELEI\WVER MoD.

Fia.4: Earnold nonencl ature - NAEL

16
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Results indicated that the terns 'standard', nunerica

classification of =1', 'regular' etc were utilized for the
term'receiver'; nunerical listing, silhouette, hyda-nold

and phantomfor' skeleton', etc. which did not coincide with

t he proposed nonencl at ur e.

The inplication is the need to bridge up this disparity
by operating on a standard systemof nonencl ature for earnold
types and various aspects of earnold |ike bore | ength and
dianeter, vent length, dianter and pl acenent so as to elimnate
conf usi on throughout the professional spectrumdealing with

t he hearing inpaired.

The currently avail abl e options can be broadl y cat ego-
rized into -
1. Physical style options.
2. Modul ar hearing aid nodel s.
3. Non-occl udi ng opti ons.
4. Antifeedback options.
5

Acoustical style options.

| . Physical style options:

1. Receiver nold: Thisis afull, solidmldwth anetal of

-+ RECEIVER - i plastic snap ring for the

SNAP RING . appropriate sized nubbin to

! hold the receiver directly
N onto the earnold. This nold

% I s designed to set as deeply

Pt B © ROLBWER MoLD-
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into the ear as the dianmeter of the receiver will permt.
It can be used with both body | evel and ear-level hearing
aids with an external receiver. The above figure depicts
the receiver nold. It can also be used with a BTEw th
internal receiver if a nale adaptor is used; can be converted

into the tragus nold for preventing acoustic feedback.

2. Shell nold: This is the earnold used for hearing aids

wth internal receivers. Wth
or without helix, Itsuseis

dictated when fitting high gain

ear level aids. |Its acoustic
properties are simlar to
t hose of the standard ear phone-

coupl ed nol d, but physically,

all its possible bulk is
renoved fromthe bow ensuring
Fig.6A:Shell mold, ' confort.

It has a full canal and a thin shell covering the bow
of the ear. Tight seal and thick walled tubing is necessi-
tated in lieu of the acoustic feedback. Modification includes

t he hal f-shell nol d.

[ — e DR ) - 3@

Hal f shell nmold is the shell
mold with helix portion renoved.
This nold is often successful
with geriatric patient who have
difficulty inserting the shell
mol d (Fig. 6B)

FIG- 6B « HALF SHELL
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3. Perineter or skel eton earnol d:

Semi-
Skeleton

Fig.7A SKELETON B %SkBL{ETaN c 8EMI - SkELLTON

This is used with post auricular and eyegl ass heari ng
aids. It is simlar to the shell nold except that the
center portioa of the concha has been hol | owed out, |eaving
only therim It offers nore confort to the wearer ow ng
to the increased air circulation in the concha when conpared
to the shell nold. This is used wth noderate gain instru-
ments and i s adaptable to the short canal, open Sore fitting,
as the concha rimsustains the nold in the ear. The nold has
a standard tubi ng of constant diameter which opens into a
| arge, hol | owed- out sound bore. Canal is short. A nedium
sized (for eg. 1.5 mm vent running parallel to the tubing
al so opens into the sound bore. This can be fabricated with
tubing of a constant internal dianeter (ID that ends at the

tip of thenold or with a stepped-bore | B such as the |ibby
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horn. The earnold tip can be long (14.2 mm), nedium (8.8 nm
or short (4.4 mm) (Lybarger, 1985), and the |l ength and I D of
venting can be varied. The body of the skeleton nold has |ess
bal k than the standard earnol d and nore than an open earnol d.

The nold offers two variations, as depleted in figure 7B and 7C.

1. The 3/4 skeleton - this also retains the acoustic characte-
ristics of a standard nold. In this, the centre pact of
the concha rimis renoved for added confort. Retention of
the nold is not usually a problem but for very snall
pi nnae, its use may be contrai ndi cat ed.

2. Semskeleton nold - this is a skeleton nold with the concha
rimrenmoved. The nold is easier to inset for patients with
dexterity problens. Qhers have difficulty in inserting it
ow ng to mssing anatom cal |andrmarks and | ack of orienta-

tion of the nold in the appropriate direction.

4. Canal nold: The nold contains the canal portion only; used

with mld to noderate gain

i nstrunments. Advant ages of
this nold pertain to the ease
of insertion, confort and

maxi mum cosneti ¢ appear. This

shoul d be used only when the
details of the earcanal will
Fig,8: Canal mold ensure its retention. |t does
not usual ly provide sufficient seal for use with severe hearing

| osses, though at tinmes, nmay be successful with themal so. "This
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earnold often results in retention probl ens and feedback.

Use of this nold is not recomrended" - Hodgson, 1977.

5. Canal lock nold: This is the nost recomrended nol d for

— = - moderate gain instrunents
consi sting of a canal plus
the | ower one-half of the
concha rim The rimpermts

retention for snmall or

straight canals and is al so

an aid in the insertion

and renmoval of the nold from

Fig.9: Canal lock mold. the ear. (Fig.9)

Il. All-in-the earnol d(Mdul ar hearing aid nodel):

This nold is designed to hold and couple an Al -in-the-ear
instrunent to the ear. The custom| TE ai ds are determ ned on
a prescriptive basis by the manufacturer from audionetric
information. Control of characteristics through earnol d nodi -
fication is limted. Venting adjustnents can be nmade i n sone
cases. Oning to thelimted space avail abl e, the tube system
fromthe receiver to the eartip is necessarily short. Tubing
di aneters on the order of 1.35mm and | engths on the order of
12 mmhave been used. The first peak in the response curve
Is usual ly at about 2KHz.

Perves (1980) described a
dual tubing or stepped
bore arrangenent for |TE

Receiver

vent aids that substantially
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I ncreases the high frequency response. This is depicted in
Fig.10. The first section of the stepped bore at the receiver
end, is 1*4 mmin dianmeter by 6.4 mmlong and increases to 3.6 mm
in dianeter by 6.4m$mlong for the second section. At the
junction of the two bores, a 2200 CGS acoustic ohm fused nesh
danper is placed to snooth the response. For short earnold
shells, the large portion of the bore is extended beyond t he
eartip to naintain the quarter wave resonant increase in

response.

Killion and Murphy (1982) described a renovabl e danper
construction for TTE aids that permts the use of danpers of
different resistances and also allows for cleaning or repl ace-
ment of a danper clogged by earwax. The construction is such
as to mnimze collection of earwax on the danper itself.

Know es type BF danpers are used.

I11. Non-occl uding options:

The non-occl uding or open earnolds were used originally with
CROS (Contral ateral Routing of signals) hearing aids (Harford
and Barry, 1965). The separation provided by havi ng t he m cro-
phone on one side of the head and the receiver feeding into
t he open ear canal on the other side permtted a fair anount
of gain to be used w thout feedback. The use of non-occl udi ng
earnol ds on the sane side as the mcrophone is al so very success-

ful where lowto noderate gain is adequate. This arrangenent
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is referred to as |ROS (Ipsilateral Routing of signals);
used for mld gain (approximately 30-36 dB), | ow MPO(and
little or no gain bel ow 750 Hz) instruments. The original
pur pose of the non-occluding nold was to allow unanplified
sound to enter theunilateral's normal ear. However, the
addi ti onal dividends; open or 'no-nold fittings as |listed
by Hodgson, 1981 i nel ude:

(i) Reduction of |ow frequency anplification and thereby
bringi ng about a reduction in tol erance probl ens and
the effects of upward spread of masking in noisy situa-
tions.

(ii) Retention of the useful resonance effects of the ear-
canal which are | ost when the ear is occluded with a
st andard nol d.

(iii) To facilitate extended high frequency anplification.

Construction: The figures belowillustrate the three popul ar

nmet hods of providing open canal coupling of the aid to the ear.

Fig.ll:Three popul ar nmet hods of providing open canal coupling
of the aid to the ear.
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The non-occl udi ng earnol d consi sts of a piece of tubing
projecting into the earcanal. A skel etonized earnol d desi gned
to hold the tube in place with mninal blocking of the earcana
Is the preferred arrangenent (Lybarger, 1985, cited by Katz, 1985).
The i nportance of not reducing the size of the canal opening by
an earnold to avoid | oss of high frequency response i s pointed
out by Hewitt (1977). If nonold is enployed, a heavier wall
tubing is ordinarly used to give the necessary nechani ca
strength. In brief, the three nethods includs -
(1) a length of tubing projecting into earcanal,

(ii) or a skeleton nold to hold the tubing in place w thout

bl ocki ng the ear canal,
(iii) where greater retention of hearing aid is required, open
bore, short canal, enlarged vented coupler is utilized.
These are CROS, A, B and Cvarieties. The other non-occl udi ng
earnol d options incl ude:
* Janssen
* Free field
* Modified free field
* The dual dianeter nonoccl udi ng earnol d

* Advanced design free field or Universal non-occluding nol ds.

Janssen earnold: In this type of open earnold, the canal portion
- _ | of thenold is fabricates
at the top of the eareana
and the bridge portion of
the nold totally elimnated.
This brings about a nore

efficient non-occl udi ng

Fita-12. TANSSEN MOLD -
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effect i.e. the lowfrequency sound pressure reduction. To

| ower the incidence of acoustic feedback, Janssen nol ds

provi deal ongcanal .

Mdified free field nold:- This office adaptation requires

t he di spenser to take

a | aboratory-fabricated
non- occl udi ng earnol d
and fill in the concha
but not the canal with
an acrylic plate. The

plate is then drilled

away wWwth a burr at the

hel i x. The anount

Fia.l3:Mdified free field nol d. drilled away i s determned

by the anount of feedback once the client sets the volune to

his confortable listening levels with the aid.

Dual di aneter nol d: (Proposed by Lybarger, 1985): Fig.14 repre-

sents the dual dianeter
nmol d; useful for clients
w t h audi ogram confi gur a-
tion presenting nornal or
very near nornal hearing
oat to 1500-2000 Hz and
then a steep drop ~in
t hr eshol d. Lybarger's

unservation was that a

Fig. 14: Dual dianeter nold
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reverse horn effect by reducing tubing diameter to 1/32"
fromthe standard # tubing normal |y used, and then to go
back to # 13 tubing size in the canal, woul d be acoustically
desirabl e since the reverse horn effect would attenuate

bel ow 1500 Hz.

Advanced design free field or Universal non-occl udi ng nol ds:

This nold, illustrated

in Fig.15 is required for
t hose clients where the
degree of |oss indicates
t hat a non-occl uded nol d
wi || probably not occl ude
t he earcanal openi ng
sufficiently to provide

useful gai n before onset

Fi g.15: Advanced design free field of acoustic feedback.

nmol d.
This nold follows the design of ol der CRCS nold styl es but

expands the bridge area and installs in a S AV (Select-A Vent)

pl ug that provides the dispenser with variable venting control
over the anount of increased occlusion that this non-occluding
style offers. This is useful for patients with chronic suppu-
rative otitis nmedia where full occlusion presents a nedical

hazar d.

"G the many commonly so-called ' CROS earnold styles,
t hese woul d best be consolidated into two st yl es—the Janssen

nol d and t he Uni versal non-occl uded nol d* - Mynders, 1981.
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This offers the dispenser and his clients the full range of

benefits fromnon-occluded earnold styles.

Studies reflecting the affects of non-occl udi ng earnol ds: -

Ef fects of earnold on the performance characteristics
can be investigated by one of the follow ng ways:

1) Probe tube m crophone neasures.

i) Speech recepti on and speech di scrimnation data.

iii) Real ear neasurenents on KEMAR (Burnett, 1981) hi gh-
lighting the effects of the head, concha and tar cana
(external ear affects) and those due to acoustic feed-
back that can result in sharp peaks in response. Al so
any phase cancel l ation or addition between direct and
anplified sound is seen.

I V) Usi ng earsimul ator, an earcanal extension and a concha
simul ator (Lybarger, 1980), which gives results cl ose
to those obtained on KEMAR with the exception of feed-

back and phase cancel | ation effects.

Feeding the signal fromthe hearing aid into an open
air causes loss of low frequency anplification relative to the
perfornmance of the aid with a standard earnold. (Harford
and Dodds, 1965). Larger the vent size, greater is the | ow
frequency attenuation. Lybarger (1967) estimated that anpli-
fication below | 0O00OHz is alnost elimnated. Earcanal resonance
Is retained. The difference, for the frontally incident sound

I's as nuch as 16-17 dB at 2.7 KHz (Kuhn 1980).
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Regardl ess of alteration in the frequency response with
t he unoccl uded nol ds, studies indicate that there exist only
m nor differences between the aided threshol ds obtai ned from
subj ects with standard and open earnol ds. Dodds and Harford
(1968) and Hodgson and Murdock (1970) reported speech thresh-
ol ds about 3 dB poorer with open earnolds for subjects whose
hi gh frequency | oss had an average slope of about 20 dB per
octave across the speech range. Jetty and R ntel mann (1970)

reported the followi ng differences -

1) For subjects with flat conductive | oss, the average
speech threshold was 1.7 dB poorer with the use of open
ear nol ds.

i) However, for subjects with sharply sloping sensorineura
| oss (25 dB per octave across speech range), the average
threshold was 2.0 dB better than with t he open nol d.

ii1) For subjects with gradually sloping sensorineural |oss
(about 7 dB per octave),threshol ds obtained with the use

of standard nol ds averaged 2 dB better.

Frank and Karlovich (1973) in a study on 10 otologieally
normal subjects (with hearing loss 10 dB at 0.25 to 8KHz)
with CROS aid coupled to custom nade standard earnold and
open nold reported no variation in speech reception threshold
with earnold type. These highlight that the deterioration in
aided SRT resulting fromthe use of an open earnol d does not

pose significant problem
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"The greatest dividend obtained fromthe open earnol ds
i's the enhancenment of auditory discrimnation ability"

Tabl e-1: Summary of discrimnation scores data utilizing a
CRCS hearing aid with open and standard earnol d.

Presenta-  Qpen Standard | nprove-
SI. Researchers tion ol d Vbl d ment
| evel
dBSPL/
dBSRT
| . Dodds & Harford 70 dBSPL 81.4 71.4 10
1968.
2.Jetty and 26 SRT 87 76.8 10. 2
R nt el mann, 1970
3. Hbdgson and 70 dBSPL
Mar dock, 1970
I n qai et 84.6 79. 3 5.3
I n noi se 62. 7 52.8 9.9
4. Frank & Karl ovi eh
1973
Low pass 400 16 SRT 39.0 32.2 6.9
32 SRT 59.0 48. 8 10. 2
Low pass 700 16 SRT 45. 6 37.4 8.2
32 SRT 70.2 63. 0 7.2

(Hodgson, 1981). Several studies have conpared t he unai ded
vessus aided disrimnation scores wth the use of standard

and open earnol ds (Lybarger, 1967, 1968; Dodds and Harford,
1968; G een and Ross, 1968; Green, 1969; Harford, 1969;

Dunl avy, 1970; Hedgson and Murdock, 1970; Jetty and R ntel mann
1970; Frank and Karl ovi ch, 1979? Lund and Hoyvi k, 1979;

Sung and sung, 1982).
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I n general, subjects with high frequency | oss perf ornmed
better with open earnolds than with standard nol d or when
unai ded. Subjects with flat |oss perforned about the sane
for all three conditions. Superiority of the open nold for
subjects with high frequency loss is related presunmably to
two condi tions:

1) The open nold affords nore confortable listening to those
with high frequency loss owng to its |ow frequency atte-
nuation. The subjects, hence can increase the gain of
the hearing aid and obtain greater anplification of high
frequency signals where the need is greatest w thout any
di sconfort.

1) Unaided audition of |ow frequency signals and ear canal
resonance nedi at ed by t he unoccl uded earcanal result in

better fidelity and greater intelligibility.

Epi tom zi ng, Lybarger, 1968 quotes "Wth the open cana
arrangenent, both the gain and saturation output are cut
by the acoustical systens of the ear and even very | oud sounds
In the | ow frequenci es woul d not produce an unconfortabl e
| evel through the hearing aid as woul d be the ease with cl osed

nol d".

Anot her angl e of view ng the perfornmance of open nold
Isinrelation to its reduction of upward spread of naski ng.
Frank and Karl ovich (1973) specul ated that open earnol d advant -

age for discrimnation scores is probably due to sensitivity
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di fference between the | ow and hi gh frequencies. This sensi-
tivity differences may interfere with discrimnation as a
result of simultaneous nasking of the | ow frequency vowel s
formants and/or to the invol vement of tenporal masking of
anplified | ow frequency (vowel) conponents of the test word

upon the relatively higher frequency (consonant) conponent.

Danaher and Cowor kers (1973) related the upward spread

of masking to decreased intelligibility in patients with
sensorineural |oss. They found that when nornmal s and sensori -
neurals listened to vowel s shaped so that only second f or mant
energy was present, both groups perforned about the sane.
However, with a broader spectrum signal containing both first
and second-formant energy, the sensorineurals did nuch poorer
than the normals. The investigators recomrended that, in

i ndi vidual hearing aid selection, attention m ght be given to
sone reduction of anplification in the frequency regi on where

F, falls, which is variously between 250-1000 Hz.

That the subjects wth high frequency | oss prefer open
to standard nol ds has been widely reported. 1In a survey by
Dodds and Harford (1970), it was found that anong patients
wi t h high frequency | oss, those who used open earnol ds were
nore likely towear their aids full time than those with
standard nolds. O 18 subjects eval uated by Hodgson and
Miurdock (1970) in a study using open and standard nel ds, 12
preferred the open and none preferred the standard nol d.

These subjects with high frequency | oss indicated that speech
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was nore confortable, clearer or nore natural when using
t he open nol d. Bresson (1971) reported that 200 patients
(presbyacutics and noi se i nduced hearing | oss) nearly unani -
nmously stated that their situation had inproved when they
changed from standard to open nolds. Land and Hoyvi k (1979)
eval uated 33 patients with acoustic traunma fitted with
bi naural eyeglass aids. Wth free plastic tube in the
earcanal. In both these studies, patients reported of
benefits being obtained with the aid at conferences/ neeti ngs/
soci al occasions - that they "could hear and understand
better.... becane leas tired than previously, and were |ess

troubled with canal humdity and irritation".

Concl udi ng, these non-occl udi ng nol ds, formng one of the
maj or options in the consolidated earnold option |ist may be
used with the unilaterals in the CROS settings and the | RCS
node. This permts the possibility of true binaural fitting
for those with nmarked hi gh frequency hearing | oss. This also
permts binaural hearing in unilateral hearing inpaired

patients who require non-occl uding nol ds for nedi cal reasons.

V. Anti feedback nol ds:

Acoustic feedback is, by definition, the return of sone
of the energy of the output signal froma hearing aid receiver

to the input transducer (the m crophone). - Denziz Brook, 1984.
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Table-2: Electrical analogy of acoustic feedback assuming

positive feedback modality cited by Nolan and
Tucker (1985).

OUTPUT = INPUT x GAIN (VOLTS)
let INPUT = 1 VOLT
GAIN = A.
Assume a fraction B of the output returns to input and adds

to input (+ve feedback)

Feedback = AB.
To maintain output at a constant level, one would have to
reduce input

INPUT = 1-AB.

Gain A" A Output (Volts)
1-AB Input

as AB-->1
1- AB > 0
KA > A
i.e. no input is required for a continuous saturation output—

oscillation feedback howl results.

The result of this is a characteristic high pitched whistle

when the aid reaches oscillation point and a continuous satu-
ration output is produced. An amplification system in this

condition is totally unacceptable because of the gross distor-
tion of any processed signals, high output and the distracting
and embarrassing effects on the user. This can be stopped by
reducing the gain of the hearing aid with the untoward conse-

quence of an ineffective amplification. Acoustic feedback from
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unsati sfactory earnolds not only limt the effective use of
body- | evel aids, bat preclude altogether the use of head worn

ai ds (Johansen, 1975; Long, 1976).

The maj or factors external to the aid contributing to
acoustic feedback conprise the foll ow ng:

1. Sound | eakage froman acoustically poor fitting earnold
bei ng t he nost significant factor.

2. Sound | eakage resulting frominproper insertion into the
ear ow ng to disorientation of the | andmarks.

3. Sound | eakage fromthe coupling point between earphone
recei ver and | ockspring for the body worn aids.

4. Sound radiating fromthe sound tube in post-auricular aids.

5. Sound radiating fromthe tube connections, earhook-receiver
nozzl e coupling point and other plunbing in post-auricular
ai ds.

6. Sound radiating fromthe ear as a result of an increase in
sound pressure level in the ear canal, because of a tenporary
conductive disorder or hard inpacted wax. This increase in
SPL results froma reduction in conpliance of tynpanic
menbrane, and in certain cases, an increase in user gain

control setting.

I n the feedback managenent programme, sone of the fol |l ow
I ng techni ques can be enpl oyed i ncl uding appropri ate techni ques
of inpression taking, and in-office nodifications |like oiling
the ear and reducing the vent size as adopted by Orton, 1981,

or fabricating a newearnold. Ohers, as recomended by Brook,
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(1984) i ncl ude:

1. Parents (in the case of young children) ought to be

trained on insertion, renoval and day-to-day care of
earnolds. Particular attention should be paid to the

need for good after-care of earnold plunbing in post-
auricular instrunments - spare |engths of tubing being

provi ded.

Thi ck-wal | ed tubi ng shoul d be enpl oyed w th high gain

post -auri cul ar ai ds.

In the case of body worn aids - earnolds should be care-
fully examned to ensure that the ook ring is correctly
seated and the backplate is flat prior to fitting. Sub-

m ni at ur e ear phone recei vers shoul d be enpl oyed. The

pl asti c washer on the back of the receiver should be re-

pl aced by a layer of plasticine or 'blue tac'. Attention

must be paid to the condition of the receiver nub, which

can, over a period of tinme, be worn out. Use of nylon

| ock springs as standard will overcone this problem
Contral ateral routing of signals with twin body worn aids
Is not a method to enploy in trying to overcone the feed-

back probl em

Arrangenents nust be nade for an examnation of the ear-
canal and inpedance bridge neasurenents in cases where

f eedback presents a persistent problemor occurs suddenly

for no apparent reason.
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Appl ying the above guidelines if the feedback probl em

continues to persist, the use of antifeedback nol ds becones

| nperative.
Power nol d.
. Tragus nol d.
Macr ae anti - f eedback nol d.
Recei ver in the earnold.
Macrae's high cut cavity vent.
Conposi te earnol d.

