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| NTRODUCTI ON

The devel opnent of i npedance audi onetry during the past decade
has enhanced the diagnostic sensitivity of the audi ol ogical test
battery and al so added newscope and di mensionto clinical audi ol ogy.
Wthin a very short span of tine, neasurenent of inpedance
characteristics of ME. has progressed froma sophi sticated research

tool to a clinical procedure applicable to all patients.

The term 'acoustic immttance' refers to acousted
i npedance ,to acoustic admttance or to both quantities
(ANSI, 1981). Acoustic admttance is the general term
expressing the ease with which sound energy flows through
a system and acoustic inpedance represents the total
opposition to the flow of sound energy. These two are

reci procal quantities.

The di rect neasurenent of the acoustic i npedance properties of
the ME offers a neans of objectively determiningtheintegrity and
mobi lity of the ear drum ossicles, intra-aural nuscles and their
various attachnents, as well as the air space of tynpanic cavity.
An efficient transfer of energy froman air nediumwth a | ow
i npedance to a fluid nediumw th a high inpedance, such as the

cochl eaa, est abl i shes a need f or an



i npedance- mat ching transforner. In our auditory system
the ME. provides this function. The devel opnment of
pathology in the ME. alters this critical function of
the M E. and subsequently results in a loss of hearing.
The el ectro-acoustic neasurenent is really a neasurenent
of howwell the ME. is performng its inpedance matching

function.

The history of clinical acoustic immttance
measures is well over 100 years old. According to Feldman
(1970) the first attenpts at objective assessnent of the
M E. function using acoustic inpedance neasures wer e
performed by Lucae in 1867. Hstorically early clinica
acoustic immttance neasures were restricted to nmeasures
of the resting state acoustic inpedance of ear drum Wth
the reserach in di agnostic audi ol ogy reachi ng new
frontiers the clinical application of acoustic immttance
techniqgues has expanded into nany ar eas enconpassi ng
almost all aspects of diagnostic audi ol ogy. Acoustic
immttance neasures have been applied to screening as
wel | as diagnostic tests, to the diagnosis of peripheral
and central disorders of the auditory system and to the
estimation of auditory sensitivity in patients for whom
behavi oural audionetry is equivocal. It is an objective
t est, is not time consum ng, IS non-invasive and IS

relatively easy to adm nister



Different types of inpedance neters ranging from
screening to conputer-assisted nultiple probe frequency
immttance instrunents are comercially avai | abl e for
di agnostic application. Hence a <clinician should have
information regrading the type of instrunment best suited
for his/her individual needs and t he procedure for
purchase and installation. It 1is also very essential to

know the <calibration procedure and other environnental

requirenments for t he proper mai nt enance of t he
i nstrunent.
The pr esent st udy ai s at di scussi ng t he

gui delines for purchase, installation, and nmaintenance of

an imm ttance audi oneter.



H STORI CAL NOTE AND DEVELOPMENT



The era of inpedance audi oneter began nearly
100 years ago. The first attenpts at obj ective
measur ement  of m ddl e ear function usi ng acoustic
i npedance neasures were done by Lucae in 1867. There is
vast literature on the neasurenent of acoustic inmmttance
measur es dating back to early 1900s. Imm ttance
measurenents clinically enployed today are based on the
1940s studies and technological creativity of otto Metz.
The table bel ow summarises the inportant |andmarks in the

devel opnent of inpedance audi oneter.

Table 1
Year | nvesti gat or Fi ndi ng
1 2 3
1867 Lucae First attenpt at objective

assessnent of M E. function
1934 Schut er First nmechani cal acoustic coupler

1934 West Devel opnent of an el ectro acoustic
devi ce which was coupled to the
ear wwth a tel ephone receiver

cap
1935 Tr oger Troger's bridge
1938 Gef f Scken Using Troger's bridge, calculated

the inpedance at various
frequenci es



1 2 3
1939 Waet zman Used thernophone net hod
and Kei bs
1944 Met z Modi fied Schuster type bridge
1945 Schust er Mechani cal acoustic inpedance
bri dge
1946 Oto Metz Used el ectro-nmechanical bridge
(Metz bridge) to neasure acoustic
i npedance
1952 Johansen Theoretical discussion of the
effects of mass, stiffness and
resi stance
1957 Met z  (Denmar k) First commercially avail able
el ectro-acoustic inpedance bridge
1960 Terki | dsen and Gave an el ectro-acoustic inpedance
Ni el son measuring bridge for clinical use.
Responsi ble for the proto type of
Z061
1960 Madsen Conpany Produced el ectro-acoustic bridges
Z070 and Z072
1963 Zwi sl ocki First commercially avail able
mechani cal i npedance bridge
capable of directly neasuring the
conponent of inpedance at the ear
drum
1968 Denzi|l Brooks Devel oped gradi ent concept as a
measure of quantifying the
"rounding off" of the tip of the
t ympanogr am
1969 Anderson et al. Publ i shed nonograph on el evated
S reflex threshold and reflex decay
in patients with acoustic tunour
1969 @Qunnar Liden Del i neated the basic types of

t ynpanogr ans



1 2

1970 Grason- St adl er
Conpany

1970 Jerger and
Jerger

1970 Gri esen and
Ramrssen

1973 Grason Stadl er
Conpany

1974 Ni emeyer and
Sest er han

1975 Lovette

1975 onchi

1976 Onchi

1977 Jerger and
Jerger

1977 Colletti

1982 Hayes and
Jar ger

1984 Stach and
Jerger

Devel oped an el ectro-acoustic

counterpart of 2Zw sl ocki inpedance
bri dge

Synt hesi zed clinical experience
with a basic inpedance battery

Poi nted out val ues of distinguish-
ing ipsilateral and contral ateral
acoustic reflexes in brainstem

di sease

Commerci ally produced mechani cal
i npedance i nstrunent

Predi cted hearing |level from

acoustic reflex threshold based on
bandwi dt h eff ect

An obj ective otoscope "conpact
adni ttance neasurement device"

Devel oped el ectro-acoustic
i nstrunments

El ectro-acoustic device for
detecting acoustic threshold

Gave patterns of abnornmality in
brai nstem di sease based on
rel ationship between two

ipsilateral and two contral atera
t hr eshol ds

Mul tifrequency tynpanonetry

Gave rise of signal averaging
t echni que

To anal yse suprathreshol d
characteristics of acoustic
t hr eshol d



1 2 3
1983 Endo S. : i i
- St udi es using nmechani cal

Shi bahara, Y. m ddl e ear model
Sakuma, M
Takasuka, T.
Kawanot ok
i t sut

1984 Teel e and Acoustic otoscope
Teel e

1987  Wada, H. : : - i

’ : St udi ed i npedance using nmechani cal

Kobayashi, T. m ddl e ear ' nodel ?

1989 wada, H. A newy devel oped sweep
Kobayashi, T. frequency apparatus, which
Suet ake, M neasured niddl e ear dynamc
Tachi zaki, H. characteristics

1991  Holte, L. Devel opmental changes in nuch
Margolis, R H frequency tynpanogram
Cavanaugh, R M

1992  Hiroshi wada, Di agnosis of mddle ear disease
Toshi m tsu with ear drum preformation by a
Kobayashi , newl y devel oped sweep frequency
Hi sashi measuring apparatus
Tachi zhi

As know edge increased regarding immttance testing
m croprocessi ng technol ogy was advancing at a rapid rate.
The technol ogy avail able today has allowed this field to far
surpass the vision of its creative predecessors. The days of
manual | y bal anced bridges gave way to m croprocessor systens
which today are able to rapidly analyse the anplitude and

phase of reflected probe tone signals based on t he



immttance characteristics of the mddle ear system It is
now possible to store calibration data and test data in
menory for recall. It is also possible to offer smaller nore
durable and affordable I nstrunentation whi ch feature

flexibility.



INSTRUMENTATION FOR IMMITTANCE MEASUREMENT



The neasurenment of acoustic immttance provides a
neasure of the efficiency of the mddle ear system as seen
at the tynpanic nenbrane. A nmgjority of the inmttance
measuring instrunents enploy a probe which either enters the
ear canal or is placed against the entry to the <canal in
such a way that an hernetic seal is obtained while tests are
bei ng performed. The probe contains a snmall transducer which
is energised by an oscillator so that a probe tone of
selected frequency is produced. The manufacturer shal
provi de specific information regarding the dinensions of the
probe and any associated tubing that mght be used between
the probe and the instrument. ANSI (1987) states that al ong

with a 226 Hz probe tone, manufacturer can supply additional

probe signals al so.

The signal is delivered to the ear throgh a |oud
speaker. The reflected signal in external auditory neatus
is picked up by a mcrophone and fed to an AVC circuit which
el ectronically nodifies the energy of probe signal delivered
to the ear. The energy of the probe signal or the current
delivered is varied to maintain a constant reference SPL
(eg. 85 dB SPL) in external auditory meatus. The instrunent
which wuses AVC circuit to mai nt ai n this const ant
reference SPL is called an immttance nmet er. O her

kin:l of instrument is an inpedance bridge where the rotation
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of a variable <control nmanually nodifies the |evel of
probe tone.

The energy of probe signal required to naintain a
reference SPL in a hard walled cavity will vary dependi ng on

the volunme. Larger the volume, greater s the energy

required. In a cavity with a conpliant wall the energy
required to maintain a reference SPL will also depend on the
conpliance of the wall. Hi gher the conpliance of the wall,

greater is the energy required. In external auditory neatus
the energy of the probe signal required will vary depending
on the admttance at the probe tip. Geater the admttance .
greater is the energy required, i.e., an ear wth greater
admttance acts like a large cavity. Thus the admttance can
be expressed in terns of equivalent volunme. The instrunents
are calibrated to display the equival ent vol unme dependi ng on
the energy of the probe signal required to mintain a
reference SPL. Sone instrunents express admittance in m or
cc, whereas others express in nunbers. A mgjority of the
commercially available instruments neasure only nmagnitudes
of acoustic admttance (Y). A few instrunments neasure the
conponents of admttance, i.e., susceptance and conduct ance.
ANSI 1987 standard specifies that, wth a probe signa
frequency of 226 Hz, the instrunents shall have t he

capability for nmeasuring acoustic-admttance val ue of
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atleast 2 x 10-°to 5 x 10® m/Pa S (0.2 to 5 cgs acoustic

Pa S/nf (200 to 5000 cgs acoustic ohms).

The instrunent also has an air punp to vary the air
pressure in external auditory mnmeatus during tynpanonetry.
The probe has three snmall apertures for m crophone,
| oudspeaker and air punp. According to ANSI S3-39-1987
standard, the maximumlimts of air pressure shall be -800
da pa to +600 dapa as neasured in the 0.5 mm cavity and
mninmumair pressure range shall be at least -600 to
+200 dapa. If air pressure produced by the instrunent can be
changed automatically, the rate at which the pressure change
occurs shall be neasured in each of the specified cavities
and stated by the manufacturer. The manufacturer also shal
state the direction in which air pressure is changed for
each test (negative to positive, positive to negative or
both). The air pressure in the external auditory meatus
shall be indicated by an analog or digital display. The
accuracy of the display shall Dbe specified by t he
manufacturer as well as its Ilimtations with regard to

at nospheric pressure and altitudes above sea |evel.