1
2
3
4.
5
6

Power nol d: One of the causes for

Fi g. 16: Power nol d.

seal

auditory canal (Fig.16).

The options under this category incl ude:

acoustical feedback is the

di sl ocation of the nold

duri ng nmandi bal ar novenent.
This antifeed back nold
tackl es t he probl em of
breaki ng the acoustic sea

by reduci ng the canal portion

so as to not contact the

| ower canal wall. The

of this nold is at the concha and entrance of externa

2. Tragus nol d: The standard ear phone-coupl ed nol d (recei ver

nol d) can be nodified as the tragus nold with built up bow

and nateri al

expanded to cover the tragus and to reduce

feedback for use with high gain aids.
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3. Macrae anti-feedback nol d: Wen use of BTE i s precl uded

ow ng to the occurrence of

acoustic feedback, this
resonator type of earnold

is useful. The nold enpl oys
avery large cavity, two

tubes in the cavity, an

acoustic danger and a pinhol e

vent in the helix area. This

Fig.l7: Macrae anti-feedback nold permts the fitting of a BTE

aid,68 dB full-on-gain and 136 dB HF average SSPLg at ful
vol une control setting wi thout feedback (M/nders, 1986). The
nold is illustrated in Fig.17.

4. Receiver in the earnold: Ross and Crno, 1980; apart from

t he above nentioned causes for acoustic feedback, report

t hat nechani cal feedback can occur because post-auricul ar
hearing aid and recei ver are encased i nthe sane frame. Boor
and/ or i nadequate nmounting and isolation of one fromthe
other allows transm ssion of vibrations devel oped in the
recei ver to t he mcrophone, particularly at high gain and

out put | evel s.

Al so, electrical feedback can be caused in sone ear-|eve
ai ds by inductive coupling between the nagnetic coils in the
recei ver and the m crophone. To account for these problens, by
enbeddi ng the receiver in an earnold, it is possibleto mnimze

f eedback inan ear-level hearing aid, permtting the user to
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t ake advantage of their fall performance characteristics.

Construction: Receiver of the ear level aid is renoved from
the case and connected to the anplifier output by an electrica
cord. Aplug is removed fromthe instant nold and receiver
placed in the nold, ensuring that the sound outlet fromthe
receiver is proximal to the earnold orifice. The plug is then
placed in the instant nold and sealed with additional inpre-
ssion material. The electrical cord between the anplifier in
the hearing aid and now external receiver is run through the

tone hook into the earnold.

In the maxi mumrotation of gain control setting in the
nodi fied condition, no feedback was found to occur and the

average gain and output differences between the two conditions

vari ed between 7 and 13 dB.

5. Macrae's high cut cavity vent: Macrae (1981, 1983) devel oped
a vent for high powered

aids that significantly

PINHOLE reduces t he amount of high
: Tusiu- : frequency sound that escapes
FROWH EARMOLD
VENT through the vent to cause
OuTLET: INNER. acoustic feedback. In
TuBE
AeousTi & this arrangenent,the main
canry AUl . _
DAMPER. vent feeds into a cavity

In the body of the earnold,

fromwhich a small hole

Fig. 18: Macrae's high cut cavity vent
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leadS to thE outside air. Alowpase filter is thus forned
that allows nornal venting action for | owfrequencies, but

bl ocks t he t ransm ssi on of feedbackk causi ng hi gh frequenci es
tothaoutside. Thisnoldis depictedin the Fig.18. Areduc-
tion on the order of 20 dBin radiated hi gh frequency sound

fromt he vent ed ear nol d can be achi eved.

The conposite nold- Thisnmoldis dealt wthin

Chapter-4.
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| V. Acoustical style options are discussed ia Chapter-4.
Earnol d nodifications for the difficult-to-fit.

1. Earnold for geriatrics:

"Hearing aid fitting is often difficult and frequently
| ess than satisfactory”. (WIlleford, 1971). Anong ot her
probl ens, lack of finger dexterity due to arthritis etc.
prevent the geriatric patients fromcarrying out sinple
heari ng ai d nanagenent tasks |ike inserting the battery, making
vol une adj ustnents, cleaning and inserting the earnold. Perti-
nent to earnold insertion, the two commonly encountered probl ens
I ncl ude:
1) Keeping the finger out of the way when inserting the nold,
i) Remenbering which end of the earnold goes into the ear

(Navarro, 1976).

Wien use of eartips is not feasible, use of the follow ng
earnold nodification hel ps. This is fabricated froman instant
nold material with a handl e protruding fromthe concha but care
bei ng taken not to extend this beyond the lateral margin of the
pinna and not to interfere with placenent of the tubing. The

nold is represented in Fig.19.

Fig.19 Earnold for

geriatric.
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Typi cal physical dinensions of the handl e are approxi nately

1 cmw de by 5 cmhigh with slight concavity to allowfirnmer

grip.

In short, the above earnold i nnovati on can be applied
to the geriatric hearing inpaired population with digital
dexterity and severe visual problens precluding the use of
conventional aarnold. This design is recomrended for All-in-
the-ear nold, the receiver of the body-I|evel aid precluding

I ts usage.

2. Expan ear nol d: ( BENTZEN, 1972)

This earnold is a mass produced, individually adjustable
earnmol d of soft, nontoxic material which can be fitted w thout
I npression; first devel oped by Daves, Ml |l er and Stennevad.
The nol d can be enployed with all types of hearing aids where
an earphone is built intothe hearing aid itself. The require-
ments for this type of earnold include -

1) anat om cal correctness.

i1) ability to be used for both right and | eft ear by adj ust-
ment of a nut onthe outsi de,

Ii1) ease of operation

iv) made of soft nmaterial which is non-irritant to the skinin
t he ear canal

V) nmust be cosnetically satisfactory.

T E
Principle of construction is described by/ N el sen Heari ng Deal er,

August, 1971
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The expan nol d consists of a hollow and soft flexible
bul b of clear aon-toxic plastics which is contoured to fit
t he basi ¢ shape of nornal ear canals. Attached to thetip
of the flexible bulb, a hollowplastic bolt goes right
t hrough i nside and cones out at the opposite coll ar-shaped
end of the bulb. An angl e-shaped nut is zcrewed on the bolt
at the collar shaped end (all three parts are transparent).
The sound tubing is attached on the angle nut. By turning
this clockw se, it presses against the soft plastic bulb,
thus conpressing it with outward expansion as the |ogical con-
sequence. This systemgives continuous size adjustnent with-

inthe sizelimts set by the total size of the bulb.

Expan in five different sizes are avail able, each nold
bei ng continuously adjustable fromthe |argest setting of the
previous size, to the smallest setting of the next and thus

covering all dianeters of ear canal from4 to 12 nm

Fi g. 20* expan earnol d

The non-toxic PVSnmaterial utilized for its nanufacture
ensures its use for patients allergic to traditional earnolds.
This can also be utilized with body-worn aids if the earphone
is clipped onto a hairslide fromwhere the sound is |ed through
tubing to an expan earnold. This can be of special inportance

for patients who nust sleep with their aids, on account of tinnitus
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However, this is not a universal solution owing to the
foll owing acoustic and anatomcal factors -
1) |t cannot be used if the earcanal is less than 4 mmor
nore than 12 mm
i) It cannot be used if the ear cartilage is too stiff.
lii) It is contraindicated if the auditory | oss nmeasured by

SRT i s over 40 dB.

Tabl e-3: Indication for use of 4 types of earnolds in relation
to dianeter of the earcanal.

Type of D aneter of ear Type of: aid
mel d
tnger Hearing

under Over spect acl e
4 mm 12 mm

Tube + - (+) +

Expan (+ + +

Ear nol d + + + + +

Earnold with

soft tip - + + -

Table-*: Indication for 4 types of earnolds in relation to the
amount of auditory | oss, nmeasured wi th SRT.

Type of ear- Hearing loss indicated with Modul ati on of
nol d SRT f requency

Under 50dB 50-80dB Over 81dB

Tube + - - . 4=USABLE

Expan
Ear nol d + + -

Earnold with
soft tip

3. Earnolds take to space with gemni flights:

Astronauts are fitted with eainolds (fabricated from

a derivation of Ethyl-Mthacrylate famly material) containing
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a radioreceiver. This material becomes slightly pliable
fromthe warnth of the body, bringing about an airtight
aeal . (Fegel, and Reznek, 1966).

4. Swi nmer nol ds:

Swimmng is no longer contraindicated for patients with
grommet insertion follow ng nyringotony &those with chronic
ear disease. The solution lies in fabrication of custom nade
earnol d without the sound bore of a conposite of high viscosity
silicone polyner (Insta-nold) the nold being soft, nontoxic

nonal | ergeni ¢ and nonshri nkabl e (Kasden and Robi nson, 1974).



CHAPTER- 4

ACOUSTI C MDD FI CATI ONS OF EARMOLDS

Technol ogi cal advancenent in the field of anplification
systemhas seen drastic inprovenents in responses and sound
quality of hearing aids over recent years, and further inprove-
nments can still be nade by nodifying the sound channel from
the hearing aid to the tynpani c nenbrane. These techni ques
I nvol ving the principle of acoustics have been known to science
for over a century and to the industry for decades, bat have

only recently been put to use.

For the researcher and di spenser, as reported by Gerling
(1981), the new earnol d technol ogy has sone basi ¢ phil osophic
considerations. They are -

a. To preserve the bal ance/ coustically between the high frequen-
cies and | ow frequencies in the normal speech spectrum

b. To preserve the normal eardrum- free field transfer;

c. To extend the high frequencies in wearabl e hearing aids;

d. To mnimze and/or elimnate the standard peak in hearing
aid responses at 1000- 1500 Hz for many ml|d and noderate
| osses;

e. To gradually sl ant upwards the frequency response of an aid;

f. To keep the output of an aid within the client's dynamc

r ange.

These are acconplished by adjusting the frequency response
of the hearing aid with special attention to the earnold and

associ ated pl unbi ng.) Individual adjustnents to low, md and
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frequencies with the use of venting danping and horn effects
respectively can be nmade. (Fi g. 21), Though this ought to be
interpreted with CAUTI ON AS THE EFFECTS ARE NOT AS CLEAR CUT
AS | S OFTEN | MPLI ED.  Furthernore, the material used in fabri-

cation inpedes achi evenent of the required nodifications.
L ‘ _

Lot

YENTING

ros- 500 oo Looo 3Zpee- Soco.  (6ooe
FreqbEneY (HzY | 3

Fig.21: Earnold nodifications and frequency of influence.

Measur enent techni ques:

As reflected in the introduction, tubes, cavities and
resistive (danping) elenents associated with earnold coupling
system bring about a radical change in the signal neasured at
the output end of the earnold. The resultant effects nmay differ,
dependi ng on t he neasurenent procedure adopted. Traditionally,

t he foll owi ng neasures have been enpl oyed i ncl udi ng:

) 2cc coupler neasures

ii)ZzZwi sl ocki coupl er me yures. Leavitt, 1981 cited by

i i1)Probe mcrophone neasurest ° gsonand Ski nner, 1984.
i v) Bone conduction threshol d
measurenments used to
assess the reduction of
t he occl usion effect.

i Frank, Cooper, MFall, 1976,
i
v) Sound field threshold {
|
X

Macrae, 1984.

measur ement to assess the
cont ext t o whi ch earpl ug
effect has been elimnated

The present section deals with the different nodifications

enpl oyed, their acoustic principle and utilization of the above
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measur enent techni ques which bring about the required alt

tions in the frequency response of the aid.

The acoustical style options |isted by Mynders (1986) include -

1. Parallel vent

2. Diagonal vent

3. External vent

4. SAV

5. PW

6. Qustomvents

7. Short-canal /w de bore

8. Belled bore

9. Dual diameter .

10. Advanced design free field nold

11. Killion 6R12

12. Killion 6AM

13. Killion 8CR

14. Killion 6B0

15. Killion 6B5

16. Killion 6B10

17. Zillion 6C5

18. Killion C10

19. Know es Danpers
Killion 6EF

e range nol d

N

(o]
T=0000
Mommm:;

31. F.
32. Tubing sizes
33. Tube fittings
34. Macr ae nol ds.

|. Venting:

Earnol d venting appears to have been used first by
G ossman (1943) in conbination with button receiver systemas
reported by Lybarger (1985). Vent is defined as the opening
fromthe surface of an earnold to its sound input channel,

Wiich is anintentionally produced | eak." (Langford, 1975),
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cited by Pollack (1975).

It can al so be defined as "the creation of an acoustic
pat hway between the receiver/earnold system and the atnos-

phere" - Gover (1976).

Lybarger (1985) defines earnold venting as "an openi ng
| eading froma point at the tip of the earnold (parallel vent)
or froma point in the delivery tube ahead of the tip (di agona

vent) to the outside air.

Pur pose of venting: Earnold venting serves innunerabl e Purposes
whi ch, as listed by Longford (1975), Gover (1976), Leavitt
(1981), Macrae (1983), Lybarger (1985), Nol an and Tucker (1984)

i ncl ude the follow ng:

1. Baronetric equalization - Vent intends increasing user's
confort by rel easing pressure, bringing about a baronetric
equalization in the e.a.m This is effectively acconplished
by a small vent of less than 0.031 inches internal dianeter
(ID having negligible effect onthe basic frequency response
carve. For nmediumlength earnold tip, a parallel vent with
a diameter of 0.6 mm (0.025 inch. No.72 drill) is effective.
(Lybarger, 1985) cited by Katz, 1985. The vent ought to
be straight to facilitate easy cleaning with awire. It
allows the air in the ear canal to remain at the same pressure
as the atnospheric air, thus preventing an unpl easant pressure
difference in the earcanal with speedy fluctuation in air

pressure (eg. when driving up a nountain, diving etc.)
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2. It elimnates the bl ocked-up feeling in the ear.

3. It ventilates the ear canal, alleviating the disconfort
of excessive heat and humdity.

4. It reduces the earnold s occlusion of the ear canal, Wich
makes t he bone-conducted | ow frequenci esof the person's
own voi ce much higher in level in his or her ear canal.

5. It prevents the earnold fromacting as an earplug at |ow
frequencies, and allows the very | ow frequenci es of the
person's own voice to enter the ear at nornal |evels.

6. It inproves sensitivity (Watherton and Goet zi nger, 1971),
and speech quality reception or discrimnation in noisy
and qui et environment (Mcdellan, 1967; Hodgson and Mardock,
1970? Revoil s, 1968; Dodds and Harford, 1968; Northern and
Hattler, 1970).

7. It bring about radical nodification of frequency response -
particularly the |ow frequency reduction(dependi ng on the
degree of loss at lowfrequencies) in efforts to obtain
better speech discrimnation in quiet and noi sy environnent.
This is a function of the length and di aneter of the vent,
whet her the vent runs parallel or breaks into the sound tube
(diagonal) and the characteristics of the hearing aid.

8. It allows direct occurs to the unanplified.

9. This is indicated for nedical reasons.

Thus, for clients with noi se-induced hearing | oss or other
simlar high frequency | oss, the major function involves the
reduction of occlusion and earplug effects and nofication of

aid s | ow frequency response.
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Inclients with severe to profound hearing | oss, enploy-
I ng hi gh-powered hearing aids, the nost inportant functions
are static pressure equalization and ventilation of the ear-
Canal achi eved without acoustic feedback and w thout a signi-

ficant reduction in | owfrequency response.

Ef fects of venting:

Broadl y categorizing, vents may be either fixed or adjust-
able. Table-5 |ists nunmerous sizes and di aneters of vents for
di fferent frequency responses. The vent plus the effective
vol une between the eardrunmitynpanic cavity and the inserted
nol d determ ne the | ow pass cut off frequency characteristics
of this system

Tabl e-5: Earnol d venting cut off frequency.

1000 Hz = 0.0875 L + 0.0588 D
0.175 L
,0.35 L
0.5 L
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Fi g. 22 shows a graph of the frequency response of the earnold
for a 500Hz vent when sound enters through the vent
channel w thout any contribution by the hearing aid.
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The effective tynpani c cavity vol unme cannot be altered/
however one can alter the physical characteristics of the vent
itself by increasing or decreasing the dianeter or its |ength.

By decreasing the dianeter or increasing its .length, the |ow
pass resonant frequency of the systemw th decrease. By increas-
ing vent dianeter or decreasing its length, the | ow pass resonant
frequency of the systemw || be increased.

The rel ati onships within this systemare:

v
r 8-}-— - m R e v - - CA = —-—2

The mass (M) is determned by the | ength and di aneter
of the vent, the conpliance (C,) bythe effective volunme in
associated with the tynpanic cavity. Wich is the vol une
existing between the tip of the earnold and the tynpanic
For nmeasurenent, a 2cc coupler isusedto represent thetynpanic
Cavity.
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In the above formula,

F = resonant frequency
MA = vent mass
CA = equivalent tympanic cavity compliance

Po = Density of air = 0.0012 g/cc.

= the effective length of the vent = L+1.6 S/cm’
S = 7R /cm
Rs = Radiation resistance

V = wvolume/cc
C = Speed of sound in cm = 34359 cm/sec.
a. Venting for low frequency enhancement:

The inertance of the vent hole, and the equivalent volume
in the ear canal form a parallel resonant system. If the
acoustic resistance of the vent hole is small compared/to its
inertance, the impedance of the vented earcanal can be greater
than that of the earcanal alone. When this occurs, the SPL
in the eareanal can be higherat the vent resonant frequency
than with no vent present. The resultant enhancement is
depicted in table through . It can be noted that for Ilmm
diameter vents, there is hardly any drop in low frequency
response except for the short hollowed mold, but that conside-
rable enhancement occurs. The frequency of maximum enhancement
decreases as the vent length increases. Possibly the most
useful low frequency enhancement occurs for the 2mm diameter
vents regardless of the tip length. Although the low frequency
response is cut, there is a significant increase around 500 to
600 Hz for short and medium tips that will generally make the

hearing aid sound louder.

b. Venting for moderate low frequency reduction:

Venting as in the above case (2mm diameter) bring about

the considerable low frequency reduction below 350 to 500Hz.
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depending on the tip length. Undesirable anplification at

nmedi um | ow frequency may al so occur. The anplification nay
be nearly elimnated without |osing the | ow frequency reduc-
tion desired by placing a snall anount of acoustic danpi ng
over the vent. The 'Mdifier' earnold utilizes the principle

of a danped vent.

c. Venting for strong | ow frequency reducti on:

For this, a short vent, |arge dianeter nust be used.
A short-hollowed tip with a 3 mmvent hole is the preferred
type. To obtain nore |ow frequency cut with standard type of
earnold, vents larger than 3 mmdi anmeter or shorter than 6.3mm
| ength can be used. For even greater |ow frequency reduction

by venting, the open earnold systemis required.

Non- adj ustabl e vents: O the intentional vents, different

classifications have been cited in literature.

. Sullivan's venting classification chart:

G ass | vent 0.032 - 0.064 71/ 2 2
Caas Il vent 0.078 - 0.125 18| 15| 10| 2
dass |11 No canal 18| 15| 15| 9
"N)lt I Uu'UL]t on No Canal
0 0.200 Hol e 30 29| 27| 22| 18 ' 5

dass |V Hfi 31 34 30 26| 23| 13 |7
non-
occl uded Local i zer 33| 38 33 33 2219 |12
No nol d 1/ 4 i nto canal 32 34| 35| 23 16 15 8
tubing only —

Concha only 44| 51| 57| 50| 40| 26 |27

125 250 500 | 750 | 100G 15002000

Frequency in Hertz.
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I'l.Macrae (1983) reports of the follow ng three types of
vents for use with high powered hearing aids:

. The capillary vent (Lybarger, 1980) which consists of
a constant inner dianeter !l D of about 0.5 mm

Ii. The danped ordinary vent (CGeorge, Barr-Hamlton, 1978)
consisting of a constant |ID of about 2mm and contai ni ng
an acoustic danper with a resistance of about 2000
acousti c ohns; and

ii1. Danped cavity vent (Macrae, 1983) which consists of an
I nner tube-contai ning an acoustic danper with a resistance
of 2200 ohns - running fromthe tip of the earnold to a
cavity formed within the nold, followed by an outer tube,
consi sting of a pinhole, that runs fronthe cavity to

t he outer surface of the nold (Fig.23).

PINHOLE |
TUBEFPOM . R
'HEARING AID
VENT
UTLET N3

H‘*g INNER TUBE'

r\
Ny

CAVITY \Acousnc CavrER

Fi g. 23 - Danped vent cavity.
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To achieve the required acoustic inertance and acoustic resis-
tance the vent/tube size should confirmto the fol | ow ng:
(Macrae, 1983).

Table-7: Vent/tube size required to achieve the necessary
— acoustic resistance and i nertance.

Structure Lengt h | nt er nal Addi ti onal
di anet er
Tubi ng 1.5 cm 1.35 mm
(- 16 tubing)
Quter tube
i ) Pi nhol e 0.2 mmor 0.36 mMm Preferred vol une of
0.25 mm 0.4 mm the cavity = 2.1 cc,

but vol unmes down to
1.4 cc are satlgfap-
tory, easy to obtain
or in adul't ol ds.
i i) Tubi ng 0.59 cm 1.93 mm Due acoustic danper
(=13 tubing) wth resistance of
100 acoustic ohns
(not easily avail abl e)

Acoustic danper with a resistance of 2200 okas mast be intro-
duced into the inner tabe of thevent. |If it is introduced
into the outer tabe, the inner tube and cavity act as a

Hel mhol t z resonat or, produci ng an undesirabl e dip centered

on about 400 Hz in the response of the hearing aid. If pinhole
outer tabe is used, it should have an acoustic danper of 100
acoustic ohns, or else the outer tabe and cavity, acting as a
Hel mhol tz resonator, cause a | arge undesirabl e peak centered

on approximately 800 Hz in the SPL at the vent outlet.

Conpari son of the 3 types of vents was done, with resalts

depi cted in figures 24.
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This indicates that all three vents prevent a significant
redaction in responses at the | ow frequencies. They al so suggest
i) that the danped cavity vent is the nost effective of the

3 at preventing acoustic feedback.
ii) that the capillary vent is the next nost effective, and
iii)that the danped ordinary vent is the |least effective. How
ever, Macrae (1983) reports that further investigationis
required to adequately assess the relative effectiveness of
the 3 types of vents and to define the range of hearing

ai d powers over which each is effective.
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I1l. Side branch (diagonal), parallel vents and external vents:

General consideration: Wien the vent length is held constant,

an increase fromsnall IDto large IDw Il result in the vent-
rel ated resonance increasing in frequency; i.e. the larger the

| D of the vent, the higher the frequency of the vent-rel ated
resonance. An increase in IDw Il inprove the effectiveness

of the lowfrequency roll-off bel owthe vent-rel ated resonance,
i.e. the slope of the roll-off will becone steeper. Conversely,
the smaller the vent ID, the |ower the vent related resonance

and | esser the lowfrequency roll-off.