Acoustic stimulus for reflex neasurenents can be
presented either through probe or through an earphone

coupled to the opposite ear. ANSI .(1987) standard states
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that when fixed frequencies are provided, they shall be

selected fromthe follow ng frequencies: 125, 250, 500, 750,

1000, 1500, 2000,

maxi mum out put for

3000, 4000,

6000 or 8000 Hz. If the

an instrunent is lower than the hearing

level (HL) or SPL values given in the table, the tota

harnmonic distortion

i nstrument shal l

bel ow.

Maxi mum t ot al

for the output capability of t he

exceed the values stated in the table

Table 2

harnmoni ¢ distortion for pure-tone acoustic

reflex activating signals (ANSI, 1987)

Sti mul us Supr a- aur al | nsert/ probe type
ear phones ear phones

Frequency (Hz) 200 500- 6000 500 1000-3000 4000
8§CO

Stinul us

| evel (dB)

HL 90 110 85 100 75

SPL - 95 100 75

Maxi mum t ot al 3% 3% 5% 5% 5%

har moni ¢
di stortion

If you are using broad band noise as activating

stimulus, when presented through insert earphones or probe

type transducers

it shall have a uniform acoustic pressure



-13-

spectrum level (within +5 dB relative to the |Ievel at
1000 Hz) over the frequency range of 400-4000 Hz. The
manuf acturer shall also specify the band wdth sl ope
characteristics, and pressure spectrum level for the noise

with tol erances.

Table 3

M ni num range of stinmulus level control for type |I and Il
aural acoustic immttance instrunments (ANSI, 1987)

Sti nmul us 250 500- 2000 4000 6000 Broad band
noi se

Supr a- aur al 50-90 50-120 50-120 50-100 50- 115
ear phones
(dB HL)

| nsert or 50-100 50- 80
probe type

ear phones

(dB HL)

| nsert or 60- 110 60- 90 50- 100
probe type

ear phones

(dB SPL)
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Figure 4: Block diagramof instrumentation
Types of immttance audi oneters

1. Two types of instruments are in wuse. They are

i npedance bridges and inpedance neters.

| npedance bridge conpares the sound pressure |eye
in the ear canal (Volts) to a preset standard SPL. Changes
in the acoustic admttance caused by changes in the ear
canal pressure can be neasured by balancing the ear cana
sound pressure level with the standard. The anmpunt of sound
pressure needed to rebalance the bridge is i nversely
proportional to the change in acoustic admttance (WIley and

Bl ock, 1994).



The el ectro-acoustic adm ttance neter has a feedback
circuit to mintain a constant SPL in the ear cana
regardl ess of changes in the acoustic admttance (Wley and
Bl ock, 1994). Sonme meters measure the acoustic conpliance
expressed in nl of equivalent volume, while others measure

t he acoustic conductance and acoustic susceptance.

2. GoYin (1991) has di vi ded t he i npedance
instruments into three categories. They are;
a. Screening i nstrunments for educati onal or
di spensi ng setting.
b. Clinical instrunents of medical settings.
c. Research instruments for advance research

applications.

1. Screening inmpedance instrunments

These have the advantage of portability. They
incorporate the basic functions for tympanonetry and
acoustic reflex with sinple and quick test protocols. They

reveal the presence or absence of a reflex at pre-progranmmed

stimulus |evels. They m ght have a | ow resol ution
di splay or no display at all. They are not designed for
testing with a variety of test paranmeters. The screening
instruments also carry a |ower price t han clinical

i nstrunents.
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2. Cinical inpedance instruments

They are nore versatile than screening instrunents.
These can be further divided into analog and digita

i nstrunents.

Anal og instrunents do not store data and they record
inreal time on paper. Digital instrunents either have a
conputer integrated into themor can be connected to an
external conputer. The data acquired can be stored in the
conputer nenory and can be mani pul ated | ater, If required.
This perhaps is one of the nost powerful features of the

conput er based i nstrunents.

Research i npedance instrunent

These instrunents are used to support sone

particul ar investigation and are not commercially marketed.

3. A different <classification is given by ANS
(1987). The four different types of acoustic immttance
instrunments specified are type 1, 2, 3 and 4. Type 1 has the
greatest range of functions and capabilities and type 4
provi des mninmum functions and capabilities. Type 4 may have
capability for tynpanonetry al one, for static acoustic
immttance measur enent s al one, for acoustic reflex

measurenents al one, or for any conbination of these.
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Table 5

Summary of m ni nrum mandatory characteristics,
capabilities required for type 1, 2 and
immttance measurenments

functi ons and
3 acoustic

Characteristic, function or capability 1 2 3
Probe signal

Si nusoi dal, 226 Hz + + +
Pneumatic system

Manual control of air pressure

Aut omatic control of air pressure + +

Manual or automatic crontrol of "
air pressure

Anal og or digital output

proportional to air pressure

G aphi ¢ display or indicator + + +
Static acoustic immttance

Measur ement pl ane +

Conpensat ed + +
Proportional analog or digital +

out put

G aphic display or indicator + + +
Tynpanonetry

Measur ement pl ane +

Conpensat e + +
Proportional anal og/digital +

out put

G aphi ¢ di spl ay/ i ndi cat or + + +



Acoust xc reflex activating
system

Noi se activating signa
Pure tone activating signals

Pure tone or noise activating
si gnal

Contral ateral presentation of
stimul us

| psilateral presentation of
stimul us

Contral ateral or ipsilatera
stimul us

Manal control of stinmulus
| evel

-18-




PURCHASE AND INSTALLATION
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Consi deration for procurenment of inunittance audi onmeter

Sel ecting an inpedance instrunent today can be a
challenging task wth the availability of speci al i sed
instrunents and recent advances in electronic technol ogy.
Today, there are nore inpedance instrunent manufacturers
than ever before. In addition, the inpedance instruments
avail able are quite diversified. Wien it is tine to replace
an aging inpedance instrunment or to purchase a new one for
practice expansion, several points should be kept in mnd
whi ch hel p make the selection process a bit easier. The four
critical elements should be included in purchase decision-

maki ng are;

(1) t echnol ogy, (i) capi tal budgeti ng,
(iii) conpetitive advantage, (iv) non-financial resource

requirements.

(i) Technol ogy

Technol ogy al ways inportant, has taken on an added
di mensi on because of the rapid rate of technol ogical change
being experienced in the industry. To eval uat e any

t echnol ogy consider the follow ng issues.

- Howwi Il the equiprment be used ? What testing will

it be used for ?



-20-

VWhat attributes are inportant ? Speed ? Volune
testing ? Ease of use ? Low service requirenents ?

Durability ? Portability ? Inmage ? Marketing

application ?

Is the technol ogy used state of the art ? Were

are technol ogi cal changes likely ?

What is the expected life span of the technol ogy

used in the test equipnment ?

Can the equi pnment be upgr aded to I ncl ude
t echnol ogi cal advances or changes in industry

st andar ds.

Does the manufacturers offer a guarantee or
warranty ? For how long ? Does it cover parts and

| abour ?

What have been the service requirenents of the
equi pnent being evaluated ? How nuch tinme do

repairs require and are |oaners available ?

What is the manufacturer's commtnent to ol der
equi prent no longer sold ? Are parts and service

readily available ?

How stable is the manufacturer ? WII|l they be

around to provide parts and service as t he
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equi pment ages ? If not, can the equipnent be

serviced or repaired ?
(i1) Capital budgeting

Equi pnrent purchases are an investnent. The economc
consequences of investing in equipnment nust be closely
evaluated. It is critical to consider

- The inpact of any purchase on one's cash flow

- The long termvalue of the investnent.

- Opportunity cost, i.e., the cost of not investing

in alternative equi pnent or another activity.

- Financing alterations

The tax consequences
(ii1) Conpetitive advant age

Equi pment purchases can provide the hearing health
professional wth signi ficant conpetitive advant ages.
Equi pnrent can produce cost advant ages. It also can help
differentiate a business and its services fromthose of the

conpetition.

(iv) Resource requirenents

The acquisition of new  equi pnent often has
unexpected costs: tinme, funds, change. These costs nmay be

associated with the installation or actual use of the



-22-

equi pment. One should plan for these costs. Consider these
potential resource requirenents.
- Are there any special installation requirenents ?
- Is training required before the instrument can be
used productively ?
- WII its integration into the office change

operations ?

operation ?

A basic eight point framework for effective purchase
deci si on-nmaki ng i s suggested by Jelonek (1988). Its purpose
is to ensure that professionals mneke the best investnent

possible and realise the highest return on their funds and

time spent.
1. Clearly define the purchase objective

Your goal may be to replace an unreliable ten vyear
old inmttance audioneter, at the sane tinme, add new testing

capabilities and expand your services.

2. Establish if the purchase of specific equipnent is

consi stent with your general business goals

The type and brand of equi pnent purchased by your

of fice should support your primary business objectives and
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mar keting positioning. Hence the first step is to honestly
make a list of requirements for utilisation of the inpedance
instrument, both for its wuse today and in the future.
Consi der the follow ng questions:-
What requirenents are really wanted in this
instrunment ?
- Is this instrunment being purchased to satisfy only
t oday's neasurenents needs or should future needs
be considered ?
- If a satellite location is possible in the near
future, shoul d a portabl e or at | east

transportabl e i npedance instrunment be considered ?

Next, you separate the requirenent Ilist into two
parts; (1) the critical needs list, those needs that
absolutely nust be nmet and (2) the desired features hit,
t hose needs that are not «critical but would be nice to

have.

Armed with a |list of requirenments, the hearing
care professional next should consider neasurenent needs.
For exanple, if mpjority of a hearing care professional's
referral is from a |local paediatrician whose primary
interest is whether or not fluid is present in the mddle
ear space, that person's diagnostic priorities nmay be

quite different from a hearing care professional whose
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referrals cone largely froman otologist seeking detailed
site of lesion i nformation to assi st I n accurate

di agnosis and appropraite treatnent of nor e conpl ex

pat hol ogi es.

3. Calculate the total cost of purchasing the equi pnent

The cost of equipnent includes the sales price,

interest, sales tax, shopping and installation charges.
4. Calculate the financial value of getting the equi pnent

Equi pnrent is an asset that increase the business.

O great inportance is the revenue generating potential

of the equipnent. You ned to calculate the direct and
indirect revenues that the purchase wll provide. Ask
yoursel f what services the equipnent wll provide ? Are
they bill able ? What will you charge per test ? How nany
wll you do for a fee each nonth ? Equipnment nmy not

generate direct revenue, though it <can <create good wll

or represent a basic cost of doing business.