Paral l el vent/lateral bass tube: This is the preferred type of

venting, wherein no intersection exists between the sound bore
and the vent resulting in avent that is as long as t he sound
bowe. Thus, the inpedance of the parallel vent due to mass is
| arge whi ch essentially elimnates the escape of high frequency
energy out of the vent. Very small, parallel air rel ease vent
in the earnold, of the order of 0.030" or smaller will not cause
appreci abl e change in the hearing aid response except at quite
| ow frequenci es (Eybarger, 1967). But as the vent size becones
| arger, systematic changes can be observed. Vent associ at ed
resonance occurs at frequencies which are related to | ength and
di aneter of vent, in conjunction with the size of the earcana
eardrumcavity to which the earnold is coupl ed (MDonal d and

St udebaker, 1970). studebaker and Cox (1977) have shown t hat
this vent associated resonance in a tightly sealed earnol d can

be as much as 8-10 dB at the resonant frequency in the real ear.
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When a vent is drilled parallel to the bore of the earmold,
that portion of the frequency response below the vent-
associated resonance falls off precipitously, but above, the

response remains at the same level or increases slightly.

Sidebranch/diagonal vent: The vent intersects the main sound

bore of the mold at some point, dividing the sound bore into
a portion that is medial and a portion that is lateral to the
vent intersection. The theory of side branch vent (Kinsler
and Frey, 1961) cited by Studebaker and Zachman (1970) states
that when the length of the sidebranch is much smaller than
the wavelength of the signal, the side branch may be treated
as an orifice. Thus the power-transmission ratio beyond the
side branch to that before the side branch may be calculated

using the formula -

p=1

1+ (ma’/2Sbk)’
P, = power transmission ratio
S = Cross sectional area of the main pipe.
b = length of the side branch including end correction for

inertance of air at the orifice.

k - wave length constant - 2/A where A = wavelength
At higher frequencies, the combined impedance of the earcanal/
eardrum and the portion of the sound bore medial to the vent
intersection 1s greater than the impedance of the relatively
short side-branch vent (Studebaker and Cox, 1977). As a result,

high frequency energy can flow through the vent more easily

than through the sound bore into the earcanal/eardrum cavity.
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The net effect is a redaction in the high frequency out put
nmeasured at the eardrum Al so, inpedance discontinuity
at the junction of the vent and the sound bore creates sone
refl ection of acoustic energy, which, however, is mninal

I n nost situations (Studebaker and Cox, 1977).

Snmal | earcanals, at tines dictate the use of side-branch
vent. Studebaker and Zachman, 1970, Studebaker, and Cox, 1977,
Lybarger, 1979, recommended that the side-branch vent be drilled
to intersect the sound bore as cl ose as possible to the nedial
tip of the earnmold which will naxi mze the vent's inpedance
and ensure a m ni num anount of hi gh frequency energy | oss.

Al so, a side branch bass tube has nuch | ess feedback attenua-
tion than a bass tube running parallel to the sound canal

(Johansen, 1975).

In short, diagonal vents may produce a significant reduc-
tion in the high frequency response in addition to the | ow
frequency roll-off. Skinner (1988) reports of upto 10 dB or
nor e decrease in gain above 1000 Hz if vent is large. Parallel
vent is preferred owing to its spectral affect bei ng confined
to lowfrequencies. D agonal vents, however, are often the
only available alternative owing to the narrow ear canal. In
t hese cases, the high frequency reduction caused by the di agona
vent may require conpensation in both response and gain of the
hearing aid. (Ey, 1981). An alternative solutiontothis, as
recomrended by British Audiol ogical society (1984) is the use

of an external vent as depicted in the figure No. 25.
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Vated Mir: 5 Unvented Response in Cocibuls for Simulated Tubing-Type Earmold on DB100 Coupler {from Lybarger, 1978a). N
) ' vent . Freguency (1,2}
diameter -
{mm} 200 250 a5 400 50G 830 800 1009 1250 160N
a. Short hotiowed tip, paralie! vent
N 1.0 --8 -3 4 8 5} 3 1 1 1 1]
2.0 —22 -18 -13 -9 -2 6 .5 4 ta 2
3.0 -39 —-24 -20 -16 -11 -5 1 1 A 3
b. Short tip, paraflal vent
1.0 ~2 4 7 5 3 2 -1 1 0 0
2.0 -7 -13 -3 ~2 6 g 3 3 2 1
3.0 —i5 -20 —u -1z -6 1 4 3 4 3
¢. Medium tip, pas 2ite! vent
1.0 i} 6 4 2 1 1 1 0
2.0 -y -11 - 0 9 5 2 3 2
3.0 -1 -19 : -10 —q 4 3 3 4
d. Lang lip, paralle t vent
1.0 i 6 5 3 2 1 0 D
2.0 -4 ~10 ~4 4 9 5 1 2 1
a0 -, -18 -3 -0 -2 6 1 2 3
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e. “Posilive venting valve, short hollowed Bip, 1.5-vie dinmeter puarallel vent

1
(0.125) -15 -15 -9 -4 4 9 5 3 2 1
e - 2
7--.._, {0.094) -18 - 14 -9 -3 4 9 4 3 2 1
3
o (0.062) -18 -13 -8 -3 5 8 4 3 2 1
L 4
(0.031) -15 =113 -5 1 8 6 3 2 1 1
5 . .
{0.020) -3 -5 0_ 4 5 3 1 1 1
L. "“Positive venting valve,”” short hollowed tip. 3.0-mm diameter parallel vent
. 1 -23 —24 -19 =15 -4 2 1 4 3 2
2 ~27 -23 -1 -14 -3 3 2 4 3 2
- 3 —-23 -21 =14 —-12 0 4 3 4 3 2
1 a0 4 —-29 —-16 =13 -8 6 4 3 2 2 1
5 =11 . =8 -3 1 3 2 1 1 1 0
a. "Positive veniting valve,’’ long tip, 1.5-mm ' neler vent channet
1 - -3 4 9 6 3 1" 1 1 1
2 -3 -3 4 aQ & 3 1 1 1 1
3 =t -3 4 g B 3 1 1 i 1
4 - -2 5 9 5 3 1 1 1 1
5 -5 ] 5 6 4 2 0 1 1 1
h. “Positive venting alva,"” long tip, 3.0-ntta i aeter parallel veant channe!
1 -2 —-17 -1z -6 -1 7 1 3 4 3
2 =21 —i8 - -6 0 7 1 3 4 3
3 -2} -15 =11 -5 1 8 1 a 3 2
4 -1 =14 -8 -1 5 7 ] 3 3 2
5 -1 -8 -3 3 4 a 0 2 2 i
Vent _l;;';e;t;ency (Hz)__ —
diamet :
{mm) 200 250 315 400 500 830 80 1000 1250 1600
i. “Select-a-vent, short hollowed V.., 1.5-mm diameter paraitel vent channe!
1
.15 -19 —~15 —-i0 -5 2 8 - a 2 1
2
0125 . -19 -14 -10 -4 3 g9 4 3 2 1
3
(0.100) -18 -14 -9 -3 4 9 4 3 2 1
4
{0.054) -12 -8 -2 & 9 5 2 2 1 1
5
{0.031) t 3 3 3 2 1 0 Q 0 ¢
i "'Seleci-a-vant,” short hailowed tin, 3.G-mm &Y nster paralie! vent chanee! :
C—-.Q\ 1 -2 -%4 -5 -15 —11 -5 : 4 3
. 2 -22 —-22 -i5 -13 -8 -2 3 ? 4 3
3 - i —20 —18B —12 -6 -0 5 3 - 4 3
4 -15 ~11 ~3 1 8 7 3 2 2 1
5 Q 3 3 3 2 3 1 1] ) 0
k. “"Sefect-a-ve -, fong tip, 1.5-mm diameler paralte! vent channe :
1 - ) 3 =] : T 3 1 2 1 1
2 -9 -4 3 g 7 3 1 2 1 1
3 -5 —4 4 g B 3 1 2 1 1
4 -6 -1 7 8 5 2 1 1 1 1
£ i 4 d 3 2 i o H i o]
). “Select-.-vent, ' long tip, 3.0-r2m diameter paraliel vent channs!
1 - —-17 —12 -7 -1 8 1 3 4 3
2 -20 —-16 —~11 —6 0 7 2 3 4 3
3 —2n -15 -1 -6 1 8 2 3 3 3
4 -ti -3 -4 3 g s 1 2 2 2
5 -1 2 4 3 2 1 0 1 1 o
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Adj ust abl e venti ng:

When the hearing aid is fitted, it is at tines difficult
to pre-establish the amount of venting, if any, that wll
serve the user.best in his actual environnment. Venting systens
are now avail abl e that permt changes in venting w thout
remaki ng the earnold. These include -
1. Variabl e venting val ue (VW)
2. Positive venting val ve (PW)
3. Select-a-vent (SAV)
(Blue, 1972; Haigh, 1973; Briskey and Wuk, 1974 reported by
Langford, 1985 and Lybarger, 1985).

1. Variabl e-venting val ve:

Descri bed by Feiagold (1972), Giffing and Shields (1972),
this device is a precision-tool ed air val ve neasuring 0.250"
in diameter and 0.156" in depth. It is nade frombrass and
gol dpl ated several tinmes for protection against noisture. The
valve is inserted permanently and securely into the earnol d
to preclude | eakage. The value is controlled by a small plastic
knob that can readily be adjusted by the user to any degree
of open-or-cl osed val ve position. The threaded val ve may be
turned over 540 of rotation fromfully closed to fully open

posi tion.

The rationals for using a VW is that frequency response

la altered by the user and not the dispenser. This permts
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the user to adjust the venting of his coupler systemto inprove

his hearing in the particular environnent (quiet to noisy).

The cl ains made by Gl ffing (1971, 1972) for VW are -

1) The listener has control over the output of his hearing
aid over the entire frequency range.
ii) Listener has control over the |Ioudness of the hearing aid
out put by adjusting the degree of venting.
i11) Listener can enhance has ability to perceive speech in
noi se by adjusting the degree of venting.
L- (ARMOLD  &- YAV HEAD
- YENTING $= THREADED
Cana VALVE STEM
3~ 601D §= APERTURES -
Fi quie: VarilmhMet vent i
"VVV" SCHEMATIC
A
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Fig.20: Attenuation charts show ng attenuation of hearing aid
frequency response wth VWW.

The effects of a typical ear-level coupling system using
the VW as shown in the figure above. Fromthe closed to the
full open position there is a considerabl e reduction in |ower
frequencies (F; and F,) , yet higher frequencies (F3) have
mni mal suppression. Lybarger (1978), cited by Leavitt (1981)
has indicated that the range of ventingwith the VWWis simlar
to that of SAV and PW inserts described bel ow. Because, some
nodel s of the VW incorporate a highly visible screwon the
face of the earnold, the VWnay not be desirable if aesthetic

considerations are inportant. Acoustically, however the VW
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may provide nore venting flexibility since the change in vent

di aneter can be nade nore gradually (Leavitt, 1981).

Cooper, Franks and McFall (1975) Investigated the frequency
response and | oudness reduction characteristics of earnolds with
VW, enploying both side branch and laterally vented earnol ds.
Sound pressures were neasured at 44 frequencies from100 to
4,000 Hz. in anodified HA-2 coupler wth the VWin for closed,
1/3 open, 2/3 open and 3/3 open. The effect of venting was
primarily in the lowfrequencies. Little or no reduction in
intensity was observed in the speech frequency range and a
noder at e anount was noted in the higher frequencies. The side-
branch vented earnol ds were found to be nore effective than the
|aterally vented earnolds. Cal cul ated | oudness reduction in
phons were snmall. The effectiveness of the VW, whet her assessed
by the frequencyresponse or |oudness reduction characteristics
was found to be achieved wthin the first one-third of opening.
Further opening had little effect. The utility of VW to the

geriatric hearing aid user was reported to be questionabl e.

2. Positiveventing valve (PW):

The PW, as reported by Langford, 1975; Leavitt, 1981; and
Lybarger, 1985 is a versatile nmethod for the di spenser and not
t he user, whereby the degree of venting can be controlled. For
the geriatrics and those who have problens wth dexterity, it ia
the responsibility of the dispenser to determne the vent hol e
size required to neet the needs of the user. The PWpermts the

di spenser to quickly and easily bring about increnent or decre-
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-nmeat of the vent size. This consists of a permanently installed,
clear styrene seating ring and a renovabl e pol yet hyl 'ehe venting
plug, available in five different sizes, plus a solid plug (as

depicted in figure (28).

PVV FVV
Seating Ring / Plug

A Vormon. e B " Vent - Choice of 5 Sizes

Fite €. PV .

The size of the air boreis 0.155". The size of the plugs
range froma large 0.125" to a pi nhol e size of 0.020", and a
solid plug. The earnold |aboratories supply the PWin kit foxm

with atool for easy renoval or insertion of the desined pl ug.

Langford (1975); in a study using standard 2cc coupl er
determned the effects of vent plugs of different sizes on

frequency response when length and I D of tubing were constant.
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Fig. 29; Effects of PWon hearing aid response (Langford, 1975)

Resul ts denonstrated that the No.4 and 5 pl ugs have m ni nal
effects on the frequency response, and are used for pressure
relief venting. Use of |arge vent plugs No.l, 2 and 3 indicates
a definite response effect in the first formant (200-1200 Hz)
and are used to nmake the appropriate acoustic nodifications so
as to fit the hearing aid according to the individual's require-
ments, simlar results were obtained by Lybarger (|1985), depictedd
in table-7. Internedi ate vent response characteristics can be
obtained by drilling suitable size holes in the undrilled insert

or by unlarging a smaller hole to the desired di aneter.

3. Select-A vent (SAV):

As reported by Lybarger (1985), this systemhas inserts

wth five hole sizes and one wi thout a hole. These include:
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Tabl e- 8: SAV si zes.
Vent nunber Hol e si ze

0. 156"
0. 125"
0. 100"
0. 054"
0. 031"

a ~ W N R

The hol es are longer In SAV type when conpared to PV,
hence the two types give different amounts of venting for the
sanme di aneter holes. "The inserts fit precisely into sockets
on the outer face of the earnold. Sound reaches the vent
inserts via a sound channel that starts at the earnold tip.

If this channel is to long or two small in/dianeter, the inserts
may have little effect. They work beat when the channel is
short and at least 3 mmin dianeter"(Lybarger, 1985), this

bei ng applicable to PW al so.

Tabl e 8 shows the vent response for SAVinserts when used
in a short-hollowed earnold with a 3 nmdianeter by 3.7 mmlong
vent channel. Here again, as in PW, the nunbers,I|,2, 3 inserts
are about the sane. The nunber 5 insert nmakes a good baronetric
pressure equalizer with little effect on response. S mlar
result was denonstrated by Qunni ngham (1988) ina/studyon the
effects of SAV di aneter change on the insertion gain delivered
through a regular earnold with |ong canal and long parallel vent
on 13 otologically and audiol ogically normal young subjects

(5 males and 8 fenales) Wth nmean age of 24 years. The SAV
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di aneters included, unlike that used by Lybarger (1985) - fully
occl uded pl ug, 0.031", 0.062", 0.095", 0.125", 0.1563, and 0.188".
Results highlighted that |arge dianeter vents create greater
| ow frequency attenuation when | ong, |arge dianeter vents are

enpl oyed.

As in PW, internmedi ate vent response characteristics
for SAV systemcan be obtained by drilling suitable size holes
in the undrilled inserts or by enlarging a snaller hole to the

desired di anet er.

I'l.Acoustic danping:

Tubi ng resonance and a Hel nholtz resonance (produced by
t he acoustic conpliance of the air cavity in front of the
hearing aid receiver) causes a sharp peak around 1000 Hz in
t he output of BTE aids as neasured in 2ec coupl ers and around
2000 Hz or higher for ITE aids (Skinner, 1988). These can be
excited by sharp transient sounds, causing a 'ringing’ or 'echo-

Ing'" sound. Various acoustic resistance or danpi ng el ements

have been used to snooth t he frequency response of hearing aid

- eanaold system and to control gain and saturation output.

The effect of acoustic danpers on the hearing aid
response are determned by:
1. The val ue of the acoustic resistance, higher val ues causing
nore flatteni ng of peaks.
2. The nunber of danpers used, and
3. The location of danper(s) in the acoustic transm ssion

system (Lybarger, 1985).
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Killion (1977), Cox (1979) report that an acoustic danpi ng
el ement ean only dissipate energy when there is air flow ng
through the elenent. As the air flow through the el enent
I ncreases, the effectiveness of the danpi ng el enent increases.
Cox (1979) has pointed out that for wave | ength resonances,
t he anti nodes of the standing waves in a tube represent the
posi tions of maximumair flow, the location of which, for a
gi ven frequency and length of tubing can be nathematically
calculated. Wth this, one can being about a sel ective reduc-
tion in resonance peaks at certain frequency by placing the
danpi ng elenents at the antinode | ocati on of unwant ed resonant

f requenci es.

Killion (1977) reported that for the danping to occur,
t he acoustic danpi ng el enent shoul d have a characteristic or
surge inpedance equal to that of the earnold tubing. A danping
el enent that has a resistive value equal to the surge inpedance
W ll properly termnate a transmssion line (i.e. hearing aid/
earnold tubing) resulting in absorption of all incidental
energy, thereby avoiding the reflections of energy which are

basically responsi bl e for the resonant peak.

Energy reflected at the point of inpedance discontinuity
creates standi ng waves and t he consequent wavel engt h resonances.
If the energy is conpletely absorbed at the end of the tubing
line, no reflection and no standi ng waves occur. Additionally,
when the tubing of the anplification systemis properly term-

nated, the transmssion of sound down the tube is nearly
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| ndependent of the length of tubing between the hearing aid

recei ver and the danpi ng el erent.

Danpi ng el enents - the resistive/danping el enments include the

fol | ow ng:

1) Lanb' s wool

i) Santered filters (sintered netal pellets)
iii) Cotton

iv) Fused plastic nmesh, etc.

Lanb’'s wool : As reported by Langford (1975), one nethod of

danping is to insert lanb's wool in the tubing or nold of the
coupl er system The degree to which the response changes when
thisis usedis difficult to determne unless artificial ear

I s avail abl e, hence changing the response is purely on atrial
and error basis, results being obtained subjectively fromthe
user. The density of the packing determnes the degree to which

t he response changes.

Fi g.30 depicts that the responses in Fl and F2 can be
altered without appreciably affecting F3. Fi g.31 illustrates
the effectiveness of excessive danpi ng when |anb's wool is

used.

Sntered filters: As reported by Decker, 1974; Langford, 1985,

an alternate nmethod of controlling the spectrum by nechanica
means is to use sintered filters in the tubing. These are

smal | cylinders of stainless steel ball sintered (Wl ded) toget-
her in such a manner that predicts the degrees of acoustic

attenuation that can result. They are used to reduce the | ower
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portion of speech apectrum(F and F2), with mninal effects

on highs (F3). These are considered to have a repeatability

of + 1 dB for the sanme basic frequency response. Fig.32

illustrates the effect of sintered filters on hearing aid

response. George and Barr-Hamlton (1978) also report that

for earnolds provided with high gain aids, the bl ocked sensa-

tion can be renoved without altering the output and occurrence

of acoustic feedback using sintered venting.

s————— BATIC

iSYIV] 147 LIGHT
A} 12" MEDIUN

LRI 12° FULL

RV 172" MEDIUS
AR 1727 FuLL

Fi g. 30: Lanb' swool - responses in FI and F2 altered w thout

appreci ably effecting F3.
Fig.31: Effect of excessive danping with Lanb's wool .
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Fig 32: Efects of sintered filters on hearing aid response.

& her danpers: Acoustic danpers have been successful |y made
fromdiscs with a snall hole(s), fine netal screens and

porous stainless steel plugs. The type that has found great est
use in recent years (Kndmles BF series) is made fromvery fine
fused plastic nmesh nounted in a snmall netal ferrule (ring) which
fits into No. 13 tubing. Danpers of this type having resistance
val ues of 680, 1000, 1500, 2200, 3300 and 4700 (cgs) acoustic

ohns are currently avail abl e (Lybarger, 1985).

To obtain optimal response snoothing in a particular
frequency region, the dispenser identifies the frequency of
t he unwant ed resonant peak, cal cul ates the surge i npedance of
t he tubing (1400 ohns when No. 13 tubing is used), and places the
appropri ate danping el enent at the desired antinode |ocation in
the tubing.Killion (1977) reports that this pfocess may be sinpli-
fied by placing two appropriate danping el enents 20 and35 nmm
back fromthe tip of the earnold. Skinner (1988) reports that
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sone manufacturers use a single 680 or 1500 or 2200 acoustic
ohns danper in the earhook rather than near the earcana
because noi sture fromearcanal can clog the danper and cut off
t he sound. When the danper is placed at the tip of the ear-
hook, there is little effect on the resonant peak at 2000Hz
because of t he danper's | ocation at 1/4 wavel engt h node (Lybar ger,

1985) .

Qt her properties:

In addition to snoot hing the resonant peaks in the out put
of the anplification system which often reduces patient - com
pl aints associated with tol erance problem this can reduce
f eedback probl ens whi ch may be associated with sharp peaks in

t he out put of the system(Killion, 1980).

In a recent study, Cox and G | nore(1986) found that 8/10
hearing inpaired listeners found hearing aids w thout danpers
to produce slightly clearer, nore pleasant sounding speech
than those with danpers. Though further research is inplicated,
this suggests that acoustic danpers do not necessarily inprove

sound quality.

Carlson's Twi n Tube Procedure:

Carl son (1974) reported by Levitt(1981), devel oped a
techni que effectively elimnating the tubing wavel ength reso-
nances utilizing two identical |engths of properly danped tubing
in aparallel circuit configuration. One length of tubing
ends in a closed plug, which represents a hi gh inpedance term -

nation, and the other termnates at the earcanal (a relatively
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| ow i npedance termnation). The figure 33 illustrates this

arrangenent for eyegl ass and ear |evel aids.

Fig.33: Carlson's twin tube (A for an eyeglass aid (B) for
BTE ai d.