5. Consider alternate uses of cash and tine

A mgjor elenent in any equipnent purchase is the
opportunity cost. You need to evaluate the alternate uses

of funds and staff tine.
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6. Evaluate the risk involved in getting or not getting

t he equi pnment

The primary risk in a purchase is financial. Can
you afford to commt the cash wthout depleting your
reserves ? If your revenue projections fall short, Wil |
your cash flow situation diteriorate ? Do you have the
reserves to cover one to tw nonths of |ease or debt
paynments if revenues are down ? The risks involved in not
purchasing the instrunent is often greater than those

related to purchasing it.

7. Compare brands or nodels, identify the equipnment which

best needs your objectives

In conmparing alternative brands, focus on t he
four elenents of the "good by" - technology, capital
budgeting, the conpetitive advantage and non-financi a

resource requirenments.

8. Qutline a plan for equipnent installation, training

and marketing

In evaluating the output needs, you should Ilook a

variety of factors:-

1. Is a hard copy print out of test results
necessary ? If so, what format should it take, strip

chart or 81/2" x 10" standard paper ?
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2. W | it be desirable to save the data to

conputer ?

3. WII it is wuseful to integrate I mpedance

findings with other test results in a conbined reports ?

4. WIIl it be necessary to review and analyse the
data in ways other than it was obtained and recorded

after the patient has left ?

Wrking with an authorised deal er

Al nost all inpedance instrunments sold for hearing

care today are purchased through authorised dealers in

India. This factor is due to relatively small size of the
market and the inability of nost manuf acturers to
generate sufficient sales volume to support a full field
sales and service or gani sati on. Thus, t he del aers
represents a nunber of manufacturers and product Ilines. A

deal er can be an inportant resource to the hearing care

prof essional, serving as a source of i nformation on
avai l able products, naking i nstrunments avai |l abl e for
denmonstration purposes, and nost i nportantly, bei ng

avail abl e for service and ongoing support after the sale
is consummated. Most dealers have at |east one individua
trained in specific area to neet the specialised needs of

the consunmer. Since nost dealers are locally owned and
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staffed, they can quickly and efficiently respond to the

pur chaser's needs.

Procedure to purchase the equi pnent

Bef ore buying any equi pment one must have
detailed information regarding the instrunent. These are,
(i) nanme of the instrunment as given by conpany
(ii) estimted cost
(iii) accessories that mght be required
(iv) justification of the wuse or need of t he
instrunent in the departnent.
(v) Invoice should be collected before requisition
is made to the higher authorities, for the acquisition of

the instrunent.
Performa invoices

These are supplied by the manufacturer or conpany
which gives the <cost of the instrunent and accessories
including sales tax and nail charges depending upon the
type of delivery node of t he equi prent . The cost
mentioned in the invoice is only estimted, need not be
sane as the -equipnment is actually delivered in t he
institute. This is because there may be wvariation in the
price of that equipment over the tine and hence iif there

is gap between the period of asking for equipnment and



-28-

finally receiving the equipnent there nmay be sone price

di f f erences.

As the next step the commttee concerned either
approves or rejects the requisition depending upon the
sanctioned budget from the mnistry or sancti oni ng

authority and the urgency.

Quot ation

| f the equipnent is approved quotation are called
from firm and t he manuf act ur er of t he equi pnent .

Quotation can be called for non-proprietory equipnments. As

specific data wll be given in the advertisenent for
guotation or will directly inform to the firm concerned
and the firm will have to send invoices and detailed

information to the institute before the |last date given
in quotation. The information wll be sent in a sealed

cover.

Openi ng of the quotation

Once the |ast date for recei ving guot ati on
expired, the offices personnel of the institute opens the
guotation in the presence of people from the respective
conpany and the head of the institute. The |owest quoted

figure or cost of the equipnent given by the firm is
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accepted provided that I nstrument nmeet s t he user's
requirenments and the equipnent is ordered from this
particular firm In Gover nnment set up there are
formalities to be perforned. In the official procedure it
is required that at least three quotations can be called
for the purchase of an instrunment. Sonmetinmes high cost
equi pnent al so can be purchased depending wupon quality.
Proper justification has to be given if a Ilow cost

i nstrument not purchased.

Paynent

As t he equi prent IS del i vered from t he
manuf acturing conpany, paynent is done either t hr ough
bank or you pay directly from the organisation to the
manuf acturing conpany. Usually in governnent setup 90% of
the equipnent cost is paid soon after the delivery of
the equipnment and 10% paid later after assesing t he

performance of the equipnment over a period of tine.

Non- i ndegenous equi pnent

Bef ore pur chase of equi pnent from foreign
manuf acturers are has. to get NOC (No Qbj ection
Certificate) from DGID (D rector Ceneral of Techni ca
Devel opnent) and NM C ( Not Manuf act ur ed in I ndi a

Certificate) has to be taken from the Departnent of
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Commerce. This is a directory which keep i nformation
regarding all the manufacturing conpani es in | ndi a.
Anot her approval, CCP (Custom Clearance Certificate) is
obtai ned from CCE and | (Chief Controller of Export and
| mport). This is done to nmake way for equipnment w thout

any problem at the custons.

Installation of inmmttance audi oneter

While installing an immttance audi oneter, you have

to ensure the foll ow ng:

1. Qualified personnels such as an audiologist

and el ectronic engi neer are present.

2. The role of the stabiliser is very inportant
while installing an inpedance audioneter. Stabilisers are
electrical devices incorporating step up or step down
transfornmers which augnent or attenuate voltage flow to
the instrunment as per voltage requirenent. Step up
stabilisers ensure upgrading of vol t age si gnal from
110 volts to 220 volts as required in Indian set up,

where as step down stabilisers have the reverse function.