Carl son noted that at quarter-wavel ength resonanee points,
one length of tubing represented a high input inpedance, while
the other identical length of tubing represented a | ow i nput
| npedance. Thus, a cancellation effect was observed at these
reference points. Acoustic danping el ements were placed at the
i ntersection of the two tubes to avoid i npedance fl uctuations

and discontinuities at off-resonance points.

[Il. Horn Effects:

Acoustic horn:- Killion and Know es (1978), Killion (1981);

Brunved (1985) report of the use of acoustic horn principle

In heating aid response nodification. Acoustic horn, as defined
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by Brunved (1985) is "a tube of varying cross-section having
different termnal areas that provide a change of acoustic
| npedance”. |n hearing aids, the horn provides a better acoustic
| npedance of hearing aid tubing and the rel ative | ow i npedance
of the ear canal. This is acconplished gradually or in steps,
increasing the 1D of the hearing aid s plunbing, consisting of
sound hook, tubing and earnold. The tubing di ameters are commonly
on the order of 1 mmIDtubing at the receiver, 1.3 to 1.4 mm
I D through the earhook, 1.9 to 2 mmID in the coupling tubing
whi ch extends fromthe hook to (and generally through) the

earnold as in Fig. 34.
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Fi g.34: Typical ear-level hearing aid coupling system

The result is a reclamation of high frequency energy which
woul d ot herwi se be | ost due to poor inpedance match. |n other
wor ds, the use of horn configuration increases the higher frequet
cies of the hearing aid response. The effectiveness of a horn
I s governed by specific acoustic laws with regard to the physical
di mensions of the horn. Typically, a plubbing systemhaving a
total length of 80 mmand termnating with 4 nminside di aneter
at the earnold will start increasing the high frequencies at
about 2000 Hz and may show upto 5 dBto 8 dB increnent at 4000 Hz
Very short horns (for eyeglass and | TE applications) show no hi gh

frequency i nprovenent of practical val ues.
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Sonme useful results from Transm ssion Line Theory reported

by Killion (1981) pertinent to horn effect (tapered |ine)

i ncl ude;

a)

Little increase in the output will be seen at frequencies
below the effective flare cut off frequency' determned by
the rate at which the dianeter of the coupling tube increases
with length. Doubling the dianeter every 39 mm using either
a continuously-tapered or a stepped-bore coupling will give a
cut-of f frequency of about 3 KHz; doublingevery 13 mm (3x the
flare rate) will provide a cut off frequency of about 9 KHz
etc.

The increase in output above the effective cut-off frequency
wi |l be approxinmately proportional to the ratio of the dia-
meters of the outlet and inlet ends of the coupling tube.

For instance, a 6R12 used with a w deband OTE aid will provide
a coupling systemof about 43 mmthat starts with roughly

2 nmdiameter inlet and ends wth a 4 nmdianeter outlet at
the earnold tip. This 2.1 ratio corresponds to an expected

pressure gain of 6 dB above a 2.7 KHz cut off frequency.

Li bby horn - The Libby Mdification of the 8CR earnol d was

| abel ed the 4 mmLibby horn. The tube is used without interna

danpers, the snoothing of response being acconplished by a
danmper, typically 1500 ohns placed at the end of the earhook
for OTE aids.

Li bby made conmercially available what is essentially the

Killion 6EF dual tubing earnold as a single nol ded piece |abeled
the 3 mmLibby horn. (Fig.35).
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Fig. 35: The Li bby horn.

The effect of the 3 nmand 4 nm Li bby horns with a 1500
ohmdanper at the end of the earhook, as a conpared to the sane
43 mm |l ength of single No.13 tubing without danping is shown

bel ow. The change in response as conpared to that of No.13 i s
shown in Fi g. 36.
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Pig.36: EFPECT OF 3 4 mm LIBBY HORN.
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BakKke horn - An earnold with a Bakke-hom gives practically
t he sanme acoustical performance as an earnold with a Li bby
horn. Inthis, the tube is easier to exchange and the nol d
relatively easier to manufacture. The horn is nmade of rigid
plastic and can be glued directly into a hard acrylic earnol d.
For use in connection with soft earnolds, another version of the
Bakke horn, the BaKke horn's' with a large flange and fasteni ng

area i s availl abl e.

Fi g. 37: The Bakke horn.

In the case of narrow earcanal, difficulty is encountered,
In obtaining a round opening of 4 mMmin dianeter in the tip of
the earmold. A4 mmround opening is not essential, however.
Therefore in the area of the opening, it is possible to benefit
fromthe fact that the ear canal often has an oval cross-section
and nmake the top part of the opening oval or partly w thout wall,

as proposed by know es and Killion cited by Bergenstoff(1983).

It can be concluded therefore that earnolds w th horns
give a nmarked inprovenent in reproduction of the high frequency
sounds especially in connection with w de range hearing aids.

In practical testing of earnolds with horns, users have reported

that the sound is nore pleasing, natural and |less tiring and
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the intelligibility of speech is nmuch better especially in
noi sy environment (Watson, 1960; d sen, 1971; Pascoe et al,
1973; Triantos and McCandl es, 1974) cited by Hy (1981). In
addition a famly of hearing aid user has observed that the

user hinself speaks nore clearly (Bergenstoff, 1983).

The ot her devi ces i ncl ude -

Exponenti al horn - (Brunved, 1985) which is a horn with cross-

sectional area increasing exponentially with axial distance.

Killion horn - this incorporates acoustic horn usually with

danping plug (filters).

Reverse horn - this is a tubing/earnold conbination that term-

nates at the earnold with a snaller IDthan that of the tubing,
thus rolling off the higher frequencies (opposite of acoustic
horn). In other words, it can be used to reduce hi gh frequen-
cies in aprescribed, controlled and reversi ble manner. The
fig.38 represents the cross-section of reverse horn as reported
by By (1981).

Fi g.38: Cross section of the idealized reverse acoustic horn
earnold. AL1LO mMIDtube, 5 mMmlong is show inserted
into the tip of the nold.
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Tucker and Nol an (1984) report that such devices utilizing
the horn effect are inpractical for use with young children
because of the physical size of the ear and associ ated earnol d
probl ens. However, it proves advantageous for ol der children,
particularly those with nore severe high frequency hearing | oss.
Various experinental studies highlight the inportance of a good
extended hi gh frequency response in relation to hearing -inpaired
children's speech discrimnation abilities (Watson, 1960? d son,
1971; Pascoe, et al 1973, Triantos and McCandl es, 1974) as
reported by Tucker and Nolan (1984). This inplies the inportance
of acoustic horn in the ongoi ng nanagenent of the hearing

| npai r ed.

Frequency Gain Mdifiers (FGV:

The typical SN loss configuration depicts a high frequency
hearing | oss with inpaired speech discrimnation, naking the
| oss a serious handi cap. "The goal of a hearing aid then,
shoul d be to obtain specific soundpressure |evels representing

normal hearing" (Bennett, 1983).

In use of the conventional nold, thereis a decrease in
gain in the range from 2000-3000HZ and natural earcanal reso-

nance decreases as depicted in Fig.39.
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Fi 9.39: Change of response due to earnold insertion.
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To solve this problem Bennett, (1983) contrived an ear-
nol dsystem by addi ng cavities of varying sizes to increase
t he hi gh frequency output of the aid and nold in conbination
by 10-20 dB SPL at 3000, 4000 and at tines 5000Hz wi th the
FGM system Bell ed Canal s becane a necessary part of this
system the final devel opment being a resonator type earnold
w th exact stepped cavities of a belled canal. No tubings
run through the bore area of the nold (Fig.40). Thereis a
speci al seal er cap upon which standard or thick walled 6 13

tubi ng can be attached with ease.

Tl
e

St g, e
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Fi g. 40: FGM nol d.

Afamly of FGMnol ds have been contrived to fit the
di fferent hearing Boss configurations. The guidelines to use

these listed out by Bennett, (1983) include -

1. FGMearnold # 1: should be fitted for noderate to severe

hearing | oss (45-65 dB). |If the patient's hearing i s nornal
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1000 Hz and a large anount of gain is required in the high
frequency region this nold can be utilized, only requiring

alittle looser fitting.

In sound field testing, if nore gain is needed at 500 Hz,
the FGMnold # 2 should be used. This is the nore versatile
of FGMnolds. Here, increase in gain requirenents at 500 Hz
necessitates the use of |ow frequency venting # D. If all
the low frequency of the hearing aid is required, but need
to relieve sone of the pressure in the canal, use vent B.
This nold can be used snug or | oose, but in nost cases used
| oose. If # 2 is ordered, this will be nade | oose and with
avent %G this wll cut the low frequencies of the hearing

aid to nmaxi mum

i) FGMearnold # 3 is designed for an open canal type of fitt-

ing. It still retains the high frequency cavities with the
sane anmount of gain in the high frequencies as the other FGM
nol ds. The cavities fit in the top of the canal with 3/32"
or nore opening in the bottomof the canal. This will help
cut the lowfrequencies elimnating the 'stopped up' feeling
and hel p with the conplaints of background noises. |If the
audi ogram shows a loss from 35 dB at 1000 Hz to 1500Hz or
sound field testing shows a 10 dB to 15 dB gai n between the
threshold and confortable level, and if the average tol erance

islow then # 3 wll work best.

iv) FGM earnold # 4 is designed for an open type of fitting, the

sane as # nold, but # 4 elimnates feedback.
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Changi ng the venting size will also change the 500-1000Hz
output. This can be done by inserting different size tubings.
| f the audi ogramshows | osses of 35 dB at 500 Hz to 55 dB at
1000 Hz to 1500 Hz, this nold ought to be used.

Thus, the systemof four styles of earnolds fabricated
w th Bennett (1981) patented cavity configurations (U S
patents # 4349003 and # 26659) do cover nost fitting needs.

The Killion series of earnol ds:

A renai ssance in earnold technol ogy has resulted fromthe
contributions of Killion, whose objective was to produce w de -
band and flat or snooth insertion response curves (Killion,1979).
This work has led to a better understandi ng of earnold technol ogy
as related to inproved insertion gain characteristics. Killion's
work was aided by the availability of the Zw sl ocki coupl er
(Sachs and Burkhard, 1972) and the KEVAR mani ki n (Bur khard and
Sachs, 1975).

In developing an earnold systemfor an experinental w de -
band hearing aid (Killion, 1976), the concept ofusing two
danpers in specified locations in the earnold tubing systemwas
conceived (Killion, 1976). The earnold system adopted was
termed the 6R10, with '6' designating the cutoff frequency(6 KHz),
"R10" indicating arising response that was 10 dB hi gher at
6 KHz than at 1KHz, as measured using an ear simulator

(2w sl ocki coupl er).
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The major Killion series of earnolds reported by Killion,

1981, include the follow ng -

1. The 6R12 earnold

2. The 8CR earnol d

3. The 6AMearnol d

4. The 6BC series of earnold

5. The 16KLT ear nol d.

6. Modification of the 8CR earnol ds by Libby, called Libby
nodi fication of the 8 CR

The followi ng few pages furnish the details of the above

nmentioned Killion series of nolds.

1. The 6R12 earnold (Knowles and Killion, 1978): This earnold

was designed to provide a 6 KHz cutoff frequency with a
maxi mum hi gh frequency boost bel ow that frequency and a well
danped response throughout. The 'R stands for 'R sing

response’ .

The construction of the 6R12 nold is represented in Fig.41
along with the frequency response obtained wwth it and a con-
ventional nold used with a wide band hearing aid (The greater
volunme of air enclosed in a |arge-bore earnold causes a reduc-
tion, typically of 1 or 2 dB, in the | owfrequency output of a
wi deband hearing aid). As ageneral rule, the change froma
conventional neld (# 13 tubing to thetip of the earnold and
no danping) to a 6R12 earnold will produce a 10-15 dB reduction
in the height of the typical response peak near 1KHz and about a

5dB increase in output in the 4-6KHZ region.
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Thi s construction was | abel ed the dual -tube 'shell' ver-
sion of the 6R12 (Know es and Killion, 1978), a construction
that uses a section of » 9 tubing to provide the 3 nmdi aneter
portion of the sound channel. This dual-tube version has
been nor e popul ari zed than the origi nal single-tube version,
which requires a 'regular* (concha-filling) earnold construc-
tion to provide sufficient length to accommodate both the 3 mm

and 4 nmdi aneter portions of the sound channel .

The earnold utilizes the horn effect by going fromnarrow
tubing at one hook to wde tubing at the earnmold tip. Itis

nmade as fol | ows:

(i) The 4 nmbore fromthe tip to the earnold i s nade 10 mm | ong.

(i) Apiece of No.9 (3 nmdianmeter) tubing is placed to begin
10 mmfromthe tip of the earmold and to extend for 8 mm
(The piece of tubing will have to be nore than 8 mm | ong
so the next piece of tubing can fit intoit. However, the
di stance fromthe insertion of the No.13 tubing to the
4 mmopening is 8 mm).

1ii) Apiece of No.13 tubing is inserted into the No.9 tubing
and pushed in far enough to |eave an 8 mmlength of No.9
tubing. (The total length fromthe tip of the earnold to
the end of the No.13 tubing is 43 mm).

iv) The tubing is glued together, and danpers are inserted. (ne
680 ohm danper shoul d be placed just beyond the insertion
of the No.13 tubing and the other in the No. 13 tubing 35 mm

fromthe tip of the earnol d.
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That users can hear the difference between danped and
undanped frequency responses was conpared by Lawton and Cafarel | i
(1978) cited by Killion (1981). They conpared speech discrim -
nation score(SDS) and sound quality judgenents obtained froma
group of 28 hearing inpaired subjects listening to speech through
hearing aid coupl er through conventional and 6R12 ear nol ds.
There was a slight inprovenent in SDSwith the use of the latter
plus 24 of their 28 subjects preferred the sound quality with
the 6R12 earnol d. Moreover, nost (21) of their subjects pre-
ferred the sound quality of a w deband aid over a conventi onal
(narrow band) aid. The frequency response of their w deband

aidwith the two earnold types is shown in Fig.42.
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I n anot her study by Rezen (1982) subject's communication

function was eval uated, conbining the use of 6R12 earnold

Wi t

h an extended hi gh frequency range aid. H even hearing

I npai red subjects wwth mld to noderate hearing | osses were

eval uated before, during and after a 6 weeks period of use.

Resul ts obtai ned highlighted the increase in functional gain

in

I nt

2.

heteo o Shl ey

the high frequencies with a small inprovenent in speech

elligibility in presence of noise.

The 8CRearnold (Killion, 1979) - This nold, naking use of

the horn effect is designed to provide a high frequency
response to 8 KHz with a broad peak at 2.7 KHz to conpen-
sate for the loss of external ear and canal resonance caused
by closing the earcanal with a nold. Danping provides snooth
response throughout. 'CR stands for canal resonance com
pensation. Fig.43 shows the construction of the 8 CR and a
response curve of a hearing aid using it, as neasured an a

2 cc coupler. A so shown is a curve of the estinmated 2 cc

coupl er response required to obtain a flat insertion response.
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Fi g. 43: Frequency response of wide-band aid (....) and8 (R....)

earnol d, neasured with the 2 cc coupler.
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The nold has a 4 mMmbore which is 11 nm | ong begi nni ng

at thetip of the earnold. A piece of No.9 tubing is inserted
at the opening and extends for 19 mm A No. 13 pi ece of tubing
Is inserted into the No.9 tubing to a depth that will allow
for 19 mmof No.9 tubing fromthe end of the 11 mmbore to the
insertion of the No.13 tubing. A 680 ohmresistor is placed
4 mmfromthe beginning of the No.13 tubing and a 1500 ohm
resistor is placed so as to end 12 mmafter the begi nning of the

No. 13 t ubi ng.

Thus the use of 8CR conpensates for the | ost earcana
resonance and al so provi des a noderate upward sl ope that woul d

be effective for many cases of sensory-neural hearing | oss.

3. The 6AMearnold (Know es and Killion, 1978) - This earnold

Is a dual dianmeter tubing vented type, wth a danper in the
tubing to snooth the response. It is simlar in function to
t he Acoustic Modifier earnold devel oped by McGee, 1964. This
variation has been | abeled '6AM earnold owing to its 6 KHz
cut off frequency and its general simlarity to the Acoustic
Modi fier construction. Fig.44 shows its construction and

t he response obtained with a wi de-band receiver on a
Zwi sl ocki coupl er conpared to the response obtained with
singl e No. 13 tubing. Here, the vent consists of a single

5 mlong hole of 4 nmdianeter. The 3 mmdi aneter hol es

side provide nearly the sane | owfrequency roll off.
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4. The 6BC series of earnolds: The purpose of the 6 Bor 6 C

earnol d design is to provide a systematic nethod of boosting
(6B) or cutting (60 the high frequency response above about

2 KHz. This is acconplished by changing the di aneter of an
18 mmlong bore at the ear canal end of the earnold, beyond
the no.13 tubing fromthe aid. D aneters |arger than that

of No. 13 increase highs; dianeters smaller than No. 13 decrease

hights- & simlar control nmethod is seen Fig.46 for the 6EF
earnol d system

The construction of the undanped 6 BC series earnol ds,
along with the frequency response curves obtained with a w nd-

band hearing aid are represented in Fig.47. The undanped 6B10
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(Boost 10 dB) earnold has a large dianmeter 4 nmhole for a full
18 mm I n practice, such an earnol d woul d probably be constructed
by cenenting a section of # 13 tubing inside a section of # 7
tubing (with a fewmllinmeters of # 9 tubing as adapter) and

cenmenting the conposite into a 'shell' or skeleton nol d.
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The undanped 6C10 (Qut 10 dB) earnold uses a 13 nmlong
section of # 18 tubing (I mMmID cenented inside a 13 mm|ong
section of # 13 tubing (whose | D nmatches the outside di aneter
of # 18 tubing), whichis in turn cenented in an earnold. The
undanped 6C5 uses only a 14 mmsection of # 16 standard tubing
cenented into an HA-2 type of earnold, but it is otherw se

simlar tothe HA-2 earnold with # 16 tubing insert.

The undanped 6B0 earnold is nothing nore than a conven-
tional earnold. It is the 'zero boost' base menber of the

undanped SBGC- series of earnol ds.

Any of the 6BC series earnold is assuned to be danped
unless it is specifically | abel ed as an 'undanped 6CL10'

" undanped 6B10' etc.

5. The 6KLT earnolds: This is an experinental earnold designed

to provide a snooth insertion response out to 16 KHz with

an OTE aid having a very w de-band response. Fig.48 shows
the construction and a curve of receiver response as neasured
on an ear simulator. A dashed curve shows the estinmated ear
simulator curve required to give a flat insertion response.
This earnold and recei ver woul d nmake possible a 'transparent'
hi-fi hearing aid which woul d sound the sane as direct

listening without a hearing aid for a nornmal hearing |istener.
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6. The 6EF earnold (Killion,1981) - This earnol d was desi gned

to work especially well with the Knowl es EF receiver, but
has found to be effective with nearly all Know es receivers.
It utilizes a dual tubing system enploying 21 mmof No.13
tubing fromthe earhook to atermnal section 3 mmin dia-
nmeter and 22 nmlong. |In addition to the benefits of the
basi ¢ dual tubing arrangenent, the 3 mmfinal section

allows the insertion of lengths of snaller IDtubing to

control the high frequency response. The 6EF t akes advant age

thefact that t heout si dedi anet er (CD) of several standard
sizesof tubingis0.116" andthat theyfit well intothe 3 mm
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final dianmeter. For snoothening of the response, a 680 ohm
danper is used at the ead of the earhook on an OTE aid. Its
| ocation is far enough fromthe earcanal to avoid clogging

by wax.

7. Libby nodification of the 8CR earnvol d: Libby (1981) found

that whil e excellent acoustical results were obtained using
the Killion 8 CR earnol d, some practical problens arose
I ncl uding -
(1) accurnul ation of noisture in the tubing (possibly because
of the danper's presence),
(i) cosnetic objections to the nmultiple tubings required,
(iti) thedifficulty of joining the tubings with accurate
di mensi on and

(iv) the difficulty of replacing the tubing assenbly.

To overcone these difficulties Libby had an earnold tube
nol ded in one piece that was generally simlar to the 8 CR
This conposite tube was | abeled the 4 nmLibby horn. The tube
I's used without internal dampers, the snoothing of response
bei ng acconpl i shed by a danper, typically 1500 ohns, placed
at the end of the earhook for OTE ai ds.

The above earnol ds are now commercially avail able from
earnold | aboratories. |If for a particular patient, resonances
at other frequencies are desired, the quarter-wave resonance
ruler (Fig.49) may be used to determ ne the placenent of the

resonators. The quarter-wave resonance rul er suggests the
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distance in mllinmeters and inches fromthe tip of the earnold
at which a resister should be placed in order to obtain the
appropri ate peak. Extrene care ought to be exercised in place-
nment of the resisters owing to small changes bringi ng about
significant novenent of the peak. Trial and error with a
nunber of patients will reveal whether these earnolds offer
aclinically significant inprovenment over the nore famliar

earnol d nodi fi cati ons.

— — —

200 5 4 328 2 A T4 WavE .FREQUENCY IN kHz
| 2

I_Jl_lllIll_lill_iIlll]Illliiilll?lilltliil? LENGTH IN INCHES

00 54 3 ;:g 3 s 2 ! 174 WAVE FREQUENCY IN kHz

0 20 30 40 0 € 70 °°| 9°| LENGTH IN MILLIMETERS .

Fig.49: Quarter-wave resonance ruler.

2 KHz earnol d desi gn:

As a result of devel opnents in earnold technol ogy,
a variety of designs have been specified, perhaps the two

nost wi dely known are Killions 8CR and 6R12 nol ds.

ey .
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Designed nolds utilize bora effects to control the high
frequency conponent and danping to control the aid frequencies,
made for ml d-noderate hearing | osses in adults, constituting
the bul k of the denmands for hearing aids. However, these
nol ds required nodi fication for other popul ations. Eg. children
havi ng canal bore and pi nna di nensi ons too snmall to accommodat e
and 8 CRor 6R12. Efforts are now being nade to respecify
current nold designs for the smallest ear. Al so, those wth
severe or profound | osses may need to have filters renoved from
their 8CR or 6R12 wol ds since the m d frequenci es danpi ng may
be del eterious.Vith a patient wth severe-profound | oss with a
masstilt it is pressunmed that maximumgain is needed in the 2 KHz
area, perhaps ranging from1.5 KHz to 3 KHz. Using the quarter-
wave resonance principles provided by Killion, a coupler was
desi gned that adds resonance to the 2kHz area and shifts the
primary resonance peak upward in frequency by one third actave -
resulting an inprovenent in the gain characteristics. Since
t he wave | ength of 2KHz is about 16 cm a 2KHz resonance peak
requires an abrupt junp or step in tubing diameter at a quarter

wavel ength i.e.4 cmfrom bore openi ng.

Cavity size effects:

Assum ng that the volune of the cavity between the tip of
the earnold and the tynpanic nenbrane is 0.6 cm in the nornal
average, ear and that the inpedance of the tynpani c nenbrane

and mddle ear is equal to an equival ent vol une of 0.8 cn?
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(as defined by the characteristics of the occluded ear sinulator)
the '"normal, average adult' earnold (8.3 nminsertion) operates

into atotal volume of 1.4 cnf(Ely, 1981).

Wth increase in insertion depth, the fallow ng features
can be noted as reported by By (1981).
1) Fi g. 50 depicts an increase of 2-4 dB occuring across the
entire frequency range as the earnold is inserted an
additional 8 3 mmdeeper into the 2w sl ocki occluded ear

si mul at or .

reuin '\,/\A
ol / R

too 200 S00 (866 Jeoe Scos 10,000

Freauency (4

Fi g. 50: Conparison of SSPL 90 of the ear |evel hearing aid _
systemw th standard insertion depth (1.4 cm Zw sl ocki
coupl er volune) and deep insertion (1.04cn? vol une).

The 0.36 cnt coupl er vol une reduction results in a 2 to 4 dB

I ncrease in coupler SPL.

1) Wenever a hard walled cavity volune is halved, the SPL

generated wi Il increase by 6 dB, a factor of 2.
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iii) Wen the volune is doubled, the SPL will decrease by
6 dB.

iv) Wen, however, the actual vol unme between the earnold tip
and tynpanic nenbrane is cut in half, aless than 6 dB
increase in SPL 1 results, because only a portion of
the total volune has been hal ved. The equival ent vol une

of the tynpani c nenbrane and m ddl e ear remai ns the sane.

Ef fect of enlarged earnold cavity in front of earphone nub:

Lybarger (1958, 1979) investigated the effect of a snall
eavity at the tip of the button-type receiver used with body
aids and auditory trainers, usually the result of overdrilling
the hole into which the netal snap ring is heat pressed. |If
the hole is drilled too deeply, a cavity results between the
tip of the button earphone sound outlet and the snaller sound
bore through the earnold. The set of response curves in fig.51.
denonstrated the effect of increasing the volunme in 100mm
steps Wich highlights that the highs are systematically
reduced with a correspondi ng downward shift in the prinary
ear phone resonance from 2500 Hz to 2100Hz. This inplies that
cavity of mninal depth be ensured to provi de the broadest
possi bl e response to the hearing aid user. This is also a
technique utilized in reduction of high frequencies delivered
to the ear where that is desirable, for instance when
attenpting to control high frequency feedback. Additional high

frequency reduction along with a downward shift of the resonant
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peaks can be achi eved by decreasing the dianeter of the sound

bore through the nold (Lybarger, 1958).
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Fig.58: Effect of a snall cavity at the tip of a button type
hearing aid earphone. The high frequency response is
systematically reduced as the cavity volune is
I ncreased in 100 map steps.

Tenporary foam pl ug earnol ds:

I n many instances, trying several different nolds within
a short span of tine is advantageous, when ordering customnol d,
for each of these constructions becones inpractical. This is
when t he tenporary foamplug earnol ds gaininportance. O the
acoustical nodifications of the tenporary foamplug earnolds, the
st epped-di aneter tenporary earnolds and the venting tenporary

foamplug nol ds, as reported by Killion(l98l)have been di scussed.

1. Stepped-dianeter tenporary earnolds (Killion, 1981):

The stgpped-di aneter tenporary eanolds are readily assenbl ed
fromtel escopi ng sections of plastic tubing. The # 9 and=a7 si zes
of PMC or 'vinyl' clear plastic insulation tubing (available from
nost el ectroni c supply houses) provide, along wth # 13 standard

pre-bent tubing, a telescoping set of tubings; the # 13 tubing
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fits inside # 9 tubing which in turn fits inside the # 7 tubing.
A 3/ 16" paper punch will produce a hole, in a pre-flattened

foamplug, suitable for either # 9 or # 7 tubing.

In the construction of any of the earnol ds using tel escop-
ing tubing sections, it is of inportance to keep in viewthat the
only thing that affects the sound is the sound channel itself.
For instance, an HA-2 type of earnold is readily assenbl ed from
a section of # 13 tubing, approxinmately 28 mmlong and a section
of 3 9 tubing approxinmately 22 mmlong, with the # 9 tubing
slipped over the # 13 tubing a distance of 4 nm This | eaves
an active length of 18 nmof 4 mminternal diameter sound
channel (22 mnus 4 amof # 13 tubing) at the ear canal end of
the earnold. Likew se, when the # 13 tubing is slipped over
t he earhook of the OTE hearing aid, the active length of # 13
tubing will be about 25 nm (allowing 3 mmoverlap of the tubing
over the end of the earhook). These di mensi onsof section |ength

ought to be adhered to.

Danpi ng el enments can be inserted in the # 13 tubing portion
of telescoping - tube style earnolds by using the back end of
a# 50 drill bit or a short length of 1.9 nmdiameter tight -
coiled spring as a push rod. 1In either case, stopping at the
proper location is nade easier if the push rodis first inserted
into a clanp or 'pin vise' and |locked into position so that exactly
t he proper anmount of push rod protrudes. The individual |ocation
of two danping elenents is less critical than the location of a
single elenent. An error of 1 mmeither way in the |ocation of

either of two danpers will have mninmal effect on the frequency
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response. Large location errors should be avoided if consistent

results are to be expected.

2. Venting tenporary foamplug earnolds:

M nimal dianmeter vent is useful for baronetric equalization
or to reduce the | ow frequency output of the aid. Venting, in
a tenporary foamplug is readily acconplished by punching an
additional hole and inserting a vent tube with the desired inter-
nal dianmeter. Wth a vent tube equal to the typical 20 nmlength
of the foamplugs, a# 13 tubing section wll give roughly a 550Hz
cutoff; a % 16 standard tubing section, a 400 Hz cut off and a
# 18 tubing (cenented inside a section of # 13 tubing to provide
the proper CD section will give roughly a 300 Hz cut off. Shorten-
ing the foamplug and vent tube to a 10 mmlength (by cutting
themin half) wll produce a 40%i ncrease in each of the cut off

frequenci es gi ven above.

For pressure - relief purposes, a 20 nmsection of # 24
tubing (cenented inside a section of # 16 standard tubing to
provide the proper CDw ll provide a cutoff frequency of roughly
150 Hz. Wen cenenting tubing sections together, care ought to
be exercised not to block the sound channel with the cenent.
Wth the smaller tubings such as # 18 and # 24 bl ocki ng can be
avoided if an excess length of the snaller tubing is cenented
into the larger one and the two ends are trimmed flush after the

cenment has cured.
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Summary:

Various acoustic nodifications can be achieved by alter-
I ng t he physi cal characteristics (dinmensions), of the earnold
| i ke change in length, internal dianeter, tubing and vent
alterations, introduction of resistive acoustic danpers and
horns. These acoustic nodifications do not bring about a
drastic change in the response characteristics of the aid,
but rather result in a radical increase in subjective user
confort conplying both with acoustic and physical needs.

These for instance, include -

1. avery small vent (0.031") which does not alter the frequency

response, but provides a neans of baronetric equalization
between the external auditory neatus and t he at nosphere
2. Wen use of vents is contraindicated owing to acoustie

f eedback, a narrower earnold canal bore and have t he sane

effect by providing extra displacenent of the anplified sound

away fromtynpani c nmenbrane.

3. User confort can be inproved, and conpl aints of fullness
al leviated by shortening the canal length. This also aids
I n reducing conplaints of anplified sound being too rever-
berant or [ oud.

4. Acoustic horn principle can be used to inprove the high
f requency response.

5. Areverse horn may be enployed to reduce hi gh frequencies
in a prescribed, controlled and reversibl e way.

6. Lastly, Lanb's wool an Sintered filter etc. can be enpl oyed
to danp the resonant peaks or to reduce the tinny or sharp

quality of anplified sound.
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Tabl e- 10: Average effect (dB) of earnold configurationonthe
output of a hearing aid measured in a Zee coupl er
(HA-2). These val ues shoul d be added to hearing aid
out put (dB SPL).

IFr equency
Earnol d
250 500 1000 2000 3000 4000 6000
HA- 2coupl er snap ring 0 0 0 0 0 0 0

earnold with 18 nmm| ong
sound bore with | D of
3mm or earnold with

# 13 tubing that is
cenented into a sound bore
18 amlong, 3 mMmID

(al most sane as 3 nm

Li bby horn).
Li bby hom( 4 nm 0 0 0 0 6 3 3
Const ant di anet er sound 0 0 2 -5 -10 -12 -12

channel snap-ring ear-
mold with 1.5 mmID
sound bor e2.

Earnoldvxjth#13tubin? 0 0 0 0O -6 -7 -6
(1.93mmID) totipo

ear nol d3(nDst conmon

model ) °.

Qoen mold (1RCS) # 13 -36 -24 -12 o -2 -7 -6
t ubi ng*

Li bby horn ( mm) ° -36 -24 -10 0 10 3 3

vent ed earnol d
24 -2 4 0 0 0 0

Barnold with #13 tubi ng,
short hol | owed- out bor e,
ﬁlnld PW with |argest

ol e.

1.Killion 1985.
2. Lybarger 1978, Kl | i on, 1985

3 Killion 1981, 1985 (negativevalues at 3-6 KHz are due toO
# 13 tubing)

4 Lybarger 1979
5 Muel | er, Schwartz, and Surr, 1981.
6 Lybarger, 1979



CHAPTER- 5

TUBI NG FOR HEARI NG Al DS

| nt roducti on:

Al'l personal anplification systens, other than the
body-1evel and all-in-the-ear type utilize plastic tube to
couple the hearing aid and the earnold. Tube fitting of
hearing aids al so describes the practice of substituting for
the normal earnolds a plastic tube extending into the external
auditory canal for the purpose of directing anplified sound

to t he tynpani c nenbrane. (Stabb, and Nunl ey, 1982).

Rat i onal e:

The rational e behind tube fitting is to obtain nmaxi num
anplification in the desired frequency region w thout occl ud-
ing the ear and without getting an acoustic feedback (squeal).
Thence the tube fitting attenpts to take naxi mum advant age of
1) Nat ural resonance of the ear canal,

i) O lowfrequency suppression created by this form of

maxi numventi ng,

iii) BElimnation of the insertion | oss created by placing an

earnold in the ear canal.

Tubi ng type nol ds:

The tubing type nol ds, occluding the ear canal are repre-
sented in Fig.52. The dinensions given are representative of
actual earnolds. They are also such that the nmedi umlength

tip has the sane length as the earcanal extension fromthe
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bottomof the concha to the face of the ear sinulator in the
KEVAR mani ki n (Burkhard and Sachs (1975), cited by Lybarger
1985). The short-hollowed tip is representative of nolds

t hat have short, |arge dianeter vents.

4.2

g

‘.45

N

2.2 166 22

Fia.52: Suggested categories for tubing type earnolds (D nen-
sions are in mllimeters)

Tubi ng specifications:

A standard series of tubing sizes has been established by
NAEL (Bl ue, 1979) reported by Langford, 1975; Leavitt, 1984,
Lybarger, 1985; Mynders, 19% The sizes are listed in table-11.

Tabl e-11: NAEL tubi ng si zes.

NAEL standard Nom nal i nside Nom nal out si de
Si ze No. diameter (1D di aneter (CP)

I nches m m | nches m m
12 Standard 0. 085 2.16 0. 125 3.18
13 Standard 0. 076 1.93 0.116 2. 95
13 Medi um 0. 076 1.93 0. 122 3.10
1* Thick 0. 076 1.93 0. 130 3.30
14 Standard 0. 066 1. 68 0.116 2.95
15 Standard 0. 659 1.50 0. 116 2.95
16 Standard 0. 053 1.35 0. 116 2.95
16 Thin 0. 053 1.35 0. 085 2.16
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O the above, No.13 is nore widely used, with the ID
of 0.076".

The above tubings are Made from special fornulations of
pol yvi nyl chl ori de, conpounded to gi ve the needed flexibility
and col our and to reduce the | eaching out of plasticizers by

perspiration as much as possi bl e.

Speci al tubi ng systens:

1. Dual tubing systens: - This takes advantage of the fact

that when there is a significant step-up in tubing dianeter
towards the earcanal, there is a quarter wave open end
resonance in the larger bore tubing that exits into the

ear canal. Thisproduces an increased broad response in

t he hi gh frequencies. Dual tubing systens have been used
comrercially since 1970. (Lybarger, 1972). The two arrange-
nments as shown in figure 53 were enployed. |n one form
(left), thedrilled hole in the earnold was nade 3 nmin
dianeter. The tubing fromthe aid was cenented in pl ace
with 16-19 nmof large bore left free. The tubing used
was no.15. Inthe 2nd form (right a piece of No.Il tubing
(2.4 nmmI D) was continued out of the nold, telescoped over
No. 15 tubing and cenented. The smaller tubing led to the
exit nuh of the hearing aid. The total length of the

2.4 mmbore was about 25 mm Both the arrangenents proved

effective in inproving high frequency response conpared with
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t hat obt ai ned usi ng no. 13 tubi ng al one. Thi s arrangenent

can be used for open nold applications al so.

To Nub

1.6mID

Fi g. 53: Dua&gggne tubi ng arrangenents commercial ly introduced
in :

2. Continuous Fl ow Adapters (CFA) series of earnol ds: -

Thi s series was devel oped by Norman Schl aegel, 1982, "CFA
Is a tubing invention that coupled with specialized drilling
of the body of the earnolds, offers dispensers a new sinplified
met hod of using the acoustics of the new earnol d technol ogy
with a very convenient snap - on adapter for Qubing repl acenent”
(Mynders, 1984).

In the tubing systens, crinping, enlarging or shrinking
t hese has a concomtant effect in the frequency response pattern.
Schl aegel ' s nmethod was to achieve nore uniformty by creating
a consi stent tubing diameter called CFA. The reason for this
systemto be called '"adapter' was that schl aegel standardized

t he met hod of attaching the tubing to the earnold itself, i.e.
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the tubing and the adapter are always the same. Wen the
nol ds are processed, a hard plastic ring is inbedded in the
nold itself. The CFA tubing and adapter are then snapped
into this securely. By snapping tubing into position, all

gluing is elimnated.

The acoustical factors that are a part of this famly

of earnol ds include -

1. H gh frequency enphasi s whi ch pronotes better understandi ng
in noi se and heightens clarity of speech. A so when this
earnold is enployed in a fitting, the client reduces the
vol une control setting to a lower level than if a standard
earnol d channel is used. The overall benefit is a better

signal to noise ratio.

2. Snoot hness of the frequency response curve generated -

snmoot hness wi t hout sharp peaks and val | eys.

3. (Consi stency/ standardi zati on of acoustic effects, fromone

earnold to another - that is mninmal nold-to-nold vari ati on.

4. Ability of the dispenser to nodify the earnold for its

confort without | oss of the special acoustic effects.

Technically, the (FAis unique, having a uniformID
fromtip of the adapter to the end of the tubing. The ID
i s unchanged even when the adapter is in place in the earnold.
The uniformID is responsible for the continuous flow of

anplified sound which in turn results in snoot hness, consi stency
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and high frequency enphasis of the coupling system This can
be used with all styles of earnolds with either aoft or Incite

mat eri al .

The options avail able include seven configurations - the

sel ection chart conprising of:

Earnol d style Venting
(in inches)
#1 Smal | open bore 1A - no vent.
| o . Sound bore 0.076 1B - 0.046
m L’qu 1C - 0.060
1D : - - 0.076

EFFECT: Duplication of what hearing aid produces. No farther

anplification of high frequencies.

# 2 Bell or horn 2A - no vent
{0 : Sound bore 0.125 2B - 0.046
@ Hﬂl fromcanal end to 2C - 0.060
! then 0.076 to CFA 2D - 0.076
. : adapt er.
EFFECT: slight increase in high frequenci es.
# 3 1/2 BORED OUT. 3A - No vent
sound bore 0.187 3B - 0.046
H fromcanal to 3C - 0.060
' @ md earnold 3D - 0.076
| then 0.076 to
CFA adapter.

EFFECT: G eater increase in high freqguencies.
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# - o _‘{l LARGE CPEN BCRE 4A-No vent
Sound bore 0. 107 4B-0. 046

H;'ﬁ’ 4C- 0. 660

4D- 0. 076

e

EFFECT: Acoustically anplifies high frequencies to the maxi num

CFA earnol d style.
MC M CRO CRCS

- | Non- occl udi ng.
’:— f_',gj _ 1 Long canal, fits to
top of canal
EFFECT: Sightly nore power than regul ar CROS nol d; sound folio

top edge of canal. ADDED CFA FEATURE - tubi ng can be

easily renoved for any changes needed.
# 5 REVERSE CURVE

P ol Open vent

|_ ‘%@l Short canal, large bore with

| ar ge vent into bore.

EFFECT; accentuates | ows and reduces hi ghs.

REVERSE CURVE ADAPTER ONLY.
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COMMONALI TY | N PERFCRVANCE:

1. The CFA# 1 has a perfornmance characteristics conparabl e
tothekillion 6R12.

2. The CFA # 2 perforns |ike a Libby horn.
3. The CFA# 4 is conparable to the FGV
4. CFA-MC i s conparable to Janssen styl e nol d.

3. . Rectification of collapsed nol d phenonenon: -

Sal man (1983) reports that stepped bore dianeter of earnold
tubing coupled with a hearing aid having a wi de band transducer
results in (1) Enhancenent of hi gh frequency response. (2) Com
pensati on of external ear effects (EEE) or |oss of canal resonance
in earnold resulting frompresence of nold in the canal (eg.
Killion 8 CRand 8 CRwith Libby Horn). dients using these
nol ds conplain of clogging resulting in total/partial blockage
of sound, which could inmmediately and conpl etely be all evi at ed,
restoring the sound transm ssion by wi de nout h opening. Ruling
out the otorhinol aryngol ogi eal conditions of wax, eustachian
t ube dysfunction etc, it was hypot hesi zed that the coll apsed
phenonenon was due to (i) The wi dest and softest point of nold
tubing termnating inthe ear canal, (ii) Inthisvicinity
(tubing termnal), theear canal is narrowed or at near the

I st hnus.

Renmoval (cut) of the last (nost nedial) one-sixth of an
inch of the earnold nmaterial was reported to be useful in alle-

viating the cloging - hence the restoration of sound transm ssion.
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Two patients also inported of increased clarity of speech
and decreased feeling of pressure. This nodification did
not result in feedback, probably because of the snug fit of
the lateral part of the earnold and because the nodifi ca-

tion affected only the nost nedial portion of the nol d.

Oiteria for tube fittina;

Consi deration for tube fitting enconpasses the foll ow ng
four conditions:

1. Audiol ogic

2. Qologic

3. Psychol ogi cal and

4.

Practi cal .

Radi ol ogi cal indications:

1) For patients with tol erance problemas in Meniere' a syndrone.
i) For patients with precipitous high frequency or ski-sloping

| oss as in noise - induced hearing loss (NH.) wth nornal

threshol ds through 1500 Hz with a drop starting at 2000 Hz.
1ii) Unilateral loss wth CROSfitting or sonetinmes BiCHOS fitt-

i ng (depending on severity of the loss in the better ear).
Iv) For cases having adverse effect on hearing in presence dE

noi se.

2. Gologic indications:

These i nclude the conditions where in the use of earnol ds
I's contraindicated or not feasible as in -
1) Exi sting, chronic or potential outer or mddl e ear pathol ogy

(eg. psoriasis, eczenma, external otitis, otitisnediaetc).



ii)
i)
I V)
v)

Vi)
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Tynpani ¢ nmenbr ane perforati on.
Presence of radical cavities.
Traunma to concha or helix
Referred otol gi a.

Qelgia caused fromintol erance for closed-nold fitting,

viii) Alergic reactions to plastic materials in contact with

ear canal .

viii) Malformations of pinna.

3. Psychol ogi cal considerations: These usually relate to

i) Ful | ness of ear effect

i) Inability to tolerate one's own voi ce

lii1) sensation of wanting to hear a nore natural sound
(unanplified | ow frequencies and anplified high frequency
sounds) .

iv) Loud sound tol erance reli ef

V) Tube fitting also satisfies the cosnetic or vanity considers
tions of not having an earnold in the ear.

4. Practical indications :- These include factors like -

1) Conf ort

i) On the spot anplification without the need to wait for the
earnol d

lii) Ease of putting on the hearing aid w thout the associ at ed

probl ens of correct earnold insertion which is true only
for the thick-walled tubing. Onthe contrary, athin -
wal | ed tubing is col | apsabl e, posing greater difficultyin

insertion than an earnold. This aspect is of inportance



116
for cases having problemwi th digital dexterity and poor
vision, especially the geriatrics.

Iv) Qher practicalities include nodification of hearing aid
per f or mance beyond the confines of electrical controls on
t he hearing aid.

v) Continued build-up of noisture in the usual hearing aid-
pl unbi ng systembeing alleviated by the use of tubing.and
relief of the plugged feeling.

vi) Aneed to be able to switch off the hearing aid in sone
situations w thout becomng sound isolated with the hearing
aid still in position.

vii) Most vital of these factors is the cosnetic acceptability

especi al | y anong t he younger generati on.

Acoustical effects of tube fitting:

Application of tube fitting to the personal anplification
systemai ds in acoustic nodification of the hearing aid out put
whi ch are beyond the circunscription of electrical controls of
the hearing aid. These include, as listed by Langford (1975),
Stabb and Nunl ey (1982), Leavitt (1984), Lybarger (1985),

Ski nner, (1988) -

1) The provision of | ow frequency suppression and hence the
probl em of upward spread of masking and reduction of back
ground noi se anplification. Thence tubing facilities hear-
ing aid usage in presence of noi se.