3. Test environnent

There are sever al | mport ant factors to be

consi dered when deciding the place of installation of the
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apparatus. The first consideration would be to place the
equi pnment  in a conveni ent room which is readily
accessible to those who wuse it. If the instrument is
used for testing patients, it is of advantage to instal

the apparatus close to the place where patients are

seen.

The surface on which it is placed should not be
subjected to vibrations. The tenperature and hum dity
condi tions shoul d be conductive for its nor mal

functioning.

Frequent novenment of the delicate apparatus wll
probably result in malfunction and cause kinds to break-
off and deuts to appear. Portable immttance instrunments
may be considered in set-ups which require frequent
carrying of the equipnent from one departnment to the

ot her.

A sound treated room is an i deal testing
environnent. But this is not a necessary condition. The
room shoul d be sufficiently spaci ous with good

ventilation and diffused lighting for the conpfort of the
patient . Testing room should contain |l ess of disractions

as head novenents and ot her body novenment s m ght

interface test results. These measures will ensure
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good co operation frompatient which is essential for wvalid

heari ng neasurenents (Mirthy, Jacob, 1970).

Powerline interference can ari se from non-
equi potential power ground circuits. These potenti al

differences are <created by ground currents in ground

circuits with poor connecti ons, i nadequat e wre
di anet ers, hi gh cont act resi stances and al so by
circulating currents in bui I di ng structure. The
m ni sation of these interference probl ens requires

exceptional care in wiring and system design.

Thus, while installation of the -equipnent is a
necessary key step in the establishnment of an inmmttance

audi onetry facility, a vigilant maintenance is crucial to

its efficient functioning.
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Proer maintenance and calibration of the audi oneter
is anust to get valid and reliable test results. Follow ng
gui del i nes would ensure conditions conducive for the proper

functioning of the inmmttance audioneter.

Power supply

Before operating the inpedance instrunent, make
sure that the working voltage is wi t hin perm ssi bl e
l[imts. For this purpose, it 1is preferable to have a
vol tage stabilizer through which the instrunent receives its
power supply. The use of a voltage stabiliser would ensure
safety of the instrument in t he event of vol t age

fl uctuati on.

d eanl i ness

The instrunent must be kept cl ean pr event
collection of dust, oily substances, drops of wat er,
etc. on the instrunent. Wpe the panels and the housing
care with dry cotton or a dry piece of cloth. \Wenever
necessary, a small, snoot h pai nting brush may be
used to renove dust. Avoid use of solvents such as
spirit, soap or water in cleaning the inmmttance audi oneter.
Avoid rough handling while cl eani ng t he I nstrunment .

The probe tips also shoul d be cl eaned and wi ped

properly.
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Physi cal damage

Prevent the occurence of any breaks, cracks or cuts
on the immttance audionmeter and its accessories (dials,
knobs, cords, head bands, earphones). Avoid dropping of

headphones, probe tube, etc.
El ectrical connections and wring

Proper insulation of the wres, swtches, etc.

is a nust for the prevention of electrical shock check

for any |oose connection of jacks, cords, etc. Do
not hang the earphones at the end of the <cords Ilike
pendul um

keeping away insects and rats which may nibble
at the wiring. The wuse of insect repellants would be

desi r abl e.

Sonme dos and donts that help in nmaintenance

Dos

a. Wen the instrument is not in use, swtch
off the power supply and di sconnect t he immttance
audi oneter fromthe mains and place the dust cover over the

i nstrunent.

b. If the instrunent is not likely to be wused for
a long duration, keep them stored in a place devoid of

dust and danpness.
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c. When they are bei ng stored, faulty parts cr

accessories should be | abelled as such for conveni cnce.

d. Take necessary steps to mnimse the effects
of vibration and shock during transportation. It is ideal
to retain and use the original cartons and the packing
mat eri al . Wher e this is not avai |l abl e, pack . the

instrument with shock absorbing materials such as f oam

t her mocool , etc.
Dont's

a. Do not expose t he i nstrument to | ar ge

variations in temperature and hum dity.
b. Do not drop transducers.
c. Do not allow the cords to get tangled.
d. Do not subject the instrunment to vibration.

e. Do not chance t he t ransducers such as

ear phones, probe tube, etc without ensuring that they

mat ch the instrunent.
f. Do not shift. t he i nstrument from pl ace
to place frequently unl ess it is of a portabl e

type.



Event hough t hese gui delines woul d ensure

conditions conductive for the proper functioning of the

instrument, this does not mean that the instrument IS
wor king normally In orde to check t hat the instrument
meets performance requirements, its calibration should be
checked.

Calibration of inmttance audi ometer

Use  of calibrated equipment is a pre-requisite
f:r an accurate audui ol ocical eval uation. Failure to
calibrate the instrument at appropriate intervals may Dbe
a major cause of unreliable test results. To ensure
accuracy the signal- parameters, the instrument must be

checked on its acquisition and regularly thereafter

The following schedule for calibration can be
used.
a. A daily listening <check to detect any gross
devi ati on.

b. Periodic electro acoustic eval uation

Prelim nary check up

Before calibrating the immittance audi ometric,

check for the follow ng
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i) The working voltage is Wt hin perm ssi bl e

limts.

ii) Al the jacks, <cords and plugs are in place

and there are no | oose connecti ons.
<

iii) There is no visible damage on the instrunent,
its controls and its accessories. Damage if any, should

be rectified before checking the calibration.

iv) The earphone is the type that mat ch t he

i nstrunent.
v) The head bands have adequate tension.

vi) The i nstrunent is not del i vering any

el ectrical shocks.

a. Daily listening checks

These are the subjective calibration procedures.
Check the instrunent, as it 1is routinely used. The
following steps nmay be taken to det erm ne i f t he

instrunent is in calibration.