1) The maxi mum | ow frequency reducti on achi evable with tube
fitting is approxinmately 30 dB at 500 Hz (Stabb, Nunley
(1982).
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Vi)

Vi)

viii)
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Mai nt enance of response carve regardl ess of the input
| evel . For exanple, the frequency response curve
obtained with a lowinput SPL replicates the saturated
sound pressure | evel -90 (SSPL-90) output curve.
There does not appear to be an ideal response curve for
tube fitting common to all hearing aids.
G eater | ow frequency suppression and thereby a high
frequency enphasis is brought about by narrow ng the

| D of the tubing.

A thinner tube provides for an increase in gain at frequency
bel ow about 1000 Hz and a reduction in high frequency ow ng
to the acoustical loss in the thin tube.

Larger the outside dianeter of the sound tube, greater is

t he | ow frequency gain, being especially true inthe

700- 1500 Hz region. Conversely, thinner the sound tube

is relative to the ear canal, steeper is the frequency
response curve.

Tubi ng insertion depth of | ess than about 15 mmis consi -
dered unacceptable owing to its dislocation fromthe ear
canal during mastication. Also, this brings about a
reduction in the functional gain of the frequency response
and is nore prone to acoustic feedback.

Shorter ear canal tends to provide for nore high frequency
energy than do | onger ear canals. Short ear canal s pl ace

t he response peak at hi gher frequency because the peak
frequency occurs where the neasured | ength of the ear canal

effectively equal s one-fourth of wavel engt h.
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I X) The di stance of the tubing fromthe tynpani c nenbrane(TM
affects the aignal strength - the closer the tubing to
the TM stronger is the signal, especially sointhe
| ower frequency region,
X) The wider the ear canal is in conparison to the CD

of the tubing, the greater the risk for feed back.

Summng up, the 3 primary effects of tubing di ameter using
either coupler or ear sinulator are -
1) To nove the first response peak downward in frequency
as the I Dof the tubing decreases,
1i1) To reduce the mddle and hi gh frequency response as the
di anet er decreases and
111) To reduce the heights of the peaks as the di aneter
decreases. The latter effect is attributable to increased
acoustic resistance caused by air frietion on the walla

of the snaller sizes of tubing.

The | D of the tubing can be used as a neans of shifting
enphasis fromhi gher to | ower frequencies or vice-versa. Smaller
di aneter tubing can al so be used as a neans of reducing average

saturation output and gain.
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Applying tube fitting:

Whet her or not the tube fitting as deened applicable rests

primarily on the degree and type of hearing | oss encountered.

Degree of |oss - As recommended by Stabb and Nunl ey, MB82)

essentially, tube fitting can be considered for individuals
havi ng a speech Reception Threshold (SRT) upto 50 dBin a

vari ety of audionetric configurations. At approxinately

60 dB SRT, an earnold shoul d be considered as the coupling
system Exceptions to this include individuals wth preaby-
acusi s despite SRT being beyond 60 dB and in cases with severe

hearing | oss especially for those with | ow tol erance |evel.

For cases falling under tubing acceptability criteria,
Stabb and Nunl ey, (1982) recommend that one start with # 15
tubing and then nove on to |arger dianeter tubing, depending
on the user's reaction and test results. Wen going as down
as # 16 tubing with thinwall, extrene caution is to be
exerci sed unl ess the ear canal is very small owing to the

tendency for acoustic feedback at |ow vol une control settings.

Type of |oss - Typical hearing | oss anenable to tube fitting

are primarily the discharging ears (conductive |loss) or SN
| oa*e* of a variety of configuration including the precipitous
hi gh frequency ski-slope | osses and those associated with

Meni ere's syndronme. |n Meniere's syndrone, a reverse curve
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response hearing aid is often used with the tube fitting.
It is also recommended for saucer-shaped audi onetric

configurations.

On the contrary, tube fitting may not prove useful for
an all-tinme hearing aid user, with an earnold as the coupling
system owi ng to the m sconception of threatened security
that "hearing aidw | fall out”. Patient counselling hel ps;

in alleviating this concern.

It is not apt for individuals who see very little diffe-
rence over time in their discrimnation performance and their
physical confort fromwearing the tube fitting. Moreover,
pati ents who have been successfully fitted with a vented or
closed earnold prefer greater |ow frequency anplification
than is available with tube fitting. A though optinmal sound
field performance may be achieved with an open nold fitting
with these individuals, they feel that their discrimnatory
ability is reduced due to the decreased sound power. Typically,
young children are not prime candidates for tube-only fitting.
Al so, pnysons with hypersensitive ear canal refuse to all ow
insertion and soldering into the ear canal for shaping. Finally,
with hearing | oss exceeding 50 dB, a patient general|ly does

not achi eve optimal benefit with a tube fitting.

Briefly stating, the only contraindications for tube
fitting are the resultant acoustic feedback and | ack of

optimal anplification benefits.
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Testing for tube fitting:

Is the hearing aid really working is a problemfrequently
confronting an individual with tube-fitttd hearing aid system
requiring appropriate justification by the dispensing audio-
| ogist. This discrepancy regarding the functioning (or other-
wi se) of the hearing aid can be attributed to realizing only
subtle or no mechanical anplified sound quality, and since
hearing in low frequency region is intact, theymay exhibit few
of the hearing |oss synptons of other types and the degree of
hearing inpairnment. Further nore, tube fitting being tested

In a quiet environnent seldom shows an SRT inprovenent.

HENCE I T IS | MPERATI VE THAT BI NAURAL CONSI DERATI ONS AND
TESTING | N PRESENCE OF BACKGROUND NOI SE BE G VEN DUE CREDI TS.

The follow ng protocol for tube fitting in difficult
listening environment has been outlined by Stabb and Nunl ey
(1982).

1) Obtain an unai ded speech discrimnation score. (SDS)

1) Test the speech discrimnation in conpeting noise at

a) Aplus 10 dB signal-to-noise (SN} ratio and

b) 0 dB s/N ratio.

11i) Continue to test at lower SN ratio until a point of
breakdown which is that point at which 50%of the words
are mssed.

Iv) Select a hearing aid that handles the lower SN ratio

bef ore breakdown.



CHAPTER - 6
GOCD FI TTI NG EARMOLDS

| ncreasi ng awar eness of inportance of earnol ds as an
I ntegral conponent of a wearabl e hearing aid has seen a
resul tant technol ogi cal advancenent in this field, and yet
an increasing dissatisfaction with the provision of earnolds
for the paediatric population in particular. This, according
to Nolan (1978, 1986, 1987) has been attributed to (especially
for children where the potential benefits for |inguistic
devel opnent, of early identification of hearing inpairnent
can be frustrated by i nadequate earnold provision) the follow ng -
1) Poor quality of acoustic fit and disconfort onweari ng.
1) An unacceptably long delay in providing the earnold.
1i1) Lack of skilled professionals to take accurate ear
| npr essi ons.
I V) Lack of awareness of avail abl e resources, ear inpre-
ssion and earnold materi al s,
V) Total lack of understanding that the earnold is a
custom zed prosthesis specific to each individual hearing

aid user.

Thi s highlights the inportance of good earnold, the
requi rements of which have al ready been highlightedin Chapter-2.

Maki ng good fitting earnol de:

The two distinct types of earnolds in use, nanely the
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| NSTANT or DI RECT end TWD STAGE or | NDI RECT, involve diffe-

rent procedures for its fabrication represented bel ow

Instant or direct type -
EAR | MPRESSI ON- - - - - - > PROCESS > FIT

Two stage or indirect:

EAR | MPRESSI ON_>PLASTER CAST_>MOLD  CAST- - =PROCESS- - =FTT

Factors influencing acoustic fit and confort as |isted out by
Nol an and Tucker, 1984.are -

a) Inpression material

b) | npression naker

c) Inpression technique

d) Earnol d naker

e) Earnol d manufacturing technique? the primary requisite being

an accurate ear inpression

Taki ng ear inpression:

Requirements:- As |isted out by Loavenbruek, 1981, the basic

equi prents necessary to take earnol d i npression include -
* (toscope - to examne the external auditory eanal prior to
and after taking the inpression.

* Inpression naterial (liquid and powder)

>

d ass beaker to m x the inpression nateri al
* Spatula with which to stir the inpression materi al
* |Impression syringe kit(a) to introduce the inpression materi al

into the canal .
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* (xoblocks or cotton ties to be used to forma block in the
auditory canal prior to the insertion of inpression material.
* Ear light to assist in inserting the cotton bl ock.
* Timer or watch to tine the length of tine the inpression

renmains in the ear.

Getting an accurate inpression rests on
1. A fundanmental know edge on the part of the clinician of the
anatom cal | andnmarks of the external ear relevant to the
ear nol d.
2. An ability to interact positively with the child and the
par ent .
3. Aknow edge of the technique to use in obtaining an accurate
| npression of the ear.
4. An awareness of the inportance of using the nost appropriate

ear inpression material .

Ear inpression technique: The steps involved in taking an ear

I npression as reported by Hof fman, 1964; Fifield and Earnshaw,
1980, Loavenbruck and Madel |, 1981, Brooks, 1984? Tucker and
Nol an, 1984, 1987 are as foll ows:

1. Oganise the clinic so that the equipnent is laid out nearly
on the work bench.

2. There is a common 'core' of useful equipnent required regard-
| ess of which technique is enployed. A good auriscope is
vital so that the ear canal canbe thoroughly examned. W sua-

|ization permts the observer to assess the condition of the
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earcanal. ldeally, this should be clean and unobstruct ed.
If a foreign body/cerunen is present, this ought to be
renoved prior to taking an inpression. Presence of dis-
charge requires ENT exam nation, a procedure recommended
al so when there is an indication for tynpani c nenbrane
perforation. Examnation of the earcanal is al so necessary
to enaable the examner to see if there are any sudden
bends, projections (such as exostoses) or constrictions and

variations in ear canal shape (hourglass or 's' shaped).

3. If the patient has a great deal of hair, it nmay be usefu
to use an ear cuff to keep the hair out of the inpression.
An ear cuff is acircle of paper cut to fit over the pinna.
Fg( ).

4. Canal tanping is the next step. An earlight or |ight-pen
Is desirable for inserting the tanp. A selection of ready
prepared tanps in either expanded foamor cotton wool wth
a few inches of thread attached shoul d be used. The comrer-
cially avail abl e expanded foamtanps cone in various sizes,
and these often require trimmng to fit achild' s ears. |If

maki ng your own plug, examne the ear for the size and nake

acotton ball that wll confortably fit the canal.

Requi renent for tanping - In an untanped canal, the inpression

material, as it flows down the acoustic neatus, tends to depart
fromthe sides and adopt a conical form which gives little
Indication of the true direction of the canal. Wen atanp is

inserted, the material flows against this and spreads, thus
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nmaki ng a much better seal and giving a much cl earer indication
of the direction and shape of the ear canal (Fi g.54A). Earnolds
made from an inpression backed up by a cotton ball can decrease
sound | eakage by 15-20 dB over an earnol d nmade wi thout cotton.

(Hof fman, 1964).

The ideal position for the tanp is just beyond the boundary
of the cartil agenous and bony section of the neatus (F g.54D).
Thus, when the inpression is renoved and trimred, it will just
fall short of reaching the bony portion of the canal and wil |
not produce disconfort or pain on mandi bul ar novenent. Use of
pl ug al so reduces the possibility of [eaving debris in the ear.
Fig. (55) Conparison between syringed tanp inpression and a

manual | y i nvested i npression.

F10..55 . CompaRi¢oN oF SYRINGED TAMP € MANUALLY
INVESTED TAMP:

5. Mx the inpression material. Measure the liquid and the

powder according to the manufactuer's specifications and
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pour theminto a beaker (when the weather is humd, it
may be necessary to use less |iquid) Mx with a
spatula until the material is well conbined. It should
not be drippy but should flow easily. Excessive whipping
of material is contraindicated owing to formation of
ai rbubl es whi ch can cause shrinkage in final product
(Hof fman, 1964).
6. Pour the material into the syringe. |If nmanual nethod
I s used (not recommended), material is formed into a
sausage shape and fed into the ear and pressed up.
7. Push down the plunger of the syringe until the materi al
begins to energe fromthe tip of the syringe (FHg. 54f) .
8. Put synringe tip in the ear canal. Push plunger in,
filling the canal conpletely upto the cotton bl ock (F g.54G.
9. Wthdraw the synringe and fill the pinna, taking care to
fill the concha and helix (F g.54H.
10. Allowthe inpression to set according to the manufacturer's
specifications (usually about 5 m nutes).
11. Renove the inpression. Pull pinna away fromi npression
all around and then lift out the inpression (Fig 54l).
If the cotton bl ock does not cone out with the i npression

gull the string to renove it.

The inpression shoul d be eased gently out of the concha
and slowy withdrawn. Too rapid renoval of a well-fitting
| npressi on can cause di sconfort and even danmage to the tynpanic

nmenbrane due to the suction created.
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If the inpression nmaterial enployed shrinks signifi-
cantly in the cared proceaa or if there are mnor flaws in
the surface of the inpreasion, it is worthwhile to apply
a 'wash' coating. The hardened inpression is first core
bored and a piece of plastic tubing is then carefully pushed
through to the end of the neatal portion. A snmall anount
of less visions but chemcally conpatible inpression materi al
I's prepared and coated onto the neatal section of the now
hardened initial inpreasion. This is then carefully and
accurately re-inserted into the canal. Wen the wash has
cured, the inpression is renmoved and examned. |If there is
any indication that the nold has failed to reseat perfectly,

it shoul d be scrapped and a new i npressi on taken (Brook, 1984).

12. Using an otoscope, check the ear for any residual inpre-

ssion naterial or irritation.

Fi a. 54A: I nspection of ear.
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Fi 9.54C. Inserting the cotton plug

Fig .54 D Cotton plugin canal.
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Fig.54G Filling the pinnawth inpression nateri al
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Fi 9. 54H

Fig. 54l :

Fig.54 J : Renoving theinpression.

thdling and Qackggjgg:

The inpression should be posted for processing into an

earnol d within 48 hours (sooner if possible). Delay in mailing



133
can cause shrinkage, with a resultant ill-fitting nold. Make
sure to enclose information on the type of nold* material,
colour tint, venting required, patient's ear and hearing | oss.
If there are any unusual markings in the ear, or if the ear
I s unusually soft (as ininfant's ear), include this inforna-
tionwth the earnold. Fig.No.54K shows different ear tex-

tures.

Fi gb4K: Types of ear textures.

Packaging: To nmail the inpression to the earnold | aboratory,

a rigid box should be enpl oyed, |arge enough to contain the

| npression wi thout deformation. The inpression should be gl ued
down to the base of the box or affixed by a I arge pin through
the box, so that the neatal portion does not nake contact wth
either the walls or Iid of the box. No other packing nmateri al

shoul d be pl aced round the inpression.
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Consi deration for special inpression techni ques:

An ear inpression replicates the external ear contours,
but the final nold may differ fromthe initial inpression ow ng
to a nunber of factors classified into (i) Deliberate factors,

and (ii) non-deliberate factors (Nolan, 1985).

The nost obvi ous deliberate factor is the nodifications
of the inpression done at the earnold | aboratory. The non-
del i berate factors include the usage of dinensionally unstable
i npression material or use of an inproper inpression naterial
I ncapabl e of providing accurate results. Uge of this highly
accurate, very dinensionally stable inpression naterial and
techni que would elimnate the nondeliberate factors. Polyether
rubber inpression brings about a substantial reduction in the
nunber of renakes necessary to obtain a good acoustic sea
(Madel | and Gendel , 1984), especially for the high powered

postauri cul ar aids.

Fifield, Eanmshaw and smther (1980) at the Nationa
Acoustic Laboratory, Sydney, in cooperation w th the Depart nment
of Prosthetic Laboratory, devel oped a techni que of using
dental inpression techniques and materials and i npedance brdi ge

to test the acoustic seal. This three- staged procedure involve)

Stage-1: The prinmary inpression:

1. Acotton block is inserted into the canal.
2. A6 em(2-inch) length of rubber tubing (PVC or silicone
rubber) with an IDof 2 mm (0.076 inches) is guided onto

t he thread and pushed down to the cotton and secured so that
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it will not nove up t he cotton when inpression nateria
I s introduced.
A heavy bodi ed dental silicone rubber inpression nmaterial
is then mxed and syringed into the canal and concha to
give An inpression. (The tubing should be enbedded into

the inpression).

Stage-2 - Canal build up :

4.

The inpression is renoved, and a coating of a nedi um -
bodied (less thin ) silicone material is applied to the
surface of the inpression fromthe end of the earcanal

to just outside the entrance of the canal.

The inpression is reinserted into the ear before the materi al
has begun to set. GCentle pressure is applied for a short
time to the outside of the inpression to assist in the
appropri ate shapi ng.

Testing acoustic seal - at this point it is necessary to
test the seal of the inpression for which,theinpression is
pl aced into the ear, and the tubing protruding fromthe
inpression is attached to the air punp of an inpedance

bri dge.

The pressure is gradually increased to a maxi numof 200 nmm
H,o. The seal nust be maintained for 5 seconds. |If there
is no loss of pressure, the seal is considered satisfactory.
Q herw se earnol d needs further build up. The seal should

be tested after each build up until an adequate seal is
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obtained. Patient is asked to open and cl ose his jaw
several tinmes during the testing of the seal.

8. Stage-3 - Applying a wash - Once the seal has been obt ai ned,

the final'wash' has to be applied. Acotton block is re-
inserted, and the thread is passed through the tubing in
the inpression. Athin - bodied silicone nmaterial is
syringed into the ear canal and over the surface of the
concha. The inpression is then pushed down the thread
and gently reinserted into the ear before the nateria
har dens.
9. Wien the material has set, the earnold nmay be renoved and
t he canal inpression trimred to the desired |ength.
10. The earnold | aboratory nmust be instructed not to build up
or nodify the inpression in any way during earnold fabri-
cation. The laboratory should al so be instructed to use

thick-wal | ed tubing to reduce feedback.

The three-stage i npression technique is suitable for
manuf acturing all styles of earnolds and with all types of
earnold material. Also, lather than nmaki ng a new i npression
each time a young child needs a new earnold, the origina
I npression may be nodified. This was reported to theclinically
useful for high gain post auricular instrunents.

Because the material used is of a different texture,
than that nornmal ly used, extra time and effort is required

when using this technique. Once the skill is acquired, it
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t akes between 35-45 mnutes; also it is possible to work on
both ears alternately so that two inpressions for the patient

can be produced in approxi nately 60 m nutes.

The material is not as soft as the standard earnold
I npression material and does not cone out of the ear as
easily. The problemof debris remaining in the ear is one

of sone concern when using this procedure.

New ear inpression technique for custom | TEs:

Orton, 1984 recomrended techni que for both taking inpre-
ssions for canal aids and for FB5 application (a third gene-
ration soft build up material that can be added directly to
the loose I TE and then inserted directly into the patient's
ear for curing (about 20 m nutes). The steps include -

1. Have the patient rest his head on a pillowwi th the ear
that is to have the inpression facing upward (instead of
having himsitting erect).

2. Have the patient lightly clench a tongue depressor between
the teeth or have himsit quietly and not tal k.

3. Insert either inpression naterial or coated aid into the
ear and wait for the prescribed tine until cured.

4. When the material is cured, renmove and trimt he excess.

Earnold for geriatrics with visual and dexterity probl ens:

This nold for this popul ati on deviced by Navarro (1976),

is fabricated froman instant nold material. This materi al
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can be cut and drilled w thout commercial processing.

Pr ocedur e adopt ed:

1. The inpression material is injected (after cotton-bl ock
Insertion) into the earcanal and concha in the usual
manner through a standard 30 cc syringe. Afull ear inpre-
ssion i s made.

2. Prior to setting of the inpression material, it is pinched,
causing a slight build up of material with inferior and
superior concavity in the area where the handle is to be
made.

3. After the inpression is set, amark is nade at the |leve
of the ear canal to indicate where the hearing aid tube is
to be inserted.

4. The earnold is then cut down and buffed wth a snal
hand drill to elimnate the extra inpression naterial and
t he rough edges to fashion the handl e.

5. After the hole for the tubing has been drilled and the
earnol d has been treated according to t he manuf acturer's direc-

tion, the tubing is Inserted.

The handl e shoul d protrude fromthe concha but shoul d not
extend beyond the lateral margin of the pinna and it shoul d not
interfere with placenent of the tubing. Typical physical dinen-
sions of the handl e are approximately 1 cmw de, by 5 mmhigh

with a slight concavity to allow firnmer grasp .

The ear inpression nmaterial :

The function of the ear Inpression naterial is to accurately

record t he di nensions and spatial relationship, of the constituent
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parts of the external ear (Loavenbrack, 1981). If an ear

I npression material is to be acceptable for clinical use,

It nust satisfy a nunber of requirenments as listed out by

Loavenbruck and Madel |, 1981.

1. It should have appropriate viscosity required to accu-
rately register the detailed contours of the ear.

2. It shoul d posses dinensional stability and retain its
shape fromthe time of renoval fromthe patient's ear
until its processing.

3. Material should be nontoxic and non-irritant.

4. Should have sufficient elasticity when set to facilitate
renoval fromthe ear

5. Should be relatively easy to use.

Addi tional properties |listed out by Brooks, 1984 - include :

6. It nust set in a reasonable tine w thout undesirable side
effects (eg. no exotherm.

7.1t must have sufficient nmechanical strength not to tear or

per manent | y def ormupon renoval .

8. It nmust be conpatible with dye and cast? materials for invest-

ment .

9. It nust not be too expensive.

Types of inpression naterials -

Qurrently, avariety of earnold inpression materials are
avai | abl e, havi ng enhanced properties in relation to their pre-
decessors (wax or plaster) These include as |isted by
Loavenbruck and Madel | (1981), Brook (1984), Madell and Gendel
(1984), Nolan (1985);
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Vi scous gel s conposed of a powder, and a liquid that are

m xed together. This is no |onger in comon use.

Functional inpression material are prinmarily dental inpre-
ssion materials like alginate. Onng to the poor dinen-
sional stability over tinme (shrinkage) and rel ative weak-
ness to tearing upon renoval fromthe ear, it is unsuitable
for audi ol ogi cal application.

Soft cold - set acrylics - Conposed of a pol yner and a nononer

bl end together. They are easy to use and set very qui ckly.
They contain great deal of oil, facilitating renoval of the
I npression, but this tends to make themdi nensonal |y
unstable. Exanple - Trunold, Aualin.

Hard, cold - set acrylics - They are exotherm x when har den-

i ng, hence not recomrended for inpressions. They can, how
ever be used for nmake repairs onthe acrylic nol ds.

Condensation silicone (Audiological silicone naterial) -

t hese are conposed of a soft base material and a hardener
which are blend together. They are easy to m x, but tenpe-
rature sensitive* hence should be mxed with a spatula since
kneadi ng by hand reduces the setting tine; can easily be
syringed into place. However, in comron with all silicones,
tearing of thin sections of material is always a possibility.
It is dimensionally unstable, with a |linear shrinkage of the
order of 0.5%over 48 hours (Nolan, 1985). The predom nant
factor is that the material cures, as the nane inplies, by

a condensation pol ynerisation reaction with an evol ution of
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vol atil e al coholic by-products. Furthernore, distortion
occurs if the material is stressed at any tine, eg.Despite
t he drawback of slight shrinkage, this material does possess
many of the other requisites, hence it is extensively
utilized in theear inpression work today. Commercially
avai | abl e brands include Audisil, Coform(Wst Gernmany)

and XL- 80 (\Westone).

6. Addition silicones (dental silicone materials). These have

superb di nensional stability and are a consi derabl e i nprove-
ment in this respect over their condensati on counterparts.
It is capable of producing precise inpressions which retain
their accuracy over tine and is therefore the optinmal naterial
today. These are available in varying viscosities and

I s conposed of a base naterial and hardener containing to
nooil. It is expensive and may be difficult to use with

a standard earnold syringe. National Acoustics Laboratory,
Sydney, has devel oped a special syringe for use with this
agent and pol yet her rubber inpression material. Conmmercial
dental syringes may al so be used by nodi fying the syringe
tip. GCommercial brands include Reprosil and Pernmagum

Reprosil putty 1500.

In a study by Nol an (1985), conparative properties were
determned for the commonly used inpression materials includ-
ing dinensional stability, weight change on storage, viscosity,
syringing characteristics, energy required to tear the materi al
and the stress relaxation characteristics. Superb dinmensional

stability of the addition - cured silicones show ng no significant
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shrinkage over tine was the major finding. Major application
was reported to be in provision of eanaolds for children
wherein difficulties with the use of condensation silicones
have been reported (Fifield et al, 1980) and for adults where
hi gh gain performance is required. Both these naterials
(condensation and addition silicones) are available in a nunber
of consistencies - |ight, nedium heavy body and putty, putty
I's the best for audiological use. |If awash techniqueis to be
applied, as may occur ocassional ly when condensation nmaterials
are used, then putty and |ight-body consistency shoul d be
enpl oyed. However, care ought to be exercised when using this

techni que as distortion of the ear may ot herwi se occur.

7. Polyether rubber dental inpression - This is conposed of

a base material and hardener, is highly accurate and very
dinensionally stable. This naterial is coomercially avail -

abl e as | npregum

In the present section, the inportance of good inpression,
by the use of appropriate material andtechnique by a skilled
t echni ci an have been enphasized. Wth the earnold difficulties
resul ting frompoor inpression the above again further inpor-
tance. The nost common difficulties include as reported by
Loavenbruck and Madel | , 1981.
1) Insufficient canal length with a resultant feedback and

hence a reduction in usable anplification.



ii)

iii)

I V)
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Earnol d made without (or with insufficient) cotton packing
may result in poorly defined canal portion of the nold,

a loose fit and hence acoustic feedback or an unconfortabl e
fit. It can also result in an earnold that does not

direct sound towards tynpani c menbrane and can cause a

possi bl e sound bl ock.

If helix is not sufficiently filled there may be difficul -
ties Wth retention of the nold.
Insufficient filling of the tragus may result inirrita-
tion caused by the receiver or with an ear |evel aid caused
by the tubing rubbing on the tragus.
Earnol d probl ens can also result if the earcanal is of an
unusual shape Fi g. shows an hour gl ass - shaped ear canal .

Hardening of inpression in the large central cavity with

difficulty in renoval may necessitate nedical attention.

F g.56 : Hourgl ass-shaped ear canal .
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e ——

Fig.57 . 's' Shaped ear canal .

The 'S shaped canal also requires extreme caution in
maki ng i npression. Medical assistance may be sought if
renoval of the material is difficult. These two enphasize
the necessity of careful aural examnation prior to nmaking

t he i1 npression.

Processi ng the earnol d:

Fabrication of the earnold falls subsequent to inpression
maki ng foll owing the above technique. This involves the follow
I ng stages as outlined by Al piner (1982), Nolan and Tucker
(1984) and ot hers:

1. Choice of material - testing for allergic reaction

2. Fl asking

3. Packing with nold nateri al
4. Curing
5

Tri mm ng and pol i shi ng.

Earnold material - In fabricating an earnold, several different

options of materials are available. The materials include
hard acrylic, flexible acrylic, polyvinyl chloride (PVC), sili-
cone and pol yet hyl ene (Cai ne, 1934; Lybarger, 1978).
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Lybarger (1958) and Langford (1975) reported that
sound transm ssion through the earnold is not significantly
affected by different nold materials, i.e. it is acoustically
insignificant. Hence the vital factors in naterial selection
for fabrication of the nold as listed out by Leavitt, 1981
cited by Hodgson and Skinner (1981) i nclude -
i) Patient's age
i) Al | ergi c considerations
iii) Need for atight seal
i V) Need for durability and

V) Pati ent preference.

Intrinsic properties of a good nold nmaterial:

Amaterial, to be used successfully should confirmw th
eertain criteria (Nolan, 1982, Loavenbruck, and Madel |, 1984) -
i) Patient should be issued with the nold in onevisit,

ii) Material should have dinensional stability, nold being
a faithful replica of the ear contour w th no shrinkage,
no problemw th plaster casting and no change of shape
during processing.
iii) Cverall cost of the naterial should be | ess.
Apart fromthe above criteria listed Bl umer (1973) points cut -
iv) Material should be nontoxic
V) Shoul d be relatively easy to use

vi) and above all provide physical confort to the patient.

Materials in current use: As |isted out by Leavitt (1981), these

i ncl ude -
1. Hard acrylic - nost commonly used (Lybarger, 1978). Al though
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usually clear, it can be tinted to a flesh tone or col oured
for cosnetic purposes. Because it is highly nonporous, it
can be buffed to a very snmooth finish for maxi mumuser
confort. Hard acrylic offers the greatest durability of
all current materials, and is generally nonall ergenic.

2.Flexible acrylic - This is used for confort and safety

reasons, or when a very tight seal is required. As a genera
rule, children should be fitted with a soft earnold nateri al
so as to avoid injury to child' s aided ear. QOning to the
expansion of this material due to body's heat, a tighter sea
can be achi eved.

3. Polyvinyl chloride(PVC) - Used in the manufacture of earnold

tubing, and soft earnold naterial for permanent earnol ds.
This material is sefter than flexible lucite and nmay be nore
durabl e than other soft materials.

4.S licone - This is flexible, inert rubber material. Oning
toits softness, it is used with very young children. |nstant
nol ds or sw mnol ds nade of silicone are al so narket ed.
Lybarger (1978) has pointed out that when the silicone instant
earnold is used, tubing attachment and repl acenent can be a
problem Additionally, silicone nolds are |ess durabl e than
the hard acrylic which does not pose any problemfor children
who require repl acement every 3-6 nonth until about 5 years,
and then approxi mately one repl acenent each year fromthe age
of 5to9 (Northern and Downs, 1978). Wth adults, however,

t hi s consi derati on becomes very inportant.

5. Polyethylene - It is a semhard, waxy material which is used

only invery rare cases of extrene allergy. This is the |east
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durable of all the earnold nmaterials currently avail abl e.

6. Conbination earnolds - These are nade of two different

materials. Ahard acrylic outer portion can be used for
durability and cosnetic appeal, while the canal can be
made of silicone or flexible acrylic for maxi mum confort

when a tight canal fit is needed.

Tabl e summari zes the earnold materials (Lybarger, 1984,
cited by Katz, 1985).

Problens related to the technical usage of earnold materials: -

1. Inconsistency in the setting tine of naterials owing to
variation of roomtenperature (colder the room |onger is
the setting time). For cold cure acrylic, a roomtenperature
of approximately 70°F (21%) was found to be nost satiafactory
(Bluner, 1973).

2. Further problens relate to the technician using the naterial
with the conplaint of fumes fromthe Iiquid nononer and
excessi ve dryness of skin when handling the material. A good
extractions systemin the roomis the solution to this
probl em and ei ther surgical gloves or a good barrier cream
provi des the answer to the second probl em

3. Allergywith red, sore and inflamed ear is the problemwth
the patients, with the mai n cause bei ng roughness of the
surface for which varnish hel ps. But varni sh does not adhere
to the nold surface perfectly, with a tendency to crack or

a filmof varnish detaching and curling out at the edges, thus
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produci ng a rougher surface and increased irritation. A solu-
tion to this problemas reported by Bl umer (1973) for cold
cure acrylic mold is to dip (after hardening) into pure chloro-
form(a solvent for cured acrylic) for no nore than 30 seconds
whi ch produces mni mal di nensi onal change, w th considerable

| nprovenent in the surface snoot heness of the product.

2. Testing for earnold material: As suggested by Al piner (1982),

the possibility of allergic reaction to the nold nateri al
ought to be ruled out prior to fabricating the nold. This
I nvol ves taping of a disc of the earnold material to the
inside of the user's armfor 24 hours and watching out for

the typical allergic signs.

3. Flasking: This involves plaster preparation in a rubber bow -
a mxture of plaster of paris and water. Apply a thin coat
of this over the inpression material. Place the inpression
inside the flask aad put the plaster little by little. Use
pressure to avoid air bubbles. As reported by Nolan (1985),

t he i nproved production procedure incorporates the use of
vacuumi nj ection apparatus for plaster m xing, as a routine -
eg. Wwhi p-m x which avoi ds t he probl emof bl ow hol es and ot her
surface bl em shness on the earnold. Once the plaster is set,

inpression is renoved carefully.

4. Packing with the nold material - A separating nediumis added

to the plaster cast. Required anmount of the pol yner and

nononer in generally 2.1 by weight is blend and placed in
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the plaster cast. By increasing the pressure in the

clanp, the excess material is renoved. |If material remains
unrel eased, addition of the naterial is dictated. This
pressure should be maintained until curing is over.

5. Quring - The flask is cured for two hours in the oven at
100%, or is immersed in cold water and bringing it gradually
to boil for not less than 30 m nutes. The cured nateri al
Is allowed to cool .

6. Trimmng and polishing - The cured flask is trimred with

sand paper disc in dental |athe and made snooth and of appro-
priate thickness. Sound bore is drilled, and other nodifica-
tion like venting of appropriate | ength, angle and di aneter

to bring about necessary acoustic nodifications are introduced.

7. Earnold is then polished using cotton brush and pum ce powder
in the dental lathe. Lock ring is subsequently fitted using
cold cure acrylic on the backplate. Nolan (1985) reports that
it is advisable to use nylon rather than netal |ock rings
as they avoid t he earphone nub bei ng worn away, which can
result in acoustic feedback problens and finally falling off

of thereceiver fromtheear nol d.

Prior to giving the nold to the patient a check for fitting
of the receiver and of the anplification systemon the subject's

ears in toto is inperative.

The silicone rubber nolds require nore skill in nmanufacture

and are difficult to fabricate into solid and shell fornat. The
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procedure involved in the fabrication of silicone nold
reported by Nol an and Tucker (1984) follows a process of
‘zero interaction' with thenold once it is renoved fromthe
pl aster cast. The process nay be sinplified by om ssion of
the steps facilitating "built in" sound tube and | ack spring
This work can be carried out after the cured nold has been
renoved fromthe plaster. However, the sound tube nay, over
a period of tinme close up and eventual |y becone occl uded,
the resultant of both the materials being dffficult to drill,

the like being true with vinyl nol ds.

Processi ng of pourable silicone el astoner:

Dow Cor ni ng MDX44210.

1) Prepare plaster - de-air

i) Make pl aster node

1i1) Wre sound tube through nodel using stainless steel or
copper. Silicone tubing for sound tube covers wire sea
pl aster.

Iv) Mx elastomer plus curing agent.

V) Add nedical fluid for better consistency

vi) De-air silicone m x.

vii) Pour silicone into plaster nodel

viii)Qure at 100c for 15 mnutes in warmair oven,

I X) Renove and check

x) fit.

Note: a) The procedure is inplicated tor post-aural aids only,

b) No specialised equi pnent is required.
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Processing of conposite nold: Molloplast - B silicone denture

soft-lining material with acrylic back-plate.
1) Prepare plaster - de-air

i) Make pl aster nodel

1ii) Wre sound tube

iv) Wax up for lock spring (Pocket aid only)
V) Place in dental flask

vi) Separate flask - boil off wax.

vii) Pack in silicone, press up

viii)Paint on bonding agent (Prino)

I X) put on acrylic back pl ate,

X) Press up

Xxi) Cure for 2 hours at 100% in water bath

xi i) Renove and check.

Summari zi ng, the hearing health, professional is answerable
to the ears-its acoustic and physical confort. For the baring
inmpaired, the role of earnold is not to be lightly dismssed or
ignored owing to reduction in efficiency of the habilitative or
rehabilitative programme. The present section has highlighted
the fact that A good begi nning nakes a good endi ng, i nplying an
appropriate choice of material, a good inpression, enploying a
good t echni que enpl oyed by a skilledtechnician (the good begi nn-
ing) ensures a good fitting (acoustically and physically)

mold ... and alls well that fits well.



CHAPTER- 7
VA NTENANCE AND REPAI R OF EARMOLDS

Care and nai ntenance of earnold are vital for an optinal
fitting of the hearing aid. Here, the problens comonly
encountered, pertinent to the earnold, their captation and
remedi ati on have been di scussed inlieu of the current techniques
enpl oyed.

The probl ens include -

1. No putput fromthe hearing aid

2. Low putput or distorted sound

3. Squeal produced owing to the acoustic feedback present at
useful volune control setting.

4. Background noi se probl ens

5. Pain or abrasion of external ear owng to ill-fitting nold

6. H nderance with jawnovenent etc. (R edner, 1978. Oton, 1981).

These can be identified by visual inspection and |istening
checks. Majority of these problens, pertinent to the sound
channelization to the ear and their rectification, of renoval

of cerumen/debris has recei ved vast and vari ed attenti on.

In a report on bacteriol ogy and cl eani ng net hods of stock
earnol ds, an attenpt was nade to identify by visual inspection
and isol ate the bacterial popul ation by Lankford and Behnke,
1973. Results indicated that neither staphylococcus aureus not

Escherichia coli were identified contrary to Tal bott's study
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(cited by Lan) ford, tad Behnke, 1973) wherein four bacteria
( St aphyl ococcus epi dermdis -pink or puvple, M crococcus spp
Streptococcus spp. Bacillus spp) and no fungus were identified.
Here the quantity of bacteria isolated was m nimal, and there
was no rel ationship between the anount or type of bacteria
identified and the nold material (acrylic or vinyl) and also
the facility fromwhich the sanpl e was taken specul ati ons regard-
ing this findings included -
1) Since all cleaning solutions in use could be classified
as having either bacterioatatie or bactericidal properties,
t he cl eani ng nmet hods wer e probably adequate in reducing
bacteria or effectively inpeding its grow h.
2) The conposition of the earnold material was unsuitable for
sustai ning bacterial grow h.
3) Oning to otologic examnation prior to hearing aid evaluation
the possibility of client with otitis externa or madi a were
substantially reduced, thereby reducing the nunber of avail-

abl e pat hogeni c m croorgani sns being transferred to the nold.

The earnol d cl eansing procedures adopted included the

follow ng -

1. Pipe - stemcleaners

2. Soaking and washing in a mld concentration (1:750) of
Zephiran chloride (Wnthrop | aboratories)

3. Washing wwth mld liquid soap and wat er

4. Soaking and washing in cetylcide (Scientific plastics)

5. Soaki ng and washing in an ultrasonic cl eaner enploying an
earnol d cl eaning solution (Hal-Hen Co.)

6. Washing w th isoprophyl alcohol (70% solution
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Adopti ng cl eansi ng met hod:

The above are the techni ques commonly enpl oyed, of which
al cohol as a cleansing agent is not considered suitable, |ead-
ing to cracking or etching of the nold. In determning the
cl eansing nethod to be adopted, cost is a factory the |east
expensi ve being mld soap and water and t he nbst expensive

bei ng ul trasoni c cl eaner.

As reported by Loavenbruck and Madel |, 1981, dependi ng on
t he amount of wax accurnul ated, cleaning is necessitated 1-3
tinmes a weak. Drying of the nolds is a nmust prior to re-
attaching the receiver. This is best acconplished if the nold

i s washed at night and not reattached until the follow ng norning.

It can also be greatly assisted by the use of an earnold
bl ower .

Lankf ord and Behnkesl 973, cl eansi ng procedure:

1. Place the dirty earnold into a bacterio-static or bacterio-
cidal solution

2. Performearnold cl eaning on a sehedul e basi s (for instance
after each evaluation, at the end of each work day, or once
each week). The cl eani ng schedul e depends ont he denmand f or
certain sizes, types of stock earnolds or the nunber of clients
seen each day.

3. If necessery, manual | y wash t he earnol ds, even though an
ul trasonic cl eaner is enpl oyed.

4. Thoroughly rinse the earnolds with water follow ng the washi ng

pr ocedur es.



156
5.Dry each earnold before It is reused. Conpressed air is
useful in blowng water droplets fromthe tubing and cana
of the earnold.

6. P ace the cleaned earnold in a container |abeled appropriately

so that there is no possibility of confusion wth other

contai ners holding dirty earnol ds.

Use of ultrasonic cleaners:

This is used for sterilizing earnolds and i npedance probes.
Hal - Han Co. I nc, Long Island Gity, New York outlines the proce-

dure for earnol d cl eani ng enpl oyi ng this net hod.

Fig. 58: Utrasonic cleaner.

Ear mol ds ought to be cleaned individually. The only tine
when two earnol ds shoul d be placed in the sane beaker is when
an individual uses two hearing instrunments and earnolds are from

t he same i ndi vi dual .

The ul trasoni c cl eaner, should have a carrying sol ution
consisting of the actual solution used to clean the nold inside
the main tank (approximately one inch of solution). This solution
is used to transmt the ultrasonic frequency through the unit

and into the earnold which should be inserted in its own beaker.
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The earnold is placed into a small gl ass beaker and
enough cl eaning solution poured into the beaker to cover
the entire nold. The beaker is then placed inside the ultra-
sonic cleaner. Sane instructions should be followed for each
additional earnold to be cleaned. Sone ultrasonic cleaners
hold fromthree to six individual earnolds in this manner.
Tarn on the ultrasoniccl easer for approxi mately 4-5 m nutes,
t hen renove the beakers fromthe machi ne and pick up the nold
with a tweezer. Hold the nold under a running faucet for a
second to wash away t he sol ution, w pe dry and bl ow out the

opening with an air bl ower.

Dryi ng t he earnol d:

1. Use of forced-air earnold cleaner: This is used to renove

noi sture fromearnold and tubing after they have been cl eaned.
This is also helpful in determning the presence of an

obstacle to the passage of sound through the earnol d( Loavenbr uc)
1981.)

2. Pipe cleaners - Used to dry out the sound bore after washing,

apart frombeing used to renove wax/debris fromthe nol d.

The above suggestions for earnold cleansing, reflected from
areviewof literature are mainly for hearing aid di spensers
and audi ol ogi sts conducting hearing aid eval uati ons, but nost
of them ought to be communicated to the client wearing the hearing

ai d.

The ot her aspects of earnold problens pertinent to the
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different types of hearing aids is discussed in the follow ng
pages: conprising of the nodifications in theearnolds, that
can be acconplished at the dispenser's office Wthout dis-

patching it to the | aboratories.

Qui delines for cafe of the earnol d:

1. CQuard agai nst | oss, breakage, heat, pests and chem cals
that react wth the aarnold naterial s.

2. Caution your child against inserting foreign nateri al
(nmud/ stick etc) into the nold.

3. Passage of earnol d canal should be kept free of dust,
ear wag/debris etc. - detach the nold fromthe receiver
and clean periodically with mld detergent and | ukewarm
wat er or any other neans |ike pipe cleaner etc. Refrain
fromusi ng hot water for cleansing ow ng to the resultant
war page of the nold. Wpe dry and refit the receiver

4. |f loose or cracked, replace it. This is of greater inportance
to geriatric and paediatric popul ation.

5. Receiver should fit into earnold wi thout revolving. |If so,
ring of the nold ought to be fixed.

6. Wien connecting the nold to the receiver, volune control shoul d
be turned down.

7. Presence of wax or discharge requires attention froman otol ogi

8. If irritation occurs with the use of earnold, contact the
earnol d technician for proper adjustnents and/ or the use of
nonal | ergeni ¢ nol d.

9. Use ear tipstill the nold is ready.
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CHAPTER- 8
DEQ SI ONS TO VAKE WHEN CRDERI NG THE MOLD.

Researcher's valiant effort to solve the 'nystry of
the best fit' apart fromsolving innunerabl e probl ens, haa
lead to an al arm ng confusi on anong t he professional spec-

tram Here the key to this ancient puzzl e may be found.

No two human beings are alike and no two ears are alike
too. Thence the decisions to be made in nold fitting is
purely customdesigned to fit the physical and acoustic needs

of the client.

M/nders (1986) gave a consolidated generic |ist divided
into subcategories of the various earnold options avail abl e
froma comrercial ear nold dispenser. The |ist conprises of:

| . Physical style options.

a. Reqgular

b. shel

c. Canal shell

d. Skel eton

e. Sem -skel eton

f. Canal -l ock

g. Canal l|ock with helix.
h. Canal.

. Non- occl udi ng opti ons.

CRCS (A B, ©)

Janssen

Free Field

Modi fied Free Field

Advance Design Free field or Universal non-occl udi ng.

©QoTY =

I11. Anti-feedback options.

a. Power Mol d
b. Tragus _
c. Macrae Anti -f eedback.

| V. Modul ar Hearing Al d Ml ds.
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V. Acoustical Style options

Paral | el vent

D agonal vent

Ext ernal vent

S AV

P. V. V.

CQustomvent s

Short - canal / wi de Bore

CONouhwNE

Dural D aneter
10. Advanced Design Free Field

11. Killion 6R12
12. Killion 6AM
13. Killion 8CR
14. Killion 6B0
15. Killion 6B5
16. Killion 6B10
17. Killion 6G5
18. Killiond O
19. Iélnovu es Danpers
0

[
21. Li bby Horn 6-EFA

22. Li bby Horn 6EFB

23. Libby Horn 8CR

24. Li bby I—b;n Free Field
#

32. Tubi ng si zes
33. Macrae Mol ds
34. Tube Fittings

VI . Material options.

a. Poly Methyl Met hacr?/l ate (Lucite)

b. Poly Met hyI Met hacryl at e (non-toxi c)
c. Poly Ehyl Methacrylate.

d. Thernopl astic pol yvinyl chloride.

e. Non-toxic silicone.

f. Pol yet hel ene

g. Conbi nati ons of sone of the above.