1. Switch on, allowwarmup tinme according to the

i nstruction manual supplied by the manufacturer.



-38-

3. Check if the indicators function correctly.

4. Connect the 2 cc cavity to the probe and see

if the conpliance reading is the sane.

5. Ensure that the signals are comng through the

transducers.

6. Ensure that the operation of the alternator

brings about a variation in the signal |evel.

7. Also assure that the pressure in the external

canal can be varied by operating the alternator.

One should have these daily |listening checks as
well as periodic tests of one or tw persons wth known
acoustic immttance to check immttance, tynpanogram and
acoustic reflex levels to <catch any gr oss probl ens.
However, iIf is wessential to carryout el ectroacoustic
eval uations periodically, to ascertain the integrity of

the instrunent.

El ectro acoustic calibration

Much "how to <calibrate" information 1is available
in the manual s t hat accnopany acoustic immttance
devices, as well as the pieces of equipnent wused in

checking or calibrating -equipnment. Although many of us
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seemto live by the slogan "Wen all else fails, read the
manual ", the first step in | ear ni ng how to check
calibration should always be to read the appropriate
manual . The clinicians should be aware of the required

tol erances and calibration for the particular instrunent.

The paraneters to be <calibrated and the brief
calibration procedure are given bel ow.

a. Probe signa

b. Manoneter system

c. Mnitoring system

d. Reflex activating system

a. Probe signal calibration

Regar dl ess of t he specific pr obe si gnal
frequency, the wuser should determ ne that t he pr obe
signal is accurate in frequency, at the specified |eve
and free of wunwanted distortion and noise. Measurenents
of the probe signal characteristics are perfornmed in a

standard HA-1 (2 and 3) coupler.

Frequency check

The frequency out put from t he immttance
audi oneter is best checked by usi ng an el ectronic

counter. The output can be directly connected to the
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f requency count er. By this one can easily determne if
the output from the instrument corresponds to the dial
readi ng or electonically displayed nunber. ANSI (1987)
speci fi esthat thefrequency of probesignal shall remain

within + 3% of the normnal val ue.

Bl ock di agram  of I nstruments needed for

calibration of frequencv out of an inmmttance audi oneter:

Figure 6

D storti on neasurenent

This can be carried but by giving the electrical
output from the instrunent to the distortion factor
meter. The total harnmonic distortion shall not exceed 5%
of the fundanental when neasured in a 2 cc coupler (ANSI

1987) .

Bl ock di agram of instruments required for distortion nmeasurnent.

Figure 7
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SPL
To check the output SPL proceed as foll ows.

- Calibrate the SLM using a piston phone or sound

|l evel calibrator.

- Connect a condensor m crophone of pressure type

(eg. B & K 4144) to a 2 cc coupler.
- Connect the coupler to the calibrated SLM

- The SLM should be set into 'slow response’ and
" ext ernal filter' node and it shoud be

connected to an octave filter set.

- Place the probe with an appropriate tip to the
coupl er.

- Switch the instrunent on and select a probe

tone, eg. 226 Hz.

- The attenuation of SL. M should be set into
80 dB.

- The frequency chosen on the octave filter set
should correspond to the frequency of the probe

tone relected.

- Check the reading on the SLM



- The reading should correspond to the intensity

specified by the manfacturer/stands, if not

internal calibration is requried.
- Continue the same procdure for all the probe

signal s.

Figure 8: Block diagram of inst
[

uments for the calibration
of output SPL of itt

r
mm ttance audi onet er

Immittance __. Probe with | HAL ! Me L.J 8LM
- . 0

the tip ; couple

(b) Manoneter system

The pneumatic system should be eval uat ed to
determne the rate cf air pressure changes and the accuracy
of the graduated steps on the air pressure indicator.
Manonet er accuracy should be within the tolerance specified
by the standard and can be determined wth a Utube
manonet er graduated in calibrated units. Connect the probe
to a manonmeter or 'U tube, and then determne the water
di spl acenent as the inmttance device air pressure dia
is rotated. If an X-Y plotter is wused to record the
cutput as a function cf air pressure changes, t he
correspondence between the nanoneter readings and t he
pressure readings on t he recorder chart must be

determ ned. The air pressure should not differ from that



-43-

stated on the device by nore than + dapa or + 15% of the
readi ng whichever is greater ANSI (1987) states that the
air pressure should be neasured in emties of 0.5 to 2
cn’. |EC (1986) stresses that the response of t he
measuring instrunent should be at |east t hree times

faster than the rate of pressure change.
c. Acoustic immttance nonitor system

Regar dl ess of t he vari abl es and units of
measur ement , t he acoustic immttance or acoustic
i npedance val ue i ndi cat ed by t he i nstrunent nmust

correspond to known values for fixed cavity volunmes over

the range of interest. The exact test cavities and
tol erances should conform to those required in  ANSI
(1987). If an external recording device is wused (eg. XY

plotter) the neter calibration nust be consistent wth
the recording device. That is, the value indicated on the
acoustic inmttance neter must correspond W th t he
appropriate value marking on the chart paper for a

specific calibration cavity.

The acoustic immttance of an enclosed volune of
air is dependent on environnental conditions such as
tenperature, humdity and atnospheric pressure. |If standard

conditions do not exist at the neasurenent site, then a
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correction factor nust be made. Variations in tenperature
and humdity, however, have a negligi bl e ef f ect on
calibration. Mst immttance neasurenents are perfornmed at
roomtenperature, and, variations in tenperature from 20°C
to body tenperature (37°C) unit in a mniml change in the
acoustic inmmttance of a volune of air. Simlarly, changes
inrelative humdity fromO to 100% do not significantly
change the acoustic immttance of an enclosed volune of air.
In contrast, changes in atnospheric pressure and, therefore,
in elevation can have a marked effect on calibration. Thus a

correction for elevation has to be made.

Anot her issue is the potential of an artifact or
interaction between the activating signal and probe tone.
ANSI (1987) states that the manufacturer should specify
the stimulus Ilevel at which there is an artifactual
response, synchronous wth t he presentation of t he

acoustic reflex activating stimulus. The possibility of

an artifactual response i's especially rel evant for
i psilateral refl ex measur enment s. ANSI (1987) al so
specifies that it IS critical t hat t he clinician
determ ne what the artifact-free limts of the neasuring

device are because reflex neasurenents are so inportant

in evaluating wuncooperative or immture patients. The

presenceof anipsilateral artifact i seasytodetermne
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by placing the probe in the 0.5 cn?® calibration cavity

and presenting the ipsilateral activating stinulus over

the intensity range of the instrunent. |If the neasurenent
is free of artifact, the neter needle wll remain
stationary for all presenting levels. [If a deflection of

the meter needle is observed, that is coinciding wth
stinmulus presentation, then an artifact is present. The
artifact effectively Ilimts the operating range of the
instrument. The |limts shuld be kept in mnd while

eval uating the patients.
d. Response tinme of the instrunent

The initial latency, rise time, termnal |[atency,
fall time and the drift are the tenporal characteristics
to be neasured. A recommended procedure for determning
the tenporal <characteristics of an acoustic-immttance
instrument involves neasurenment of the output of t he

instrunment in response to various load inmmttances. The

basic load inmmttance shall be simlar to that of a
standard 2 cm acoustic coupler. Load inmmttance either
will be held constant or changed instantaneously.

e. Acoustic reflex activator system

The required neasures include frequency accuracy,

out put | evel s, at t enuat or linearity and har noni c
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di stortion for bot h contral at eral and i psilatera

acoustic reflex signal.

Contral ateral signals are evaluated in a standard
NBS-9A (6 cm ) coupler or an artificial ear and the
ipsilateral signals are neasured in a 2 cc coupler. The
calibration of stimulus level either in dB SPL or dB H
is straight forward for signals presented through air cum
aural earphones. If ipsilateral signals are specified in
dB HL, however, the manufacturer nust wuse the procedure
used to derive the refernce equivalent threshold |Ievels.
The proposed | EC (1986) standard further cautions
that the levels of ipsilateral stinmul us w | | vary,
depending on the ear volunme of the ear canal wunder test.
| psilateral stinmulus levels for <children, therefore, may
be hi gher than those neasured in 2 cm coupler. According
to ANSI (1987) the sound pressure | evel of sona
activators should be within + 3 dB of the stated value
for frequencies from250 Hz to 4000 Hz and wthin + 5 dB

for frequencies of 6000 and 8000 Hz and for noise.

Calibration of ipsilateral stinmulus |evel

- Connect a condensor m crophone of pressure type

to the coupler.

- This should be then connected to SLM and

OFS.
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- Connect the probe wth the appropriate tip on

an HA, coupler.

- Sel ect t he frequency on t he immttance
audi oneter as 500 Hz and the intensity as
70 dB.

- SLM should be in slow npde and external filter

setting. Attenuator setting should be at 70 dB.

- Set t he oct ave filter to t he frequency
corresponding to that chosen on the immttance

audi onet er .

- Present the stinmulus continuously and check the
SLM reading to see if the instrunent: 1is in

cal i brati on.

- Continue the sanme procedure at all frequencies.

Immittance Probe with HAl Mic } SLM +

audiometer the tip coupler ﬁ OFS

Figure 9: Bl ock di agram expl ai ni ng t he i nstrunents
involved in calibration of ipsilateral stimul us
| evel

Calibration of contral ateral stinulus |evel

The transducers used for contral ateral stinmul ati on

is either a supra aural earphone or an insert or probe
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type receiver. The procedure is the sane as ipsilatera
calibration except for t he i nstrunents used, t he

following diagrans explain the instrunentation wused for

calibration of earphone, insert receiver and prototype

receivers.

Immittance Ear Artificial SiM +

audiometer phone ear + OFS
mic

Imnittance Transducer HA2 Mic | | SLM +

audiometer coupler OFs

Immittance Transducer HAL Mic Sg¥8+

audiometer coupler

Figure 12: Calibration of probe-type receiver

Noi se bands should al so be checked if they are to be
an activating stinulus. Broad band noi se should be wuniform
wth + 5 dB for the range between 250 to 6000 Hz for supra
aural earphones. This can be checked by sending the output
t hrough the transducer connected to a coupler, a mcrophone
and then to a graphic level recorder. The frequency of the
social activator may be neasured electronically directly

from the acoustic inmttance device wusing a frequency
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counter. Frequency should be + 3% of the stated value,
harnonic distortion should be less than 3% at all specified

frequencies for earphones and 5% or less for the probe tube

transducer or insert receiver.

In summary acoustic immttance devices should be
checked very carefully. Failure to do so my lead to
variability in mnmeasurenent which may i nval i dat e t he

i mm ttance measurenment.
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