In offering a consolidated option list, the fitter nust
return to the conprehensive list of earnold functions |isted

by Mynder s(1986)
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1. To provide a satisfactory acoustic seal .
2. To couple the hearing aid to the ear acoustically, and to
nodi fy the acoustical signal.
3. Toretain the hearing aid on the pinna.
4. To be confortable to wear for an extended period of time.

5. To be aesthetically acceptable to the client.

The above can be articulated into four fundamental
consi der ati ons.
1. Choi ce based on type and degree of hearing | oss-hence the

acoustic and nateri al considerations.

2. Flexibility of ear canal, thence the material considerations.

3. Special considerations |ike colour tinting of the nol d based

on the age and cosnetic acceptability.
4. O her physical nodifications for visual problens, digita

dexterity problens as in geriatric popul ati on etc.

Earnol d sel ecti on based on degree and hearing | oss confi gura-

fion and the type of hearing aid to be prescribed:

The type of earnold, the material to be utilized, |ength
of the canal, type of venting suggested as an Initial choice

of earnold as listed by Skinner (1988) is as follows: -
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* |f the prescribed real ear gain at 500 Hz is less than or
sane as that it is at 2000 Hz, a horn earnold i s recomended
St epped- bore tubing, and/or tubing glued to a sound bore
that has a large internal dianeter (3-4 nmpreferably)
can be used with BTE or eyeglass aids. For body aids, the
sound bore should be a constant 3 nmID fromthe snapring
tothetip (or belled to an even wi der dianeter at tip to
pressure high frequency gain.

* |f the prescribed real ear gain is less at 2000 Hz than at
500 Hz, the sound channel should have a snaller dianeter to
decrease the high frequency energy. For BTE and eyegl ass
aids, a constant dianeter tubing that has an I Dof 1.93 mm
(%13) tothetip of the earnold is recoomended. For body
ai ds, the sound bore Shoul d have a constant di aneter of
approximately 1.5 - 1.9 mm A reverse horn such as Killion'

6EF earnold with nunber 16 or nunber 19 can be used.

G her acoustic consi derati ons:

Venting: This allows the | owfrequency sound to enter the ear

unanplified, permtting a nore natural sound quality and reduc
ing the conplaints of hearing"like beingin/atunnel". It has

the additional effect of reducing the interference of lowfre-
guency background noi se. (Loavenbruck and Madel |, 198ly Br ook,
1984; Lybarger, 1985, and others).

The effect of venting is subjective and depends on many

vari abl es including -
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i) t he vest di aneter
ii) the particul ar hearing aid.
iii) the setting of the aid.
iv) the input |evel
V) the I ength of the canal
vi) Placenent of the vent
vii) the distance between the end of the nold and tynpanic

nmenbr ane etc.

It is hence preferable to procure an earnol ds w th adj ust-
able vents and to try different vent sizes to denonstrate

t he best acoustic results.

Length of the canal:

The acoustic nodification and normal physiol ogy of the
t anpor o- mandi bul ar joint are the criteria determning the
| ength of the canal portion of the earnold. "...audiol ogist
may want a long canal portion to the earnold (as when attenpt-
ing toget a tight seal to avoid feedback with severe hearing
| osses). Thereis however alimt to the depth of the nold
prior to interference with mandi bular functioning. The rule
of thunb is that the earnold shoul d usual |y not go beyond the
bony portion of the canal (about the first two thirds of the
canal ). However, in cases with very severe | osses, it may
be necessary to go beyond t he bony portion in order to obtain
the required power wi thout feedback. You nmay begin with a
| ong canal and shorter it if it becones too unconfortable for

t he patient" (Loavenbruck and Madel |, 1981).
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Flexibility of ear:

Know edge of flexibility of the external ear permts a
better manufacturing of the earnold in terns of reduction of

acoustic feedback and aiding retention Lavenbr uck and

Madel I (1981),report - "... softer the pinna, the fuller the
earnold will have to be in order to avoid feedback”, This
i nformation being useful for the paediatric population. |If

an ear is very 'hard', aless-full neld will provide nore

confort. This, thencecalls for the choice of the material.

Earnold materi al :

The choice of earnold nmaterial depends upon the degree
of hearing loss, flexibility of the external ear and the
acoustic nodifications required. The nost wi dely used nateri al
Is lucite, a hard, nonporous plastic which is easy to insert
and appropriate for venting. Polyvinyl chloride (PVC), another
commonl y used soft nmaterial has the advantages of earnol ds bei ng
confortabl e; ease of obtaining acoustic seal andhencerecomrended
for patients with severe to profound | osses. This can provide
for venting, which, in the dispenser's office presents sone
difficulty, owing to the closing in of the bore. However,

pl astic inserts caa be successfully used to keep the vent open.

Hypoal | ergenic earnold materials |ike silicone is used
for patients having allergic reaction to the commonly utilized

mat eri al .
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Age and Aesthetic acceptance - colour tinting:

"Al though the plastics of which earnolds are nade is
col ourl ess, nost |aboratories offer a variety of colour tints
to nmeet the preference of the hearing aid user. The hard
plastic nolds are available clear or wwth a cl oudy appear ance.
They may al so be col oured dark brown to match patient's ear”
or tinted wth other colours to match the child' s apparel.
The soft earnolds are generally not available with a clear

appear ance, however, available in a pink or brown flesh tone.

(Loavenbruck and Madel | (1981).

Al of the above information ought to be furni shed when
ordering the earnold (s). Format for earnold recomendati on
in a large dispensing unit as given by Loavenbruck and Madel |,

1981, conprises of the follow ng.

EARVO.D CRDER Dat e
NAVE
ADDRESS
AUD .3 ST:
TYPE MATER AL
- — Regul ar cust om ——Lucite - transparent
Tnvi si nol d. - Opagque
Hydanol d. SKki nt ex
— sem - hydanol d ——Satin-H ex
——Canal nold — Aural -flex
- —\Vented nol d ---- Slicone
Vari abl e vent ed nol d — Pol ySheet
— Non-occluding nold
----- S. A V.
Ear: R ght —Left —Bi naur al

Type of Loss:
Rght —MIld — Mderate -- Severe — Profound

Type of hearing aid:

Ear level —Body —Al in the ear -- dass —
Make t he nodel :
Conmment s:

Return to patient —_ Return to —

Ack up earnold - ——cost -----



CHAPTER- 9

EARMOLD | N HEARI NG Al D SELECTI ON

Earnmold is a vital conponent of every anplification system
and t he key to every successful fitting of the hearing aid |lies
in, apart frommany ether factors, the appropriate sel ection of
earnol ds. As seen earlier, nodification of physical dinensions
of the earnold alters the hearing aid response. This effect on
the listener's aided performance has not been custonmarily in-
corporated in a systematic way into nost hearing aid eval uation
procedures. Evaluation procedures attenpting to distinguish
bet ween hearing aids or between different settings on a naster
hearing aid, on the basis of speech discrimnation scores, etd.
use the sane occluding nold with each aid neglecting to assess
an inportant interaction (MQellan, 1967). The present section
attenpts to highlight the follow ng;.

1) Use of custom earnol ds (against stock) during hearing aid
sel ection

i) The inportance of choice of earnold with the nodifications
| i ke venting in the choice of hearing aid

1i1) Acoustic feedback and its control in selection and use of
hearing aid.

iv) Alternate avenues when facilities for instant/custom
earnol d maki ng are not available as for reducing acoustic

f eedback.

Qustom vs stock earnol ds:

Geetha and Malini (1985) in a study on seven adults and
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three children who were potential hearing aid candi dat es,
eval uated the relative change in performance with hearing
ai d yielding best perfornmance, using stock vs cust om ear nol d.
Stimuli used with adults were verbal, conprising of questions,
common wor ds/ spondees and nonosyl | abl es presented at a di stance
of five feet. For children, conditioned responses were elici-
ted usi ng noi se makers of various frequency spectra and speech
at 5, 10, and 15 ft. distance without visual cues. Results
i ndi cated that four out of the seven adults denonstrated
significant inprovenment in performance with customnol ds
with all the three types of speech nmaterials used. Qhers
denonstrated variability with the speech material used. The
data on children was inadequate to arrive at any significant

concl usi on.

O inportance here, is the finding that the hearing aid

yi el ding the best perfornmance varied with the earnol d used

(stock versus custommade). Further, the gain of the hearing
ai d yielding maxi numscores with custom earnold was | ower
than that of the aid selected with the stockearnold, the nmean

difference in the gain being 14 dBwith a range of 4 to 27.7 dB

In anearlier study on adults by Konkl e and Bess, (1974)
t hey eval uated subjects perfornance usi ng cust omnmade ver sus
stock earnol ds (silioone el astoner silastic nold-custom
acrylic nold and stock i nsert). The seventeen subjects
(twelve nmal es and five fenmal es) wth/nean age of 52 years,

rangi ng 29-72, net the followi ng criteri a:
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1) Had noderate - severe bilateral SN Ioss (40-80 dB | SO-64)
i) Apotential hearing aid candi date.
1i1) Had no previous experiencew th anplification. The

subj ects wer e grouped accordi ng to audi onetric confi gura-

tioninto:
a) Flat | oss through speech frequencies with a nean PTA of

47 dB and average SRT of 42 dB.

b) Sl oping configurationwth PTA of 47 dB and SRT of 45 dB.
_-TABLE16(A)

Frequency (Hz)
250 500 1000 2000 4000 8000

Threshol d Group-| 30 40 45 49 51 51
dB HL Q oup- | | 25 30 50 60 70 75

Conpari son between the two groups was done for a series
of audiol ogical tests including threshold for speech and narrow
band noi se (NBN) using nodi fied Hughson-\Wst | ake procedur e,
nost confortable level (ML) tolerance | evel and speech discri-
m nati on usi ng Modified Rhyne Test.

The results obtai ned were as foll ows:
Tabl e 16( B) HEAR NGAlI DEVALUATI ONDATAFCRALL SUBJECTS.

Dat e. cat egory Li steni ng condi ti ons
Unai ded | nsert Acrylic CQustomnade
NBN Th. dBHL.
250Hz 26 + 8 21 + 6 22 + 7 16 + 5
500Hz 31 +9 24 + 9 22 + 7 18 + 6
1000 Hz 39 +10 29 + 8 22 + 7 23 + 5
2000 Hz 45 +10 34 + 9 32 ¥ 8 27 + 7
4000 Hz 53 +10 39 + 12 36 * 13 32 + 15
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Thi s indicates the paranount inportance of utilization
of customnmade earnol ds during eval uation of hearing aids,
especially when thereis difficulty in obtaining good acoustic
seal inlieu of the better scores obtained on all tasks with

t he exception of MCL and tol erance nmeasures.

Reason for inproved perfornmance with custom earnol d:

The i nproved narrow band noi se and speech thresholds with
a custom nmade coupl er probably results because of A TI GHTER
ACOUSTI C SEAL. An earnold, not permtting acoustic | eakage
transmts |ow frequency sound to the tynpani c nmenbrane w t hout
a reduction in strength. Conversely, an earnold providing a
poor acoustic seal functions |ike a high pass filter. There-
fore, the acoustic seal provided by custommnade coupler permts
| ess sound | eakage and thus serves to enhance the | evel of

sound pressure present in/the ear canal.

Regarding difference in discrimnation between fl at
versus sloping | oss configuration, the group with flat
configuration exhibits considerably better intelligibility.
Since many of the subjects with sloping configuration have
near nornmal hearing in the | owfrequencies, the added anpli -
fication caused by the customnmade coupl er may serve to pro-
duce a nasking effect onthe high frequencies. G eater inpro-
venent in discrimnation is expected to occur if controlled

venting of the earnold is enpl oyed. (Konkl e and Bess, 1974).
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Summarizing, it is clear that the relationship between
the intensity of the | ow frequency portion of the speech
signal (H range) and that of the hi gher frequency portions
(F2 and above) is one of the very crucial factors in providing
an intelligible speech signal to the inpaired ear. In order
to mnimze the effects of upward spread of masking and tenporal
maski ng, |ow frequencies cannot be di sproportionately anplified
with respect to high frequencies. (Martin and Aickett, 1970;
Danaher et al, 1973; WIlson et al, 1973; Danaher and Pickett,
1975? Konkl e and Bess, 1974). The physical shape of the ear-
nmol d and associ ated connections nust not be overlooked in
attenpting to assess aided perfornance with a particul ar hearing
aid, since the consequence of nost changes in earnold conforna-
tion directly influences difference in intensity levels in

first and second formant of the anplified spectrum

Acoustic feedback control in hearing aid selection:

During hearing aid brial, acoustic feedback is a serious
problemw th highgainaids. The customary practice of using
stock ear piece for trial prevents the use of hearing aid at
hi gh gain which in turn results in inadequate infornation
regarding the suitability of the hearing aid as well as the
benefit the case can derive fromits use. This problemis
over cone by maki ng use of a customearnold. Wen facilities
for instant earnold naking are not available, as is the case

inIndia, the follow ng hel ps to reduce the acoustic feedback.
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1) Use insert earpiece attached to receiver instead of stock
earnold to reduce the feedback. Insert earpiece has to
be soft tipped one so as to not cause pain and irritation
of the ear canal.

1i) Aural donmes can be fitted in addition to the stock ear-
pi ece attached to the receiver, but the reduction in
acoustic feedback is conparatively | ess.

ii1) Sealing the | eakage of sound around the receiver with
pl aster of parts, soft variety of bees wax and zal gen
of whi ch bee's wax when used in conbination w th custom

or stock earpiece is the nost effective (Babu, 1973).

Sumary:
The present section enphasi zes the follow ng points
pertinent to earnolds to nake the hearing aid fitting a success
1. REDUCE ACQUSTI C FEEDBACK connected with the use of earnol d
during the selection of hearing aid.

2. USE CUSTOM MADE EARMOLD for testing purposes.

3. EMPLOY APPRCPRI ATE ACQUSTIC MDDl FICATION to alter the
hearing aid response characteristics, these being the key

note to successful fitting.



CHAPTER- 10
TEACH NG EARMOLD FI TTI NG

"An ounce of practiceis worth tons of theory' - a popul ar

adage of relevance to teaching earnold fitting to the hearing

ai d user.

Prior to teaching earnmold fitting, three non-skil

aspects ought to be considered as proposed by the British

Soci ety of Audi ol ogy (1984).

)

iii)

Physical capability i.e. digital dexterity and sensitivity
to mani pul ate the earnold "A good rule of thunb is to

consi der patients who are able to brush their hair as
capabl e of being taught to fit their own earnol ds".

A good fit is of prine inportance. For a dextrous patient,
fitting an ill-fitting earnold beconmes an unfeasible

Hercul ean task. The only solution that remain* is to
procure a new ear nol d.

An earnold may be a good fit, yet its shape nmay prevent
easy insertion. |If acoustics permt, the earnold neatus
can be shortened to 5-10 nmto nake insertion easier. ASso
skeleton nold is relatively easier to handl e than the
conventional or shell nold. |In sone cases it is possible
totrimthe nold right down to a canal |ock version, the
essence is that these alterations should not affect the

acoustic seal .
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Basi c training techni ques;

As highlighted earlier ascertain the appropriateness of
theaarnold fitting onto the patient's ear peior to guiding the
potential user. This aids in
i) Checking the earnold fit;

i) Determning the easiest route for final insertion? and
iii) Noting any areas of difficulty, eg. an acute bend in the

neat al entrance.

There is no single 'correct way' of teaching earnold
fitting, each client requiring a customdesigned instruction
format based on his abilities, attitudes and pi nna - earcana
contours. However, nastery of a sequence of key features of
earnold fitting is inperative, including -

1) ldentification of the |landnarks of earnold and ear.
i) Appropriate orientation of the earnold with respect to the
ear; and

lii)Fitting the earnmold onto the ear.

Basi ¢ expl anation denonstration and trial practice suffice
for nost clients. Failurein learning to fit the earnold inplies
t he necessity to concentrate on the key features and errors
causi ng problem eg.

1) Anticipation errors occuring when patient skips a stagey
for instance failure in proper orientation of the earnold

and thus badly placed to continue the sequence.
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i) Perseverance errors being incidental to the patient's
persi stence in naking the same m st akes because of the

inability to unlearn the incorrect procedures.

These two errors heighten anxi ety, further inpeding
the proper fitting of the nold. Repeated abortive attenpts
to fit the earnold calls for fresh approach for which vari ous

suggest i ons have been gi ven.

i) Delk (1974) recomrends the use of a mrror without comtting
the m stake of having the client practice too often in front
of the mrror? the reason being the inconveni ence of having
a mrror when an earnol d needsto be inserted. Hence transfe-
rence to amrrorless condition is of vital inportance.

Alongwi dethis training, spouse or a close friend
shoul d be shown what the earnold should | ook |ike when
inplace. Al so, there are occasions when the client is
unawar e of the acoustic feedback audi bl e objectively and this
is thetine "when a feller needs a friend" and soneone to
hel p hi meorrect the probl em

ii) Dssenting the use of mrror that "mrrors shoul d be used
only as a last resort, since they cause nore confusion than
benefit for many patients, Loavenbruck and Madel | (1981)
recomrend t he use of rubber dummy ears and practice inserting

the nold into the rubber ear first.

Fig, 59: Rubber ears.
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Despite this practice, if inserting the earnold renains
problematic, followng alterations prove hel pful -
a) Odering the nab renoved for the geriatricsand those who
have dexterity probl ens.
b) Alsow th older patients, if the loss permts, shorter or
cut down nol ds shoul d be used owing to their easier insertion.
c) Canal nolds or canal |ock nol ds may prove useful for patients
who continue to have trouble inserting the nold (Loavenbruck
and Madel |, 1981).

Ii1) Increasing gap techni que (proposed by Hearing A d Audi ol ogy
G oup, British Society of Audiol ogy, 1984)

Failure to learn fitting with the basic technique requires
the use of this patient-paced technique aimng to teach succe-
ssive stages, each having an "increasing gap" fromthe final,
fitted position "start with the earnold correctly inserted.

Ask the patient to renove the nold in successive stages and
after each stage to replace it. Proceed to the next stage only
I f the patient can manage both hal ves (renoval and repl acenent)

of the present stage".

This technique follows the rational e that beginning with
the earnold in the ear and working backwards enabl es the client
tolearnthe final, nmoredifficult actions first. This requiring

repetition, provides for nore practice in fitting.

The techni que conprising of four stages include -

Stage -1:The patient is shown howto |ever out the back curve in
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the earnol d using the thunb nail and how to push it back in.
At this stage, the earnold does not | eave the ear and so the
patient can concentrate on the final fitting action, pushing
t he back curve of the earnold into the ear. Once the patient
acconpl i shes this successfully, he/she is geared on to the

next stage.

Stage-2: The patient is asked to renove the earnold conpletely
but hold it close to the ear. Using the procedure learnt in
stage-1, the patient |evers out the earnold. He is then shown
how to grasp the back curve between finger and thunb before
renoving the earnold fromthe ear. This time the earnol d ear
contact is lost, bat their close proximty ensures good ori ent a-
tion. The patient is then instructed to reinsert the earnold
and, if necessary, guided in theinitial fitting action (in this
case, inserting top and bottomprongs). The final setting
action should present no difficulties, as it has already been
learnt in stage 1. Once this is successfully repeated, the
patient is noved on to stage 3, wherein the gap between earnol d

and ear is increased further.

Stage-3: The patient is asked to renove the earnold fromthe
ear and |l ook at it, nowboth contact and orientation are | ost,
but the patient still has the earnold grasped correctly for
eventual fitting intothe ear. Instruction for correct fitting,
with some help with orientation is provided. Wth this, one
shoul d manage a successful fitting, following this, the patient

noves en to the final stage in the sequence.
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St age-4: The patient is asked to renove the earnold conpletely
and place it on the table, thereby |osing contact, orientation
and grasp. Theclient is instructed to fit the earnold and
may require sonme help with getting the correct grasp on the nold
(back curve between finger and t humb). Once this i s nmanaged,
the remaining actions are famliar. The earnold is brought
upto the ear and oriented correctly the top and bottom prongs
are inserted and the back curve is pushed in. Once the patient
repeats the sequence successfully, he is in a position to nmanage

earnold insertion on his own.

The succeeding task is to teach theclient to fit the

hearing aid and nani pulate its control.

I n essence, the increasing gap technique invol ves breaki ng
down of the earnold fitting skill into stages taught sequentially.
For the client to be geared to the next stage, successful
repetition of that stage is a nust, each stage bei ng enbedded
I n the sequence. The stages may differ for patients, but the
sequential action is the core of this technique aiding in redac-
tion of both anticipation and perseverence errors. This inplies
that the earnold can nake or marr an ot herw se satisfactory
fitting if the technique of fitting is not highlighted to the
client, failing to learn fromthe basic technique, and hence

t he i nportance of the sane in acceptance of anplifications.
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CONCLUSI ON

To individualize the earnold fitting and understandi ng
conpetency level of the client, helping in his quest for nore

efficient sound dictates the responsibility of the hearing

heal th professional. Many a scientist who claimto have"the

solution to the best fit of the ear" have so often yel ped a
one

| oud Eureka: .... but I/solution brings out another problem

Here, earnolds then .. and the current solved status of sone

of the problens faced have been di scussed wi t ht he enphasi s
that the coupling device ought to be customnade; viewed as
an integral part of the total hearing aid system capable of
making or nmarring satisfactory fitting of an otherw se care-
fully enginered transmssion route. Al so discussed is the
role of earnolds in hearing aid selection procedure and the
need to ensure that the transmssion route is not radically
altered through the nold keeping in viewthe effects that
arise fromthe matching characteristics of the mddle ear
nmechani sm and natural resonances of the external ear being

pr eser ved.

Lets recollect that "Qur approach nust be a scientific
approach and not that kind of conceited scientific approach
whi ch thinks that what you are doing nowis the last word on

that subject" - Nehru.
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